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A KEY TO THE HARMSWORTH SELF-EDUCATOli; 

) At the heeding of each article in the SKi,r*|!prcAToii i« thei»umber of the group to which tiie article belongs, and a referenoe ' ' 
to this kef indicates precisely the place of the article in the sohemo of the b^k. This key, tlierefore, enables the student 
> at any time to understand what has preceded and what is to follow any part of the work to which he may happen .to turn, 
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By Dr. C. W. SALEEBY 


reason why the synthetic philosophy of 
^ Herbert Spencer has created an epodi in 
the history of human thought is that it is the 
first system of philosophy in which the due 
balance between induction and deduction and 
the ne<;essity for the correction of each by 
the other are fully recognised. 

How Spencer ** Squared ’* his Sys- 
tem with Fapts. In order to frame secun^ 
‘inductions, the author spared no pains. He 
siKjnt three thousand hard-earned pounds and 
many years of labour in order to collect hicts 
as to the social life of various peoples, 
ancient and modern, so that he might have 
a wide enough base upon whic.h to build 
any sociological generalisations that might tw 
forthcoming. When, on the other hand, Jic had 
reached an induction by this process, his next 
proceeding was to use it as the starting-point for 
a process of deduction, and then to see whether 
the inferences from it “ squared ” with fncts. 
'^Thus, for instance, he has the inductions of 
ethics leading up to the })rinciplc8 of ethics, and 
the principles of ethic^s leading to practical 
maxims, which may or may not be already 
realised in human life*. 

And here is where faitli comes in. You 
begin with a numlxT of facts, and infer or 
induce from them an induction or generalisa- 
tion ; then you make a fresh start with this, 
saying to yourself: “Well, if this l)e so, what 
follows ? ” Deducing from this proposition 
according to the accepted laws of reasoning, you 
may well reach certain amazing conclusions. 

A Man's Fight Against his Convic- 
tions. This was not so in the case, we have 
quoted, but it has often so. These con- 

clusions arc totally at variance with accepted 
belief. They seem incredible. They may involve 
the destruction of half one’s convictions. Such 
cases arc constantly encountered by the man 
who lives the intellectual life. What are the 
possibilities for him in such a fight ? 

One begins by re-examining the whole pro- 
cess. First of all, were the facts facts ? 
Secondly, were there enough of them ? Were 
they properly chosen ? Or were thqy selected 
with a view to proving (not to proving or dis- 
proving) a certain proposition ? — which is the 
commonest form of intellectual dishonesty, 
and a sin of which none can cry “ Not guilty.” 
But supposing that all these questions can 
be satisfactorily answered, then the induction 
must stand. It will be well at this point to ask 
ourselves whether we have not unconsciously 
made our generalisation rather too wide. The 
only conclusion from an adequate study of 
facts in country and at this time may be 
that vaccination confers immunity from small- 


pox. But we may have neglected the (lualifying 
clauses and may have declared that vaecination 
will protect every species of man or of animal 
from smallpox. This may or may not be true, 
but it is at any rate a fallacious or illogical in- 
duction from the facts at our disposal. 

But suppose that our induction is free from 
all these flaws, then we must turn to our deduc- 
tive r(‘asoning, or ratiocination, and seek for 
fallacies in it. We shall do this the better if 
wc have ever had occasion to make a systematic 
study of sources of fallacy. But suppose all 
fallacies have l>een excluded, there remain but 
two choices. 

Faith and Doubt. Eitlu^r we must have 
faith and accept the prociisses of our reasoning 
as valid, and Nature as a trustworthy and 
incorruptible witness, letting all our preconcep- 
tions go without a murmur, or we may be 
sceptical. In all ages there have been philo- 
sophers of both these classes. Those of the 
one class believe in the reason and the rational 
processes ; they have faith. The proper philoso- 
phic name for their Ixjlief is rationalism. It is 
one of the unfortunate facts of language that words 
are constantly diverted from their proper meaning, 
and the word rationalism has suffered this fate. 
But, nevertheless, that is its proper meaning. 

On the other hand, there are the philosophers 
who are sceptical. They declare that "when the 
proces^e.H of logic arc allowed rope enough, they 
always hang themselves. Therefore, whenever a 
conclusion is ri^ached which seems absurd, such 
philosophers have no h(*sitation in saying that it 
is absurd, and that its absurdity demonstrates the 
worthlessness of the process by which it was 
reached. This attitude of mind is properly to be 
called scepticism. In the language of philosophic 
literature it is very commonly known as t^rr- 
honism, from the (Ireek Pyrrho, the founder of 
the school of S(;eptics. 

** How Came it that Neptune waa 
There ? ” Tlie, reader will not expect from us 
anytinng so impertinent as a dogmatic assertion 
that ..ationalism is the whole truth or that sceptic- 
ism is th^ whole truth. On the contrary, we believe 
that it the truth partially discovered by each 
that haftj kept it alive dming thousands of years 
Merely we note this — before leaving a fascinating 
subject— that the faith of the rationalist in the 
absolute validity of logic leads him into strange 
difficulties whenever his logic is pushed to the 
ultimate limits : whilst, as for the sceptic, who 
denies the validity of reasoning at all, he may be 
asked one question, typical of the question alwa 3 rs 
put by science to sceptics, “ How comes it .^^t 
when Adams and Leverrier, each independent^ 

g laced lus telescope upon a certain spot 
eavenst Neptune was there ^ 
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We may also note that, just as absolute rational- 
ism can always bo made to look foolish, so 
absolutely consistent seopticisni is impossible 
os a practical guide of life. Tlio absurd storie.s 
invented about the sceptical philoso])herH, such 
as Pyrrho, arc a testimony to the popular recogni- 
tion of this truth. Lei us note, also, that the 
reader should try to make up his mind about 
scepticism, provisionally, at any rate. For if his 
conclusion be that the rational or loj?ical pro- 
cesses arc untrustworthy — even proximately -- 
plainly he must read, let us say, the course on 
Philosophy, just as one reads Mark Twain, 
by way of divertissement^ ahd liis only comment 
on concluding will run, “ What fools these 
mortals be.” 

Therefore. Reading this course so far as 
it ha.s gone, any student of logic prior to 1843, 
and many students since, might wonder when, 
if over, the writer would proceed to discuss logic 
at all. It is now certainly time for us to consider, 
in outline, that rational process with whieh 
alone logic used to b(* supposed to W concerned — 
the process of “ pure reasoning ” ratiocina- 
tion,” “ deduction,” “ a priori argument.” or 
“ inference from the general to the particular.” 
We may say that a study of deduction is a 
study of the conditions under which one may 
rightly employ the wonderful word ” therefore.” 
We call this a wonderful word because* it is 
the mark of the rational process, which has 
been extolled as wonderful in all ages. 

So-and-so is so-and-so ; therefore, a new con- 
clusion follows- -really the ^ew conclusion is 
implicit or bound in the old one. If the premise 
be granted, the conclusion is inevitable. One 
does not need to look, so to speak ; one knows 
that it must be so, without looking, without 
experiment or observation, and one can thus 
reach sure conclusions which are in their very 
nature incapable of verification by experiment 
or observation. 


Theory and Practice are Never 
Opposed. Thus, the power of this process 
is immeasurable ; but. just in proportion to its 
power, it is dangerous — dangerou.s because, as 
Bacon shows, its facility and potency tempt the 
mind, leaving us to employ deduction which is 
insecure. Hence the repeated criticism that a 
thing is all very well in tlieory but does not work 
in practice. Long ago Mill showed that there is 
confused thought in such criticism. If a thing 
is really sound in theory, it will work in practice. 
There i.s no opposition between theory and 
practice, and the leason wliy practice repeat- 
edly fails to confirm theory is that theory is 
tlQQSound. Either the premisses of the logician 
ore false or his reasoning from them contains a 
fallacy. Men say of a perpetual motion machine 
it works admirably on paper, but that 
iiom^how the results are not obtained in practice. 
®lit such a machine docs not work admirably on 

r >r; only thought to do so. If it really 

soJ| would work neither better nor worse 

ifjBtewfetion has me great instrument. Every 
il^ttetiye argument without exception can be cast 


into a form which illustrates the employment of 
this instrument. It was first recognised by 
Aristotle, and so searching and thorough was 
the founder of logic in his investigation of this 
great rational instrument that more than 2,00() 
subsequent years have added very Utile to his 
study of it. This instrument is known as the 
syllogism ; and time was when the study of logic 
was the study of the syllogism. Nowadays we 
may employ such a term as the syllogistic logic 
8 ynon 3 miously with the deductive logic. Right 
deduction is the right use of the syllogism. It is 
not our hoiieless purpose here to discuss in a 
column or two a subjcti't about which books 
innumerable have been written. We can merely 
present the barest outlines of it to the reader. 

The Syllogism, the Great Instrument 
of the Mind. What, then, is this marvel- 
lous organon or instrument by means of whieh 
the mind is enabled, by its otvn power alone, and 
without reference to the external world at all, 
to dihcovt*!* new facts ? l^et us begin with a 
concrete instance, such as has already been 
(juoted. “ All irien are mortal : I am a man ; 
therefore I am mortal.” This argument, with 
its three propositions and three terms, is a 
syllogism. Every syllogism has three and only 
three terms — the major term, the minor term, 
and the middle term. Every syllogism contains 
three and only three propositions, which are 
called the major premise, the minor premise, and 
the conclusion, and tl\e midfile term must bo 
“ distributed ” once at least in the propositions. 
In the instance whieh lias bt*en (|uoted, the throe 
terms and the three propositions are en'idoneed. 
The middle term, the distribution of which is 
essential, may be recognised by the fact that it 
doc*s not occur in the conclusion -the invariable 
rule Obviously, it is the term “ men.” Further- 
more, as in all syllogisms, the minor term is the 
subject of the conclusion, “ I ” ; and the major 
term is the predicate of the conclusion, “ Am 
mortal.” 

Furthermore, every syllogism, such as this, 
compares the major and the middle terms in a 
major premise — “All men are mortal”- -and 
similarly compares the minor and middle terras 
in a minor premise — “I am a man ’’--whilst 
the third proposition or eonelusion contains the 
minor and major terras alone — “ I am mortal.’^ 
Properly speaking,. one should always ploce^^he 
major premise first, and then the minor premise. 
But whatever the order, the premise containing 
the major — that is to say, the bigger or wider 
term — is the major premise. 

The Middle Term. The all-important 
term of the syllogism is its middle term, and it is 
absolutely essential, as we have already said, that 
the middle term be distributed, and properly 
distributed. Error in this respect is perhaps 
the most common cause of what is called fallacy. 
The commonest source of fallacy is what logicians 
call " the undistributed middle.” In such cases 
the major and minor premise may both be abso- 
lutely true, but the conclusion ludicrously false. 
To quote an instance from the distinguished 
logician Jevons, “by the middle term being 
distributed once at least, we mean that the whole 
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of it must be referred to universally in one pre^ 
mise, if not both. The two propositions : 

All Frenchmen are Europeans, 

All Russians are Europeans, 
do not distribute the middle term at all, because 
they are both afiirmative propositions,” the 
predicates of which are undistributed. If, 
following the method of Euler,' we draw a circle 
and call everything within it Europeans and 
then within that two little circles, one labelled 
French and the other Russian, we see that there 
is no real middle term. So far as the propositions 
are concerned’ Russians might or might not be 
Frenchmen. “ Again, t^c two propositions 
All Frenchmen are Europeans, 

All Parisians are. Europeans, 
do not enable us to infer that all Paril<ians are 
Frenchmim.” So far as the ])remisscs are oon- 
corned, the circle Parisians n('ed not be placed 
within the circle Frenchmen, but may Ix^ placed 
anywhere within the big circle, Euro])eans. 
This argument gives us an instance, since, tis a 
fact, all Parisians are included jimongst French- 
men, of a case Avhere pnuuisscs and conclusions 
of a syllogism are all true and yet the syllogism 
is falUuiious. 

Fallacies. The word falhu^y, so important to 
the logi(;ian and containing an idea of the utmost 
importance for every f .'rious thinker, is (con- 
stantly misused in common speech, and common 
writing too. By an unfortunate confusion of 
thought the word is applied to any statement or 
lx?lief that is assertccl to be untrue. “ It Avas 
a fallacy to think that the sun went round tln^ 
earth,” people will say. But this is an utter 
misuse of the term. A fallacy is not an error 
of fact or an error of statement. The belief that 
the sun w'ent round the earth was not a fallacy ; 
it was arrived at by a fallacy or a fallacious 
argument, wdiieh is a very different thing. 
Similarly, as has often happened, truths may 
b(^ reac^hod by fallacit'S. A fallmy is an enor 
of logic, or an <'rror of reasoning. It. is an im- 
propriety of method, not an im]iropricty of Ixdief. 
r\>rrcct premisses (’orrectly ii'asoncd from must 
alw'ays lead to eorreet conchisions. Correct 
premisvses incorrectly reasoncxl from w'ill usually 
lead to incorn’ct conclusions. By sheer chance 
correct (conclusions may bo thus reached, but 
th^y are not correct because the argument says 
so-. . ^ Incorrect premisses correctly reasoned from 
must necessarily lead to incorrect conclusions ; 
incorrect premisses incorrectly or fallaciously 
reasoned from may lead, to cither correct or 
incorrect conclusions — but the latter more com- 
monly, of course. ^ 

Truth may Lie Behind a Fallacy. 
The history of thought is full of instances 
of all these possibilities. Let us, then, in 
future use the word error to mean one thing 
and fallacy to mean another, realising all th(^ 
possibilities ; not, for instance, hastily condemn- 
ing a conclusion because it has been fallaciously 
arrived at, and realising that many true conclusions 
have thus been stated and that a non-fallacdous 
argument for their truth may yet bo forthcoming. 
Someone declares, for instance, that he has 
proved that the earth goes round the sun. 


When his arguments are studied they are found 
to be fallacious. But one would be a fool, there- 
fore, to scoff at his conclusions. Truth and eiTor 
are opposites but not truth and fallacy. Fallacy 
is a matter of interpretation or logic alone. 

We have already noted that tho first thinker 
to study the syllogism practically exhausted the 
subject, and it is a noteworthy fact that tho 
intelligent student can usually recognise for him- 
vaM without previous study the sound and the 
unsound, the logical and the fallacious argument. 

The Logical Sense. Here, again, is a 
parallelism between logic; and grammar, which 
is the logic; of language. Everyone knows 
how' at school there are inherent differences 
bctw'cen childrtm in respect of parsing, analysis, 
and the like. One boy never learns any of these 
things. Tht‘y arc absolutely self-evident to 
him from the first. To another, who is w ithout 
tlie language semse, the ojierations and conclu- 
sions of parsing arc mystcTious and arbitrary 
from the first, and alw ays remain so. He; cannot 
be taught any more than one can t<;ach the blind 
to see. The case is the same; with logic, and one 
is almost inclinc'd to hazard the proposition 
that the same boys belong to corresponding 
classes in lioth cast;s. Some* men think coherently 
and consecut ively though they may have scarcely 
lieard tlu; name of logic. On(‘ may meet an 
intelligent blacksmith, and begin to talk about 
the Education bill, let us say, and in a moment 
he W'ill declare “ that is a bad argument,” and 
be right. On the oth(*r hand, there are people 
w'lu) nnay bo of gr(*at use in the w'orld, capable, 
energetic, and trustw'orthy, to whom apparently 
one sequence of propc^sitions is as consequent or 
inconsequent as another, who wall support the 
truest beliefs by the most fallacious arguments, 
and w ho are practically as incapable of at^quiring 
the logiciil sense aa other people of acquiring the 
language sense. 

Tliis is not, of course, to say that training can 
do nothing, nor is it to say that the systematic 
study of fallacies is not worth pursuit, but it is 
to assert that the great majority of readers to 
whom the subject presents any attribution at 
iill will find, if they pursue the subject further, 
that the greater part, if not the w'hole of it, has 
a peculiar character of being self-evident. The 
natural comments will b(; “ of course,” “ ob- 
viously,” “ certainly.” 

Symbolic Logic. In comparatively recent 
times much has been made of a new method 
of studying or stating logic. Ifwcarc to state 
the syllogism in its simplest and most abstract 
terms, its simplest form wdll run thus: A is B, 
C is A, therefore C is B. Here, instead of pro- 
positions, we use symbols. All the other forms 
of the syllogism can similarly be represented 
by the use of such symbols, as also can those 
fallacies w'hich are olassiiied as “ logical ” as 
distinguished from “ material fallacies.”. For 
instance ; 

All Y's are X’s. 

No are Y’s, 
therefore No Z’s are X’s. 

This is a fallacious syllogism, the major term 
X being improperly distributed. The common* 
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sense comment on it will run “ No one said that 
nothing but Y’s are X’s, and therefore the mere 
statement that no Z’s are Y’s does not exclude 
the possibility that some or all Z’s may be X’s.” 
For instance, all birds are vertebrates, no mam- 
mals are birds, but it does not therefore follow that 
no mammals are vertebrates. It does not matter 
what particular terms be employed ; the letters 
which have been used as symbols will serve the 
purpose of the systematic logician. The paral- 
lelism is, of course, obviously that iMjtw'een 
algebra and aritlimetic. What is then called 
the symbolic logic^ which discusses the subject 
in symbolic or algebraic form, has been proved 
to be of great value, and has been carried to a 
very great degree of (complexity. "Flie mere 
recognition of its existence is of the utmost value 
even to the elementary studemt, just as the 
smallest acquaintance with alg('bra is of value 
to the student of arithmetic. It teaches the 
inevitable and necessary character of the h'jgical 
processes, no matter what particular terms be 
employed, just as algebra teaclies the necessary 
and inevitable nature of mathematical truths, 
no matter what particular numbers lx; under 
discussion. 

Kinds of Fallacies. Having endeavoured 
to clear up the real meaning of the word falla(;y, so 
that the reader will never he guilty of fallaciously 
accepting the erroneous opinion that fallacies and 
errors are identical, or that the detection of a 
fallacy in an argument implies a condemnation 
of its conclusion, wo do not propose to discuss 
the kinds of fallacy in detail. Wo have neither 
space nor necessity. But a f(;w kinds of falla<;y 
may l)e noted, because they arc so extremely 
common, and because the terms describing them 
are so frequently met with. There are, for 
instance, the kinds of falhu'y included by 
Aristotle under the term Iirelevant (bnclusion. 
This has various varieties, but they arc all much 
easier to undei-stand than the strictly logical 
fallacies, to which wc will not here refer, such as 
the fallacy of an undistributed middle, instances 
of wliich have already been (juoted. 

It is an instance of the fallacy of irrelevant 
conclusions to prove one thing when you think 
you are proving another. There is thus the 
celebrated advice given to the barrister for the 
defendant in a law suit, whoso brief was marked 
“ No case ; abuse the plaintiff’s attejmey.” It 
might be proved up to the hilt that the plaintiff’s 
attorney was a blackguard. But that is an 
irrelevant conclusion. It is not what one set 
out to prove The Latin phrase for this is the 
atsgumentum ad hominem ; another Latin phrase, 
argumenlum ad jHypvlumy indicates another form 
of irrelevant conclusion, the instrument of dis- 
honest orators of all ages, who appeal to the 
prejudices and private passions of the people. 

. Begging the Question, lliis familiar 
fdlacy also has a Latin name, petitio principii. 
It is also often called arguing in a circle. To beg 
the question is to assume what you are seeking 
' to ptoye* You use the conclusion as one of your 
Iimtances of this are too familiar to 
^^a^viauotatiQn. Often, as the great Bentham 
one may beg the question hy a mere 


word ; such words he called “ question-begging 
epithets.” Thus Jevons says, “In like manner 
wo beg the question when we oppose any change 
by saying it is un-English.” Then, again, there 
is the extremely common fallacy, also recognised • 
by Aristotle, which is most commonly known by 
the Latin phrase non sequitur — it does not follow. 
This is most commonly applied to arguments 
wherein the conclusion has no real connection 
with the premisses. Lastly, there is the fallacy, 
recognised by Aristotle an(i constantly employ^ 
by barristers, which consists of assuming the 
answers to certain questions whilst putting 
a still further qiicstionr For instam^e, “When 
did you leave off beating your wife? ” or, better 
still, “Have you kfft off beating your wife?” 
Obviously, the unfortunate husband condemns 
himself equally whether iu; answers yes or no. 
This is ealhxi the falla-cy of yminy questions^ and, 
as Aristotle pointt*d out, “Only a single question 
admits of a single answer ; only one predicate 
of (me subject ought to be affirmed or denied in 
a single answer. Tlierefore, several questions 
put as one, should immediately be separated 
into their several parts.” 

The First Law of Thought. Lastly, wo 
may consider what have been called the three 
primary laws of thought. They are (ff interest not 
only in themselves, but also because so soon as we 
examine any d(‘ductive argument to its utmost, 
we find that the truth of these laws of thought 
is assumed. If two men are not agreed as to 
tht;ir tmth, they cannot argue with one another. 
There is no common ground whatever from 
which they may start. Similarly, we saw when 
discussing inductive logic that all its arguments 
deixmd upon the acceptance of the; tremendous 
proposition that Natun; is uniform and causation 
universal. 'J’ho discussion of those laws of 
thought is also of deep interest, l)ecause it shows 
us the relations hetwetm logit; and psychology, 
or, so to speak, the dependenee of the rational 
prowesses upon the structure of the reason. Logic 
is thus, at bottom, a province of psychology, and 
the validity of all logical or rational conclusions 
must stand or fall in the last resort with the 
validity of mental processes. “ What is truth? ” 
said jesting Pilate. But that is too great a 
question to be considered here. 

These are the names of the laws of thought : 
The law of identity, the low of contradiction, and 
the law of excluded middle. The first is simply 
“ whatever is, w.” Tliat may not seem wortn 
saying, but we must not bo too hasty. 

The Second Law of Thought. The 
second \mr, which has been named the law of 
contradiction, is this; Nothing can at one and 
the same time both be and not he. Sir William 
Hamilton, the great Scottish philosopher, sug- 
gested that this should really bo call^ the law 
of non-contradiction, and perhaps that phrase 
expresses it better. The law of identity we may 
, here ignore and take for granted, but the law of 
contr^ctipp or non-contradiction is absolutely 
fundamental and essential. It implies that in 
so far as anything is black, it cannot at the same 
time be white. iDefine shut and open, and a door 
cannot be at one and the same time both open 
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and shut. This, says Jevons, “ seems to be the 
most simple and general truth which we can 
assert of all things.” It is the very nature of 
existence that a thing cannot be otherwise than 
it is ; and it may be safely said that all fallacy and 
error arise from unwittingly reasoning in a way 
inconsistent with this law. All statements or 
inferences which imply a combination of con- 
tradictory qualities must be taken Jis impossible 
and false, and the breaking of this law is the 
mark of their being false. 

The Third Law of Thought. The third 
law of thought, or the law of excluded middle, is 
as familiar in practice asdhc others, Evf.rythtng 
must either be or not be. Jf a liiu^ exists at all, 
it is either a straight line or not a straight line. 
That, indeed, is evident. Rut there are cases 
which look as if the law were untrue — eases of 
quantity, as, for instanee. in the use of such 
relative terms as hard ft,nd soft. Logie does not 
assert that there may not be degrees of softness 
or hardness. It simply asserts that if a given 
meaning be allotted to the word hard, a given 
thing is either hard or not hard. It is upon theses 
three laws of thought that the syllogism and all 
its possibilities, together with the whole of 
inductive reasoning, are based. 

A Great Test of Truth. These three 
laws, and prc-omincnily the second, help us in 
some measure tow'ards realising our great need, 
the establishment of some criterion of truth. 
The denial of these laws is inconceivable. They 
m.nst be so — or, at any rate, if wo are to be 
cautious, we are so made that they must be so to vs. 
If there arc any truths of which we can be 
certain, these such truths, Tht*re is a great 
argument of Herbert Spenei'r’s upon this sub- 
ject-. Like many before him ho asked whether 
there is any test of truth. As students of 
psychology W’C will bo pnqiared to agree that 
at best our perception of truth is at the men^y 
of our perceiving minds. TJie nearest approach 
to a test of truth, says Spencer, therefore, must 
be found by w^ay of the ultima^’, laws of thought. 
He says: “Jn the last resort we mu.st accept as 
true a proposition of which the lu^gatioii is in- 
conceivable.” Our highest certainty may or may 
not be an absolute certainty, but, at any rat-e, 
it 'is a certainty based upon the inconecivable- 
ness of its denial. Whether or not absolute or 
infallible, our ultimate criUrion of a certainty 
is the inconceivablenoss of its negation. 

What the Reason Must Reject. Thus 
stringently judged, it will at once be seen 
that our highest certainties arc very few. 
The most positive generalisation of science, 
for instance, the so-called laws of Nature, such 
as the law of gravitation, are not even in 
the neighbourhood of the highest certainties. 
One is defying no mental necessity in denying 
or questioning the law of gravitation. Yet,* 
though this principle will not enable us to 
regard, as having the highest certainty, any but 
the three primary laws of thought and the 
necessary deduotions from them, it is nevertheless 
of the utmost negative value. Any proposition, 
for instance, that defies a law of thought — any 
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proposition, that is to say, which is inconceiv- 
able or only the negation of which is conceivable 
— must be rejected by the reason. It may very 
well be accepted by something other than the 
reason. But that is no concern of ours here. 
Hero we are discussing merely the laws of 
reasoning, and, so far as these are concerned, 
such propositions must be rejected. There is, 
for instance, a highly paradoxical German 
system of philosophy, invented by Hegel. It 
is based upon the proposition that being and not- 
being are the same — a proposition \vhicli, as one 
may readily imagine, enables him to prove to 
his own satisfaction anything that lie cares to 
prove. If this proposition of his is to be accepted 
in the sense whioh it bears, one dcK^s not need 
to have read any of Hegel in order to reject 
him. One is entitled to f(*el that there is no 
time for "the consideration of conclusions which 
are founded upon an absurdity. Observe here 
the utter distinction between laws of Nature, 
so-called, and laws of thought. It would be a 
grave abuse of language to call the denial of 
the law of gravitation an absurdity, but that is 
just the word which occurs to us to describe 
a dimial of a law of thought. 

The Duty of the Reason. If we must 
1)0 true to our reason in all matters, then 
the importance of recognising the law of con- 
tradiction, as w’c practically do, cannot he over- 
ostimated. It was said of a famous man of 
science, Faraday, that his science and religion 
did not (piarrel, bt'causc he. kept tliem in different 
pockets. This was as good as to imply that if 
they were in the same pockid- they would 
quarrel, but such a position ciinnot satisfy the 
logician or tlio philosopher. Ho wants all his 
Indiefs to he true, and he cannot conceive incom- 
patible lu'liefs to be both true. If liis science 
and religion appear incompatible, he cannot be 
content with kc'cping them in different pockets. 
First of all, he must ask whotlier tlicy are really 
incomjmtibh'. and, if so, he must find out which 
is true aud renounce tli(' other. In its place he 
may find a different form of religion or a different 
form of seienire which, properly considered, is 
found to be compatible with its fellow. 

Truth and Truth can Never be 
Opposed. Thus, he may finally reach a 
jiosition where ho does nc^t need to shut his 
eyes to tlie huv of contradiction or fight against 
the necessities of his own mind. He will 
neither declare tliat religion is superstition, nor 
assert that the face of Nature is false to the 
soul of Nature, or, in other words, that science 
does not express the truth. Ho will the rather 
subscribe to these sublime words of Herbert 
Spencer : 

“ Religion, everywhere present as a warp 
running through the weft of human history, 
expresses some otenial fact ; while Science is 
an organised body of truths, ever growing, and 
eyer being purified from errors. And if both 
have bases in the reality of things, then between 
them there must be a fundamental harmony. It 
is impossible that there should be two omers of 
truth in absolute and everlasting opposition.” 
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By HALDANE MACFALL 


'TTTE illustrating of books, magazines, and 
^ papers has produced some of the finest 
art of the last fifty years ; it has, besides, liocn 
the means of livelihood for many artists who 
must have failed to earn either a living or fame 
in the painting of easel pictures. But to-day the 
art of illustration is sinking under the rivalry 
of photography, and exciept for the best class 
work it is in the hands of the most wrctehc^d 
artists. Nevertheless, if the student hav^e a 
marked individuality in his style, he will — in 
illustration as in all art - inevitably coinr to the 
front. Indeed, the last ten years have given us 
the work of some of our most remarkable imm. 

Limitations and Greatness of Press 
Illustration. In designing an illustration 
or decoration for the Press, the student must 
above all things remember that ho is working 
for what is calle-d the process bloek -tluat is 
to say, he must so use his to(»ls tliat his 
drawing may suit the rough treat merit, rcquii’ed 
for a daily paper, if he l)(^ drawing for a 
newspaper, or he may allow himst'lf a more 
elaborate style if drawing for a handsomely 
printed magazine. 

In other words he must simjrlify his style to 
suit the conditions under which it must be 
printed. Phil May evolved a marvellously simple 
and powerful style in order to get the best 
results from the rude conditions under whieh 
he had to work. Randolph Caldecott is t)io 
supreme raasbT of the simple use of lino and 
?olour-wash in combination for the purposes 
of illustration, but it should also be noled that 
his works come out equally well in half-tone pro- 
cess blocks when required, without colour. No 
student should bo without .Joseph PcnneH’s 
book, “ Pen Drawing and Pen Draughtsmen,” 
which is a mine of illustration and contains much 
sound advice to the illustrator. 

It is well to be clear upon one most important 
factor in the art of illustration from the start; 
the illustrator must take his art as seriously as 
though he were the best of paintc^rs or sculptors. 
By no other means may ho achieve distinction in, 
perhaps, the mo.st far-reaching of all the pictorial 
arts. Many men have but used the art of illus- 
tration as a means of pot-boiling, but this is 
sheer artistic suicide. Some of the .artistic genius 
of our day has reached its highest fichievement in 
this province, and one has only to think of 
Steinlen, of Charles Keene, of Randolph Calde- 
cott, of Aubrey Beardsley, of Howard Pylo, jpf 
Sime, or Edwin Abbey to grasp the great reach 
6f the art of the illustrator. 

Media and Topis. In speaking of the art 
of illustration it should be clearly understood 
that the vulgar use of the term “ etching ” as 
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applied to pen- work is absolutely wrong. Etching 
is a method allied to engraving on a metal plate. 
The art of etching and engraving, which is dealt 
with in a separate artieje \ page hi 1 1 ], is quite apart 
from process'* work, and is not very successful 
in illustration. Illustration can be — and in the 
case of Howard Pyle, for instance is — done from 
paintings, but the more ordinary media are pen 
and ink, or crayons, or a painting-brush, using 
charcoal grey and ('hincsg white for the values. 

The tools and materials, then, arc of the sim- 
plest ; their us(^ is depend(*nt on the end required. 
For the roughest work, line is absolutely neces- 
sary. And it has the groat advantage over wash- 
work (or paint) that (‘very stroke of the artist’s 
tool comes out (exactly in the reproduction from 
his Avork. In speaking of line, the pen -line may 
1)0 gen(u*ally iind(u‘stoo(J, but it must be romcm- 
IwTcd that many men get their line with a brush 
used as a pen ; on the other hand the crayon, 
though a point, mak(‘s so blurred an arrange- 
immt of Iin(‘s, that it has to be r<*produeed 
by the m()i(‘ cx})ensive nu^tJiod of lialf-tonc pro- 
cess, Just as a wasli-drawing lias. 

I’he Avash- (Ira wing is, in these days of process, 
marvellously (‘los(‘ly rendeied wlum the paper 
has a smooih surfa(*o and the printing is not too 
rough -as, for instance, in magazim^s and Aveekly 
an(l other pcriodu al piedure papeus. 

Modern, not Old Masters. Let us first 
of all take the art of ])en-(lrawing for illustration. 
A smoot h Avhite Bristol board, a pen, and a bottle 
of li(pii(l Indian iidc, are the only materials neces- 
sary. What a vast range of technifiuo lies in 
the use of such simple mat(Tials the student 
may s(iO by comparing j)en-and-ink draAvings 
by Charleys Keene, Randolph Cakh'cott, Walter 
Crane, William Nhdiolson, Aubrey Beardsley, 
8, H. Sime, JMgar Wilson, Edwin A. Abbey, 
Phil May [12], and many of the modern French- 
men, in whose works we may sec that almost 
any emotional effect may be got, for the gamut 
of expression ranges from Nicholson’s sombre, 
r(\sonant deep blacks to the light, gay movements 
of Abbey’s sunlit Italian romantic designs for 
Shake!^)earo’s comedies. 

The student of pen-drawing will got little help 
from the old masters, unless perhaps he try to use 
the pen as Holbein used a pencil, or as Rembrandt 
used the etching needle. His masters will be 
among the moderns. And the student has the 
advantage that he may procure at a very small 
price the works of some of the greatest men in his 
art. In Spain there is the work of Vierge and 
of Casanova and of Fortuny. All three of these 
men use a light gay technique that wonderfully 
represents the sunlit atmosphere of their land. In 
prince w^ hftve such fine penmen as Willette, 






DE8IQN 


Steinlen, Riviere, Gerbault, Grasset, Helleu 
(whose etchings are fine lessons for the penman 
in musical, swinging line), Caran crAche, and 
a score of others, lii Germany we have Menzcl, 
Dietz, Stuck, Max 
Klinger, Saltier, 
and Vogel. In 
Danish work Hans 
Teener is particu- 
larly fine. In 
American maga- 
zines particularly 
the student will 
find rich education. 

The superb work 
of E. A. Abbey, 

Howard Pyle, 

Dana Gibson, 

Blum, and Pennell, 
to mention only a 
few of the brilliant 
army of American 
illustrators, is 



caricaturist L^andre, and the romantic work of 
Ballurijau. In wash- work, the student will find 
superb examples in the work of Edwin Abbey, 
Howard I^le, S. H. Sirae, W. Nicholson, J. 

Pryde, Raven-Hill, 
Craig, 
Viergo, Stuck. 
Steinlen, and 
Greiffcnhagen, and 
from the j)roduc- 
tions in black- 
and-white of the 
pictures of such 
masters as Frank 
Brangwyn, Whist- 
ler, Manet, Turner, 
Sargent, and the 
masters of paint- 
ing, more particu- 
larly Velasquez, 
and the Japanese. 
The supreme law 
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itself an education * ••weu.-wi 

in black-and-white 
work. In English 

books, magazines, and picture -weeklies may be 
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found the finest work in the world, which in- 
cludes Leighton’s illustrations to the Dalziel 
Bible, (Charles Keene in “ Punch,” Sir John 
Gilbert and Birket Foster, Millais, Rossetti, 
Fred Walker, Boyd Houghton, aqd Pinwcll ; and 
Fred Barnard, ('harles Green, Randolph Calde- 
cott, William Small, Fred Sandys, Holl, Mahoney, 
Tcnniel, Sambournc, Du Maurier amongst the 
older men ; whilst the nineties wvre glorified by the 
work of Aubrey Beardsley, Sime, Edgar Wilson, 
Gordon ("^raig, Phil May, Raven- Hill flO], Hugh 
Thomson, Maurice Greifl'culiagen, E. J. Sullivan, 
Anning Bell, the Beggarstaff Brothers ( W. Nichol- 
son and J. Pryde), 

Byam Shaw, F. H. 

Townsend [11], 
and Bernard Part- 
ridge |T3]. 

Crayon and 
Wash. What can 
be done with the 
crayon,, even under 
the rough and ready 
conditions of an 
ordinary Frond i 
paper, may be seen 
in the master work 
of Steinlen. His 
work for the “ Gil 
Bias Tlliis tie ” 
should be in the 
hands of every 
illustrator, and 
his influence has 
produced in America 
two or three of 
its greatest living 
women artists, particularly Elizabeth Shippen 
Green and Jessie Wilcox Smith. In France we 
have also the fine journalistic work of Paul 
Renpuard, and the dainty technique of the 
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simple and pure and clear. The decoration 
.should be so placed on the printed page as' 
to enhance the beauty of the page without in 
the least detracting from the simplicity, purity, 
and clearness of the print. 

Decoration of the Printed Page. One 
of the worst evils that ever fell upon the 
English fuinted page was the Morris type and 
decoration. No human being, surely, can read 
the pages of these expensive editions with 
the slightest sense of pleasure or profit. The 
illustrating of certain French books with little 
s. ‘useless drawings dotted all over the page, 
particularly in the margin and in and out of the 
text, is a particular 
abomination that 
* has found favour 
far too readily in 
inferior English 
'Y ^ yi magazines and 
books. It is a nice 
question whether 
the decoration of a 
page should ever 
go down the side 
of it — it seems to 
destroy the interest 
of the print. At 
the top or bottom, 
placed clear of the 
print, it enhances 
the page. Edwin A. 
Abbey (sometimes 
in collaboration with 
A. Parsons) is par- 
ticularly happy in 
his placing of both 
the illustration and 
the decoration on the printed page, as may be 
seen in his edition of Goldsmith’s “ She Stoops 
to Conquer,” or of his many illuatratod old songs. 
Hugh Thomson, again, is most happy in his 
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tteatment of the page. And both these men 
teach a splendid lesson as regards the decoration 
of the covers of their books and of the title-pages. 
The decoration of a page should have as close 
. a relation to the subject of that page as though 
it were an illustration of the subject. 

Fitness in Design. Another point for the 
student to remember is that mere geometrical 
lines, or meaningless designs, have no particular 
virtue for decoration ; and any subject, no 
matter how real, may be decoratively treated. 
Above all, the student 
should remember to 
utter his decorative work 
in the spirit of his own 
day, and not filch inap- 
propriate technique and 
style from Diircr and the 
dead centuries. The aim 
of decoration is fitness of 
design to the subject. 

In working for Press 
illustration, then, espe- 
cially for pen-and-ink 
work, or “ line,” as it 
Is called, the tools and 
materials are very few 
and very simple. For 
pen drawing, the student 
needs a smooth, white 
paper — white paper on 
a card is better — and it 
cannot be too white. 

A hard pencil, a pen, a 
bottle of liquid black ink, 
complete his needs, in 
addition, perhaps, to a 
sharp knife and a piece; 
of indiarubber. White 
Bristol board is excel- 
lent stuff. On Bristol 
board the pen moves 
freely in all directions, 
when the student is 
sufficiently master of his 
vpen. Any hot-pressed 
, paper of good quality 
will also prove useful. 

Even good lineless thin 
writing paper ’will be 
found excellent for pen 
work, when a drawing 
beneath it is to be traced 
as one draws — only it 
requires neat handling 
to paste it to a card- 
board afterwards. 

When a line is too thick, or there is a blot, if 
a sharp knife will not cut it away, Chinese 
wMte will blot it out. Or if you wish to redraw 
the line, paste a piece of white paper over it, 
and draw over it. If you wish to get a tone, 
or fiat wash of shade, anywhere, simply run it on 
the drawing with a blue pencil, and the process 
engraver will fill it in with a stipple tint by 
mechanical methods. Being blue, it does not 
with the photographic facsimile of 
upon the zinc block. 
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As regards ink, ordinary writing inks should 
be avoided. The artist needs the blackest of 
inks if he would get the best results from^ 
the process-enpavers. Newman’s, or Winsor 
& Newton’s liquid lampblack, and Higgins’s 
American drawing ink, can be recommended. 
I’ho ink should dry dead, without shine, should- 
flow eiisily, and not fur the pen. Encre de Chine 
Liquide is also much used. Except Higgins’s, 
most of the inks tend to drop to the bottom 'as 
sediment. This must be guarded against. Indian 
ink shines, and is a 
trouble to make. 

In pencil drawing, out- 
line in pencil and then 
work over all freely in 
ink, making eve^ ink 
line tell. But remember 
that every pencil line 
must be rubbed out 
afterwards, and that the 
rubbing has a tendency 
to “ lift ” the ink that 
is over it. If you are 
making the drawing to 
be much reduced, re- 
member that in the 
reduction the lines tend 
to blur, especially when 
they cross in several 
directions. Altogether, 
it is advisable to avoid 
croKs-hat(diing as much 
as possible, and to got 
the gradations of shad- 
ing by thinner or thicker 
lines at wider or nar- 
rower distances, but 
always drawn in one 
direction. 

Wash drawing is really 
})ainting in monochrome, 
the drawing in trans- 
parent washes being akin 
to water-colour painting, 
and the drawing in body 
colour to oil-painting. 
'I’ho two methods should 
be kept strictly apart. 
The values of body- 
colour — that is, black or 
sepia mixed with white 
— are not always accu- 
rately rendered by the 
camera, especially under 
the rays of electric 
light ; and if solid white 
or body-colour is introduced into transparent 
wash-drawings, the result will frequently be 
vastly different from the artist’s intention. 

Working Hints. The artist should, above 
all things, avoid hard, rigid, mechanical effects of 
line. There is a tendency to do this from nervous- 
ness in the earlier years of one's apprenticeship 
to one’s art ; but it should be avoided like the 
pla^o.' An excellent short cut to copying the 
main forms of any design which is to be treated 
in freehand, and so translated into the ar^t’s 
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om style, is to trace the 
main Hnes on a piece 
, of tracing-paper. Then 
turn the tracing-paper 
over and re-trace it on 
the back. You now get 
a sort of negative or 
drawing in reverse. Fix 
this down to the paper or 
Bristol board on which 
the drawing is to be 
inked or painted by 
sticking down the four 
comers with pieces of 
stamp paper. Though 
you now see the draw- 
ing right side up, the 
back of it holds a trans 
fer which can be rapidly 
passed on to the boajd 
by running over its lines 
with the edge of a paper- 
knife, rubbed fairly hard 
upon the design on the 
tracing-paper. 

It is best, before ink- 
ing in, to do a little rough 
sketching with the pen 
on a scrap of paper, so 
as to start upon the 
drawing free from ner- 
vousness. The student 
will find that he “ goes 
at it ” with a will, instead 
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REDUCED FROM A PEN-DRAWIN( BY 
BERNARD PARTRIDGE 
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jiflljlj of uttering his first few 

II I in ^ of 

uH But when 

the tracing is employed, 
rl I ^ rough pencil sketch 

I I ' I made, the student should 

II never allow it to cramp 

Ji I his drawing, employing it 

always as a ghost to keep 
Im him right in his forma 

||B and proportions rather 

rJl ^ ^ taskmaster. 

\ Another word of warn- 
SsKlm ing. Individuality of 

P^lil everything ; 

therefore, whilst the 
j >- ■' student is recommended 

^ tf) take certain modern 

-- masters of black-and- 

white os his model rather ' 
than go through the 
numbing grind of the 
antique, or the para- 
lysing effect of “ art 
schooliness,” he should 
^ take several masters as 

. his model, not one alone. 

" Try and see life fdr 

oneself. For a hundred 
‘ artists who can copy 

« .Tfi : wi'i! others there is but one 

j««ttiight? * who can state a pictorial 

There wiw only . , . . r le 

i.otquite- ’ idea m terms of self. 

ma^theatalA ContilUmi 
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By J. C. VINCENT 


,^HE all but infinite variety of brushes, each 
in its own way fulfilling the object of its 
being, performing a gr.^at variety of services, 
entitle this commodity to be called “legion.” 
Brushes for the teeth, hands, hair, clothes, etc., 
are not luxuries, but necessities, and ourselves, 
our clothes, our houses, our cities, would not only 
be unsightly, but positively unhealthy, but for the 
friendly offices of tlie brush. 

The materials used in briishmaking arc as varied 
as brushes tliemseh’^es. For the handles wc use 
silver, j>ear!, tortoiseshell, ivory, horn, bone, various 
woods, and the (juill or “ stem ])art ” of feathers, 
according to tasle in some instances, in others to 
utility. For the brush, the important part, both 
animal and vegetable substances are used. 

Fibres Used in BrushmaKing. The least' 
valuable are the vegetable products, known under 
the general term of fibre ( 1]. Thi.s includes piassava^ 
known in the brush world as hass — a stiff clukiolatc- 
coloured weed which forms a kind of long, tangled 
undergrow'th. The best of this comes from Bahia 
in Brazil, It is also exported from Para in the same 
country, while a less valuable quality i.s found in 
the forests of Central Africa. In its countries of 
origin, piussava is used for rope-inaking, but we shall 
recognise it best in the scavenger brooms of our 
borough councils and stables. The illustration f2J 
shows on the right the bass in lengtli and in tho 
rough state of importation ; this is very often (> ft. 
long. The three bundles on th(^ left have been 
dressed, and cut to the lengths required for use. 

Whiak is another important fibre. This has some- 
w'hat the ap}»earaiiee of straw, but is much stronger. 
It grows in Italy, the United States, 
and C^anada. Two kinds of whiak 
are the Italian sorgho, or rice root, 
and the chiendent, or dandy whisk. 

The various kinds are used for 
making carx>ct brooms, furniture 
ami clothes brushes, and the dandy 
brush for stable use. 

Mexican fibres is the name given 
to those white and grey vegetable 
products which are used for making 
lime brushes, nail, bath, and other 
' brushes used in water, and also for 
mixing with the hair and low'ering 
tho price.s of baluster brushes and 
broom heads. This is the fibre of 
the Mexican aloe {Agave rigida). 

Coconut fibre, is also used in brush- 
making, but only in very common 
brooms, clothes, cari>ct and a few other kind.? of 
brush ware. The illustration [1] of fibres shows the 
appearance after they have been dre.sse.l, and tied 
up with many strings in order to facilitate cutting 
to» the required lengths with a block knife or 
guillotine. 

flairs for Brushes. Different brushes ^are 
^ade of different hairs, and the number of animals 
lose their eoata (to say nothing of their lives) 

1 in supplying these is very large. Among them are 
/ithd horse, goat, bear, badger, beaver, mink, marten, 
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sable, skunk, squirrel, kolinsky, and last, but most 
important, the hog. 

Horsehair is used in making the lower-priced 
“ all hair ” brooms, scrubbing brushes, etc., and for 
adulterating the bristles of jiaint- brushes. 

Badger hair is used principally in the manufacture 
of shaving-brushes. The best hair grows along the 
middle of the back, the least valuable on the under- 
side and flanks. The Russian skins produce the 
shortest, and the (Jeriiian skins the longest hair. 
The value of badger hair lies not only in the length, 
but also in the colour. Tho Vlvlue increases with the 
whiteness of the tip and the blackne.ss of the rim 
of colour just below the tip. After the hair has been 
removed from the badger skins and the wool 
combed out, it is tied up in little tufts or knots 
and immei*sed in hot water to remove the grease and 
dirt. The knots are then tied u]), each in a separate 
roll of paper, the whole rescjnbling a boy’s kite-tail. 
The h/iir is straightened in the subsequent process 
of drying in a hot room. 

Artists* Brush flairs. The other hairs (the 
most important of w'hieh are sable, kolinsky, and 
squirrel) are used for artists’ brushes. The sable and 
kdimky are indigenous to Siberia, and it is in tho 
tails alone that briishmakers are interested. The 
finished brush in each ease is known as sable, but 
biwn sable is alone rightly so-called. Red sable 
is the hair of the Siberian ])ole-cat (kolinsky). Sable 
tails are imported by the “timbre,” or oundle of 
forty tails. To cleanse, they are separated and 
placed in a bag of bran, with the mouth tied, and 
an operation })erformed similar to kneading dough. 

The .same process is carried out in cleansing 
s(juiriel tails. The article known to 
the brnshrnaker as camel hair is the 
product, not of the camel’s body, 
but of the squirrel’s tail. The wool, 
fur, or hair of tho camel is quite 
useless in briishmaking. 

Brush Bristles. Many yicrsons 
confound hair and bristles and 
n*gard tlio two terms as inter- 
changeable, But while it is true 
that all bristle is hair, all hair is not 
bristle. Bristle is the hair of the pig, 
not tlie yiork- producer of our farms, 
but his cousin, the “ bristle pro- 
ducer,” who lives a freer, and 
therefore more valuable, life in the 
forests of Germany and tho wilds 
of Russia. The value of the bristle 
producer increases as his distance in 
relationship from the farmyard hog increases; the. 
more northerly his habitation, the longer and thicke^ 
his coat. The bristles are marketed in Ruasia at 
iSt. Petersburg and in Germany at Leipzig. At the 
latter place bristles form the staj^e commodity 
during the earlier days of tho great Easter Fair. 

The bristles arrive in England in immense 
variety, and an important part of a broslmiakeFs 
business is to blend and sort and dross them to 
the required length, stiffness, and colour for the 
kihd of brush to be made. The hairs are sort^ 
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on a bench fitted with a series of “engines,” or 
steel combs, the teeth of which are graded so as 
to separate from the handful the bristles of the 
various stiffnesses. The bundles of bristles, however, 
contain various lengths as’woll as various stiffnesses, 
and the sorting into lengths is known as “ dragging.” 

Bristle Dressing. A handful of m ixed bristles 
'is stood up against a “size-stick,” or measure, 
marked with inches and parts of inches. Then the 
bunch is held in the left hand, and, with the right 
finger and thumb, bristles above the indicated 
length are gently pulled from the handful. 

These processes are called “ beating down on the 
root” and “dragging,” wnd are repeated until the 
residue is as solid or 
“even” as requisite. 

The handful, now 
only, perhaps, half 
the original size, is at 
the bottom of a series 
of lengths, graded in 
quarter inches — say, 
from 3 in. to 6 in. or 
even 7 in. 

Washing the bris- 
tles is another very 
important process. 

Tubs with vent pegs 
in the bottoms (to 
enable the water to 
be run off' readily) 
are lined with bris- 
tles, layer on layer ; 
soap is then chipped 
into the tubs, and 
boiling water poured on. We now take a handful 
of bristles from the tub, and, after well .soa])ing a 
flat fllono about 18 in, square, rub, or “grind” 
the bristles on its surface [ 4 ]. This looks easy, 
but the easiness of washing bristles comes only 
by experience. Notice, in passing, the curve on 
the bristle. This is seen in the unwashed bundles 
and in the washed handfuls, but is most pronouiujed 
in the layers on the rack wliich are ready for the 
drying-room. This curve is known technically as 
“ the bond,” and it plays a most important part in 
the brushniaker’s handi(^^aft, especially in that sec- 
tion devoted to painting brushes. 

Bleaching Bristles. The bristle is now 
ready for bleaching, where this is necessary.. It 
should be noted, however, that this only gives tone 
to and increases the whiteness of the bristle. It is 
impossible by bleaching to turn black or grey bristles 
white. The bleach in general use among brushmakers 
is the fumes of aul]>hur. To bleach bristle we 
lay it out on a rack, which slides into a groove in 
the bleach- house, the arrangement being a series 
of racks in this ])lacc which resembles somewhat 
the series of racks in which a printer keeps his 
founts of tyi)C. All ventilators of the bleacli-liousc 
are closed, and an iron crucible is placed on the 
floor. A piece of iron, which has been luade red 
hot, is placed in the crucible, and sticks of sulphur 
thrown in with it. 3’he door (which, of course, fils 
tightly) is shut and the sulphur fumes do tiie rest. 

Classes of Brushware. .Brushmaking is 
divisible into four clas8e.s — drawn work, set work, 
painters’ brushes, ,and machine work. 

; the drawn work class are grouped scrubbing, 
■najl," cloth, hair and tooth brushes. We may take 
the' tooth- brush as a good representative of the class. 
The bones are first “ cropped” — that is, have the 
laxge ends sawn off. and iflit lengthwise into several 
pieces. Each of these is then “ profiled,” or cut 


roughly* to the shape for which. e]»ch piece, of bon© 
is best adapted. Next they are “ fashioned ” to 
the perfect shape, and holes are bored in the head 
to take the bristle. The boring of tooth-brushes 
differs from most other kinds in that the holes are 
not bored quite through the stock or handle. They 
are then turned over and cut, or “graved,” at the back 
with a fine circular saw in three, four, or five lines 
according to the number of rows of holes in the face. 
The common mode of drawing brushes is show^ 
in the illustration [8], althougK this is by foot 
power as well as by hand power. The stock is held 
in a vice, and a loop of wire or other material 
is pushed tlirough from the back. Now w'O take 
a pinch of bristle, 
half th(5 size of the 
hole to Ix^ filled, pass 
it half way through 
the loop, and, while 
holding it in position 
with the left hand, 
])ull the wire with 
the right. The effect 
is to force it into the 
hole by bending the 
bristle in half, and 
the lirsfc knot will b? 
completed. Now we 
double the wire again 
and tlie loop is formed 
in readiness to re})eat 
the o]K'ration, until 
nil the holes are filled. 

The tooth-brush 
has now to be tilled 
in at the back with white, blue, or iimI wax, the 
latter being the most generally used, 'fhe finishing 
of wood brushes, such as those for the liair and 
clothes, is necessirily different. Whcui wo have 
filled the stock, the brush is open at th<^ back, 
revealing quite a maze of wire. We must well 
glue this side of the board, and placid upon it the 
back of rosew'ood, satinw ood, etc. Tliese are then 
olam|x>d tightly together with wooden sfTCWs and 
])ut by until the glue has quite set. It will then bo 
jK>ssible with s^xikcshave, bow-saw% and gla.ss])aper, 
to complete the shape and finish the brush [ 7 ]. 
Finally, the back of the brush is polished. 

Trepanning Brushes. Another mode of 
brush tlrawing is known as trc]mnvmg. rA)r this 
purpose the boards are bored in a similar manner 
to the tooth-brush stocks, but instead of graving 
the backs w ith a circular saw they are “ long- 
holed.” In this case, the holes comprising each 
row are connected inside the back by a hole 
bored through from the front of the head. A 
double thread is now passed down the “ long-hole ” 
on a neotllc or bodkin, and jmllcd out of the end 
hole of a series, or row, on the face of tlie stock. 
The looj> thus formed is now nsatly for tlie re- 
cr]>tion of tlie tuft of bristle, which is drawn into 
the hole by pulling the ends of the thread. 

This operation is repeated till all tlie holes in each 
row are filled. 'I’he long-hole is now' poggtxl up, prefer- 
ably with a sharp point of ivory, and the brush is 
ready for finishing and jiolishing. 7’he system of 
trepanning brushes is very largely used in France, 
but the practice has grown very considerably, in 
England during the last few years, and the firm of 
O, B. Kent & Sons— to whom we are indebted for 
the illustrations used in this article — have found it 
necessary during the past year to increase very 
considerably the number of employes engaged in 
this department of briish drawing, 
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Pan work derives its name from the “ ]>an ” 
round which the makers of this class of brush- 
ware sit. It is tilled witli |)iteh, kept fluid by 
the heat of a gas-ring beneath it. The ilUiat ration 
[ 8 ] shows th(‘ process observed. 1’he stock, or 
wood y)ari of the brush, is bored with holes of 
the requ ired s i ze and n u m her. 

These, however, are not bored 
right through, but sufficiently 
deep to take enough material 
to make the brush effective 
and the knots secure. Again, 
all the holes are not bored 
upright. In boring some of 
the holes, the sto(!k is held so 
that the drills ent;er at a slight 
angle, in order to effect the 
“ spread ” of the bristle, so 
much desired in the finished 
article. Notice the ball of 
whiting on th<* bench. 'J’his is 
rubbed on the hands to prevent 
the pitch from sticking to 
them. 

We now take the material of 
which the broom is to be 
made, and select enough to till 
a hole ; dip it into the ])an 
(the root end, of course), and 
after scraping off the su])er- 
fluous pitch, bind it round 
tightly with a piece of hemp or yarn Again dip 
into the pan, and, with a turn of the wrist, push the 
knot' into the hole and the thing is done. The man 
on the left has the knot ready for the hole ; the 
next man is binding a thread round the dip})ed 
roots of the knot, while the other workmen are 
setting the knots in the stocks of a broom and a 
baluster respectively. It is obvious that the ability 
to select just the right amount of material to fill 
. the hole is the mark of the accomplished pan-hand. 
If too much be selected, waste ensues ; while the 
broom is inseotjre if an insufficient amount be taken. 

The most effective hair broom is made of pure 
bristles ; it not only sweeps cleaner, but entails less 
labour, and for durability will outlast two of inferior 
quality. The best stable or scavenger broom is 
made of pure Bahia piassava, with which there is a 
pliancy and spring far surpassing that of African 
bass, though a very good broom can be made 
with 60 per cent, each of Bahia and of African bass. 

, Painting Brushes. These full into two 
inAih divisions — those for artists and those for 
painters and decorators. Artists* brushes comprise 
those of camel hair and sable, and also many made 
With bristle. Painting brushes comprise such well- 
^own varieties as sash tools, ground brushes, and 
. brushes, either one knot, or compound. There 

K em 


are, of course, many other varieties, but they are, 
in general, only modifications of these. 

In making the pencils for artists, we must use 
quills of various feathers. The sizes are known 
neither in numerical nor alphabetical sequence, but 
by name, from the smallest to the largest — lark, 
crow, duck, goose, swan, and for special purposes, 
even eagle and pelican. The quill cannot be 
manipulated in its native state, but by boiling 
it becomes soft, and the ends can be cut off 
without splitting the quill. We now remove the 
“ pith ** from the inside, and place the cleaned 
cpiills in a basin of cold water, which keeps them 
<pnt© soft and pliable, ready for use. 

Artists* Pencils. A sjnall bunch of hair from the 
tail of the sable, marten, kolinsky, or squirrel, is taken 
hold of at the point, or end opposite to the root, and bv 
y)assing a comb (a metal one for preference) through 
it, the “ flue,” or wool, which surrounds the roots and 
grows close to the skin of the animals, is removed. 

This hair cannot be handled ns bristles are, because 
it is too fine. To get it qui^e even, it is divided into 
small bundles, and each bunch 
encircled with n cardboard tube. 
When we have about a hundred 
of these tubes — all stinding 
on end with the roots upper- 
most — we take a piece of 
leather, about 5 in. wide, and 
long enough to encircle the 
whole, and strap it round 
them fairly tightly. The 
technical name for this is the 
” beater.” If we now lift the 
beater the bottom will present 
the ap])oarance of a round 
honcisycomb, with cells rather 
largo .and eironlar in shape. 

Great care must be exercised 
here, or the whole will shoot 
out, and much labour and 
time will bo expended in 
gathering up the contents and 
getting them straight again. 
Wc now gently lift the beater 
about J in. from the bench, 
and just as gently drop it 
down again, holding it with both hands all 
the time. Repeat this oy)eration smoothly and 
quickly, making a continual ta|>ping noise, and, 
sooner or later, all the hair will have become quite 
” solid,” or even, and ready for use. 

W^e now take a “ pinch” of hair — regulating the 
quantity according to the quill to be used — ana tie 
the root tiglitly with hemp, covering this with 
coloured silk ; wet the flag to keep it together and 
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bring it to a point, and insert it into the quill at the 
large end. Apiece of wire of suitable thickness, 
known as a “ driver,” is now used to push the knot 
to the other end of the quill. The whole is put to 
dry, and the brush is made, the drying, and, 
therefore, hardening of the quill, affording an extra 
security to the knot. 

Sable and Hog Hair Brushes. The best 
hair for artists’ pencils is that of the kolinsky, 
known as “ red sable and ” brown ” sable, or 
sable proper. Sable is becoming so scarce and 
valuable, and therefore so expensive, that various 
martens and" the mink have taken its place with 
many brushmakors. 8able hair is worth more per 
ounce than camel hair is per pound; moreoviT 
the former works to a muon finer point, and has 
much more spring and durability. 

Hog hair artists’ brushes, to he effective, must 
possess a good “ dome,” and the learner must 
remember that this must be produced without the 
aid of scissors, for if we i^im the brush to a dome 
with these, we destroy the flag or s})lit end of the 
bristle, and render the brush unsuitable and in- 
effective so far as “ fine ” or artists’ work is 
ooncerneid. A tool called a “ canon ” is used here. 
Its shape resembles a large thimble, with the sides 
straight, instead of converging ; the head is shaped 
to the required dome and the tuft of bristle is placed 
in this, flag downwards. Now, 
while the left hand keeps the 
br'stle in position, with the right 
we give the eanon a succession 
of even taps on the bench, 
th<^ result being that, v hen 
the tuft is removed, it has 
taken on the shape of the 
oanon. 

Making Painters* 

Brushes. In dealing wifh 
the washing of bristles, at fen - 
tinn was called to the ” bend.” 

It is most important for the 
painting- brush maker to keep 
the bend of the brist le one way, 

HO that as the bunch is on the L 

bench, it presents th(? appear- 7. FiNlsillNrt 

aiice of a concave line (see tlio 
bristle on the drying rack — 4J. TIk^ sine qwi }io}i 

in making a paint-brush knot is to tie it together 
HO that the bend of all the bristles faces inwards, 
and the flags, while not interlocking, form 
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handle is bored at the end, making a socket, in which 
to insert the bristles. The knot is (lip|K'd in cement 
(generally made of rt'sin and linseed oil). U is tlieii 
placed between the forks of the handle and bound 
tiglitly round with string. The knots which are to 
be cemented are kept on a hot-plate to facilitate the 
]>onetration of the cement. 

Another system of ])Mint-brusli making is known 
as tied work. The workman to the right in the 
illustration [5] is seen making a com])ound stoek 
brush. The knot in this instanec is divided in the 

middle, so as to fit on to tlu', 

liandle. It is thori tied with 
c()p]H,‘r wire to keej) it in 
position. Though the majority 
of stock brushes have two 
knots only, there is quite a 
largo number made with three 
and four knots, and some even 
with five. 

The dri\a‘n brush is another 
form. Th(' knot in this ease is 
))ulled into a socket or tiinding. 
»Soii\etimes tliis is a ])lain band 
of metal, at. others it is made 
of copper or iron wire, or, 
again, of string. 'Pliese bindings 

arc made la]H'r, or smaller at 

AIK-DKXTSUKS the top than they are at the 

bottom. After the eemented 
knot has been pulled into the binding, the handle 
is pushed Ihrougli the eentre of the brush and 
driven home with the. pointed head of a hammer 
ma«le for the purpose. 'J’he workman on the left 


concentric rings. 

The sasih tool is a good representative of the single- 
knot paint-brushes. Tt is generally made on a 
‘‘ forked ” or pronged handle, though sometimos the 
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of the illnsf ration |5} is seen driving the handle 
home, the block at which he is working Imving a 
.scries of holes, varying in .si/.o, to admit the liandle, 
and at the same lime to give a solid bod on which 
the head of the brush can rest while the handle is 
driven homo. 

Grinding and Pointing. After the brnslics 
have lx»en made, certain of them — known as ground 
brii.shes — are ground on a atone in a way .similar to 
that describetl in connoetion with washing the 
bristles. Before the brushes are taken to the 
drying-room they are pointed — that is, a piece 
of hemp is bound round the bristles in such a way 
as to keep them in .shajx?. This is put on rather 
loosely, and great care must be exercised, in order 
that the brush shall dry in a presentable condition. 
It is very easy when pointing a brush to completely 
alter the set of the bristles, and therefore to render 
it less effective than it should be. An exception 
to the general rule of ” turning in ” the bend of 
painters" brushes occurs in making the painters’ 
duster. In this, the flag of tho bristle is made to 
turn to the ciroumferenco of tho brush. 
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Testing Adulterated Brushes. In the 

manufacture of painting brushes, the brush made 
with pure bristles only, although the most expensive 
in initial outlay, is cheapest in the end. The pure 
bristle brush enables the workman to put the paint 
on evenly and effectively, while for wear and tear 
it will outlast several made from a mixture of 
bristle and horsehair. It is often difficult for a 
journeyman bruahmaker to 
decide whether a painting 
brush is adulterated with 
horsehair, and therefore to the 
tyro it is well nigh impossible, 
except in those cases where 
adulteration is flagrant. One 
test is the existence of the flag 
(split end) in bristles, and its 
non - existence in horsehair. 

Another test is the greater 
flexibility and spring in brislle 
than ill hair, and a further 
difference is that bristle tajMUs 
from root to flag, while 
horsehair is uniform in size all 
the way up. lint the infallible, 
and therefore the best, test of 
all is to take a magnifying 
glass, when it will be observed 
that while the horsehair is 
cylindrical in section, the bristle 
is elliptical. 

There are two tesls to dis- 
tinguish fibre from hair. One 
is to bend a piece of eacli, when 
the fibre, lacking the elasticity of hair or bristh', 
will have a tendency to era< k, w'hile the animal 
product will assume its previous position, none the 
worse for ilm operation. The other test is to .set 
fire to a piece of each, when the fibre will burn quite 
readily, while the bristle will only splutter and curl. 

The Care of Painters* Brushes. As 
these arc so valuable, it behoves us to be careful in 
the manner of keeping 
them when not in use. A 
varnish brush must, on no 
aceount, ho soaked in 
water, because this will 
destroy the eement used 
in manufacture, and thus 
render the l)rusli unsound. 

For the same n*aaon, a 
Yiaiut-brush should never 
bo soaked in lur|>ontiiie. 

A varnish brush may bo 
kfept in oil when not in use, 
and a paint-brush, after 
having been cleansed in 
turpentine, may ho kept 
in water. On no account 
should a brush be allowe<l 
to rest on the bottom of 
a paint kettle. If brushes 
are allowed to rest on 
their bristles, the latter 
become twMsted and quite 
unfit for effective work. A brush should be suspended 
from a hook on the side of the kettle. Sometimes 
a brush is put on one side imeleaned. and con- 
sequently it becomes quite hard. It can be rendered 
usable again by soaking it in linseed oil, but 
prevention is better than cure. Few paint or 


distemper brushes should always be soaked in 
water before they are put into use. 
BrushmaKing by Machinery. The 

simplest of the machine-made brushes are flue and 
bottle brushes. They are made by taking a double 
length of wire and inserting the ends in a vice. The 
doubled end or loop is now put on a hook, fitted 
with a handle. We now take the weight of brislle 
allowed, and distribute it as a 
thin and even, layer between 
the double wire at the end 
nearest the vice. Turn the 
handle, which, twisting the 
wire together, will give the 
a])iral form distinctive of this 
class of brush ware. There are, 
however, machines very much 
more complicated than this, 
and while we cannot go into the 
intricate mechanicid questions 
involved, we would draw 
aftcfdion to one illustrated [10]. 
This shows the operator filling 
nail-brush boards with fibre 
by a ])rinciple known as 
“ ])uiichiiig.” The modus oper- 
and! is to drive a knot into 
the hole, and at the same time 
to “ anchor ” it into position 
with a metal clip arrangement. 
One may best liken it to a 
cloubl(*-])ointed staple. The 
punching not only forces it into 
the board, but opens the clip 
inside the brush, and thus secures the knot in position. 
In file hand drawn brush the knots in each row 
are drawn (and thendorc conneeted together) on a 
(amtiniions wire; in the machine-punched brush 
each knot is isolated, and tlierefore self-contained. 
Bandy brushes for stable use are very frequently 
made on the punched ” principle, and so, too, are 
many forms of scrubbing bnish(*s. 

Bevelling and finishing 
stTubbing brushes by 
maehinery has to-day 
been reduced to a fine 
art, and at the Hertford- 
shire factories of G. B. 
Kent & Sons grosses of 
these brushes arc finished 
in the time that would 
he taken to finish dozens 
by hand labour. When 
we say finished, wo do not 
mean made to shaj^only, 
but produced as eminently 
marketable commodities 
rfl j. Another engineering 
triumph may be seen at. 
the same factories. This 
is so remarkable that 
if it w'ore possible for a 
medifleval brushmaker to 
visit again “ the plane of 
his former triumphs,” he 
would not only say that the machine was living 
and functional, but that it was endowed with reason. 
A bone handle is placed on the carrier, and the holes 
are bored evenly and regularly. Just the right 
quantity of bristle is pickl'd eut and wired to the 
stock, and the brush is mode in a few seconds [9]. 


Applied Botany concluded ; followed hy Taxidermy 
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A n etching is a print taken by tlie metliod known 
as “ copper-plate printing ” direct from a metal 
])Iate on which lines have been bitten by an acid 
or other mordant. The plate may be of any metal ; 
but iron, steel, zinc or cop])er have generally been 
used by artists ; and the latter so greatly exceeds 
the others in suitability that it is almost invariably 
(hosen. Zinc, however, has certain qualities of 
its own, producing a strong, rich line which is 
excellent for broad elfects. Its tre.atment in no 
way differs from that required by copper, and 
the description of the process which follows applies 
to both metals. 

Preparing the Plate. The plate used 
ihould be of good and even quality and its upper 
surface given a fine ])olish — circular. Such plates 
can be purchased ready for use. The polished 
surface must be overlaid with a ground, comiX)sed. 
as a rule, of beeswax, asphaltum, Thirgimdy pitch, 
and guin-iuastie in varying proportions ; but 
o<|ual parts of each may 
be taken as a good formula 
for general use. The 
ground may be applied: 

(1) hot, by means of a 
dabber ; (2) cold, as a 

paste dissolved in oil of 
lavender, by means of a 
roller : (3) as a solution in 
cliloroform poured over 
the plate. The dabber fSJ 
is made of horsehair, 
enclosed in cotton-w^ool, 
with an outside covering 
; of silk or kid ; and it is 
^ advisable to keep the 
stock of ground in a silk 
wrapper to prevent grit 
from getting into it. The 
grounded • plate should 
next be smoked to a 
l»erfectly even blackmtss, by being clamja'd in a 
hand vice and moved to and fro over the flame of 
a bundle of wax tapers. 

The subject of an etching is drawn in line alone, 
the tool used being of steel, and called a needle 
f2j. This usually has a tine point and need 
not be otherwise, for though some etchers have 
employed a blunt tool for making broad lines, 
a bettor result is obtained by relying on the ac3;ion 
of the acid for this purpose. The drawing may be 
made direct on the ground, in fine lines of 
uniform thickness, with pressure just sufficient to 
penetrate the ground but not to cut the copper; 
or, if desired, it may be transferred, either from 
lead-pencil sketch made on thin paper, damped, 
laid upon the ground, and then passed through the 
press with a little less than ordinary printing 
pressure; or, again, it may be scratched upon 
gelatine with a needle, red chalk or some other 
pigment rubbed into tho^ lines, and the transfer 
mad^ in the press, as abWe, or by rubbing the 
oabk of the gelatine with a buinisher. In this case 


the gelatine should not be damped. When the 
drawing is finished, the back of the plate must 
be varnished with Brunswick black, to protect it 
against the action of the acid. 

The Etching Bath. The drawing having’ 
been thus put upon the plate, the next step is that 
of subjecting it to the action of an acid bath which 
performs the function of etching — or eating out in 
the copper — the lines drawm with the needle. It 
need scarcely be pointed out that on the success 
of this delicate oj)eration depends the whole merit 
of the final result, no matter how good may have 
been the original design. The bath is of })orcelain, 
sufficiently large to enable tlie plate to lie con- 
veniently within it, and shallow enough for the 
upper surface of the co]>per to be easily accessible. 
Various liquids — mordants — are used for biting-in 
at the discretion of the artist, who may, however, 
be advised to confine his attention at first to 
one only of the following, in order that he may 
become thoroughly well 
acquainted with its 
qualities and arrange the 
successive stages of tha 
operation with certainty. 

(1) Nitric Bath. Nitric 
acid, of specific gravity 
1’42, and water in propor- 
tions varying from equal 
j)arts of each to I of acid 
and f of water, for copix r. 
For zinc or steel much less 
acid should be used. 
Nitrous may be siibsti- 
tiited for nitric acid. 

(2) Dutch Bath. Hydro- 
chloric acid, 10 parts; 
chlorate of potasli, 2 parts ; 
water, 88 parts. 

(3) Perchlvride of Iron 
Bath. A 40 ’ Beaumd 

solution of perchloridc of iron in water. 

The jdate is now immersed in the bath, and 
in the course of a few minutes the bright lines 
of the drawing will be seen to cloud over 
with minute bubbles of gas, produced by the 
action of the acid upon the metal. If the plate 
be removed from j^he bath, and the ground cleaned 
away with turpentine, it will bo seen that every 
line drawn with the needle has been faintly eaten 
into the plate. If a proof bo taken at this stage, 
the whole drawing will appear in fine linos such 
as are required for the lightest portion only of 
the print. Those portions which are destined 
to remain in this state must be covered again 
with ground. Stopping out, as this is called, is 
effect^ by a careful use of the dabber, leaving 
exposed all those parts which require strengthen- 
ing. The plate is immersed again in the acid, and 
the whole operation repeated as often as neces- 
sary, until the proof shows a gradation, as 
nearly as possible perfect, from lines almost 
ns mie as the n^eale-pomt itself to the deep 
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blackness which gives an etching its ^culiar 
richness of effect. In the couise of this pro- 
ceeding it may be found,, that the whole design is 
too lignt. 

Re^biting and Retouching. To darken the 
design “ re-biting ” is necessary. The dabber cannot 
conveniently be used, as it is difficult with it to 
keep the ground out of the already bitten lines. 
The difficulty is overcome in the following manner. 
Some ground is laid 
thinly and evenly 
on a piece of plate 
glass, and a roller 
alternately passed 
over this and over 
the plate, until the 
latter boars a suffi- 
cient ground. This 
should be done with 
the plates cold, 
until the operation 
is completed, when 
the oil of lavender 
can be driven off 
the copper by a 

g entle application of 
eat until the plate 
shines and the 
ground becomes 
hard. Tn carrying 
out this operation, 
the nature of the 
line made on the 
copper by Iho 
mordant must be 
borne in mind. This is not V-shaped, but, in section, 
’ somewhat wider at the base than on tln^ surface of 
the plate, iho edges being undercut to some extent 
by the acid. Advanttige may be taken of this 
quality when the lines are over-bitten and print 
too dark; for, with a burnisher used with oil, 
their edges may be squeezed together and so 
iiifule to hold less ink and print ligliter. Addi- 
tional work may, at any stage, be put on the plate 
with the needle, after 
re-grounding, and a 
local effect can be 
produced by apply- 
ing the acid with a 
feather instead of 
placing the whole 
plate in the bath. 

InK Distribu« 
tion . The plate 
should now be ready 
for printing, which 
is done in a copper- 
plate printing-press, 
exerting such pres- 
sure as to drive the 
paper into every 
depression in the 
copper, and extract 
the ink therefrom. 

The ink used is made 



6. FROM A LINE ENOBAVINO BY B. P. GIBBON, AFTER 
A. COOPER, R.A. (Working proof from unfliiished plate) 

sarily, for each print, 
warm over a ‘‘ heater 



from any pigment with sufficient body, ground 
rather stiffly with burnt linseed oil ; umbers or 
ochres being preferred for colour, and Frankfort 
black, heavy French black, or a lighter black, 
made from the smoke of burning paraffin oil, for 
the blacks. The two former are used for giving 
“ ]^dy ** to the ink, and the latter for blending to 
obtain special qualities of printing. A great deal 
depends on Uie printing of an etching. If the plate 


is cleaned as bright as possible, by means of the 
palm of the hand charged with ink and whiting, 
only the bare lines show, as in a visiting-card. 
But it is perfectly legitimate and very valuable to 
arrange the ink on the plate in such a manner 
as to get much richer effects. In- such a case,* 
the ink is again worked with the palm of the 
hand, but with a-, gentler pressure so as to leave 
more of it on the plate outside the lines. 

A further effect 
may bo obtained 
by retrotisaaget the 
dragging of the ink 
into desired direc- 
tions with a piece of 
soft muslin, which is 
lightly drawn over 
the heated plate 
along the lines, fol- 
lowing the hand and 
bringing a portion 
of the ink over the 
edges of the lines. 
This process softens 
them and makes 
them print darker 
than would otherwise 
ha])pen. By careful 
arrangement of the 
mk in these ways, a 
considerable amount 
of tone may bo 
produced, but the 
process has to bo 
repeated, neces- 
Tho plate must be kept 
in order to soften the ink, 
which is first ap])lied thickly with a dabber ; the 
sur])liis ink is then removed with a pad, and the 
final arrangement of it given with the palm of the 
hand as just stated. The ])aper should be of good 
({uality' old hand- made rag pH]K?r is the best — and 
both soft and tough. It is used damp. At every 
stage of etching, the tcm})crature must be taken 

into account. The 
student should study 
carefully the etch- 
ings of Rembrandt, 
Vandyck, Hollar, 
M<!*ryon [7j, Whistler 
(the “ Thames Set ” 
in partimtlar), and 
Sir Francis Seymour 
Haden, P.R.E. 

In the soft-ground 
etch ing process, ordi- 
nary etching wound 
is used, raixm with 
half its weight ( 
lard or tallow. Tl 
ground is laid and 
smoked, as already 
describe. When 
cold, a sheet of thin 
paper is strained 
over it, and upon this the drawing is made 
with a lead-pencil, which causes the ground to 
adhere to the paper in a broken line, depending 
u|)on the grain of the paper, the hardness of 
the pencil, and the pressure used, Th© plate is 
then bitten and printed in the same manner as 
iin ordinary etching, the result being a singularly 
faithful reproduction of a pencil line. Some 
good examples of this method can' be seen in 
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the work of Samuel Prout, but, at the present 
time, it has almost ceased to be practised. 

Dryapoint. A form of engraving which is 
usually classed with etching is produced by plough- 
jng up the copper with a steel or diamond point 
in such a manner as to leave the upturned metal 
in a ra^ed edge or “ burr ” on the side of a fuiTow. 
For this purpose the tool is sharpened to an obtuse 
angle. No acid is used, the burr holding most of 
the ink which gives the printing quality to the 
plate ; if the latter were removed, the line would 
print sharp and clean. Dry-point is sometimes 
used alone, but more often as a means of finishing 
an ordinary etching, it beyig capable of an effect 
of great richness of black. The plate worked in 
this manner is only capable of comparatively few 
impressions, as the pressure of printing soon 
flattens out and destroys the burr. 

Etching Limited to Pure Line. In all 
the processes of etching it should be remembered by 
the beginner that he is dealing wifh pure line, 
and that, within this limit, the art registers the 
precise work of the artist. In a reproduction of a 
picture the aim should ^ bo to express in line the 
intention of the painter, and not to imitate the 
texture of paint. In the selection of a subject, one 
lending itself to a 
bold or graceful 
arrangement of line 
rather than of mass, 
or tone, will always 
be more satisfactory, 
and the merit of an 
etching lies more 
often in what .is 
omitted, but si ill sug- 
gested, rather than 
in an extreme of 
finish. If the right 
hint is given by the 
etchfer, the eye of 
the beholder cannot 
fait to till in the 
scheme ofFered to 
him witk absolute 
eertainty and rare 
]>leasure. The mis- 
take must never be 
made of confusing an etching with a ])en -drawing. 

Aquatint Etching. This is a method of 
etching which resembles t^it already described, so 
far as it is the result of biting-in a drawing ujion 
copper with aedd, and when once the plate is 
prepared, it exactly resembles it in the process of 
])rintingtr But the essential difference between this 
class of print and etchings lies in the fact that in 
pure aquatint thiro are no lines. JR very thing is 
expresse^l in tones, as in a w’ash drawing, of which, 
inaced, it may be considered the engraved equiva- 
lent, as etching is that of pen drawing. This being 
so, there is no use for needle or graver. The biting- in 
is done by washes of acid applied with a brush, on 
a ground having certain necessary characteristics. 
And the preparation of this ground is, therefore, the 
first thing to be considered. 

The princix>le utiderlying the various ways of 
obtaining an aquatint ground will easily be under- 
stood when it is remembered that the smootli 
surface of an unused plate M'ill not hold ink for 
printing. It must be roughened in some way. To 
begin with, therefore, we require, for the pur]K>so 
of iminting acid on the opiate, an even printing 
surface all over it. This is obtained by breaking 
up the surface into minute dots or reticula- 
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and ran be effected by several methods of laying 
a preliminary ground, followed by acid biting. 

Grounding the Plate. In one case, an 
ordinary etching ground is first laid upon the plate, 
which is then heated till the ground becomes soft. 
Upon this finely powdered salt is next sprinkled 
evenly. The salt sinks throtigh the soft ground, 
until it reaches the copper. The ground is then 
allowed to become cold and hard again, when the salt 
can be dissolved out with water, leaving the ground 
pitted minutely wheret^er it rested. If the plate is 
now bitten in the acid bath, each of these pittings 
will produce a black dot. Another method, con- 
veniently known as sand-ground aquatint, is to 
cover the hard ground with sand, or, better, with 
emery paper, and pass the plate two or three 
times through a printing press. 

But more convenient than these are the proce?8es 
known as the “ resinous dust ground,” and the 
“ spirit ground.” In the former, finely |)owdered 
resin or asphaltum is placed in a box, which is then 
shaken rapidly or revolved until a smother of the 
dust is produced inside. The plate is then inserted 
at the bottom of the box — and allowed to remain until 
the dust has settled in an even layer on its upper 
surface. It is carefully withdrawn, and heated 
gently, but not 
enough to melt the 
dust, a proportion 
of which will be 
found to adhere to 
the plate. The super- 
fiuous dust is blown 
away, and the plate, 
if bitten, will show 
a covering of infini- 
tesimal white dots 
where the particles 
of resin or asplialttim 
adhering to it have 
protects its surface 
against the action 
of the acid. This 
method gives goo<l 
results, but recpiires 
careful manipula- 
tion and a specially- 
made box, with 
an aperture and door for the insertion of the plate. 

The most convenient of all ways of making an 
aquatint ground is by taking advantage of a 
curious property of resin. This is dissolved in 
rcctific<l spirit, and flooded evenly over the plate. 
As it dries, the resin held in solution is again de- 
posited, and contracts into a series of reticulations, 
each of which, if bitten, will be represented by a 
line line where the arid has jienetratea the crackle ” 
of the resin. The granulations ]>rodiiced will become 
coarser as the pro))ortion of l esin useil is increased. 

The Aquatint Picture and its Limits. 

In the making of the picture the high lights are 
first stopped out with Brunswick black. Acid, 
as already stated, is a])plicd with a brush, each 
tint being similarly protected as finished, and 
the whole completed by successive steps in this 
manner, leaving the dee])est shadows to the last. 
Tlie method of printing is identical with that of an 
etching. Pure aquatint, as thus described, is by no 
means capable of a wide range of expression, 
although, for certain effects of landscape, it has 
unrivalled qualities. But its flatness of tone limits 
it to a considerable extent, and many artists have 
reinforced this by using a preliminary basis ot 
strongly etched lines, put upon the plate before the 
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aquatint ground was laid. The history of the art leaders of the Dutch and French sohooI«*-*i«« 

bei^s with Jean Baptiste' Leprince about 1760, for example, Cornelius Visscher, Nanteuil, and 

although earlier suggestione of it are to be found, the Drevets — ^while losing much of the intrineic 

It was introduced into this country by the Hon. value of line, quite compensated therefor by the 

Charles Greville, who communicate it to Paul superb modelling and light and shade .with which 

Sandby, E.A. This artist made the first English they invested their portraits. After the close of 

aquatint,inl774,andhis work [6]. together with that the sixteenth century line engraving was chiefly 

of William Daniell, R.A., J. C. Staaler, R. and D. devoted to the reproduction of pain tings; and the 

Havel], and P. C. Lewis, may usefully be referred student of this class of work should not rest content 

to by the student. An aqpatint plate, it may be until he has made himself acquainted with the 

noted, has good printing powers, and is capable admirable engravings which were produced in 

of producing a large number of impressions without England by the artists associated with J. M. W. 

serious deterioration. Turner, absolutely the finest landscape engraving 

Une engraving. The old and beautiful art of the world has ever seen. It was usual to take 

line engraving is now almost entirely abandoned ; proofs of the plates in various stages of completion. 

. but its revival always remains possible. The tech- An interesting series of these can 1^ referred 

nique of it is quite simple, but it requires a patient to in the collection of prints and drawings in the 

skill only attainable by long practice. It is to be Victoria and Albert Museum, 

remarked, in the first ulace, that the term “ line Stipple £ngraving. This was a method much 

engraving ” is used to aenote only engraving upon used in the second half of the eighteenth century, 

a metal plate, made with a special instrument — the In it the whole of the picture is represented by dots, 

burin [1] — which may be described as a short steel carefully placed,’ at wide or close intervals, to ex-, 

tool, curved upwards towards the point, square in press the modelling and light and shade of the design. 

Section, but grooved on each face, and fitted with These dots were generally made with a needle upon 

a knob handle suitable for holding within the a plate covered with an etching ground, and, 

palm of the hand. In the ordinary meaning of the when bitten in, deepened and finished with the 

words “ line engraving,” they might be applied to burin. For this purpose, as already remarked, 

etching, dry point, or woodcuts ; but the custom the burin has a downward point. The roulette, 

of ages sanctions the above limitation, which is a small wheel with toothed surface, and tools con- 

universally accepted. sisting of groups of two or more points, were also 

All the old engravings were made upon plates employed. A combination of cut line and stipple 

of copper until the early part of the nineteenth is also frequently met with. A special form of stipple 

century, when steel was largely substituted for the , used particularly for the facsimile reproduction of 
softer metal, the term “ steel engraving ” thus com- drawings has received the name of “ chalk on- 
ing into vulgar use almost as a synonym for that graving.” It was executed partly with soft ground 

forming the title of this set^tion. In pure line on- etching and partly with roulettes and punches, 

graving no tool other than the burin was used. The The best examples of stipple engraving — which was 

subject was first lightly sketched upon the plate, frequently printed in rod or brown — arc to bo found 

and then gradually finished, the practice of most in the work of F. Bartolozzi, W. W. Ryland, A. 

engravers having been to work from light to dark. Garden, G. Vendramini, and h. Schiavonetti. 

gr^ually filling in the shading as the tesk pro- Colour Prints. Mezzotint, aquatint and 

greased [6]. The burin was held in the palm of the stipple, and even line engravings, were frequently 

hand, guided by the finger and thumb, and driven printed in colours, the inks used being of the same 

forwaid against a pad with considerable pressure, nature as described above, but with the addition of 

cutting a line almost free from burr[4J. But many pigment. Too often the use of colours was merely 

engravers made use of the process of etching as a a device to disguise the wearing of the plate, and 

convenient means of getting the outlines of their although a pleasing effect is produced in the best 

subjects upon the plate, biting-in lightly, and re- examples, this defect should always be watched 

worKing the lines with the burin. for by the collector. The colours were arranged. 

How the Masters of Line Used its as required, on the plate for each separate impres- 

Limltations. At a very early period in the sion, and it is impossible, as a consequence, to find 

history of the art the dot makes its appearance as two prints in colour from the same plate, that exactly 

an adjunct to the pure line, and this is most easily correspond in the miiiutcBt details, 
made with a burin having its point curved down- It is fairly easy to detect the extent of handwork 
wards instead of up. The old masters kept their which appears on a coloured aquatint or engraving, 

work open, using simple shading only to express If it be examined with a lens, the spaces between the 

form. Close cross-hatching — ^that is, lines crossing engraved dots or lines will appear white in those 

and re-crossing each other closely at varying anglcs-r- parts wherein the coloiu- was printed: but Where 

was a development due to attem])t8 at realising the applied by hand, the wash covers everything. Good 
tone, and light and shade, of a painting or wash examples of coloured mezzotint and stip^e are to be 

drawing. In this later work, the dot is used to found in prints by the Words and J. K. Smith — 

strengthen, or as a substitute for the cross-hatching, especially those after Morland: of coloured aqua- 
inste^ of being simply a device to secure a softer tint bj^ \V. Daniell and the Havells ; and a good 
effect than line was capable of giving. print of pure line engraving, print^ entirely in 

JThe great characteristic of burin work is that it colours, may be referred to— # A Sleeping Venus,” 
prbduces only a formal line or line and dot, as com- by P. W. Tomkins, after Titian. In France and 

. pored with the unfettered freedom of the etching. Germany a good de«U of attention is now being given 

It . will turn only in a curve, and thus imposes to the production of coloured etchings. In fliese, 

severe limitations on the skill of the engraver. the method of printing is that alrec^y indicated. 

The great masters of line, such as Diirer, Lucas but it should be borne in mind that the colour 

Van Loyden, Mantegna, Marc Antonio, and our is an integral part of the composition from: its in- 

own William Rogers, were able to use this ception, and the actual etching is suboidinated 

characteristic to splendid advantage, and the thmto accordingly. . 

CarUinued 
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WHAT WE SEE IN THE HEAVENS 

ASTRONOMY 

How and Why the Stars Rise and Set. When and Where the 

1 

Principal Constellations may be Found. The Solar System 

Fullowiuii^ 

t’OMMKHi'IAI. UElll.KAI-HT 
fr.)m pago OflOti 


By W. E. GARRETT FISHER 


A STRONOMY deals with the oolpsiial bodies, 
amonff which the ef^fth is one of the least; it 
teaches us their physical constitution, and traces the 
history of their development. It is probably the 
oldest of the physical sciences. Its foundations were 
laid when shepherds watched their flocks by night 
on the plains of Chaldea, and occupied their nocturnal 
leisure by studying the recurrent march of the 
stars. As good a way as any to begin the study 
of this fascinating science is to ])ut oneself in the 
place, as far as possible, of these earliest astro- 
nomers. Those who live in a town, w’hich in our 
modern civilisation is tlie lot of the majority, are 
less favourably placed for this study than those 
whose life is passed under the clear and o|)en skies 
of the country ; but there are few towns so foggy 
or so shut ill that the diligent student cannot find 
some point of vantage in his near neighbourhood 
from which, on a cloudless night, an open view 
can be obtained of a large part of the sky. 

The Motion of the Starry Sphere. After 
watching the starry heavens for a few consecutive 
nights auring the same hours — say, from nine to 
twelve — the student will realise, first of all, that 
there is an apparent revolution of the whole 
heavens. He will notice that the bright stars, 
which are scattered irregularly over the whole 
visible sky, ap|)car to form themselves into certain 
more or less detinite patterns, known as consklla^ 
Hons, and that these patterns continue to preserve 
the same relative arrangement from night to night 
[1]. But careful observation for even so short a time 
as three hours in a single evening will further show 
him that the whole starry sphere is in steady motion. 

Stars which appear early in the evening low dow’ii 
near the eastern horizon, or boundary line of our 
vision, gradually climb up into the sky, whilst those 
which were originally sloping towards the w'csfc 
sink further and further down, and ultimately 
disappear below the western horizon. Their motion 
is precisely the same as that of the sun, which, as 
everybody knows, rises in the morning above the 
eastern horizon, gradually ascends until it has 
reached"' its highest point, and is ])ractically due 
south at noon, and then descends until it sets or 
sinks again out of sight behind the western horizon. 
The Daily Revolution of the Earth. 
We are familiar -vith this apparent motion of 
the sun, but so little accustomed to watch that of 
the stars through anything like the same space of 
time, that at first we hardly associate the two. But 
the first lesson which should be learnt^by the 
watcher of the sky is that the stars behave justdike 
the sun, and pass from the eastern to the westerrf 
horizon in a space of time which is constant for 
each of them, though it differs in the case of every 
individual star. The real meaning of this fact is, 
of course, that the earth revolves on its own 
axis once in about twenty-four hours. We who 
live on its surface are unconscious of the motion 
* which we partake, and consequently are apt to 
talk of the sun and the stars as if they moved round 
the earth. This was the theory actually held by all 


men till the middle of the sixteenth century, and 
all early systems of astronomy were occupied in 
accounting for the motion of "the stars as if the 
earth was at rest in the centre of the universe. 

The Sidereal Day. After observing the 
stars for a number of nights — not necessarily con- 
secutive, for a great deal may be learnt by taking a 
single evening a week for the purpose — the young 
astronomer will next notice that he has to distinguish 
between two distinct kinds of heavenly bodies. The 
great majority of the stars which bedeck the even- 
ing sky remain always fixed in the same relative 
positions to one another. They swing steadily 
round Ihc earth at such a rate as to complete one 
revolution in rather less than twenty-four hours. 
That the period of their revolution docs not exactly 
coincide with the measure of time which we call a 
day is clear, indeed, from the fact that the configura- 
tion of the stars is not the same at the same hour on 
every night throughout the year, as it would bo if 
this were the cas^. The stars which at one time are 
high uj> in the sky are seen at anothcT low down on 
the horizon, whilst some of the brightest stars are 
visible in winter but not in summer. Vhesukrpalday, 
or porioil during which any particular star conijiletes 
its revolution and comes ba(*k to the same place is 
about four minutes — exactly ,3 minutes 551)1 
seconds — shorter than the solar day, or interval of 
time between sii(*cessive noonsji. This sidereal 
day is the rotation-period of the earth. Conse- 
quently, any particular star comes back to its place 
each night rather earlier than on the night before. 

For convenience, we measure the apparent 
motion of the stars from the moment at which they 
<'ro.ss the meridian, an imaginary great circle which 
is drawn on the celestial sphere through the polo 
of the heavens and that point of t)ic horizon which 
is due south of the observer, tf a particular star 
ha])|)ens to cross the meridian at ten o’clock on a 
particular evening, the next night it will cross the 
meridian about four minutes earlier. The actual 
difference between the sidereal and the solar day 
is such that, after a year has elapsed, any star 
coming to the meridian four minutes earlier every 
night will then have returned to the place which it 
occupied a year before at the same hour of the 
night. In other words, the year contains 3fi5| 
solar, and 36Cj sidereal days. Hence the configura- 
tion of the stars as seen at the same instant of time 
on a particular night in every year is the same ; 
or at least it w^ould be so if there w^erc not other 
small but long-continued variations to take into 
account, with wdiich the student need not trouble 
himself at i)resent. 

Planets and Other Wanderers. This 
is the rule with most of the stars visible in the &ky. 
But there- arc a few exceptions to it. The student 
will soon find that there are about lialf-a -dozen 
stars, and those among the brightest which he can 
see, which do not obey this otherwise universal law. 
Instead of returning night after night to the 
same position, they api)onr to wander among the 
other stars, and to occupy positions w'hich differ 
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l$ta^ or Morning Star, occupying both positions ■ 
nfc different times of the yesr. Jupiter, which is the 
brightest star in the sky after Venus, is another of 
the cobspicuous planets. Mars, the red planet, is 
also trell «nown to everybody who watehes the night 
sky. Mercury and Saturn are less familiar, v^hilst 
Uranus and Neptune and the minor planets, nearly * 
dOO in number, are never seen without a telescope. 

The moOn, which is far brighter and larger than 
any of the stars, also holds a Pandering course, 
both> its position and its brightness varying 
from day to day tlifough the month. Comets and 
isfaooting stars, which a|so appear in the sky, show 
.themselves at apparently quite irregular intervals, 
though we shall see later that they also are subject 
>to the reign of universal law. 

Nightly Motions of the Fixed Stars. 
We shall now confine ourselves to studying the so- 
called fixed starSf those stars, namely, which preserve 
the same relative position and configuration from 
night to night, only varying, and that with perfect 
regularity, in the times at which they reach the 
meridian. * For this reason they have been known 
from the dawn of astronomy as fixed stars, in con- 
'trost with the planets or wandering stars. The 
student who watches «the nightly changes in the 
sky with close attention will soon perceive that all 
these fixed stars appear to move in circles or parts 
of circles. Some of them describe larger circles than 
(Others, and the further south a star is when it passes 
the meridian, the larger circle will it describe. 

If we look north, it will not be long before we 
satisfy ourselves that 
the eonHdlatione* or 
groups of stars, in 
that quarter of the 
sky describe circles 
which would be com- 
plete could we watch 
them through the 
twenty-four hours. 

The brilliant light of 
the sun blots them 
out of sight when it 
is above the honzom 
and thus we can only 
follow them through 
a part of their 
diurnal path. But 
this part is always 
a segment of a circle, 
and at different 
times of the year we 
can watch tlicm in 
dif/erent parts of the 
same cu*cle, so that 
I Wo infer that they 
actually complete 
the circle daily in 
somewhat less than 
twenty-four hours. 

They can actually be 
j watched doing this 
by Arctic travellers in latitudes where the sun 
remains out of sight, and there is perpetual night, 
for several months at a time. 

The Pole Star. There is one star, however, 
which appears to the naked eye never to move at all. 
This is known as the Pole Star, and the first aim of 
fhe student should be to discover it for himself. It 
lies due north, and its height above the horizon is 
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woqld appew to^bo' 'the 

zenith ; the Equator^ it^weuH l^ ex^^ bb'6^^ 
horizon, though' practically it Womd " always . be 
invisible ; ^to A Uondob ob6e]^ver^‘'it ‘app^s to hang 
at an altitude of a little more thaafil^®. C ' If the 
student will now procure • a "smalT- mddel " df * the 
terre8j[|‘ial glo^, he will speedily perceive |he’n)tbaq- 
ing of this fact observed about the Pole Btbir. 

TheiCelestial Poles. The pofea^pf 
are the ^ints at which it& ^imaginary axis mbrges, 
and when' prolonged indefinitely this * axis . cuts the 
jm^inary Sphere of the heavens in tw P^ts, 
which are' known respectively the nbrMrh^d 
aouth cdeatidl poka,^ If we now cause biir m^el 
globe td rotate, keeping the" axis ^inting m the 
same direction, a little thought will ihake it clear 
that, to an observer bn surface, the'8tor8,V]^h 
are supposed for convehiehco to be' fixed on the 
surface of an exterior globe, will Itdl appeal^ to 
describe circles round' these celestial polea' These 
circles will vary in size with the starts distonce from 
the pole ; and if one of the^ stars happens id occupy 
a position corresponding to a celestial pole: it will ap- 
l^ear to remain stationary to the terrestrial bb^ryer. 

That is the case with the Polb Stair, which, indeed, 
is not absolutely coincident with the celestial North 
Pole, but is so near to’ it that the tiny circle 
which it describes in its motion ban be measured 
only with the aid of a telescope. To ’the 
naked eye it appears to remain motionless night 
after night, and thus provides us with a simple 
method of ascertaining the true 'North, as well as 
fixing the centre round which all the* other stars 
appear td revolve. 

It Cannot be too 
often repbated that 
this motion of the 
stars is only apparent^ 
being due to the real 
rotation of the earth, 
along with the ob- 
server on its surface, 
in the contrary direc- 
tion. 

There are about, 
three tliousand stars 
visible to the naked 
eye in our latitude, 
though not all these 
are visible at the 
same time, many of 
them being below the 
horizon whilst others 
are elevated in the 
sky at different times 
and seasons. 

From a very early 
period they have 
been mapped out for 
convenience into de- 
finite figures, or con- 
atellcUionaf to which, 
more or less fanciful 
names have been 
adapted, The student must familiarise himself 
with the general names of these constellations, 
wliich he can easily do With the aid of any good) 
star atlas, many of which are now pubii&ed. 
Messrs. Philip's planispherov may be specially 
recommended. It is frequently by no means easy 
to recognise why these constellations have received! 
their individual names, which often involve a great 




deal of imagination on the part of the observer. 
Most of them have come down to ns from the earliest 
times when astronomy was studied in tlie valley 
of the Euphrates. 

The Circumpolar Constellations. Wc 

shall begin by describing the circumpolar con- 
stellations, which are nearest to the Pole Star, 
and which never set in our latitude. In other 
words, they are visible at all times of the 
night and at all seasons of the year, though in 
different,. months they occupy diff<3rent positions. 

The most fainoi^s and familiar of these constella- 
tions is the Great Bear, which is also known as 
the Plough or Charles’s V/ain. It consists of seven 
bright stars arranged in the shape of a saucepan 
with a bent handle, from which our Transatlantic 
cousins have given it the more comprehensible 
name of the Dipper — American for saucepan. 
The two stars which form the side of the saucepan 
farthest away from the handle are known as the 
Pointers, because they furnish a ready means of 
finding the Pole Star, which lies in a straight line 
with them. On the opposite side of the Pole Star, 
and about equally distant from it, can l)e seen the 
oonstellation of Cassiopeia, shaped like a very 
irregular W. If wo imagine a circle drawn round 
the Pole Star, passing through the Great Bear 
and Cassiopeia, and, divide its circumference into 
four parts, we shall find two other eonspicuous 
constellations oocupying the two remaining quad- 
rants, These are Auriga, or the Charioteer, and 
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L 3 a*a, or the Lyre. Each of them is distinguished 
by a star brighter than any which we have yet 
seen — Capella, in Auriga, and Vega, in Lyra. The 
latter star may be readily distinguished by its 
steely blue lustre, whilst Capella is more of a 
yellowish colour, and both surpass in brightness 
all other stars in the neighbourhood of the Pole. 

The curious river of stars, crowded so closely 
together as to shine with indistinguishable lustre, 
wliich is known as the Galaxy, or the Milky Way, 
will lio noticed meandering round the Pole from 
Auriga through Cassiopeia till it almost touches 
Vega, and thence flowing off in both directions to 
make a great circle in the heavens. 

Extrapolar Constellations. The four 
constellations which encircle the Pole Star are always 
visible in our latitude, but as wo go further south 
we find that the constellations move in lar^r and 
larger circles, until they dip beneath the horizon 
and disappear from sight. If we draw a circle 
round the pole at such a distance as just to toueli 
the horizon, all the stars within this circle will 
be |)erpetually visible, and it is therefore called the 
Circle i)f Perpetual Apparition. Its distance from 
the pole depends upon the latitude of the observer. 

It is quite impossible within our limits to give 
a detailed account of all the constellations which 
lie outside this circle and are visible to us at one 
time of the year but not at another. We may 
8imx>ly name some of the most conspicuous of 
these constellations, with the time of year at which 

0117 



CYGHUS^C. 


i YRAi. , 


ANHRQV'F OA 

:.r.PHMiG- ' j, ^ 

* ♦ * ^ r P TFMA.Ni.AJlA 

' ! " ^ CAPiSiOPLIA 


H L R C U L F- S 


Aif^on 


<t- 


^ o ^ ^ FT 


' ftOOTES- 

AjiT: >. •‘i.JA 

CANES 

* VLNATlQt ' 


/ 


,,o ^ / '^’ 

^ . '* A, 


p RV, HT-F 


o' ■ ' -^ • tv - 

o /CORONA ^ ^ ^ 

'-■ *'» *aOBE.ALlS 40 ^ 

/■ *. V f -* 

O ^ Morfima OVv 


.o 

•/ AURIGA 

☆ 


■ . 


Cc'v.lor . OCM'Ni 


ION ^ 


PoUU.^ 0 ^ ' 

*LYNX 

* - CANIS :., 

Ml NO-* ^ 0 

"v T^’ 

c^NCtg ^ y, . 

^ E1AJOR 

.T' , 

> ^ <* 


8. THE CONSTELLATIONS OF WINTER 


they are visible in our latitude and the most 
brilliant stars which they contain. 

Seasonal Constellations. The chief con- 
stellations visible in autumn are Taurus, or the 
Bull, containing Aldebaran and the Pleiades ; Orion, 
the most splendid of all constellations visible in this 
country ; Canis Major, marked by Sirius, or the 
Di^Star [2]. 

^nstellations visible in winter are Canis JVfinor, 
the Little Dog, containing the brilliant star Procyon : 
Gemini, or the Twins, containing the bright stars 
Castor and Pollux ; Leo, or the Lion, marked by 
the bright star Regulus [3j. 

Constellations visible in spring are Bootes, or the 
Herdsman, marked by the bright star Aroturus, 
lying in the prolongation of the curved handle of the 
Dipl^r, or tail of the Great Bear ; Virgo, or the 
Virgin, containing the bright star Spica ; Scorpio, 
the Scorpion, with the red star Anjares [4]. 

Constellations visible in summer are Aquila, the 
B^e, marked by the bright star Altair in the 


Mimy Way ; Pegasus, the Flying Horse, with its 
characteristic square pattern of stars [5]. 

^jDieae are only a tew of the constellations into 
which the visible stars have been mapped out, 
and are mentioned heire because they contain the 
brightest and most conspicuous stars. It is no 
very difficult task to learn to distinguish them, 
but this can be done so easily with the help of a 
star map that it would be a waste of space to 
give further directions here for their identincation. 


The student has by this time elucidated nearly as 
much practical astronomy as was known to the 
ancients. They discovered, by observations of the 
same kind as he has made, that the fixed stars 
appeared to revolve daily round the earth, that 
the Polo Star alone remained in the same place, 
and that this revolution was completed in a little 
less than twenty-four hours — the time occupied by 
the sun from noon to noon — so that a different set 
of ,constellations occupied the same part of the sky 
at different times of the year. 

The Ptolemaic System. They accounted 
for these phenomena, however, by supposing that 
the stars were really in motion round the earth, and 
were fastened on to the surface of a vast trans- 
parent or crystalline sphere with the earth in its 
centre. Other concentric and invisible spheres were 
introduced to account for the apparent movements 
of the siui, moon and jplanets, each of which was 
supposefl to have a sphere of its own, moving in 
some curious fashion which accounted for the 
observed facts. In this way Ptolemy of Alex- 
andria and his successors formed a highly ingenious 
and complicated system of astronomy, which was 
quite competent to explain the aotu^t motions of 
the various planets with as much accuracy as 
was required by observations made entirely with 
the naned eye, and even to predict their future 
places. Ptolemy was quite aware that the earth 
was a globe, and -that it was exceedingly small in 
comparison with the distances betw^n it and the 
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4. CONSTELLATIONS VISIBLE IN SPRINC. 


stars. But it never seems to have ooeiuTod to him 
that it was very much simpler to suppose that the 
earth was itself rotating than that these gigantic 
spheres, bearing the fixed stars and all the ]>lanets, 
were sweeping round it with the terrific ayx'ed that 
would be necessary for the outermost of them to 
complete one revolution in every day. 

The Copernican System, The real state 
of things with regard to the planetary and .stellar 
motions was first taught by CopeniKuis, a Prussian 
monk, who was born in 1473 and died in 1543. He 
was the'first who clearly conceived the true system 
of the universe [6], He demonstrated that the 
diurnal revolution of the heavens was only an 
apparent motion, corresponding to the real rotation 
of the earth on its own axis in the same ja'riod ; 
that the earth, instead of being the centre of all 
things, was merely one of the planets, revolving 
in an orbit round the .sun; that the sun it.self 
was only one of the numerous stars wliich bedeck 
the heavens with light, and that these sfans were 
at a distance from me earth which was very great 
in comparison with that of the sun or the planets. 
He also showed that the apparent* movement of 
the sun and moon among the stars could be ex- 
plained by supposing that the earth, revolved 
round the snn in a year, and that the moon 
revolved round the earth' in a month. 

Copernicus first enunciated this great truth, 
which is now familiar to every schoolboy, but 
to work it out completely was reserved for a 
series of astroiiomers. The accurate observations 


of the Dane Tycho Brahe, the laws of planetary 
motion which the German John Kepler based 
upon them, the discovery of the telescope and the 
law's of motion !>y the Italian Galileo Galilei, and 
finally, the gieat discovery of the law of universal 
gravitation by our own Sir Isaac Newton, wore 
all nece.Asury before astronomy could become an 
exact science. 

The Diurnal Motion. A little thought 
will show the .student how it is that the real motion 
of the earth on its own axis gives us the effect of 
an apparent motion of the whole universe round 
the earth. If he stand up in the middle of the 
room and turn slowly round, the effect will 
be exactly the same as if the walls of the room 
stood upon a turntable and had revolved while 
he stood still. He know's quite well that it is 
he himself who i.s turning round. But in the 
ca.se of the earth wc are entirely unconscious of 
its motion, bccau.se we ourstdves and all the objects 
which surround us, including the atmosphere, 
share in it. Motion, of course, is only relative — 
that is to say, .wo can only detect it by reference 
to some fixed point. So it is with the spinning 
earth. It is constantly rotating with a speed which, 
at a point on the equator, amounts to over a 
thousand miles an hour; hut this rapid motion is 
quite imperceptible to us, since we share it, until we 
look at some external object like a star. There is 
really nothing but probability to show us whether 
we are moving in one direction' or the stars are 
moving in the opposite one. During the greater 
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pAvt of the existence of mankind the latter view 
was nniv^sally accepted. Now, however, we are 
all conyinoed that the former is the true one. 

The earth rotates on its own axis once in 23 hours 
50 minutes 4*09 seconds, and consequently in the 
same period the stars appear to complete a revolu- 
tion in the opposite direction. The exact length 
of this period is determined by measuring the in- 
terval which elapses between two successive 
pfissages of the same star across the meridian, and, 
' of course, it proves to be the same whatever star 
we may choose. 

vThe Earth’s Yearly Journey. In addi- 
tion to the diurnal motion of rotation, the earth 
has another quite independent motion. This we 
deduce from the apparent motion of the sun. 
Our luminai'y apjiears to describe a great circle 
among the stars in the course of a year : this 
> circle is known as the ediptic. By the same method 
of reasoning previously employed it will bo seen 
that the appearances would be just the same if, 
instead of the sun travelling round the earth, the 
earth travelled round the sun ; and this is the 
explanation now adopted. Its accuracy is proved 
by certain physical considerations which lie beyond 
the sphere or this course. Tlie earth, in fact, is 
one of the planets attendant on the sun, and 
travels round that star in an orbit which is nearly 
circular, but is actually an ellipse, at a distance 
from it which averages rather less than 93,000,000 
miles. It always travels in the same plane, which 
is known as the plane of the ediptic, and is 


inclined to the plane of the earth’s ^quator at an ^ 
angle of about 23^. It is the combination of this 
orbital motion with the earth’s diurnal rotation 
which, as we have seen, causes the stars to present 
diiferent configurations in the heavens at the same 
hour at different times of the year. In the course 
pf its journey round the sun it will be clear that the 
earth mokcvS one additional revolution on its own 
axis; in other w'ords, it makes 366^ revolutions 
with regard to the stars in the same time as it 
makes 3b6.{ with regard to the sun. Thus, every 
star comes back to the meridian to-night rather 
less than four minutes before the solar time at 
which it arrived last night. 

Solar and Sidereal Time. Hencp it 
follows that there are two distinct methods of 
measuring time. They both depend upon the 
earth’s rotation, which continues at an unvaried 
rate — or, at least, the variation which is believed to 
exist is BO small that It is quite imperceptible within 
the span of man’s history. The actual period of 
the earth’s rotation, as measured by the interval 
between two successive appearances of the same star 
on the meridian, is known as a sidereal day, divided 
into 24 sidereal hours, 'minutes and seconds. 

The solar day, however, is measured by the 
interval between two successive meridian passages 
of the sun — or, rather, since the sun’s motion 
is not quite uniform, between two meridian 
passages of a fictitious body known as the mean 
sun, which is never more tlian a minute or two 
in front of or behind the real sun, but is so chosen 
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that ever^ day is.of exactly the same length; This which shine in the midnight sky. Its "nearest 

day, as every one knows, is divided into 24 solar stellar companion is situated at an almost incredibly 

hours, minutes and seconds, which are those measured vast distance, such that a body moving with the 

by ordinary clocks and watches. Astronomers speed of light itself would take more than four 

use clocks which are regulated to keep aiderejol years to cross the gfi^ which divides the sun from 

timet, and consequently register 24 hours while the nearest star. The sun, with its attendant 

an ordinary clock only registers 23 hours, 56 xdanets and their satellites, as well as certain 

minutes, 4*09 seconds. comets and shooting stars which also circle round 

The sidereal and mean solar time are in agree- ‘ h-, make up what we call the sclar system, the 
ment on March 22nd, and for the rest of tlie year study of which must l)e the first object of the 

the sidereal clock is steadily gaining until it astronomer. The far-off and innumerable stars 

catches up the solar clock at the same date next ^orm the subject of a later division of the science, 

year. Thus, the same star always crosses the known as stellar astronomy, with which we shall 

meridian at the same time by the astronomical a section. But the greater part of 

pr sidereal clock, and a simple calculation— multi- this course will be devoted to the motions, move- 

plying the number of days which have elapsed ments, and physical characteristics of the bodies 

since March 22nd by 3 minutes 55*01 seconds, composing the solar system, 

and adding this to the time shown — gives the The Solar System. The centre of the solar 
corresponding solar time. As astronomers do most system [6j, of course, is the sun, that great luminous 

of their work at night, they reckon the day from orb which supplies us with almost the whole of 

noon to noon, and divide it into 24 hours : thus the light and heat which are necessary for the 

6 a.m. on June 23rd is spoken of by astronomers continuance of life, and which holds all the planets 
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as’ June- 22nd, 17 hours, Crecnwich mean time. in regular motion about it by its vast gravitating 

This must be remembered in consulting astro- energy. The sun is a star, of comparatively small 

nomical* tables. magnitude, which is yet so large that if the earth 

The Motions of the Moon and placed at its centre there would be amfJe 

Planets. The moon, in addition to sharing the for the moon to revolve round it inside the 

diurnal motion, also describes a circle among massive that it outweighs all the 

the stars, tvhich it completes, from new moon plnnete^put together more than 700 times, 

to new moon, in the period known, as a lunar The nearest planet^o the sun is Mercu^, at a dis- 
month, or about 29J days. This phenomenon tance of 35,000,000 miles. Next cornea Venus, the 

is similarly explained by the fact that the moon bright evening star, at a distance of 66,000,000 miles, 

describes a nearly circular' orbit round the earthy at After the^ inferior planets follows the earth,' distant 

an average distance of 238,840 miles, in 27 days, 93,000, (X)b miles. The remaining planets, being 

7 hours, 43 minutes, 11*55 seconds. The former beyond or above the earth, are known as superior, 

period is knowi* as the synodic, the latter as the and include Mars, at a distance of 141, 009, 000, 

sid^eal month —the difference being due to the Jupiter 480,000,000, Saturn 881,000,000^ Uranus 

earth*8 orbital motion. 1,771,000,000 and Neptune 2,775,000,000 miles. 

The other planets, like our own je^rth, describe Between Mars and Jupiter there is a curious 

elliptical orbits round the sun, at distances swiMrin of minor planets, of which nearly 600 arc 

wh^h vary from about 35,000,000 of miles in the known. 

case of Mercury, to 2,775,000,000 of miles in that The earth has the moon for its single satellite, 
of Neptune. The time which they take to com- revolving round it as the planets revolve round the 

pteto this revolution varies from aboht 88 days gun; and all the exterior planets have their 

t<^ mote than 164 years. It is the composition of satellites, varying in number from the one which 

thee& real mqtibns which accounts for the apfiarent circles Neptune to the ten which whirl round Saturn, 

meyenvents of the sun, moon, and planets. In addition to these planets the sun has for 

Thci Sufi a Star. The sun itself is a star, ^ attendants an unknown quantity of comets and 
po"' meknis ope of the largest among tliose meteorites. 

Condnued 
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SCIENTIFIC INSTRUMENTS 

Lens Grinding. Principles and Manufacture of Optical, 

Meteorological, and Other Scientific Instruments 


lenses arc important items in so many 
optical instruments it will be appropriate to 
consider them first. Lenses are the chief feature 
of microscopes, telescopes, lanterns, cameras, and 
upectaoles, and the methods of manufacture of 
the various lenses have mueh in common. The 
material of which lenses are made is generally 

C w, although for spectacles pebble or quartz 
several advantages. Pebble, however, in any- 
thing but the thinnest plates, such as are required 
in spectacle, lenses, has a double refraction, hence 
it cannot bo used in many ox^tical instruments. 
The definition of a lens, as "showing the difference 
between a lens and an ordinary ))iece of glass, is 
“ a piece of glass or other transparent substance 
shapra so that rays of liglit passing throngli it 
are made to change "their direction and to magnify or 
dimmish objects at a certain distance.’’ The 
illustration [1] is what is known as a convex lens, 
the straight lines representing light which, by the 
action of the lens, is refracted and converged to a 
point, called the focus. The second figure [2] is a 
concave lens in which the rays of light are diverged. 
It is obvious that a focus is not formed by this 
lens, but what is called a “ virtual focus” is obtained 
by following the rays backwards as shown by the 
dotted lines, V being the point of virtual focus. 

The various kinds of lenses must be imagined 
as segments of glass spheres or cylinders, the 


produced by a small quantity of emery powder. 
It is obvious that in time the tool will have 
worn the glass away until both are of the same 
curvature. The comparatively rough surface — 
it looks like aground glass — is then treated with 
finer emery powder and finally putty powder 
until a brilliant surface or polish results. The 
curvfiture of the tool determines the curve of the 
glass and the curve of the glass is the chief factor 
in the magnifying or diminishing properties of the 
glass. Lenses made of different glass vary in 
their properties, so that by picking the kind of 
glass and the depth of the curves and combining 
ihe several lenses different effects are obtained. 

Measuring Spheres.* T'hc instruments used 
for measuring spherical lenses are called sphero- 
meters. One of th^ oldest is ihe Ross sphero- 
meter, shown in 4 . It will be seen that the 
central index bar is moved up or down according 
to the convexity or concavity of the cylinder that 
is being measured. The index bar is provided 
with a vernier for finer reading. Professor Silvanus 
P. Thompson has also devised a spherometer, but 
the one chiefiy used by speftacle makers is that 
invented by Mr. J. T. Bray ton, a Chicago optician. 
This is, in size, like a watch, the appearance of 
tin' instrument and the internal works being shown 
in 5 and 6. It gives by direct reading the focal 
length of a lens cither spherical or cylindrical, 
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2. COURSE OF RAYS THROUGH CONCAVE LENS 


different forms being shown 
in the illustration [3J. 

' The Principle of 
Lena Making. As stated, 
tlie various lenses are seg- 
ments of spheres, and the 
chief object in lens grinding 
is to. obtain truly spherical 
surfaces. This is fortunately 
{comparatively easy on account 
pi tiie natural tendency of 
rjtwo surfaces to grind each 
Jpttier equally when rubbed 
togetiier, especially when the 
^^prfaoes are " paired — a con- 
^ v^yOs md a convex surface, 
mer to grind or polish 
iehs surface a tool must 
;1^ made of the exact shape 





3. VARIETIES OF LENSES 


.„df the lens required, this tool A. Bi-convex or equi-convex B. Plano-convex 
beinjBC moved over the sur- Convex meniscus or periscopic convex D. Bk 
A# thA lAna in ftAVArnl w equi-coDcave B. Plano-concave 

lens m sewm f. Conesvo-eomm or perlsoopiS concave. O.Con- 
•flfceoticW*, abrasion being vexoj llnder H. Concave cylinder. J. Prism 


the measure in dioptrics 
being indicated on the dial. 
The angles of prisms arc 
measured by an instrument 
called a goniometer. 

Some Defects of 
Lenses. When light passes 
from air into another sub- 
stance of greater density it is 
l)ent or refraeted. A familiar 
illustration of this is obtained 
when a stick is dipped into 
water, the refraction of light 
at the surface of the water 
giving rise to the impression 
that the stick is bent. Light 
is made up of a series of 
vibrations which together 
give the sensation of white 
light, but the component 
vibrations violet, indigo, blue, 
green, yellow, orange and rod 
are beat or refracted in an 





imequal degree. By means of a prism a beam of 
Jight can eeparatM into its component parts» 
the experiment being familiar to students of 
ph^ics. A lens of spherical shape is really a 
collection of prisms, an idda which can bo readily 
grasped by studying a section of a lens, and hence 
colour fringes familiar with prisms are ob- 
tained with single lenses. This defect is 
^ known as “chromatic aberration,” the amount 
*of difference between the refrac- 
tion of the extreme colours being 
called the “ dispersion ” of the 
glass. To correct chromatic aber- 
ration is one of the most important 
functions of the opticians. Dif- 
l^rent kinds of glass have varying 
refracting powers, or dispersion, 
and by putting together differing 
glasses it is possible to neutralise or con*cct 
the defects of either, a lens so produced being 
achromatic — free from colour. Crown and Hint 
glass are the commonest examples. A disc of 
each glass put together produces a lens i-om 
colour defect, but cAiviously the 
positive and negative lenses must 
not be of corresponding strength 
or no lens effect will be obtained. 

The rule is that the foci of the two 
lenses should bo proportional to the 
relative dispersion. A large number 
of various kinds of glass arc now 
available, and the requisite propor- 
tions can be calculated when certain 
physical properties of each glass 
are known. Another defect — 
spherical aberration — is due to the 
shape of the lens and cannot be 
entirely corrected. It can, how- 
ever, be rediiced to a minimum. 

The nearer the surface tends 
towards the elliptical form the 
less aberration there will be, and 
by proi)crly combining the curves 
of two lenses most of the aber- 
ration can be destroyed. Astigmatism is a defect 
in which a round point is rendered by an oval, 
the correction being made by keeping the lens as 
concentric as possible. Various distortion.s exist 
in lenses which are known as barrel-ahapcd or 
mn^cushion, according to the kind. 

These defects are neutralised by 
“stops,” or diapliragms placed 
between the two lenses. 

The Manufacture of 
Lehaeli. The methods of 
making lenses will now be dealt 
with, but specific instruction in 
special classes of len.ses will also 
be referred to imder the various 
optical instruments. 

Lenses are worked by hand or 
machine, the latter arranged to give 
motions similar to those imparted 
W the workman in the hand method. 

Bor persons who alretvdy have a 
lathe, a useful lens-grinding attach- 
ment is shown hi 7. It consists of 
a wooden box supplied with a curved 
arm inserted in the tool-rest support. 

A vertical journal box passes through 
the bottom of the box, and contams a shaft having 
upon its upper end a socket for receiving the grinding 
tool, and .on the louver end a mooved wheel sur- 
rounded Jjty a rubber friction band, which is revolved 
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by contact with the face-plate of the lathe. The 
sp^d of the wheel relatively to that of the lathe can 
be varied by raising or lowering the shaft by means 
of the box support in the tool post. The glass to be 
groimd is cemented to the face of a flanged casting, 
and is held down to the grinding tool by the lever 
attached to the box. The centre of the lens 
should l>e eccentric to the centre of the grinding 
tool, so that the len.s will bo revolved on the 
face of the tool. The point pro- 
jecting from the lever enters a 
small cavity in the centre of the 
casting, to wliich the lens is at- 
tached, and ensures an equal pres- 
sure over the entire surface of the 
lens. 

Gauges. The tools which 
must be provided first are the 
templates, gauges, or patterns for forming the 
curves of the grinding tools. For long radii, 
the gauges are sometimes cut out of thin plate- 
glass, say about jV in. thick, by cementing it upon 
the bench and mounting a good diamond upon the 
end of a radius bar. In its simplest 
form, the radius bar may be only 
a wooden rod, ,with a bradawl 
stuck through it into the bench, 
the diatnoncf being placed from the 
awl at the distance equivalent to 
the radius of the curve. The glass 
is cut and separated, the edges of 
the two pieces being respectively 
(ioncavo and convex. These edges 
are ground together with emery and 
water by being laid upon the bench 
and rubbed edge to edge till they 
fit truly. More usually templates of 
large and medium radii are cut out 
of sheet brass, or even zinc, either 
with the radius bar or in the 
turning lathe. The brass concave 
and convex gauges are cut at 
separate operations as it is neces- 
sary to adjust the radius to com- 
pensate for the thickness of the edge of the cutter. 
The edges are ground truly together. A gauge 
made in a turning lathe, with bevel edges, is ^own 
in 8. The tools are turned to the brass gauge, 
soiuptimes only the concave tool, the convex one 
being turned from the i)erfect con- 
cave. • Double calipers and step 
gauges are used for gauging the 
thickness of concave lenses in the 
roughing process. 

Grinding and Polishing 
Tools* Having the templates 
ready, a concave “roughing’^ tool 
is next made. This, called a shell,” 
is needed for a convex lens, and is 
turned from wood, being gauged 
until true. A shell in iron is ob- 
tiiined by casting; at the same* time 
another easting about J in. larger 
is made, which serves later on as a 
medium for the polisher. A pair of 
brass tools [9], concave and convex 
res|)ectively, are next made, and 
these being the tools that are re- 
sponsible for the curves of the lenses, 
a good deal of time must be de- 
voted to their preparation. The two tools must 
fit each other as accurately as possible. In lens 
factories this is carried out so exactly that when 
the two parts are put together the lower tool can 
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-.fe® raised by means of the upper tool. As 
/mentioned above, the gauge is used for the 
/ cpncavo tool, and from this the convex portion 
is shaped. The turning tool, or scraper, shown 
.iii.lO, is useful for giving the final shape to the 
concave tool. It consists of a sharpened steel disc 
attached to or formed u])ori the end of a bar. 
prawn brass is preferable for the tools, as it is 
more homogeneous than a casting. The backs of 
the tools are provided with screws like an ordinary 
chuck, so that they can be fitted into the lathe 
mandrel for turning, and when requiretl for grinding, 
dxed to a “ post ” or ui)right in the workshop. The 
braas tool must be made of sufficient weight to 
tetain its “ figure,” without risk of flexure. To 
correct the curvature of the tools, the convex tool 
la fastened by the 8<'rew on the back to the post, 

, and a handle having been fixed to the concave tool, 
it is placed on the convex tool and the two rul)l)ed 
together. If now the surfaces arc examined, the 
jparts not true will be shown by a brightness which 
J0 carefully corrected by the scraper [10], until, 
when the tools are nearly true, a little emery is 
, introduced l)e tween the two tools, and by jneana of 
a circular swinging motion, continually varied in 
extent and direction, the two fit each other per- 
fectly. Occasionally, it is necessary to reverse the 


Roughing. The next process is , called 
“ roughing ” or “ curving.’* In this, the lens is 
approximately shaped by means of a grindstone, 
emery wheel, or revolving spindle, to which is 
attached a hardened steel tool, moistened with 
turpentine. Another method, in which sharp wet 
sand is allowed to diip on the revolving “ shell,” 
against which the glass is pressed, is shown in 12. 
The shell is placed in the shallow tray to catch loose 
sand that flics off during the process. Each side 
of the glass is roughed, the glass being detached by 
warming the pitch cement. The parallelism of the 
two sides is obtained by observing the edge of the 
glass and the depth of the surfaces by the caliijer 
and step gauges. 

Lens ' Grinding. The lenses are now ready 
for grinding in the brass tools. In this opcratioii 
the lenses are eithei- treated singly or many at a 
time, according to the size and quality of the work. 
The lenses are fastened to the tool by means of 
pitch cement, the process being known as blocking. 
To avoid rounding the edges of each lens it is 
customary to fill up the spaces between the glass 
discs with smaller pieces or rings of glass, a certain 
symmetrical arrangement being preserved to 
ensure even grinding. T-umps of pitch are placed 
on the back of each dis(', and the glasses pressed 
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position of the tools — but always keeping in mind 
the object of the grinding — to obtain a true spliericul 
figure, ai^d to fit the tools exactly to each other. 

Although brass has l)een recommended as the 
material for making tools, some workers prefer 
j glass, the chief advantage being that emery does not 
emb^ itself in the surface. Amateurs of an 
inventive turn of mind will have no difficulty in 
devising other means of shaping the grinding tools. 
Passable moulds can be made in plaster of Paris by 
means of the gauges, and type-metal is sufficiently 
hard for a home-made casting in a j)laater mould. 

„ Preparing the Glass. For making an 
achrdmatic lens, two discs of glass are needed, one 
of flint and the other of crown glass. These are 
/'sold in pairs, or can be cut out of plate glass (flint 
/\ior the convex lens) and crown glass (for the 
'concave lens) by means of a revolving iron hoop 
; Ifetipplied with sharp sand and water. A pair of 
shankers,” a tool similar to scissors, and a tool 
/ [l^owii as a “ flonk,” made from a piece of a rasp, 

; ; are also used for chipping or nibbling the glass into 
,:^ibhapo. The molten glass is sometimes pressed into 
the approximate shape to minimise work at this stage, 
j: back of the piece of glass is then heaped up with 

and the glass cemented to a wooden handle [ 11]. 


into })osition by mean.s of the cast-iron runner 
heated sufficiently to molt the pitch. The spaces 
will now be filled up level with pitch to the surfaces 
of the lens. The ])roccs.s of grinding now be- 
gin Emery moistened with water is placed on 
the glass and the tool is worked upon it with a 
circular swinging stroke, the worker meantime 
gradually moving round the disc and also turning 
the tool around. From time to time the tool must 
bo tried with its com])anion to see that it is not 
losing figure. From three to six grades of emery 
are used in the grinding process, from coarsest to 
finest. Between each grade the lenses are carefully 
cleaned and care taken that there is no contamination 
with coarser emery. By examining the surface of 
the lenses with a magnifier, the operator can judge 
of the progress of the grinding ani detect any 
scratches. The wetted emery is spread by means 
of a tool called a “ bruiser,” a piece of plate glass 
8ha])ed to the radius of the tool. Excess of emery 
is wii)ed off the edges with a sponge. Very littto 
emery is used. When the use of the finest emery is 
reached, and the lens is true to form, a uniform 
granular appearance will be presented by the glass, 
(‘arborundura, a product of the electric furnace, is' 
coming into use as an abrasive in lens grinding. 




IPollsUng. The next operation is polishing 
the lens lace ^ that is, converting! the milky 
appearance into a bright, transparent, structureless 
surface. The polisher is prepared by taking the 
Iron shell made for the purpose, warming It, 
and coating | in. thick with pitch cement, pressing 
the pitch to correct form by the corresponding 
tool. The Surface is now 
warmed till soft, covered 
with a piece of broadcloth 
cut to proper size, which is 
pressed into place by the 
counter grinding tool. The 
cloth adheres and takes the 
form of the softened pitch. 

4 AII 0 W the polisher to get cold, 
then Work into it putty powder 
to fill up the pores of the cloth 
and leave a firm, glazed sur- 
face. Now, on sprinkling a 
little water on the surfac^e, the 
polisher is ready for use. It 
takes about two hours to 
polish a lens. In ‘place of 
broadcloth, silk or other fabric 
or paper is used for spetnal 
purposes, And iron oxide may 
take the place of putty powder. 

Hand polishing is illustrated 
in 13. During polishing the 
pressure should be very 
moderate, or the lenses may 
sink into the surface of the 
polishing tool and become 
rounded at the edges. Stress 
is laid on getting th^ polisher 
to begin polishing in the centre of the tool and 
gradually extending the polish to the edge. A lens 
that begins to polish at the edges is generally 
slightly flattened — not truly spherical. 

It will be understood that unless the other side 
of the lens is to be left plane that the processes 
above enumerated, grinding 
and polishing, must be re- 
peated on the second aide. 

The concave lens needed for 
an achromat is prepared in 
the same manner, except that 
the grinding surface is now 
convex. The convex tool, it 
should be noted, is always 
the lower one when several 
ghisses are operated upon to- 
gether. 

’ Balsamin^. The convex 
and concave lenses arc now 
cemented together. The sur- 
faces fit each other if the 
lenses have been ground to 
the same curves. They are 
freed from all traces of pitch 
by means of turpentine, and 
when quite clean are warmed 
on a “ hot-plate.” A drop or 
two of Canada balsam is let 
fall into the concave lens and 
the convex lens pressed upon 
ii imtn all air bubbles are 
expend. The lens is left on the hot-plate to bake 
for an hour, and allowed to cool, when the balsam 
wjiil haye t^ome. hard. 

. The method of testing lenses to see 
that their optioil and g^metrical centres corre- 
spond Is shown in t4v The lens is cemented to a 
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chuck upon one end of a hollow lathe mandrel. 
Near the opposite end there is a ground-glass surface' 
and in front of the lens a largo standard lens. 
Beyond this is a small vertical rod and lapip. These 
pieces of apparatus are all in line with the axis of 
the mandrel, and an image of the rod is cast upon 
the ground -glass screen. If the image remains 
stationary while the lathe re- 
volves, the optical centre of 
the lens corresponds with the 
centre of rotation. If this is 
not so, the cement with which 
the lens is attached is warmed 
sufficiently to allow the lens to 
he moved to the correct posi- 
tion. The edges of the lens 
are finally trimmed to the 
correct form by holding a 
brass or iron surface charged 
with emery or sand against 
the rapidly revolving lens. 
The curvatures of the surfaces 
of high-class lenses are tested 
by what are known as contact 
gauges. These are pieces of 
' very hard glass the exact 
counterpart of the surface to 
be tested. When the two sur- 
faces arc placed together and 
reviewed by reflected light, 
rainbow or interference colours 
are shown when the surfaces 
are exceedingly close together. 

Lens Mounting. For 
mounting or setting lenses for 
various optical purposes the 
in other branches of light cn- 
are required, such as lathes, 
milling machines, drilling machines, and presses. 
The lightness or heaviness of the design will 
depend upon whether the instrument is for com- 
mercial use or for delicate work that can be done 
only by a skilled operator. It 
is obvious that in instruments 
requiring absolute rigidity the 
(u)nstruction should not be too 
flimsy, but, on the other hand, 
excessive heaviness is an indi- 
cation of bad design. Fantastic 
curves should be avoided, and 
the adjustments made as simple 
as possible. 

The tubes or cells in which 
lenses are mounted for tele- 
scopes, microscopes, and photo- 
graphic lenses are formed from 
sheet brass, although some of 
the newer alloys in which 
aluminium forms a constituent 
are coming into use with ad- 
vantage as* regards lightness 
and incorrodibility. The sheet 
brass of the necessary size to 
form the required tube has 
its edges straightened and 
brightened by filing. The piece 
of brass is then rounded upon 
wood by means of a mallet till 
the edges are in contact. The edges are then 
joined oy spelter soldering over a coke fire. The 
tube is then pickled in weak sulphuric acid and 
sand-scoured. Next it is submitted to a drawing 
process, by which it is elongated, stiffened, and 
brightened, the jgpishing being done on a brass- 

6125 


ROUGHING LENSES 


machines 

gineering 


used 

work 



4 M»IMTIPIO INamUMINTB 


tumor's lathe with a series of spcs^ial tools. The brass 
surfaces which are on the outside of an instrument 
are lacquered, while internal parts arc blacked 
with eifhor a chemical colouring or a mixture of 
vegetable Idack and gold size. 

The iris diaphragms fitted to photographic leases 
and microscopes are made of eight to sixteen lliin 
semicircular segments of hard*rolled brass. The 
older pattern of dia])hragin — a of metal with 

ft hole in the centre— requires no exxilanation, but 
it should bo noted that the rapidity of the lens 
4epends on the aperture or size of the diaphragm. 
The size of the dia]>hragm is calculated as a fraction 
of the focal length. i< or 
eitample, a diaphragm 
marked /4 means that its 
diameter is one-fourth of 
the focal length of tlic 
lens, and all lenses having 
an ai)erture one-fourtli 
of their focus are assumed 
to bo of equal rapidity. 

The Royal Photo«a,.hy 14 . test 

Society of Great Britain 

have standardised a series of ajierturea as being 
those most generally useful. 

Telescopes, There an* two classes of teleaeoyM's, 
refracting and refierting. The refracting telescopies 
dcx>cnd on a system of lenses, the object glass 
forming the image and the oye-picce magnifying it, 
while in the rem'cting t<‘lescopes the rays are re- 
flected on to a speculum or xmlished mirror, inverted 
image.s being formed in both cases in the focus of 
the lens or mirror. \li>. 

Refracting Telescopes, 'rhese are the 
oldest form of telescope. In the simplest 
character they consist of an object glass of one 
lens and an eye-piece of oiw lens, but of shorter 
focus. The beat lenses for telescopes are ground 
and polished by hand. The lens, if small, is held by 
cement to a handle, and (he ^ 

polishing is done uxion silk or 


with the pitch xiolislicr. The - I ^ 

eye-piece of a telescoiie eon- 7 I 

sists of a comxiound lens— ♦ 

that is, two lenses pdaced at ^ I 
a distance from each otIu‘r . J... 


cqual to half their focal lengt li. 

The two lenses are r 

usually jilaiio • convex, I 

with the convex faces Bym j. jj'xj; , . 1 1 1!'!' 

towards the object glass. ■ a 

Tho larger lens, called | r. 1 1 

the field glass, is innermost or 

nearest the object glass, and j ; 

ft diaphragm cutting off the 
marginal rays is usually placed |L . ... . V. 
between them near the focus g ' 
of the eye-lens, where the li 
image is formed. This eye- 
piece is generally called the .15. REFLECT 

we 5 faftue eye-)3iece. The Rams- A. Now toman R c 
deu, or 'positive^ eye-piece has the lenses of nearly 
, the same focal length, but the distance from each 
' otheii. is less than the focal distance of the lens 
^nearest the eye. The focusing of the telescojie is 
'effected by a rack and }>inion motion acting on the 
‘ tube which carries the eye-piece. 

' Reflecting Telescopes. The advantage of 
this form of tclescoxio is the great quantity of light 
^ which it collects. Faint nebul® and stars, which 
ure iuvfeible to the observer with a refracting tele- 
scope, can bo detect'd by this type of telescojie. 
.TM three forms of' reflecting teleflcopies are 
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seen in 15 . Tbe.e are, however, many variations. 
In the Newtonian tele8co|>e the real image is 
formed by a concave mirror, and the reflected rays 
turned aside through 90^ by a plane reflecting sur- 
face. The magnifying eyc-pioco is at the side of the 
instrument. In the Gregorian form the reflected rays 
are sent back along the axis of the instrument. These 
rays, or the central portion, are allowed to pass 
through a small central hole in the concave mirror, 
and examined by the eye piece on the other side of 
the mirror. The eye-jiieci* is at the end. The 
Heracliollian telescope has the concave mirror tilted 
slightly to one side. It will, without loss of light, 
due to the intervention 
of a second mirror, bring 
the real image towards 
one side of the tube, 
where it is examined by 
an oyc-piece directed ob- 
liquely towards the mirror. 

Speculum Grind* 
ing. The difficulty in 
14 . TESTING LENSES making £ho sjiecula o- 

miirors for rcnecting tele- 
seoxies is to get a j^erfcct image, owing to the 
defect of Hjiherical aberration. On this account 
the xtolishiii'z is directed towards attaining a 
parabolic form. Many of the operations of grind- 
ing resemble those desirihed m lens makin ?. 

The Microscope. Microscoxics are class’d 
as and compound, I’o the former class 

belong the h'ns or (‘ombination ot lensc.s such ns the 
leading glass or xiocket magnifier. The lenses are of 
the double convex type. A Goddiugton lens is such 
a lens, with a groove cut all round and tilled in with 
black vainish so as to form a diaphragm. The 
Stanhoxic lens is similar, exccjit that the two sides 
of the convex lens are unequally curved. The side 
w'ith the most conve.xity is jdaced next to the eye. 
Ajilanati • magnifiers consist of a convex lens with a 
til in concave Jens oil each 
side, by wdiich means colour 
■ is corrected and a tlat field 

V I - obhiiiicd iij) to the margin. 

B . The Compound Mi- 

0 croscope. Thisisaeom- 

^7.1 11 buiation of lenses arranged 

so that the image formed 

- by the objei'tive lens is mag- 

iiified by the eye xiiece, or 

fl'Jvr'vll B ocular. The x>arta of a micro- 

^ scope, ill addition to the lenses 

[, just enumerated, will now- be 

given. Firstly, the foot, or 
— ■ base ; this in Knglish micro- 

ti seoxies is the trijiod or pillar 

C form. The horseshoe form is 

^ 1 always made on the Conti- 
~~ nent, and has advantages 

when the microscope is used 
TELESt’OPES other than in a vertical posi- 

Ittoriai. 1 -. iu.rwhrilian ti„„ The that portion 
just beneath the objective, is provided with springs 
to hold the slide in position. It is made of brass 
and may bo faced with vulcanite. The aperture 
should bo sufficiently large to admit the Anger. 
A refinement of the stage is the mechanical stage, 
which is provided with arrangements for giving 
rectilinear movements horizontally and vertically. 
The stage is also sometimes graduated so that the 
^sition of the slide can be noted for future guidance. 
For some purjioses a rotary stage is Provided, by 
which means an object can be rotated to coincide 
accurately with the optic axis of the microscope. 


c 


15 . REPLECTINO TELES(’OPES 
A. Newtonian H. (liogorian l\ lU-rHohrilian 



The mirr(» is carried oii a 8(|uare or circular tail-rod, 
and is designed to reflect light on the object. The 
mirror generally has two faces— one plane and the 
other concave. The sub-stage beneath the stage 
carries the condenser, which concentrates and focuses 
the light of the object. The sub-stage is provided 
with a focusing arrangement. The diaphragm is 
a means of moderating the light, so that it shall bear 
some ratio to the apertures of the various objectives. 

The limb, or pUlaVy is the arm carrying the body 
tnhe, into the lower end of which the onjective is 
screwed. The limb carries the coarse and fine ad- 
justments — rack and pinion methods of attaining an 
accurate focus. The size of the body tube varies 
from 0*9173 in. to 1*4 1 in. The length of the Knglish 
tube is 10 in., the Continental tube 6 in. to 7 in. 
The objectives are specially corrected for the various 
size tubes. The body tube ia made with a draw, 
tube to enable the smaller tubes to be extended’. 
Binocular microscopes have two eye-pieces, so that 
both eyes can be used at the microscope, a prism 
being used for uniting the imi^cs. 

Microscope Lrenaes. These, being so small, 
hava to be made sinj^ly. The piece qf glass is 
cemented on the end of a stick, and the roughing is 
done on a grindstone. The templates are sm.all discs 
of steel turned in the lathe. The brass “ cups," or 
tools, are charged with emery, and rapidly revolved 
on the lathe, the lens being formed by holding it 
against the surface. These tools are shown in 16. 
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The polishing is usually done with crocus mixed 
with beeswax. The lenses are stuck t^ the handle 
by means of shellac. The terms 1 in., { in., etc., 
used to designate the focal power of objectives, re- 
present the approximate initial magnifying |)owers 
without eye-piece at a distance of 10 in. from the 
back lens. As the relative size of object and image 
vary directly ns their distance from the centre of the 
lens, it follows that the less the eciuivalent focal 
distance the greater is the size of the real image. 
.Dry objectives are those which have air between 
the objective and cover glass. Immersion objectives 
have a liquid in place of air. This liquid may be 
water or cedar- wood oil. The adoption of Jena 
glass has brought forth a new series of inicrosciopos 
in which many of the aberrations of older forms are 
quite .overcome. 

The Oculars or Eye-pieces. The eye- 
piece most freouently used is the Huyghenian, or 
negative, eye-piece. It consists of two plano-convex 
lenses, botn with their ])lano surfaces next the eye. 
The one nearest the eye is always half the focal 
length of the other, and the distance between 
the two lon^s must be half the sum of their com- 
bined foci. The Ramsden, or positive, eye-piece 
consists of two plano-convex lenses. The convex 
surfaces arc placed towards eacJi other, the foci 
of both being the same and the distance of the 
lenses from each other two-thirds the focal distance 
of one lens. The Kellner eye-piece consists of a 
bi-obnvex field lens, and an achromatic doublet’ 
““meniscus for tiie eye lens. Compensating eye-pieces 
are specially consf^cted for use with apochroinatio 
objectives, certain corrections being rectified by 
the eye^piece, which, for tmtioal reasons, were Jett 
^dohe in the objective. The magnification of eye- . 
piem r^gM 4 to 15, 5 to 0 being about the 
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lowest that can be satisfactorily used on the short 
tube-length for which achromatic lenses are cor- 
rected. A projection eye-piece is one used for 
projecting the image formed by the objective on 
to a screen for demonstration purpases. 

R.M.S. Standards. The Royal Microscopical 
Society of London in 1857 introduced uniformity in 
screws for microscopic objectives. The specifications 
of this standard arc as follows : Whitworth thread — 
Pitch of screw, 36 to 1 in. ; length of thread on object 
glas.s, 0*125 in. ; plain fitting above thread of object 
glass, 0*15 ill. long, to be about the size of the bottom 
of male thread ; length of threfid of nose-pieco 
not less than 0*125 in.: diameter of tho object- 
glass screws at the bottom of the screw, 0*7626 in. ; 
diameter of the iiose-pieoe screw at tho bottom of the 
thread, 0*8 in.- * The Society supplied gauges and 
a master tap, or “ bob,” for cutting screw tools, 
but as tb'j mechanical difiicultics in the making 
of these, taps were considerable, there grew up 
differences in the Society screws. In 1896 the 
Society again considered the question, and devised 
a method by which it can be kept to the standard. 
The new screw is almost exactly the same as the 
original standard. 

'fhe diameter of tho draw-tubes of microscopes 
has also been standardised by the Royal Micro- 
scopical Society as follows : 

No. 1, 0*9173 in., 23*3 millimetres. 

No. 2, r04 in., 26*416 millimetres. 

No. 3, 1*27 in., 32*258 millimetres. 

No. 4, 1*41 in., 35*814 millimetres. 

No. 1 is the size in general use on the Continent 
and in England for students’ microscopes ; No. 2 
is the mean of the sizes in use by English makers ; 
No. 3 is the new size used for the larger English 
instruments, especially binoculars. No. 4 is used in 
few English microscopes. 

Photographic Lenses. The simplest lens 
u.sed in photography is known as the spectacle 
lens. As it is non-achromatic, it ^wssesses the defect 
of chromatic aberration. When used for photo- 
graphic purposes, a correction has to be made after 
focusing, as the chemical focus (that observed by 
the photographic plate) is shorter — that is, lies 
nearer tho lens than the visual focus. The cor- 
rection is one-fortieth of the focus of tho lens. Such 
lenses Hn3 now used only in hand-cameras of fixed 
focus. The method of (iorrecting colour defect 
has been dealt with in the manufacture of lenses. 
These achromatic lenses are excellent for landscape 
])hotography, but are not suitable for architectural 
subjects, owing to the distortion of the marginal 
lines. This defect is got over by placing between 
two single lenses a stop, or diaxihragm, forming a 
rapid aplanat ” lens, also known as rapid recti- 
linear or symmetrical Ions. lens includes 

an angle on a certain sized plate 'which may vary 
from 46* to 90‘" ; if between 80" and 90'" the lens 
is known as a wide-angle lens. The component parts 
of the rapid rectilinear lens can obviously be used 
separately with certain limitations. The “ portrait” 
lens has a front and back combination, the curves 
of which have been siiecially calculated to give free- 
dom from spherical aberration and great rapidity. 
The area of sharpness is, however, restricted. Astig- 
mats are a class of lens rendered possible by the 
introduction of new kinds of glass. With crown and 
flint glass achromatism could be corrected, but some 
of the kinds of spherical aberration (Von Seidel 
specifies five kinds), astigmatism and coma (defects 
which occur towards the margin), and curvature of 
field (the lenS gives saucer-shaped or convex fields) 
could not be attacked. Miethe’s ostigmat and 
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Sohroeder’s concentric lenses were the first in which 
the new Jena glasses were used. These were intro- 
duced in 1888, but have since been superseded 
by more modem anastigmats, such as Coerr/s 
double anastigmat, computed by Von Hoegh. in 
which there are ten lenses and at least four diflorent 
kinds of glass. Other similar lenses are the Zeiss 
convertible anastigmat, calculated by Rudolph, 
Voigtlander’s collincar lens, Steinheil’s orthostigmat, 
and Busch’s aplaiiat. An English lens — the Cooke 
— ^has only three lenses, but perfect correction of 
the above named defects h<is been attained. The 
Orun lens, which works exceedingly rapidly, is con- 
structed to hold a reservoir of cedar oil between 
the front and back combination. It is used for 
photographing in theatres. The telephotographit* 
fens of Dallmeyer is designed for obtaining largo 
images of distant objects. It may be regarded as a 
conSeination of a telescope with a fdiologwiphic lens. 
The photographic component is placed in front, and 
takes the form of a “ stigrnatic ’’ lens. 

Lena Adjustment. The adjustment of the 
various lenses in their cells is a matter of groat 
delicacy. The lenses are first mounted in a trial 
mount so as to ]>ermit of an approximation of the 
separation of the lenses. The performance of the 
lens is tested on a watch dial or other similar test 
object and the exact amount of separation deter- 
mined and marked for the, final adjustment. A 
deviation of a small fraction of an inch is sufficient 
to affect the performance of a lens, henoe it will be 
seen that time spent in the adjustment is well 
spent. Standard lens flanges have been devised by 
tne Royal Photographic Society, but have not been 
favourably received. • 

Spectacle Manufacture. In making the 
lenses used for spectacles a large numl)er of pieces 
of glass are cemented to the tool 
[ 17 ]. Emery is used for grinding, 
and a slow rotatory movement is 
given to the upper fool . by 
machinery. The tool when charged 
is known as a form, and a. spectacle 
“ bench” of forms is usually at- lens okinding 
tended by one man. The spectacle- 
maker often grinds S[)ecial curvatures by hand. 
Tho finished discs are cut to shape by sluuikers or 
a dhunond -cutting machine constructed to yield 
elliptical figures. The edges of the lenses are ground 
smooth and to the shape of the frames by revolving 
emery wheels or grindstones, the lens being held 
between the finger and thumb. For rimless glasses 
a polish is imparted to the edges, while grooved 
edges for “invisible” frames are obtained by 
revolving angular-edged metal wheels. The tools 
used in manufacturing cylindrical glasses arc shown 
in 18 ; the inotion%iven to them by the machine 
is backwards and forwards. 
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; Thermometers. The temperature or hotnes.s 
of a body is measured by an instrument called a 
^eimomeier — a glass tube with a bulb on one end 
p^tially filled with mercury or alcohol. Alcohol is 
oiled b^ause it cannot be solidified, except at a 
^ery low temperature, and mercury because it boils 
DuUy st n moderately high temperature. The mer- 
cury thermometer is moat extensively used. A piece 



of glass tubing of fine bore (capillary) is taken, and 
by means of heat a bulb is formed on one end ; the 
tube is then filled with mercury by dipping the 
open end into mercury, the end is sealed, and the 
tube is graduated to show the various temperatures. 

Manufacture of Thermometers. The 

thin glass tubing selected must be of a narrow and 
uniform bore. This can be ascertained by measuring 
a short column of mercury at different points of the 
tube. A bulb, which may be spherical, pear shaped, 
oval, cylindrical, or tubular, is then blown by 
strongly heating one end of the tube, and, having 
fixed an clastic ball to the other end, blowing in 
sufficient air to give the necessary expansion to 
the softened glass. • The elongated form is to be 
preferred, as it offers a large surface to the action 
of the air. The end bulb having been blowm, a 
second is added a short distance from the other end, 
and wlum this has half cooled, the open end is 
dipped into pure, retiently distilled mercury, which 
gradually rises into the tube. In this way the 

lower bulb is 
gradually filled. 
The tube is next 
held by a wire, 
19. THERMOMETER MAKING as shown in 19, 

and heated over 

a furnace until all tho air has been expelled by the 
boiling morciiry. While the mercury is still hot, 
the open end of the tube is touched with sealing- 
wax. When (juite cool, the mercury tills the lower 
tube and bulb. Tho tube is then inclined, and 
the lower bulb heated to a temperature higher 
than the thermometer, is intended to indicate. 
Some of tho mercury is thus expelled, and as the ^ 
moroiiry begins to retr*cat on cooling, tho tube is 
hermotioally sealed just below the upper bulb, 
which is pulled away. The filled tube is then 
stored for some time or heated for several days 
to .W or 100” above the tcmi)erature it is intended 
to indicate, so as to season tho glass. 

Graduating the Thermometer. Tho 

tube is next divided into a number of graduations 
def)ending u]ion the scale selected. Tlie Fahrenheit 
scale is tJie oldest, and dates from 1724. It is used 
in Great Britain and the United States. This scale 
was primarily divided into 180° : zero was placed 
at temperate: the ]>oint to which the liquid rose 
when placed under the arm of a healthy man was 
marked 90” : and the tcm])eratiire of a mixture of 
ice and salt, tlicn belie v(hI to bo the greatest possible 
cold, was marked 90”. I'ho scale was subsequently 
altered as follows : 0° was the coldest temyierature, 
and the space between this point and that repre- 
senting the w'armth of the human body was divided 
into twenty-four degrees. The freezing point of 
water was then 8°, but as these long degrees were 
inconvenient, each was divided into four, and 8° 
became 32° ; blood heat, 9fi°. A mercurial ther- 
mometer thus graduated registered 212° as the 
boiling point of water. In 1730, Reaumur made 
alcohol tharmometors with their zero at the freezing 
point of water, and the boiling point of water at 
80”. Tho corresponding mercury thermometers 
were subsequently introduced, and are still used 
in some parts of the Continent. A centesimal scale 
was adopted by Celsius in 1742 ; the lulling point 
was marked 0°, and the freezing point of water 100°. 
The points wore subsequently reversed by Linnaeus, 
and tho scale is now known as Centigrade, Such a 
scale is used for scientific purposes and in many Con- 
tinental countries. A comparison of the Fahren- 
heit and Cent gradc scales is given on page 1565. 
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The Freezing Point* Of the two fixed 
pointe needed on a thermometer the freezing point 
is first marked. The whole of the thermometer tube 
is placed vertically in a vessel of snow or melting 
ice. After about half an hour, the tube may be 
raised till the top of the mercury can be seen, 
which is marked with a file. Thermometers for use 
in very cold countries have a still lower point indi- 
cated, that of the freezing point of mercury. This 
temperature is obtained by mixing solid carbon 
dioxide and ether. 

The Soiling Point. This is the tem])erature 
of water boiling at normal pressure (760 mm.). 
To determine this, either Rcgnault’s ap])aratua or a 
long, narrow-nockcd flask is used. The former, which 
is preferable, consists of a cylindrical coj)j)er vessel 
with double sides, between which the vapour of 
water circulates, there being no possibility of the 
exterior air reaching the thermometer. To ensure 
the regu iar escape of steam, a small manometer com- 
municates with the interior of the boiler, to indicate 
the least pressure within. The whole of the mer- 
curial column must be e:^posed to the vapour of the 
rapidly boiling water, but, after a few minutes, it 
may be raised just above the cork, and ils j)osition 
noted. As the boiling ])oinl of water depends upon 
the pressure of the atmosphere, the height of the 
barometer must be taken. If it stands at 7<>0 
mm., the temperature ls 100° C. ; if not, a calcula- 
tion will be necessary — 1° C. or 1*71° F. must be 
added or subtracted for every 2()‘7 mm. above or 
below 760 mm. The interval between the two 
fixed points i.s then divided mechanically into the 
requisite degrees, according to the scale chosen. 

Verification. For common use, extreme 
accuracy is not called fer in a thermometer, but if 
needed for accurate scientific work, tlu' scale readings 
need checking. The method is by comparison with a 
thermometer of known accuracy, 'riio freezing and 
boiling points of both ihermometers should c*orre. 
spond, the readings being accurately determined 
through a lens. The standard thermometers arc 
made at the Kew ()l)servatory of the Royal Society, 
where elaborate precautions are taken in the selec- 
tion and seasoning of the glass and graduation of the 
tube. The limits enforced at Kew for th<Tjnomct<*rs 
are that all thermometers are rej<‘cted when tJic 
largest error at any point is greater than 0'3’ F., or 
when a space of 10° F. is more than 0*3 ’ F. wrong. 

Various Thermometers, Ju.stnnnents for 
measuring extremes of temperature arc known as 
maximum and minimum thermometers [see page 
lf565]. The former is provided with a constriction 
just above the bulb, so that, although the mer- 
cury passes out Ciisily, it cannot recede past the 
constriction. In other forma, a minute air bubble 
is left or a plug of porcelain is inserted just 
above the bulb. The expanding mereury passes 
the porcelain, but whoii once past, cannot re- 
turn. Minimum thermometers are ii.sually S])irit 
thermometers v/ith an index in the stem. If the 
spirit contracts in conse(|uence of a fall of tempera- 
lure, it carries the index towards the bulb, bfit when, 
subsequently, a rise of teni]>eraturc occurs, the spirit 
flows past the index, the latter being left in position 
to re'gister the lowest temperature. Those two 
thermometers can be combined as a maximum and 
minimum thermometer. One form consists of a 
U-tube with a bulb at each extremity; each arm 
of the tube is half filled with mercury ; one bulb 
and the remaining portion of the tube above the 
mercury is filled completely with alcohol ; the other 
bulb is only partially filled with this liquid. A steel 
index, prevented from falling by a hair tied round it, 
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moves on the surface of the mercury in the side 
tubes. Should a rise of temperature take place, the 
spirit in the full bulb expands, causing the mercury 
to push u]) the index in the other limb. The reverse 
occurs when a diminution of temperature takes place. 
The lower ends of the indices nearest the mercury 
indicate the maximum and minimum temperatures. 
Clinical thermometers are rnodific<l forms of the 
maximum thermometer with constriction above the 
bulb. An open scale is obtained by making the bore 
of the tube very n arrow', and the optical proj)erties 
of the convex edge of the gla.ss are utilised for the 
purpose of obtaining a magnified image of the 
exceedingly fine threiul of mercury. The range of 
tem])erature given in clinical thermometers is from 
F. and 1 10° F., so tliat the length of the instru- 
ment is small. The sensitiveness of the ther- 
mometer is assured by making the bulb of special 
shape, but care must be taken that the glass is not 
so thin as to be elastic to pressure. Thermographs 
arc self-registering thermometers. They consist of 
a curved metallic tube filled w'ith spirit and her- 
ineticaily seah'd. The tube is firmly fixed at one end, 
and as changes of temperature alter its curvature, 
they cause the free end. which is eoniieetcii to a pen 
by multiplying levers, to move. Fire alarm ther- 
niometers are also made. In this form a tliermo- 
ineter is balamed on a knife-edge, a sliding band 
having previously been ])Iaeed at the temperature 
which has not to be px(‘eeded. W hen this tempera- 
ture is reach(‘d. the mereury overbalances the 
thermometer, and causes its upper end to make 
contact witli the wires of a batt(‘rv ; a boll imme- 
diate rings to give the alarm. Instruments for 
measuring very high tem])eratures are known as 
pyromettr-'i. These diqjend on the expansion of a 
rod of metal or other solid snbstaiwe, the iliflerenee 
ill ex])ansion of two solid substances, or the coiling 
or uncoiling of a spiral (omposed of two or more 
metals rolled or w'eUk*!! together to form a ribbon. 

fiarometers. An instrument for measuring 
the atmosplu'rie pressure is called a bar in ter 
|see page I Kill j. the most usual kind being that 
ill which variations in the height of a eolumii of 
inercnry in a tube are noted. If a, glass tube a 
yard long and a qnartia' of an inch diameter is 
sealed at one end and tilled with mercury and 
then inverted in a vessel of the same metal, the 
mercury in the tube sinks until it is about 30 in. 
above tlie surface of tlie liquiil in the reservoir. 
This is known as Torricelli’s ex])eriment [see 
]iage 1 1.30 j, and the observation that the variation 
of tlie height of the mereury depends on the 
pressure of the atmosphere suggested the use of this 
fact for measuring and recording the cliangcs in 
]»r(‘ssuro. Pascal rejioated Torricelli’s experiment 
with water, the tube in this ease fieing fiO ft. long. 
Tlie atino.sphere was found ’to .support a height of 
,34 ft. of water, wdiieh eorre.sponds to the height of 
the mereury when tlu^ difiereiiee between the weight 
of the two liquids is taken into account. Water 
barometers have been eoristriicted and found 
extremely accurate, but the disadvantages of such 
a long tube of water and its liability to damage by 
frost have prevented its use except as a curiosity. 

Types of Barometers. The main tyix‘s 
arc merennj barometers and aneroid barometers. 
Of mercury barometers the chief kinds are (1) the 
siphon ; (2) the Fortin or cistern barometer [20] ; and 
(3) the Kew pattern. In addition to these in- 
struments intended for accurate observations there 
oro the weather-glasses as originally suggested by 
Admiral Fitzroy, which are usually called ivheel 
hararneters [see page 1140]. The aneroid barometer 

6129 



SOIKNTIPIO INSTRUMENTS 


does not require the use of mercury. The 
variations of the atmospheric pressure act on a 
metal box which has been dc|»rived of air and are 
communicated to a scale. We sJiall first deal 
with the construction of the mercury barometer. 

How to MaKe a Barometer. First of 
all a piece of tubing 42 in. long is taken ; it should 
be of J in. bore or even slightly larger, and it is 
better not to use lead -glass tube as the mereury in 
time acts on tho glass and dims the interior. The 
tube is well cleaned first witli sulphuric acid and 
water, then with several rinsings 
of water, and finally with alcohol. 

It is put to dry and carefully pro- 
tected from dust. One end of the 
tube is closed by heating it in a 
Bunsen flame, care lx‘ing taken 
to get a nicely rounded iinisli to 
the end of the tube. The edges 
of the open end should be roiiiKhd 
off by carefully heating in the 
flame. Tho next step is to make 20. barometer 
a U-shaped bend 30 in. from the cistern 
sealed end. The glass must be 
heated gpcadually so that the diamettT of the tube 
remains the same throughout the bend. This will 
leave a short limb of about 3 in. and a long tube of 
36 in. The U -shaped bend should not be quite 
parallel; it is better to make a slight iiu linatioii, 
as this facilitates the introduction of the mercury 
at the subsequent stage. 

Reference to page 1139 will show the form of the 
tube, which is, after bending, fastened on tlie support, 
a piece of hard wood 38 in. long, 3J in. wide, and at 
least I in. thick. Various items, such as ni<*aiis for 
hanging up the board, will suggest themselves to 
the worker, and theiv is no objoefion to bevelling 
the stand and rounding off tlie corners. The space 
where the mercury tul)e is to lie is hollowed out, 
and when it fits nicely in its place the tube is 
fastened there by brass clips. Along the tube 
is placed a sliding scale, wdiich next needs to bo 
considered. This i.s best made of cherry-wood 
or mahogany and is 32 in. long, while in the upper 
and lower ])art slits are cut and through the«o 
brass scrcw.s with milled heads are in.serted, the 
object being to allows of sliding the .scale ufiwards 
and downwards in a certain constricted sphere. 
The .scale, wdiich is usually of ivory or one of its 
substitutes, is fa.stcncd near the top of the sliding 
scale just described. It is 4 in. long and divided 
into inches and tenths, the lowest inch mark being 
29, the next 30, and the tipper one 31. The scale 
is placed so that the 30 in. mark is exactly .30 in. 
from the bottom of the slide, which is furnished 
with a brass edge, the pur]) 0 .se of which is to make 
easier the adjustments required when the barometer 
is read. 

Filling the Barometer Tube. Tho 

next step is to introduce the mercury, which 
should have previously been purified "by Ijeing 
squeezed through chamois leather. The tube/ is 
laid on its side with the short limb uppermost. 

mercury is put into a gl.-iss flask and boiled 
to' expel moisture and air ; then, when still hot, 
poured little by little info the short limb of the 
tube through a glass funnel with L-shaped tube. 
By manipulating the tube the air in the lube is 
partly dislodged, and this is completed by corking 
the open end and passing the tube gradually through 
a flame so as to boil the mercury from end to end. 
The result is a perfectly bright tube of mercury free 
from air. The mercury is allowed to cool and the 
tubo raised the vertical position — the closed end 
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uppermost. The mercury will sink a little as in 
the Torricellian experiment, the excess ojf mercury 
running out of the short limb. Enough mercury 
is expelled from the short limb, by inserting the 
finger or a wooden plug, to leave 2 in. empty. 
The bottom of the sliding scale is brought opposite 
to the lop of the mercury in the short limb, and the 
height of the column — the atmospheric pressure — 
is shown on the .scale at tho other end. A cover is 
fitted on the open end of tho mercury. 

Wheel Barometers. Another variety of 
the siphon barometer is especially intended to 
indicate good or bad weather. This is managed 
by moans of a floaty on the to}) of the mercury in 
the short limb. A string attached to this float 
passes round a pulley and at the other end there 
is a weight somewhat lighter than the float. A 
needle fixed to the pulley moves round a grad- 
uated circle on which is marked “ stormy,” “ rain,” 
etc. Admiral Fiizroy, who wrote a much used 
treatise on the weather gives the following as the 
indications. When the mercury stands at : 

31 in. it indicates ,vory dry weather 

30 ‘.5 „ settled fair „ 


30 „ fair 

29*5 „ changeable 

29 „ rain 

2S-.> „ much rain 

28 „ stormy 

The following directions are also usually given on 
one of this tyiic of barometer ; they were originally 
drawn up by Admiral Fiizroy : 


Rise 

for 

North 

E 

Dry 

or 

le.ss 

Wind 


Fall 

for 

South 
SE— S— W 
Wet 
or 

more 

Wind 


P'xce])t Wet from 
North 


Kxce/})t Wet from 
North 


Tx)ng foretold, long last ; First rise after low 
.Short notice, soon past. Foretells stronger blow. 

It must be confessed, howovei-, that the indica- 
tions of the wheel barometer are only approximate, 
as the height of the mercury depends on the height 
of the }»lace whore the barometer is above the 
sea-level. The weather also depends on other 
circumstances than atm osjflierie pressure. A thermo- 
meter is usually fitted on the case of a barometer. 

Aneroid Barometers, The principle of 
the aneroid harometor has been explained on page 
1139. Tho illustration [21] will be described in 
detail as it serves to explain 
tho exact working of an 
aneroid. Tho outer case 
and the face of the in- 
strument are removed, but 
the hand is attached by 
its collet to the arbor. 
A is the corrugated box 
which has been exhausted 
21. aneroid of air through the tube J, 
BAROMETER and hermetically sealed by 
soldering. B is a curved 
spring resting in gudgeons fixed on the frame-plate 
and attached to a socket behind F, in the top or the 
box. A lever, C, joined to the stout edge of tho 
spring is connect^ by the bent lever at D with tho 
chain E, the other end of which is coiled round and 
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fastened to the arbor F. Aa the box A is com- 
pressed by the weight of the atmosphere increasing, 
the spring B is tightened, the lever C depressed, 
.and the chaiti E uncoiled from F, which is thereby 
turned so that the hand H moves to the right. In 
the meantime the spiral spring G, coiled round F 
and fixed at one extremity to the framework and 
by the other to F, is compressed. When, therefore, 
the pressure decreases, A and B relax by virtue of 
their elasticity; E slackens, G nmvinds, turning F, 
which carries H to the left. Near J is shown an 
iron pillar cast as ))art of the stock of the spring B. 
A screw works in this ])illar through the bottom of 
the plate by means of which |he spring B may be 
adjusted to the box A so as to set the hand IT to 
read on the scale according to the indications of a 
mercurial barometer. 

Barographs. These are self - registering 
barometers. The principle of registration is either 
(1) photographic; (2) mechanical; (3) electrical; 
or (4) by balance. The photographic method 
consists in moving a strip of sensitive paper at a 
given rale behind the top of the mercury column of 
a barometer. The mechanical method is by 
means of a float as in the wheel barometer, the 
motions being communicated to .i pen passing over 
a revolving drum of ruled paper. Th<‘ electrical 
method has one pole of a battery in contact with 
the mercury in a siphon barometer, and at hx(‘d 
intervals of time the ])Iatinuin contact point at 
the other pole of the battery is made to descend the 
o])en limb of the barometer until it comes into contact 
with the cx])osed mercury or a metallic lloat. when 
the circuit will bo closed. The current caused by 
this closing of the circuit can be utilised in several 
ways to record the- height of the mercury column. 
The balance method works by gravity and is 
known as the stichfard haritgrapfi. 3’lie balance 
arm resting on the mercury is counterpoised, (lie 
differencos or movements being recorded. Tlicst* 
arc for accurate determinations, but tlic barographs 
M'orking on the aneroid ])rinciple arc the m(>s( 
])opular and are accurate if precautions are taken 
occasionally to check the records by a mercury 
barometer. The instruments have from two to six 
exhau.sted boxes couftlcd up. and the combined 
motion of the vacuum boxes is communicated to 
a recording pen by means of multiplying levers. 

Chemical Weather-glass. 'I he chemi<al 
weather-glass or cam])hor barometer is a tube ot 
a chemical solution which thickens or cIimts up 
according to the variations in the wcatlicr con- 
ditions. (dass tubes 10 in. long and in. 
diameter arc nearly filled with the following 
liquid : camphor, 2 dr. ; jiotassium nitrate, 
I dr. ; ammonium chloride, I dr. ; dis.solv<*d 
in absolute alcohol 2 oz., W'atcr 2 oz. The 
contents of the tube must be uniform wdicii 
filled. The tube is fastened to a fiat jiiece of wood 
in the same manner as a thermometer. 'I’his 
weather-glass shoidd be exposed to tlic north, 
shaded from the sun. A good d<‘al of the changes 
which take place in the liquid de])end' on the 
temperature, but that is not the only factor in 
affecting the chemical solution. The change's of 
the solution signify the following ; 

Clear liquid^ briglit weatlier. 

Cryat4]l8 at bottom, thick air, frost in winter. 

pim liquid, rain. 

l>im liquid with hmall afar.-*, thunderstorms. 

Large flakes, heavy air, overcast sky, snow in 
winter. 

Threads in upper portio 7 i of liquid, windy weather. 


SynaU dots, damp weather, fog. 

Hising flakes which remain high, wind in upper 
air regions. ^ 

Small stars, in winter on bright, sunny clays, 
snow in one or two da^. 

Another form of chemical barometer consists 
of a figure wearing a dress saturated with a solution 
of cobalt chloride. In damp weather the dress 
changes to a ])ink ; in fine, dry weather to a blue. 
A piece of catgut on tension is also very sensitive 
to changes of moisture and this fact is taken 
advantage of in the weather indicator which consists 
of two little figures. One of the figures carries an 
umbrella, and, wdieii the catgut is affected in a 
certain direction, this figure conies out of an aperture 
and indicates wet weather. When the catgut is 
twisted in the opposite direction a figure in summer 
attire ajipcars from another aperture. The familiar 
changes in the feel of a ])ie('(' of seaweed which is 
popularly used ns a weather guide depends on the 
quantity of salt in the tissues of tlie seaweed. 

Measurement of Atmospheric Motion. 
The direction of the wind is indicated by a 
wind vane or common weathercock, w’hile the 
clTect of the wind is shown by anemometers, 
the pressure suction or ])ow'er of rotation being 
made a])]>arent. Of the various ty])es of anemo- 
meter the most frc({ucntly used is thqt known 
as the Robinson, one pattern being shown in 22. 
Kour iK'mispheritail cups are mounted at the 
ends of two crossed arms 
supported Iiorizontally on a 
8])indle. When exposed to 
the wind the unequal pres- 
suK' on the conve.x and 
concave surfaces of the cups 
causes the arms to rotate, 
and the number of revolu- 
tions is recorded by a simple 
counting apparatus. The 
dial is graduated to show the 
number of feet or miles of 
air which has passed, 'riie 
diameter of th<‘ ciqis is from 
4 in. to 1) in. and the spindle 
22 KOBl.vsox rotates on ball bearings. 

ANEMOMfJTKU Aiiotlier type de])eiids on 
th'* suction which the air 
produces as it blows past an orifice, or the 
]ircssure which it exerts when blowing into a 
tubular opening which is turned by a vane so as 
to be always facing the wind. 44iese instruments 
are also made self-recording. 

Measurement of Aqueous Vapour. 
Absolnte moisture in the air is measured by chemical 
me.ins, or by determining the teni]>eratiire of satiira- 
t ion known as the dew ])()jnt. The instrument is 
called a. h}jf,rouicU r. The wet bulb thermometer 
gives a rough indication of (lie humidity or dryness 
of the air. 'J4ie measurement of the rain is done 
in a rain gauge or pluviometer. To measure the 
fall of snow it is usual to reckon that a foot of 
snow ctjiials an inch of rain. Recording rain 
gaiigc.s are of two ty])es. In one the rain collects 
in a bucket which tilts over each time it is filled, 
the number of tilts being recorded on a revolving 
drum. The other }iattern dof^ends on the emjiloy- 
ment of a float which as it rises on the water 
records its motion on a revolving drum. An instrii- 
ineiit which aiilomaticaliy records the direction of 
the wind, velocity of the wind, temperature of the 
air. pressure of the atmosphere, and rainfall is 
known as a metcen graph, 
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RjpSPIRATORY ILL-HEALTH 

Some Common Diseases of the Respiratory Organs. Their Causes and 
Symptoms. Nose and Throat Troubles. The Growth of Consumption 


By Dr. A. T. SCHOFIELD 


’TTfE respiratory organs arc peculiarly compli- 
* catod, delicate, and sensitive in structure 
and function. Forced to inspire seventeen times 
a minute whatever air is next the mouth and 
nose, they are the first to be allectcd by the 
endless impurities, poison, and bacteria with 
w^hich the air swarms ; and very many of those 
respiratory affections that at one time were put 
down to catching cold arc now proved to be 
due to infectious germs inhaled in ordinary 
respiration. 

Causes of Respiratory Troubles. 

The climate of these islands, so capricious and 
variable, has, of course, a great deal to answer 
for in these diseases. 

Then, again, thfU’c arc the vagaries of fashion 
to consider. Disturbances, t oo, of the circulation 
in the lungs and mucous membrane of the air 
passage are very common owing to the complex 
' nature of the blood supply to their parts. 

The delicate lung tissue itself is peculiarly 
liable tb degenerative changes ; the respiratory 
system as a whole is specially under nervous 
influence, so that a laige number of its diseases 
are directly or indirectly of nervous origin. 

We may now pass on to consider some respira- 
tory diseases in detail. We will begin with the 
nose, and the first respiratoiy trouble that 
may be referred to is not using it foi* inspiration. 
Breathing through the nose is a safeguard 
against many respiratory d'seases. It warms, 
moistens, filtere and perfectly purifies the air, 
so that it cannot injure the delicate lungs ; and 
yet by a strange perversity nearly one- third of 
the population, perhajw more, cannot habitually 
inspire through the nose, but take in all the air 
through the mouth, to the destruetion of the 
teeth, the d lying of the tongue, and the 
swallowing of the disgusting dust with which 
towm air is so often laden, to say nothing of 
the admission of this raw% dirty fluid direct to 
the lungs. There are, of course, in some (;ases 
obstacles to breathing through the nose, but in 
most people it is simply a bad habit. 

Diseases of the Nose. The most com- 
mon obstructions now’adays are adenoids, or 
growths at the back of the nose, reaching from 
the throat, that obstruct the passage of the 
air. They arc common in school-children, and 
noj only obstruct the breathing, but exercise 
S'prejudicial effect on the mental development, 

^ making the child heavy and stupid. They 
. should, ihorefore, be removed as soon as possible. 
\ Polypi in the nose are softer growths. Both 
pause the speech to be nasal, and if large nfay 
; induce deafness. The nose may also be 
obstructed by a thickened or crooked septum 
between the two nostrils. This also requires 
^^peratiou. Bleeding from the nose, resulting 


from congestion and bursting of the small veins, 
is sometimes violent. It is seldom as dangerous 
as it looks, and is often a relief to the congested 
brain. 

The nose has a very sensitive mucous mem- 
brane and is liable to inflammation not only 
from catarrhs, of which we shall speak, but 
from special irritants, as in hay fever or hay 
iisthma. In this the mucous membrane of the 
nose is specially affected, but the eyes and 
threat often suffer as well. The general irritant 
is the })ollen of grass qnd flowers. There is 
constant sneezing (Nature’s effort to get rid of 
the irritant), running at the nose, cough and 
sore eyes. The cure consists in stopping all 
irritation by living in tovms or by the sea, and 
in a little cocaine solution on cotton wool being 
inserted in the nose. Bad cases require medical 
advice. 

Diseases of the Tongue. In the tongue 
we have several diseases. Glossitis is a rare 
inflammation of the tongue, but ulcers of the 
tongue are common and not very easy to heal. 
If they are small and not hard round the base 
they are not dangerous ; but if they are hard ,, 
with a had discharge a doctor slioula be scon at ' 
once. 

(bracked tongue is very common in dyspe|)sia, 
and is troublesome to cure, though in all affec- 
tions of the mouth and tongue it must ever bo 
remembered that the saliva itself has a very 
healing effex-i. The mouth itself, apart from the. 
tongue, may he ulcerated, and the same im- 
portance attaches hero to a hard base and a 
foul discharge which indicates medical treatment. 
In children small ulcers are common, caused 
by not cleansing the mouth after feeding. A 
white coating to the tongue and mouth called 
“thmsh” is also common from the same cause. 
The liome treatment is to rub the tongue well 
with glycerine and borax. 

Throat Troubles. Sore throats arc of 
great variety. They may arise from indiges- 
tion, colds, debility, infection, etc. We get 
pharyngitis, or inflammation of the back of the 
throat, in scarlet fever and from colds, and 
from much speaking; also laryngitis, or in- 
flammation of the larynx, which lies just in 
front of' the gullet and may be acute or chronic. 
It arises from infection, colds, and over-use of 
the voice. There is in fever loss of voice, some 
difficulty in breathing and swallowing, with 
often a hard, brassy cough. When this occurs 
in children it is sometimes called false croup. 
True croup (so-called), with the formation of 
membrane, is really diphtheria. The dagger, of 
course, in acute laryngitis is suffocation, and 
for this surgical interference by tracheotomy 
may be necessary. Chronic laryngitis often 






accompanies consumption, and, in these cases, 
is tubercular in character. The simple form 
is the result of continual catarrhs or of voice 
strain. The variety common to public speakers, 
and very hard to cure, extending up into the 
pharynx, is called “ Clergyman’ s Sore Throat.” 
Mild laryngitis, acute or chronic, is relieved by 
inhaling a teaspoonful of Friar’s Balsam in half 
a pint of boiling water. 

Tonsilitis. Tonsilitis, or quinsy, is a painful 
affection of the mouth, mainly involving one or 
both tonsils. The inflammation is generally so 
severe that an abscess forms in the tonsils which 
is exceedingly painful until it bursts. It is 
caused by some poison or by cold, and is common 
in youth. There is fever, redness and swelling, 
pain in swallowing, and it generally takes from 
a week to a fortnight to run its course. Even 
when swallowing seems almost impossible a 
little warm milk can he trickled down, for the 
throat never really closes. Quinsy is much 
relieved by holding *in the mouth hot water 
in which poppy heads have been steeped. All 
food taken should be very soft. 

There may also be a chronic enlargement of the 
tonsils that calls for operation. This does not 
consist, as is often thought, in removing the ton- 
sils, but in cutting a slice off the front of each, 
which both reduces the size, and, owing to the 
harder sear tissue that forms, renders them less 
liable to inflame. Occasionally a relaxed uvula 
requires shortening, which can be done without 
pain with a pair of chayi scissors. 

Aphonia, or loss of voice, is not^ only, as we 
have shown, a symptom of laryngitis, but 
may occur independently as the result of tlie 
paralysis of one of the vocal cords on wliicJi 
phonation depends. 

Catarrh, We now come to a larger class 
of diseases that involv'c more extended tracts 
of the respiratory passages. 

Catarrh is the most common of all diseases 
affecting the respiratory organs and the passages 
leading to them. It is an inflammation of the 
mucous membrane that lines all these tracts. If 
neglected it steals down tlic windpipe and i)ro- 
duces hoarseness and soreness of the chest ; if 
still neglected it may travel along the lungs 
and become bronchitis, and it may (!onliuue still 
further and become inllammation of the lungs, 
so that a neglected catarrh ipay in weak persons 
end in pneumonia. 

The causes are generally a mild specific germ 
that invades the air passages, coupled with a 
chill of some sort vhicli lowers the resisting 
power. 

The symptoms are weakness, aching of head, 
pain across the forehead, running at nose, and 
perhaps eyes ; hoarseness, sore throat, furred 
tongue, slight rise of temperature, no appetite, 
and thirst. The mucous membrane is in a state 
of great irritation, and pours forth a copious 
liquid secretion at first, which, as the disease 
advances, gets scantier and thicker, the v^liole 
course of the disease, if it does not extend, 
being from ten dayB to a fortnight. It can be cut 
short by treatment in simple cases, which consists 
mainly in staying in a warm temperature of 
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60® P. to 65° F. till it is cured. A little pare- 
goric elixir will stop excessive discharge. 

Bronchitis, bronchitis Ls an inflamma- 
tion of the bronchial tubes of tlie lungs as distin- 
guished from the lung tisraio inflammation, which 
is called pneumonia. Distinguishing broadly 
from leading pulmonary diseases one might say 
that pleurisy (properly, by analogy, pleuritis - 
“ itis ” signifies inflammation) is an inflam- 
mation of the outer covering of the lung.s; 
broiieliitis, of the air-tubes of the lungs ; pneu- 
monia (properly pneumonitis), of the air cells of 
the lungs ; while phthisis is consumption of the 
air cells coupled with actual destruction of the 
lung tissues, which does not take plac<' in any 
of the other three cases. 

Bronchitis may well be dividend into acute, 
chronic and capillary. Acute bronchitis is a some- 
what dangerous disorder owing to the tendency 
to spread to the cells and become broncho- 
pneumonia. There is always some fever, ranging 
to about 102 ’ F. ; there is tightness of the chest 
and short breathing with wh(*ezing. There is a 
constant, troublesome (rough, with some frothy 
mucous expectoration. The pulse becomes more 
rapid ; there is licadache and a geruu'al feeling 
of weakness and illness. It is not common in old 
people. The cough in bronchitis is of the greatest 
value in clearing the lungs, and no attempt 
should be made to stop it. Sometimes there is 
but little expt'ctoration ; the chest is very tight, 
and the exptret ora lion is dry: in eithur ease the 
air reqiiir(.\s to be moistened with steam from 
bronchitis kettles. 

One form of a(‘ut(‘ bronchitis is very dangerous, 
because it principally attacks the very smallest 
tubes leading to the air cells. It is called 
oapillaiy bronchitis. It attacks very young 
childnui, wl\o die very rapidly from sheer in- 
ability to bleat lie. In these cas('S the iiromph'st 
ineasnrt'.s are alone of any avail. It is readily 
distinguished by the bluish colour of the child, 
and its gasping and lighting for breath. 

Chronic Bronchitis. Chronic bronchitis 
is a common and distressing affection in tins 
country owing to its constant reeurnuice in the 
autumn and av inter of eacli yeaj*. In chronic 
bronchitis, or with bronchitis only, there is little 
or no rise of temperature, but a constant hacking 
cough, made worse on any exposure or change 
of temperature and often lasting for months, 
and not disapi>earing till the spring. If it be 
dry, and the expectoration scanty, it becomes 
more distressing, and may produce emphysema. 
This consists of the bursting, through strain, of 
the air cells, so that they form small cavities 
in the lungs full of air. * In this disease, Iht^ 
re.sult of chronic hronehitis, the breath becomes 
permanently short, and the condition remiuns 
even when the bronchitis is gone, from which 
the lung does not get destroyed. On the other 
hand there is no restoration of the colls, so that 
the lungs get overfull of air and over expanded. 
Such people cannot run or even walk fast. This 
condition once established persists through life. 

The miseries connected with chronic bron- 
chitis are so many that it is a great pity to let 
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it get firmly established ; when any lorm of 
bronchitis attacks a person, every effort should 
;be taken to cure it as quickly as possible lest it 
extend or become chronic. In all these varieties 
W bronchitis a doctor must be seen. 

Pneumonia. Pneumonia is of two distinct 
varieties — lobar pneumonia, which is a distinct 
disease, due to a specific germ, and broncho- 
pneumonia, which generally arises from an ex- 
tension of bronchitis to the air cells of the lung. 

Lobar pneumonia generally attacks one lung, 
the right twice as often as the left, and the lower 
lolxM 3 more frequently than the upper, whereas 
consumption almost invariably attacks the upp(‘r 
lobe first. It has a definite cause, and liegins 
quite suddenly like one of the infectious fevers. 
There is a sudden rise of temperature to 103° F. 
or more. There is little or no cough or expectora- 
tion, but the breathing is hurried, and the face 
flushed. The whole lung is congested, and but 
little air reaches the affected lobe or jK^rhaps the 
whole side. Simple congestion resembles this 
neumonia except that tliere is no fever. The 
reathing becomes increasingly difficult until 
the cough begins ; with this there is a little 
scanty expectoration of a rusty colour. It is 
tinged with blood, which gets more copious as the 
cough int^reases. On the tenth day, or thereabouts, 
a change generally takes jilace for the better; 
the temperature falls, and the disease gradually 
abates till in a fortnight or three weeks the 
patient’s lung is comparatively well again (there 
TOing no distinction of tissue in this disease), 
though the patient remains very weak for weeks 
after. This disease does not spring from bron- 
chitis, nor does it tend to return like it, nor 
does it continue indefinitely. 

Broncho-pneumonia differs in all respects from 
lobar pneumonia. It generally invades both 
lungs and extends gradually. It is nearly always 
preceded by bronchitis, and is common among 
children. It runs no certain course, and may 
continue a long time, and even become chronic. 
It is more liable to recur than lobar pneumonia. 

Pleurisy. Pleurisy is constantly associated 
with pneumonia, through the inflammaiioii 
extending through the lung wall to the mem- 
brane covering it, but it often arises alone. 
Between the lung and the chest wall is a double 
bag on each side called the pleura, containing 
a small quantity of fluid, so that one surface 
slides on the other and thus forms a sort of joint 
as the lung moves. If this membrane gets 
inflamed the two layers tend to stick together, 
and when the lung moves a sliarp pain or 
** stitch ” is felt at the spot, which is very sig- 
nificant of pleurisy. If the inflammation con- 
tinues a quantity of fluid is poured out into this 
cloi^d bag and may amount to several pints, 
which is generally drawn oft' by tapping it through 
the chest wall, as otherwise it takes such a very 
long time to absorb. 

Sometimes a sharp pain is felt in the ribs that 

very like pleurisy, which is only neuralgiAf 
one of the veins that run round the ribs to the 
.l^a^t-bone, and is called ‘‘ pleurodynia.” 


Asthma. Asthma is a distiressing disease 
which consists of spasmodic contractions of the 
bronchial tubes for centralnervous causes. Fits 
of asthma commonly occur in the night, when the , 
patient is suddenly aroused from sleeping, and 
a feeling of suffocation ensues. He is obliged to 
spring out of bed and rush to the window for 
more air. Tho eyes are staring, and the patient 
feels that he is dying, although asthmatic patients 
are long lived. Tho frequency and violence of 
the attacks depend a good deal on whore the 
patient lives. The disease is often distressing 
in clear country air, and disappears in a smoky 
town. A change to the other side of the street 
even may cause it to disappear. Between the 
attacks the lungs arc healthy and the patient 
well. When the disease has lasted a long time 
the patient gets high shoulders from a forced 
eflbrt at respiration. It is often Iiereditary, and 
may last for years. 

Phthisis* We now come to phthisis, that 
dread disease tliat alone' destroys the lung it 
attacks. TITiis is the most dreadful and fatal 
disease in this country. Its ravages are still 
terrible ; over 50,000 young people die of it 
annually. It advances in the patient with noise- 
less tread, and deceives him with hopes of re- 
covery to the last day of his life. It kills by inches. 

Tlie seed, through w^hich alone consumption 
is propagated, is a liny micro-organism called 
the bacillus tuberculosis. It is a small fungus like 
a rod ; 600,000,000 can lie on one square inch, 
and, if placed in a continuous line, would extend 
ten miles. Theymultij^at the rate of 1,000,00^; * 
an hour. M^licy are coughed up iri countlea^'*' 
myriads and expectorated, and as they diy> 
an? blown about to infect all around who are 
susceptible. ^ 

Consumption is now' being most vigorously 
combated, and may be made a notifiable disease. 
We have already given full information respecting 
its ravages in different countries in the section 
on Ht‘alth [page 5401)], under the head of' 
Kndemics, and w ill only add a few particulars 
about its cause. 

It nearly always begins at the tops of the lungs, 
and there can Idc no doubt that the exposure of 
the neck, and, above all, the way in W'hich it is 
sometimes overheated with furs and at other 
times left bare, greatly weakens tho resisting 
pow'cr of this part. 

The left side is that most commonly attacked. 
The temperature is never steady, but goes up at 
night, and falls in tho morning. The expectora- 
tion and cough is frequent. Emaciation rapidly 
sets in as soon as the lung begins to break down. 
Cavities arc formed, sometimes taking tho place 
of an entire lobe. In this connection, however, 
the greatest exaggeration prevails, and patients 
are said to have “ lost a lung ” when onfy a few 
inches of tissue have been destroyed. Ao ten- 
dency of the disease is to spread until death 
ensues from exhaustion. The spirits, however, 
keep up to the last, and the patient is seldom 
gloomy or downcast, while the hectic flush on 
the cheek gives a deceptive appearance of health. 
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CARVING 

The Most Interesting Form of Wood-carving. The Sweep Strokes. 
How Relief Carving is “ Faked.” Intaglio and Perforated Work. Foliage 
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By F. WELLESLEY KENDLE 


now come to the most interesting of all 
styles of wood -carving, which consists of 
rounding dovvii tlie surface to make it look like 
a natural object, whether a leaf, an animal, or a 
landscape. 

A Panel in Relief. Set out the panel on 
white deal [52]. Firm the outline as usual. 
Ground out and complete the lozeng(*s and 
ribbons. Sink the grooves BBB Ix'twetn the 
leaves to their full depth with a V tool. Lean- 
ing the tool first to one side and then the other, 
rough out the curved surfaces. With a flattish 
gouge model it still more perfectly, furnishing 
each leaf with a double convex contour, working 
all the margins to lu^arly ground level and letting 
each blend at its root with its fellows. It is 
better not to attempt to smooth the uork 
piecemeal at this stage, rather slrivo to get the 
general effect as a whole ; then, and not till then, 
add the finishing touches with gouges that more 
nearly lit the curves. 

Now chip do^vn the N. E., N.W., S.E., and S.W. 
corners of the balls (KX! (if wt^ may apply the 
term corner to a circular figure) ; next, with the 
", concave surface of a flattish gouge lower the 
' wood N and S nearly to ground level ; with a tool 


moulding is too well indicated to requiio 
any explanation ; it need only be said that 
the original fifteenth century font from whieli 
it is taken is only carved to the depth of 
about J in., the delusive .appearance of solidity 
being suggested by broad bevels, and slight 
undtTCuts. 

The Reverse Freehand Stroke. 

Firm the outline and ground out as usual. 
Bough out the twisted I(‘af. Take a gouge with 
an arc corresponding to the curvature of the leaf 
and not more fh.an ^ in. u ide. I^et the back of 
the tool rest nearly hat at A, foOJ. Sweep it 
onwards with a double curve that leaves the handle 
perpendicular and the* blade at right angles to 
its tirst position by the time it reaches B, B‘ [51]. 
Do this with a continually gliding cut, so that 
whereas at A’ the })ortion of tlu^ edge nearest 
the carver had most of the cutting to do, by 
the time it has reaclu'd B' it is practically 
fi'ce, an<l the otIuT (‘iid of the hladt^ is making 
the Imal downright, cut. If too (juiek a gouge 
b.‘ us(‘d an awkward looking notch is left at 
the tail of the stroke : if too Hat a one, it wull 
probably hitch in the wood half way through 
the sweep. If the gouge be too small, the 



whose radius 
is n^vly as 
quick as the 
cireumfereneo 
of tlie ball, 
round it olf f 
with a series 
of sweeping 
strokes, never 
making them 
quite in the 
direction of 
the grain, but 

with a for- 50. sweep stroke, first rosmoN 
ward, gliding, 

rotating and over downward movement of the 
tool, so that the butt of tho handle describes 



man am vre 
will have to 
be repeated 
once or twice; 
if it be too 
large, the 
fea t is almost 
impossible. 

Round the 
outside of the 
turnovers. 
Leave the 
edges of the 

51. SWEEP STROKE, SECOND POSITION 

‘ ceptatCCCC, 

\vliero they must be lowered almost to ground 
level. The notches are cut with gouges held 


an upward spiral swoop. 

The Carver*s Freehand Stroke. It 

is impossible to devote too much time to the 
acquisition of this particular stroke, which is 
to the carver what freehand is to the .artist. An 
adopt will produce excellent effects with a 
turn OP two of the wrist, while the amateur will 
flounder about trying to round off a figure by 
nibbling away at it with straight, pushing cuts ; 
added to this its employment reduces the 
troubles caused by grain to a minimum. 

Having studied the effects of the s^veep stroke 
made with tho concave surface of the tool, the 
reverse must be practised. Again a remarkably 
bold design is selected [54J. Tho general 


on the slant, bcvt'lling one side .and undercutting 
the other. Model tho wavings of the leaves 
w ith gouges, noting particularly the rich double 
wrinkle at DD. Round off the balls, hollow 
their sockets, and complete l)y (?arving the 
bosses around them, and adcling tho veins 
with a V tool. 

So nil -import ant are these SAveep strokes that 
a second example has been figured with moro 
numerous but smaller turnovers [53]. 

^Knowledge of Clay Modelling and 
onading. Should doubts arise as to how 
a subject shpuld be treated, model it first in 
clay or plasticine. If this he done now it will 
bo noticed that many of the folds in the copy are 
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out of drawing. This is a common fault, for the 
carver is not always a first-class artist, and the 
medium he works in is not the most tractabie. 
So useful are models at this stage that a course 
of modelling in clay should invariably precede 
that of carving in wood ; the student should also 
be able to convert an 
outline drawing into a 
shaded study [see Aet, X 

page 1217, and Draw- j 

iTsra, page 1533]. 

The More Corn* ■ 
plicated Designs. 

Having learned to vein, 

flute, firm, ground, slope, \ 

round, and turnovei*, the > 

execution of more com- 52. jacobea?? 

plicated designs, such as 

are shown in [66], is simply a matter of com- 
bining these several mctliods. If a man can carve 
a single leaf or petal, he can, with patietice, 
execute an entire flower. Tic should seize every 
0 ])portimity to visit work- 
- shops, and watch 


particulars will he found^in Sculptoresiu: Bois,** 
one of ihQ. EnQyclope^H-Rotei serie^f,' - 

Mouldings and Frieses* For moulil- 
ings and frie2es the pattern is'generally a repeat,* 
and may run either vertically or horizontally. 
An easy example [55] of the former, taken frpm 
the same source as 45; 46, 
47, 53, and 62, is given. 
The shaded portion shows 
the section. Run out a 
strip of oak with the 
moulding plane. Stencil 
pattern on the wood, 
firming the outline, 
the tool should always 
^ bo pointed at the centre 
lELiEF CARVING of the circle of which 

the face of the moulding 
happens to be the arc ; by this means a clean edge 
throwing a pleasant shadow is ensured. At the 
extremities of the chord, ^A, lot the ground die 
away to the level of the surface. Vein with V or 
fluter. Drill the small holes with a very quick 
gouge as shown in 33 [page (3043J. Saw down at 
CC to the level shown in the section at^ BB, with 
a Key’s saw ; round the balls and the ends of 


52. JACOBEAN RELIEF CARVING 


happens to be the arc ; 









53 AND 54. CARVING FROM FIFTEENTH CENTURY FONT (PILTON) 
SHOWING REVERSE FREEHAND STROKE WORK 


trick is done; he will learn more in lialf an hour 
by so doing than in lialf a lifetime from manuals. 

Modern FaKes. Relief carving iio\n adays 
is frequently “ faked *’ by gluing a fret of the 
design to the panel, and rounding 
off afterwards. This saves all the i 
trouble of laboriously reducing a | ^knA 
largo portion of the surface to | . Vi 

ground level. A more legitimate 
application of this was the prac- | >x\\ 

tice of augra.enting the eft’ective- | 
ness of a simple panel by adding a ! 
boss or mask, such as may be seen ; 
in the panelled room from Exeter, j 
now in the darkest corner of South ■ K r ' ^ 
Kensington Museum. Much of the ! ^ 

work executed by Grinling Gibbons's | 
pupils and imitators was not true : 
carving but appliqve. Many of the 
ela^rate Devonian mantelpieces, 
decorated with flowers and drooping 0\ 
sprays, have had each leaf, stem and A X ^ 
flower carved separately, glued into vo^ 

, position, touched up with putty, and 
finished off with paint. The French / 

brought this style to great perfection, 

^opted sculpture a la scie for — 
the reduplication ad infinitum of 55. jacoi 
floral wreaths and garlands. Further mou 
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the bolsters as deserihod. 

When cutting mouldings to occupy a horizontal 
position, this fact must bo remembered when the 
M^ork is on the bench. Take;, for example, the 
familiar “ egg and tongue. ” The sink- 
which are necessary to free 
f f Avood scooped from the hollow in 

U C ^ which the egg lies, must bo parallel 
with the horizon, and each upward 
sweep must meet it at right angles, 
if^c^ Flutings of pillars and pilasters 
\ may be carved with gouges, though 

easier to run them out with 
/( A j a moulding plane, or a travelling ftwr, 

y C >1 leaving the carving tool nothing to 

• extremities of 

each. Spirals, which were formerly 
carved with gouges from start to 
finish, are now simply turned on a 
lathe. 

/ f /\y A symmetrical twist may be easily 

' vyi obtained by. winding a strip of 
paper, down the centre of which a 
^ line has been drawn, round the post 
to be carved, and marking the wood 
at its edges. Sink a furrow alQ^g 

LjlAr~\ this line with a V, keeping it on ah 

lN panel even keel, and always at the same 
INQ inclination to the axis of the cylinder. 



56. PANEL IN RELIEF CARVING FROM A SIXTEENTH CENTURY ITALIAN MARRIAGE COFFER 


It is most important that this groove should be in reality it is nothing more than panels in relief 

the same depth throughout if the post is of the carved on both sides. To minimise labour and 

same thickness all the way up, or taper gradually to prepare the block, it is useful to take a profile 

should it do likewise. Rough out the curves with of tlu; copy with a strip of lc»ad or malleable zinc, 

flat gouges from the bottom of the fiirroAv to the Apply this to the wood, and pencil the outline, 

central line on the paper. Smooth with a gouge Take the opposite profile and transftu’ as before ; 

that is just a shade flatter than the curve of the then treat the sides similarly, 
spiral ; this will give more play, and is less likely Carving in the Round. Remove with the 
to get hitched than one which fits exactly. saw as minii of the Avastc wood as possible. Next 

Intaglio Work. Still another method of wiiittle away superfluous material with mallet 

omamentiation is deep, intaglio or die. sinhing. and gouge, proving })rt)gress with the metal guide 

This is the exact reverse of relief carving, for the or with callipers. Should any detail cause anxiety, 

surface remains ])lain and the pattern is sunk. model it over and over again, or work it out 

It is quite easy for any one wdio has been aeeus- on a soft piece of wood ; it is better to devote 

tomed to relief work. The main features of tlie a few minutes to this than to waste the labour 

design are scooped out with bent gouges, details of weeks by perpetrating an irremediable error, 

are added with quicker tools, and veins added Take off tof> little rather than too much ; 

last of all. It is of great assistance to the carver 8uperflu(.)U8 wood can be removed, but additions 

if he takes a squeeze o^ his work in plasticine from are not so easy. 

time to time, in order to judge of the general If he should be nervous about starting— and 
effect. By disarranging the lighting, and causing most novices arc— let him begin on some 
shadows to fall in a contrary direction, a casual ridiculously ('asy task, such as sharpciiing a 

glance will receive the false idea of relief. pencil very neatly or carving animals such as 

The Value of Keeping Records, those in a Noah’s Ark. Aftcrwaids he may try 

Whenever possible, copies should be taken of poppy head ornament, which he will find to 
good work. Putting on one side the obvious be nothing but two studies of foliage in high 

methods of sketching and photography, this may relief pla(’(‘d back to back. The human figure 

bedono with a “ squeeze.’’ Oil the panel well, and and drapery are the most advanced style of all, 

proceed to cover it w ith sheets of very wet jiaper, ji*«f the ease with relief, but the sttKlcnt will 

prising them thoroughly into every crevice ; add if' hi-r easier to hack out a hetul, or other 

layer upon layer of coarse brown paper soakcxl in figure work, in high i*clicf than in low rt'lief. 
size or very thin glue. Squeeze out all .superfluous Tracery and Perforated Work. Tra- 
moisture. Leave in position to s(?t suflicieutly eery and perforat<‘d work is an advance upon 

well to permit of removal without danger. fret cutting. The ground is entirely removed. 

When this is dry, plaster of Paris casts can bo leaving lights. It prestails no difficulties to the 

obtained from it, or others having the appear- goo<l wood-earver ; but it does not pay liim 

ance of w'ood Hself, by using a mixture of ecpial nowadays to execute it. M(xlern machinery 

parts by W'oight of gelatine, wood sawdust, Avith its lathc's, ])lanes, bits and burs, can rip 

and pliosphato of lime, moistened sufficiently out tracery mouldings in a hundredth part of the 

to make into a stiff paste. ^ time in Avhieh an expert workman 

Leather well soaked in hot water carve it. So Avith panel rc- 

may be used, or a lump of soap, duplication by mechanical means, 

clay, or putty. Flat carvings may It is Avondorful to Avatch a species 

be “rubbed” with heel ball or ^ of glorified pantograph, armed 

black lead. Tliis procedure is 57 vcinthus leaf desk^n revolving bur, copy the 

inapplicable to relief; still, a very ‘ design Avitli hardly any manual 

good general idea of a panel can be obtained by assistfince ; but it is not wood-carving, and its 
the aid of a newspaper and a rather greasy rag. servile imitation destroys half its charm. 

Press the paper down on the pattern, gently Foliage. Veins of leaves are frequently 
piouldini^, as much as possible with the fingers ; carved in relief instead of being sunk with a 
ongoing^ritwith the greasyrag the printing ink V tool or flu ter. Twiri furrows are run along Avith 
be smudged most wherever the relief is highest. ^ V, leaving a medium ridge; the surface is 
Work in uie round is erroneously belioA^ed to Avorked down to the foot of this, which is trimmed 
be the most difficult of all styles to accomplish ; to shape, tapered at its extremity, neatly joined 
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at its branchings, and made to die away into the 
leaf stalk. The macaroni is a handy tool for this 
work, though it cannot be used close to a junction. 

Though the flora of the wood- carver often bears 
but slight resemblance to that of the botanist, 
there are certain well-defined points common to 
each. Thus, veins, though showing as depressions 
on the upper surface of a leaf, appear as ridges 
below ; remember this when treating a turnover. 
Noting the general characteristics of a plant, 
the student will the better appreciate the skill 
with which the medisoval artist selected and 
treated his subjects, and will see why it was that 
the lily, vine, thistle, oak, passion flow'cr, poppy, 
dandelion, rose, and, above all, the acantlms [57] 
were such universal favourites, and why the 
coai’se and perishable nature of his material 
led him to limit his efforts to purely decorative 
adaptations. 

The Vine and the Rose. The vine, not 
only because of its adaptability for ornamental 
purposes, but also because its religious symbolism. 


plicity of outline is now broken by subdividing 
each leaf into a number of lobes, the junction 
of each with its fellow being marked by an 
“ eye.** Each lobe in turn is deeply serrated., 
A vein runs down the centre of each lobe and 
pipings start from every eye, all losing them- 
selves at a common point. Whether viewed in 
full or in profile its main lines are always the 
same, never parallel, never crossing, but each 
a graceful curve radiating from a common 
point and strictly subservient to an outline of 
the greatest beauty and simplicity. 

Finishing and Ageing, It cannot bo 
impressed too strongly upon the novice that 
sandpapering carved work to “ make it look 
smooth ” is an unpardonable crime ; a few 
toiichc's with the scraper or rubbing down with 
a bone are bad enough, but “ papering ” is the 
rankest of all heresies. There is nothing to be 
ashamed of in tool-marks, for at least they show 
the work is genuine hand-vviought stuff. 

To keep the carvings (‘lean light woods may be 


was constantly utilised in ecclesiastical architen*- 

ture. The carver treated it in two distinct ways. 

Sometimes the leaf was inscribed within the 

limits of a syramolrical pentagon, its four (;yes 

and the point of junction with the leaf stalk 

being arranged at the (comers of a similarly 

shaped but inverted figim\ At other times the 

leaf was placed within the area 

of a square or lozenge, as may oq 

be often noticed on the friez(*s \ 

and crochets of late Gothi<'> 

work [58], The thistle and ^ 

dandelion are adapU^d to follow n 

the lines of acute angled tri- 

angles. Both are invaluable 

for filling in odd cornpis of gg ^ 

tracery. ‘ 

Ivy falls within the lines 
of a pentagon, and occasionally those of ti 
isosceles triangle. 

The rose is conventionally depicted as a sym- 
metrical five-pet ailed tknver, each petal furnislicd 
with a fold-over having a bracket-shaped edge. 
A common sixteenth eentury ornament was the 
Tudor rose, the union of the Bouses of York 
and Lancaster being symbolised by the exhibition 
of both flowers in one boss, one supcrim 2 )osed 
upon the other, their petals alternating. 

The Oak Leaf. Perhaps no other leaf had 
so many liberties taken with it by German 
can’^ers as the oak ; they more than (con- 
ventionalised it, they exaggerated, elongated, 
stunted, twisted, and folded it, till it became 
almost unrecognisable. They left it with widely 
indented margin, rectangular lobes, rugged and 
misshapen, stunted, gnark^d, and bent like its 
parent tree and yet effective and picturesque. 

The acanthus [57] is a characteristic feature 
of renaissance design ; at first sight it appears a 
<fiif!icult and complicated subject, but on dis- 
- secting its structure it is found to be contained 
^:,!^ithin the limits of two concavo-convex lines, 

' ^hich start from a common point, separate 
Ifracefully, and finally coalesce, the leaf belly- 
^ and swelling l)etween them. This sim- 


58. VINE CARVING (aTHERIN(;TON 
CUURt’H, N. DEVON) 


given a thin coat or two of “ egg-shell ” varnish ; 
oak and <‘}u‘stnut should be treated to a soaking 
in boiled linseed oil, followed by pkmty of 
“ elbow-grease,” using a stiff brush. Beeswax 
and lurpenlino should be avoicU^d ; they clog 
the corners (^f the work and destroy its sharpness. 
Most other hard woods may bo Frcnc-h polished. 

It is fr(*(|U(mtly necessary to 
o stain innv wood in order to 
inakt', it match older work. 
Applet, ])(‘ar, and box can Ixj 
AV(^ak infusion of 
^ c\y kauri and 

^ . white wood with turmeric or a 

solution ot chloride of tin ; 

! (ATHERiN.iTON Br^il-woofi. 

devonI slowly darkemid 

‘ ' with a 2 })or cent, solution of 

bichromate of potash t(» which h percent, of dilute 
nil l ie acid h?.s been added. The ])roeess takes a 
few months, but the tone gained is particularly 
rich and warm. Vcining and figure w'ork calf be 
brouglit into strong r(‘licf by treating first with 
a Aveak d(H!Oction of madder, and, when this is 
dry, painting with a^soluticm of acetate of lead. 

Blue-black is attained by a di^coction of oak 
galls follow(^d by a solution of green vitrol ; jot 
blacrk by a decoction of oak bark and then per- 
ehloridt^ of iron ; purple-black by logwood ; 
brown-black by madder and acetate of copper. 

Fuming. (lak, and other woods in a smaller 
degree, can be darkened very rapidly by exposing 
them, in an airtight box or cupboard, to the fumes 
of ammonia ; but the Aveakcr the dose and the 
longer the time allow^ed, the better the result. 
Storage for several years in a badly ventilated 
stable loft imparts a tone that cannot bo equalled 
by any other method. 

Wood-carvings may bo preserved from the 
ravages of worm and rot by fumigating with 
calomel, formalin, or corrosive sublimate, by 
dressing with a solution of alum of water 
glass, or, best of all, by impregnating the panel 
with hard paraffin under heavy pressure at a 


temperature of about 180° P. 


Continued 
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LINK MOTIONS OF ENGINE VALVES PRIME 

BflOVERS 


Action of the Link and its Imperfections. 
Zeuner's Diagrams. Their Value and Application 


Conti niM'd fm 
pitgp tKi/y 


By JOSEPH G. HORNER 


'T'lTE method of opej-ation of tlio slide valve 
* illustraUxl on pap;e 51)42 is of a simple ami 
elementary kind. No large, high-c lass engines have 
such a simple arrangenuMit. Ihit it is noeessary 
to understand the prinei])lcs, beoaiise the. more 
or less intricate valvo gears embody the ele- 
mentary cycle of opcM-ations. The most familiar 
modifications are tho various link motions, of which 
there are about half a dozen good and well-tried 
types. In England tlie Steplieuson is tho best 
known, but on the Continent the Walachaert is more 
eommon. The elements of the link motion may 
be studied in the Ste])hcnson. 

The link — the central feature— is a curved piece, 
the function of which is to bring about variations 
in the relations of the eeeon tries to tho slide valve. 
Two eccentrics arc used, for forward ami backward 
running resyiectively, and the engine so fitted, there- 
fore, can not only bo reversed, but worked at 
dilTerent degrees of expansion. In the extreme end 
positions of tho link, the eccentric and valve rods 
arc practically in line, so that the relations be- 
tween whichever eccentric hap])ens to be in gear 
to tho valve are identical with those which exist 
in the simple valve gear without a. link. Hut when 
the link is in in id-gear, tlie engine is inoperative. 
At intermediate positions from full towards mid- 
gear the cut-off is e/Iected at earlier stages, and 
with increased expansive working. This is termed 
by the railway men notching np, because tho re- 
versing lever is held in notches which are arranged 
for graduated rates of expansion, W'hen an engine 
is running light on a level the links are notched 
up, with economy of steam consum])tion. 

The Elements. The elements of the motion 
f42] are tho tw'o eccentrics and sheaves. A, B, the 
eccentric rods 0, I), attached to the link E, tJu* 
die hlocky or sliding block, F, over which the link 
is movable, and connected to tlic valve rod. To 
shift the position of the link relatively to tho die 
block, so bringing either eccentric rod with more 
or less approximation into line with the valve rod, 
lifting links^ G, when vertical, or drag links when 
horizontal, are attached to one end of the link. 
The lifting, or drag links are pulled, or ]nished 
by the reversirg levers H, acting through a Ix'll- 
crank lever on the lifting links, 'the fulcrum of 
the bell-crank lever is in the axis of the treigh 
shaftf or rocking shaft J, on which tho lever is 
keyed. 

Action of the Link Motion. Wc shall 
trace out the action of the mechanism : In 42, in 
which the engine is on dead centres, a being the 
centre of the crank-shaft, and h tho crank-'/>/«, the 
forward eccentric A will come into ojieration, and 
lead, and the engine will run in tlie directiini of the 
arrow drawn on the circle of the crank-pin. The 
reason is that the valve K being ot>en to lead — that 
is, by the apiount allowed for lead, say, from in. 
to 1 *^ in, — ^steam enters the cylinder behind tlio 
piston L, and causes it to move in tho direction 
of the arrow. But in so doing, the crank-pin b 
must move in the direction of the arrow drawn 
on the crank circle. The full part of the eccentric 


A still pushes the valve widvr oiien, and more 
steam enters behind the piston. This goes on 
until, in 43, the eccentric has advanced far enough 
to open the steam port to its wddest, and then, the 
centre of tho sheave being in line with the valve 
rod, the valve begins to return. It will be noted 
that steam is exhausting from tho cylinder on 
tho opposite side of tho piston. In 44 the 
valve, has returned, and closed the port, cutting 
off the steam at about tlirce- fourths the stroke, 
after whieli tlie remainder of the stroke is 
accomplished by the expansive force of the steam 
enclosed Ixdiind the piston. The exhaust port is 
about to close. In (he final stage of the stroke, when 
the crank-pin b is on dead centres, at the opposite 
.side of the ]»ath from which it started f45], or 180^ 
therefrom, the forward eccentric A is still 90’ 
in advance plu.s the amounts of lap and lead on 
the other side of the centre a. The piston has 
reached the end of its stroke; it is cushioned by 
the steam entering by the opening to lead, and is 
about to return. The arch of the valve has opened 
the port to exhaust, so completing tho cycle of one 
stroke of the piston. 

Reversal. If now the link is lifted to bring 
the backward eccentric into line with the line of 
dead centres [46j, the full part of the eccentric will 
lead the crank in the o])])osite direction to that in 
42, or backward. This is clear, for though tho 
valve is opened to lead exactly as it was in 42, tho 
eocentrio B, in opening tho valve, leads and pulls 
the. erank-pin h in tlie din'd ion of the arrow*. With 
the exception that the rotation is in the opposite 
direction, tho sotiuence of events in tho cycle is 
identical with that in 42 to 45. The 0 ]>posite end 
of the link, that wliicli is not brought into gear, is 
inoperative. It waibbles about, but does not affect 
the movements of the valve. 

Tho effect of sliding Iho link in relation to tho die- 
block [47], notching np, is to shorten the stroke of 
tho valve, w itli the result that steam is cut off 
earlier, and worked at a higher ratio of expansion. 
But it also increases the opening to lead, and with it 
the amount of back pressure or cushioning. 

If the link is brought into mid-gear [48J the valve 
wdll be open to lead at (he terminutioii of a stroke, 
but no motion yan ensue, because the yiort becomes 
covered at once. But for the load and layi no 
motion at all would ensue. An engine w'ith the 
link in mid -gear would not run, thougli the throttle 
valve or regulator w'en* wide oyien. 

Imperfections. Around this common link 
motion much variety in practice exists, for it is 
only a compromise, and it lies mostly round the 
allowances for lap and lead, and especially the 
latter. I’oo much lead would be an evil in a slowly- 
running engine. The obliquity of the rods excrci.se.s 
a considerable influence, and to this is due the fact 
that the aim is generally to make the rods as long 
as is convenient, to lessen this obliquity, just as 
connecting-rods are made long preferably to being 
short. For the same reason the links are made as 
short as convenient, because bringing the centres of 
attachment of the rods closer together lessens their 
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obliquity. For the same reason, rods are 
made open, rather than crosaed, when the 
full part of the shoavos comes between 
the crank axle and the link. They be- 
come crossed when the full part of tKe 
sheaves lies on the side of the crank-axle 
which is farthest from the link. The effect 
of crossing is to shorten their radius, be- 
cause of their greater obliquity. This 
explains why the load is greater at 
one end of the cylinder than at the 
other, greater in 45 than in 42. This 
inciease will be minimised the more 
the length of the rods is increased. 
The reason why lead is increased by 
crossing the rods is illustrated in 49, 
where th * rods, open, are shown at 
C, D, and the same crossed at C', D ' ; 
a being equal to twice the lay) and lead, 
h is the extra amount of lead due to 
crossing the rods. The reason wdiy lead 
is inereascnl by moving the link from 
full gear towards mid-gear is apy^arent 
from the diagram in 60. When the 
engine is in full gear forward, the 
cetilre of the y)in of the forward eccen- 
tric rod is at «, and that of the back- 
ward rod at h. By lilting the link to 
the centre, the rods describe arcs round 
their sheaves. The centre of the link 
is thus throAvn farther away from tl)e 
erank-avle by tlie distance r, with eorro- 
syKUiding increase of lead. 

To neutralise the elTocts of increase of 
lead at one end of the stroke the general 
rule holds good : “ Draw^ the centre lino 
of the link with a radius e»nial to the 
length of th(‘ occenirie rods, measured 
from the eentre of the joint at the 
other end." 

Zeuner’s Diagrams. The rela- 
tive y)()sitions of crank and slide valve 
can be obtained by means of Zcuricr’s 
diagrams as follows. The j)rinei])le is 
shown in 51. Here ah reyiresents the 
length of the eonnoc ting -rod, and bo 
that of the enmls, o b(‘ing the centre 
of revolution of the crankshaft; cd 
repiesenfs the length of the eeeentrie 
rod ; and od the I'ceentrieity or throw 
of the cec('iitrie, d being in advance of 
the crank -])in h by DO-* y)lus the angle 
of advance f? of the eccentric sheave. 
The length oh of the connecting rod may 
be set off from the extremes of the crank 
oircile at cj to c'j\ which will give the 
length of the piston stroke. By setting 
off the length dc of the eccentric rod 
from the valve circle at hi to the 
Icngtli of the valve stroke can be 
obtained. 

Now draw 6;, dk y)cry)endicular to the 
line which rcy)resents the axis of move- 
ment of the ])iston-rod. Neglecting the 
obliquity of the connecting rod, ej will 
rpy)rescnt with sufficiont apyiroxiraation 
the distance e'j' through which the piston 
has moved at the yjosition h of the crank. 
Sot off oc' e{pial to dc, and c' will corre- 
gyiond with the mid -stroke of the valve. 
The valve has moved a distanfce of cc' 
from its mid-y)osition for the position d 
of the eccentric sheave. Since oc' equals 
dc very approximately, therefore ok ie 
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approximately equal to cc'. Next take half the 
radius od in 61, and with it draw two circles in 
contact [62J. Draw o¥ parallel with od in 51, 
^and join d'k'. Then, in 61 and 52 od equals od\ 

' the angle d'o¥ equals the angle dok, and the right 
angle o¥d' equals okd. Therefore d'¥ is the radius 
vector, which is the line from the centre of the 
force to the point of the orbit where the body is , 
supposed to be. This, if drawn parallel with any 
position of the eccentric will be aiiproximatcly 
equal to the travel of the valve from its mid- 
position. In other words, tlio amount of move- 
ment of the valve is the same as the radius vector 
corresponding with that angle. Hence, by the 
embodiment of this diagram, the distance between 
the centre of the valve and its centre of movement 
for any position of the crank can be measured 
without ' calculation. 


on these lines draw the two valve circles. The 
crank circle hb' is drawn to any scale or to full size. 
With centre o and radius equal to the oiit'sidc laj> 
draw the outside lap circle U. If inside lap is put, 
then, with centre o and radius equal to the inside 
lap, draw the inside lap circle 2. 

The port opens to steam when the valve has 
moved from its mid -position through a distance 
equal to its outside laj). A line, the radius vector, 



49. OPEN AND CROSSED RODS 


To apply the princiy)le embodied in the diagram, 
the circles are rotated back through an angle of 
00^ plus Of the angle of advance of the eccentric, 
as in 53. This is done as a matter of con- 
venience. The angularity of the eccentric rod 
being so small as to be negligible, as is evident 
in 51, which is tlrawn to scale, and the radius 
vector being, therefore, approximately equal to the 
travel of the valve from its mid-position, all that 



50. INCREASE OF LEAD TOWARDS MID-OEAR 


remains is to bring this into line with llr' line of 
the crank. In 53, take two lines at right angk's with 
each other, aa, hh, and from aa set olT tin* angle of 
advance 0 towards the initial position of the crank, 
and draw the line cc at that angle. Then draw' 
two circles in coiita<’t from centres o'o\ oo' l)eing 


drawn from o throngli the point i on the valve 
circle to cut the crank circle at i' show's the position 
of the crank when the valve opens, o 3 4 is the 
ymsitionof the crank when the valve closes, and the 
steam begins to work ex})ansively. o 5 (i is the 
])Osition of the crank when the valve 0])cns to ex- 
haust, and o 7 8 that of the crank when the valve 
closes to exhaust, and compression begins. On the 
lines drawn below 54, the proportionate lengths 
of stroke of the valve rod are show'n ; o 4 is the 
period of admission, 4 b that of expansion, 0 8 
that of exhaust, and 8 2 that of compression. 

Another way of illustrating the valve diagram, 
though idcnti(!al in principle, is shown in 55. 
Draw the crank circle hb' of the same diameter as 
the stroke of the ])iston, and mark a line hb' across 
its diameter. From tho same centre describe a 
circle, the “valve circle,” the diameter of which 
represents the length of travel of the valve. From 
the same centre describe the “lap circle,” the 
diameter of whicli equals tw'ice tlie lap. 

When in the ydane bb' the crank is on dead centres. 
But if lead is allowed the port opens before tho 
crank arrives at dead eentr(‘s — namely, at the point « 
on the crank circle. This can be obtained by setting 
down on the valve circle the ))roportion which the 
lead bears to the total travel of the valve — it may 


(Hjual to half the radius of the eccentric. Then 
the radius vector od of the valve circles, drawn 
from o ynirallel with any position of the crank 
corresponds with the 
travel of the valve 

from its mid-posi- 

tion. ^ ___ 

Completed i fy "Jr — — 

Diagrams. The i .. ™ 

foregoing are drawn ' 

to the same relations 51 

and scale as th * dia- 

gram.s in 61 anil f2. I 

But as it is impos- ^ 

sible to be quite .X ^ 

accurate when the 

valve circles arc .so y 

small it is usual to g2 

Xasrm’; «, V, 

next figure, 64, therefore shows them foiu* times 
larger than the previous figures do. The valve 
diagram is here shown completed; bb' is in the 
path of the piston-rod, and au is at right angles 
thereto; bb' is the crank circle, and the crank is 
moving from 6' to 6. 

^ Draw the line ce at the angle of advance 0 from 
h'b. Measure off od, oc, each equal in length to 
half the travel of the valve, and with centres o'o' 


be one-fo'tie(li, or one-iift‘eth, or other propor- 
tion of tho travel -and drawing a lino through 
that j>oint from the centre o to cut the crank 
j circle at «. This lino 

will cut tho lap circle 
^ at c. A circle is now 
— ! ^ » drawn of half the 

1^' ^ ~ ' dianuder of the la]» 

\ • eiielc cutting the lap 

, \ \ < circle ate. Tho por- 

; 'N tion of the circle 

" \ I , bdiig outside the lap 

\ circle i.s .shade I in 

order to indicate the 
,\ ! amount of opening 

V 'i*\y of the port, as sepa- 

^ - rated from that of 

llie lap, and the 
two extremities, as 
ALVE DTA<mAMS q, the pie- 

vious diagram, mark tlie poitit.s of 0 })eniiig and 
closing up the ])orts. The lino oa is that which 
jorresi)onds with opening, and the line oc wit’ 
closing. On the radius od on the centre of the 
shaded portion the maximum width of port opening 
is measured. And in any position included by (he 
arc of admission the w'iddi of oyjening of the poH 
can be measured on any radius on the shaded 
area. Similarly, the line od prolonged to (' gives 
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the maximum exhaust opening. And if there is that of the lap. A second circle is drawn equal 
no lap to exhaust, the exhaust will remain o])en to the ui^per oirelo, which will indicate the port 
during half a revolution, and therefore a half circle opening for the return stroke. Through the 
measured equidistantly from c will give the entire points i and i whore this circle cuts the exhaust 
exhaust opening, being at its maximum at c. and lap circle lines are drawn cutting the crank circle 
closing at beyond which comf)resHion takes at m and ii ; m represents the opening to exhaust 
place to a. and n its closing. 

Uses of Diagrams. Tt is easy to ascertain Another way to draw the diagram is shown 
from the diagram the distance which the y}iston in 57. Draw the centre lines bb\ and from a centre 
has travelled corresponding with any width of o describe a circle c, the diameter of which is equal 

port opening. Suppose the length of stroke is to the travel of the valve. Mark off from the 

divided into ten equal {)arts, as shown. Then per- centre o the laj) d and lead e. From e erect a per- 
pendiculars dropped from any y>oinis in the crank yHmdicular /, cutting the valve circle at g; join 
circle indicate at what positions of the piston the orjr, and on the lino vg describe a circle in contact 

various stages in the valve cycle take j)lace. If with o and g. From the centre o draw the lap 

is no exhaust lap, the edges of the arch of circle cd. Draw lines from o passing through the 
the valve coincide with the inner edges of the points of intersection of the two circles, and cutting 
steam ports when the valve is in the middle travel, the valve (urcle at hj / oh then represents the 
Then the opening and closing of the exhaust ports position of the crank when tlio valve begins to 
will be represented by lines at exact right angles open the port to steam, and oj corresponds with 
iiHth those representing the maximum port opening, the cut-off. To render the relations more clear, 
as in the present figure ( 56 J. If exhaust lap is added, an indicator diagram is drawn below, showing 
the diagram is modified, as in 56. A circle is struck admission, and full opening, cat-off, expansion, 
ifrpm the common centre with a radius equal to release, exhaust, and compression. 

‘ CoiUinued 
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By FRED HORNER 


shall now consider the eircuhir saw as a log- 
converting machine. It possesses the advan- 
tage of great speed of cutting, and outdistances 
the reciprocating saws easily in this res])cet. As a 
set-off, however, two objections are found : there 
is a considerable waste of wood in the kerf, and the 
saw takes an excessive amount of power to drive 
it, due to the leverage of the teeth acting on the 
periphery of the disc. Notwitlistanding these 
objections, circular saws are employed when logs 
have to be cut into heavy scantlings, such as 
sleepers, posts, and various framings of square or 
other sections, which involves taking otf the outside 
portions. They are not used to such an extent for 
the cutting of logs into very thin boards or strips of 
different sections, although the smaller saws are 
adapted to deal with ])icccs that have already bciai 
broken out. from logs. Tlie Americans are fond of 
using circular saws for log work, and luainifact-urcrs 
devote more attention to these machines than they 
do over here. 

RacK Benches. The log saws are con- 
structed with travelling la Ides, which carry the logs 
jiast the projecting saws. There are two patterns : 
one in Avhich the table's are divided to cunbrace the 
saw on each side, the other in which the logs are 
held on dog-carriages lesfMubling those in 26 Iscc 


minute, with a quick return movement at 120 ft. per 
minute. Some details of tlie macliino are illustrated 
in 28, the saw Ix'ing seen at A, the table at li. The 
feed is from pulleys at C, carrying open and oro.sscd 
belts, either of which is shifted on to the central 
fast ])ullev, driving the shaft D, and thence a train 
of s])ur wW'ls, which end in a pinion meshing with 
the rack fastened underneath the table, B, to the 
left. The four rollers supporting the table across 
its width are seen at F F F F, all of these being 
mounted upon a common spindle. There i.s a 
foot ]HHla.l at G, which, when depressed one way or 
the other, turns a short shaft, having mitre gears 
communicating motion to a rocking lever at H, 
wliich operates a rod (jonncctetl to the striking forks 
on the ])ulleys at 0, thus giving the attendant 
])t‘rfcct cont rol over the feeds and return. The fence 
at ,J is for guiding timber in a straight line past 
tlie saw, aiul to keep the timber against the fence 
the prciisurc roUi )\ K, is brought into use. It is 
held on an upright bar that can ho pivoted in its 
socket, and pulled over by a cord attached to 
balance weight, the cord passing over the pulley 
adjacent. In this manner the timber is pressed 
uj) to the fence, and the resulting cut is parallel 
and smooth. The length of the tables in these 
rack benches ranges between 20 ft. and 40 ft. 





])age 5997], and jircsented 
laterally to the saw, enabling 
successive settings to be imulc for 
cutting off planks or boards. 

Figure 27 gives a side elevation 
of a rack bench fora 72- in. saw' 

(Messrs. W. B. Haigh <.V Go., 27. 72-in( 
Ltd.), from which the elements 
of .such, machines ina.y bo 
studied. In 28 some of the 
details are illii-strated. The 
saw. A, runs in Uxod bear- 
ings, and the tunber rests 
upon the tabl^, B, winch a 

has a longitudinal o])eiiing 
to receive the saw. I he 9 f f 

table is made ousted ])late, 
and moves upon a series of ^ i ' 

rollers, seen underneath, - 4 

resti^ upon a timber fra in- " 

ing. The driving of the saw 
is effected throuj^h the line 
shaft and pulley at C, 
belted up to the saw 
mandrel; the table drive is also 
derived from a pulley at C, from 
which a belt goes up to a pulley |||H 
connected to a train of spur gears, j|['u 
coupled with the rack underneath " 
the table. The rates of feed can 21 
be varied from 10 ft. to 40 ft. \yer 


' ' ■ • The example in 27 has 40 ft. 

length. The approximate 
‘ : B. H.P. required for this 

machine is 40 ; the saw 
s] >iu(llc makes 500 revolutions 
p<‘i* minute, and the greatest 

I ( IRCrLAK SAAV RACK BENCH doptU of CUt wllich 

the saw can make is .12 in. 
rj , In the case of a 42 in. saw 

I) 11 (I m ) macJiino the capacity in 

A, . M <1 ‘i)th is 18 in., and the 

T[ flH H.P. 20. These s.aws are 

A I spcedcrl to give about 

ij / L 9,000 ft. ])cripher.'il speed. 

L I f " ^ Figure 29 shows the 

.] p I 'T N gcner.'il a])pea.ra.nc(M)f a rack 

” ! 1 bench (Thoina.s Robinson 

Ltd.), in which the 

» • .M rollers at one end ore seen 

tr"||~"lT n - • • irii table i.s 

■ J / - I j I ing towards ^ them , 

J carrying a log upon it. The- 

tabfes in this type of ma- 
I' rhino are of steel, and in 
the largest size.s of machines eiu'li 
half-table is driven by its own rack, 
hislead of employing a single rack, 

ill 1 l|[ as in smaller machines. Parallel ivdb 

^ the table, and at the same level, are 
DETAIL.S OF RACK a series of plain rollers for shifting 
BENCH the timber about, both Inffore .and 
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29. CIRCULAR SAW RACK JiENClI 


after it is sawn. 'Jlioso may 1)0 noted at the 
left-hand side of the table rollers in the ]»ictnrc. 

Hand-fed rack-tables are made only to a moderate 
extent, the motion brin" obtained from a crank 
handle turning the rack pinion. The table is 
made of wood, with iron guide rails bolted beneath, 
and the framing is of wood, made in such ])or- 
tions that they can b(‘ eonveniimtly transported 
to out-of-the-way districts. The tables are shorha* 
than those for the largest ])ower-fed machines, 
ranging from 12 ft. to 20 ft. The term roloninl is 
often apjdicd to these classes of machines. The 
sawmill engineers sim])ly sup])ly the iron ])ortions 
of the machine, leaving tlic ]nirchaser to ('onstruet 
the timber work on the spot, or witliiii convenient 
reach of the forest. 

The reason for the ado])tion of wrought-iron or 
steel plates in these laek bt‘neh(\s is chitdiy one of 
strength, because cast iron is liable to be fraetun'd 
through the concussion of heavy logs rolled on to 
Jthem. No fasterungs arc necessary for the logs, 
as the weight is sutheient to keep them steady. 
Bound logs arc flattened a little on the bottom to 
make them stand firmly, or else wedged and packed 
to keep them from shifting. 

RacR Benches with Dog»carriages. 
In what are erroneousl y called American rack l)enehes 
the log is not carried upon a flat table, like the fore- 
going, but is held in a (log-carriage, by which it may 
be fed up to cut off })lanks ami boards of various 
thicknesses, the (operation being similar to that of 
the vertical log band-saws descriluxl in tlu^ previous 
article. These maehim's are used more exh'usively 
in America than over here, hut the band-saws arc 
gradually displacing them, for the reasons already 
given — namely, less power consumption, and de- 
creased W’idth of kerf. Tu America, also, the use 
of large saws with insert('d teeth is far more common 
than in Britain, the waste* of wood being excessive?. 
These saws will be de^scribed, together with others, 
later. The descri])tion of the dog-carriages give'n 
in the previous article applies eepially well to 
those employed for circular saws, and need not be 
repeated. In 30 we illustrate a machine (Messrs. 
Thos. Robinson <S: Son, Ltd.), in which a log is 
seen gripped by some of the quick-acting dogs 
of the carriage. The latter is constructed wholly 
of wrought iron, so that it can sustain heavy 
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shocks and cut at a high speed without risk of 
breakage. The carriage as shown is arranged to 
take logs up to 30 ft. in length, but there is 
practically no limit in this direction. The circular 
saw is 60 in. in diameter, and runs at 500 revolu-* 
tions ])er minute. There are three speeds, or rates 
of feed, to the log, and a rapid return. 

A circular stcoi disc of wedge section is placed 
iminwliately hc'hind the saw, to enter the kerf 
after it, and force the two siwn portions apart 
slightly, thus relieving the saw of undue side 
friction, which would tend to heat the saw, greatly 
augmenting its work and decreasing output. There 
is a long vertical roller located in a sliding bearing 
in advance of the saw. against which the log takes 
a bearing when travelling. The roller is adjustable 
by a hand wlmel, and serves as a fence. 

Double Saws. As the capacity of a circular 
saw is liiuitcd as to the diameter it will cut, it 
cannot be (‘m])loyeel to cut u]) big logs. But by 
mounting another saw above, the capacity is much 
increased, as the tw(j V)lades, working up from 
below and down from above, can reach through a 
greater thickness. The top saw is usually of 
smaller diameter than the bottom one, say in the 
relation of 72 in. and 36 in., in the case? of tlm 
larg(T machiiu's. Figure? 32 n'presents a double 
machine, a type similar in all other respects 
to 30. The upper saw is carried on a, spindle in 
sliding bearings on an upright, and the driving 
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belt passes around a jockey pulley by which the 
slack is tak(‘n u]). Tlio teeth of the saws 
fa(?e in o])])osite directions to each other, and 
the direction of rotation is also o])positc. The two 
are brought as close as ])ossible without actually 
touching. 

Framings. 'I'he framework of carriages is 
generally constructed of timber when intended for 
(?xport purposes, and the American builders of 
these machines favour timber framings, on which 
the running wlieels, the dogs, and tlie set works are 
fastened. The timbers arc mortised and tenoned 
together, and well secured with bolts. The frame 
carrying the saw mandrel and the feed-change 
works is also of wood. The reverse motions are put 
into acition by friction wheels. Other classes of 
feeds are the rope or cable, and the direct-acting 
steam (used ehietly in America), discussed in the 
last article. 

The driving arrangements of the circular log 
mills depend on circumstance.s. The pow'er can bo 
derived from a specitd portable engine, belte<) to 
the raw mandrel, or from main shafting which 
serves other machines. An oil or gas engine can 
bo located close to the mill, and belted to the pulley. 
The oil engines are useful for portable mills, or 
those which have to bo re -erected from time to time 
in various parts of the forest. 
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Re-saws. Wo now come to a group of machines 
termed re-mios^ the function of which is to cut up 
dealfl, flitches, planks, et(\, which have already 
been sawn out from logs, into portions of various 
• sizes. The * deal frames already described are 
strictly re-saws, but there are also the smaller band 
and circular saws, which are both rapid in operation 
and handy in respect of the 
variety of work which they 
can be adapted to turn out. 

Adjustmenls can be made very 
^juickly to cut a small number 
»)!’ hundreds of similar pk*ce-<. 

A feature in which these 
(arcular and band ro-saws 
differ from log-sawing machines 
is that the tables do not 
usually travel, but the timber, 
being more or less even, is 
slid along smooth surfaces, 
with or without the lieli) of 
rollers. The three chief methods 
of feeding are rope, chain, and 
roller. The ropa-ferd is suitable for irregularly- 
shaped timber, or for driving small logs. The 
bench [3T1 (Thos. Robinson & Son, l^hl.) embodies 
a cored easting, carrying three bearings for the 
saw spindle. The timber, is drawn along on the 
top of the. table past the saw 
by a ro])e, fitted with a drag 
hook at the end, as seen, and 
the rope wound round the 
drum at the left-liand end of 
the bench. Four rates of sp .'cd, 
from 15 ft. to 00 ft. or upward 
per minute, can be obtained 
through the medium of cone 
pulleys, and the movement of 
the rope can be instantly 
started or stopped byd browing 
a clutch in or out of goa»*. The 
s|)eed of the drum is reduced 
by back gears. The rope is 
passed up over a roller at the 
edge of the table, this roller 

enabling it to run over the edge without friction, 
fn cutting long ])ieces, which overhang the ends 
of the bench to a considerable distaiici*, so iie 
extraneous supjiort is required ; this is afforded 
by a. trolley at eacli end, running on lines of 
rails laid down in line 
witli the m a c h i n e. ' 'fhe 
timber, thercffM-e, rests on 
one trolley, and gradually 
leaves it, to pass over the 
bench jiast the saw and be 
supported by the other trolh^y. 

The fence ' for keeping the 
timber straight is fltted w'ith a 
eounterbahuiced roller, pulled 
over by a weight, in a similar 
manner to that described in 
connection with 28. 

Some roi)e-feed benches 
have, instead of the small 
drum, a large grooved wheel 
placed \vith its spindle at 
right angles to the saw man- 
drel ; it lies close up to the end of the bench, and 
thero]^)e is conducted over a small pulley on to the 
table. The ro])e is subjected to less strain while 
lunning on the large pulley than it is on a small 
drum. When the rope has been pulled along 
to its drum or wheel, the return, in readiness 



DOUBLE SAWS FOR LARUE LOUS 




34. SAW BENCH W'ITH COMBINED HORI- 
ZONTAL AND VERTICAL ROLLER FEEDS 


for another feed, is effected by pulling at it 
with the hands, the clutch being thrown out mean- 
while, so that the drum revolves freely upon its 
spindle. 

Chain-feed Benches. Chain-feed benches, 
which are employed principally for cutting up 
sleepers and tlic various short piece.s of waggon 
framings, have a greater 
output than the ro]>e-feed 
machines^ because the action is 
eontiniioiis. One, or in some 
cases, two endless pitch-chains 
are driven over wheels at the 
ends of table, anjl they run in 
grooves ])ast the saw. I'he 
timber is fed by the pressure 
of dogs dro]>ped on to the 
chains between the links. As 
the chain or chains are always 
running, the timber can be 
pushed along as fast as it is 
placed in position. Katen of 
feed vary from 40 ft. to 1£0 ft. 
per minute. Some of these machines will split 2,500 
balks in a day of ten hours, resulting in the pro- 
duction of 5,000 sleepers.- 

Roller-feed Benches. The best method 
of feeding, providing the work is suited thereto, is by 
eontiniiously revolving rollers, 
either horizontal or vertical, 
the latter method predomina- 
ting. A horizontal roller 
bench is shown in 33. one of 
IVfessrs. Robinson's designs.’' 
The rollers, which arc smooth, 
lie at the ends of the table, 
and their top surface is raised 
slightly above that of the 
table. They are driven at any 
one of three different s|)eedH. 
and the weight of the log. 
or flitch, combined with the 
downward pressure of the 
revolving saw, gives sufficient 
friction to fee'll. 1'he rollers 
can be reversed at a quick s])eed, in order to return 
heavy pieces after eaeli sawing. The largest of tlu* 
maeliines takes saws up to 5 ft. in diameter. 

One of (h(‘ most useful forms of roller- feed bench 
is that shown by the drawings iu 35 of a bench 
taking 12 in. saws, and having 
a table measuring tt ft. by 3 ft. 
The example is one by Messrs. 
.Jolm Sutcliffe & Son, Ltd., 
Halifax, and shows it in side 
elevation, plan, and two end 
elevations. The saw spindle, 
A, is supported in two bear- 
ings, the outer one being 
placed outside the driving 
pulley; the latter is inade 
slightly larger than its adjacent 
loose pulley, on which the l.M‘lt 
is slid to run idle and slack. 
The belt shipper is seen to be 
actuated by a pivoted lever 
worked from a rod passing 
through to the front of the 
bench, where the control is best effected [see the 
plan view]. Removable jflates are fitted oyer the 
bearing and the spindle end to facilitate examination 
and the changing of saws. The feed rollers BB, 
serrated in ratchet form, arc revolved against the 
timber, and force it along while making contact 
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with the fence C. A number of small plain rollera 
are set in the fence, to relieve the friction. 
( Lateral adjustment, to suit the thickness of wood 
it is desired to cut, is effected by a transverse 
screw passing through the table, and turned by a 
small knob seen near the riglit-haud end. Quick 
. adjustment is ])rovided for by a locking handle, 
which releases the fence, enablijig it to be shifted to 
c and fro instantly. 

The mechanism of the feeding rollers includes a 
radial arm, P, ]>ivoting upon a pillar bolted to the 
table, and carrying a rod in clamp bearings, which 
rod holds the vertical shaft bearing of the rollers, 
and is adjustable in the clamp bearing to accomino- 
.date different diameters of saws. Pressure against 
the wood is produced by a rope or chain pulling at 
the side of the bearing, leading over guide jmlleys 
at E, to a weight at F. I'lie rollers arc driven in a 
positive manner by a pitch chain on the top of the 
shaft, worked from anotluT shaft, ({, which passes 


a bench f84] which mcorporatc.s the horizontal and 
the vortical rollers. The details will be clear from 
the illustration. The vertical rollers are adjustable 
vertically upon their shaft, to suit varying heights 
of timber. The reason for the adoption of twd^ 
rollers is that a better grip is secured on the timber.’ 
When the horizontal rollers are in use, the radial 
arm is pushed round to the back of the bench. 

In one type of machine the feeding is ’imparted 
by a fluted roller, which projects through an opening 
in the table in front of the saw, the amoimt of pi*o- 
jection being variable, to suit the nature of the 
timber. In all these roller-feed benches, the stuff 
can be fed continuously, and the length of time 
during which the saw will be running idly is reduced 
to a minimum. 

f ‘anting fences, ace designed for use with the 
roller-feed benches, to cut fcathcr-edged boards, etc. 
The fence tilts boilily with its rollers, so throwing the 
stuff over in relation to saw. A special class 
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four-stepped pulley, H. belted from another pulley,, I, du]ilioatcd at the end, by means of which the deal or 

which derives motion from a pair of ijulleys, one on batten can be passed through and be divided exactly 

its shaft, and one on the saw mandrel, at K. A claw in halves by the saw, the rollers being self-centring, 

clutch, put into mesh by a handle at the front of At the same time, the machine can be adapted to 

the bench, enables the sawyer to start and stoj) tlie sawing boards of varying thicknesses by locking 

rollers instantly ; the clutch w'orks into teeth on one of the rollers and using it as an ordinary fixed 

the stepped pulley. At cjich end of the bench a feriee. A canting movement is fitted in certain 

smooth roller rests in bearings to take the weight eases, to throw the stuff over for cutting feather- 

of the wood as it passes over, and so to lessen the edged work. 

friction. If it is desired to use the machine without In these machines the table is represented by 
the roller feed, the radial arm can be swung out of narrow ledges only, just sufficient to carry the width 
jthe way, leaving the bench free. of stuff being dealt with. 

Combination Feeds. Several tyjies of Saws are duplicated on a spindle in some cases 
baches are constructed with a combination of for making more than one cut along a piece of 

as rack and roller, or rope and roller, the idea stuff, with the idea of saving time and producing 

being to use one for rough logs, which cannot be fed repetition work. Some of the chain-feed benches 

rollers, and the other for regular pieces, like are constructed with a saw flanking each side of 

deals. Such machines are very useful to sawyers the chain, for edging deals and boards after they 

cannot have two separate benches for the have left the log frame. Small logs may also bo 

dyiuor^t classes of work. Messrs. Robinson make squared on two sides simultaneouslyi 

Continued 
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•THE object of the operations which arc colloe- 
* tively known as the refining of cnule ]>etroleutn 
is to s^^pOTcatc the liquid into a series of ])rodu(*ts 
best suited for various industrial uses. (Viide 

K etroleiiin as it comes from the well has already 
een shown to consist chiefly of a niixturo of 
hyd oearbons or chemical compounds of the two 
elements hydrogen and carbon, 'these hydro- 
carbons exhibit a progressive range of boiling ])oints, 
those at one end of the scale boiling at common 
temperatures, wliilst those at the other end require 
to be heated to many hundred degrees Fahrenheit 
before entering irito ebullition. 

Fractional Distillation. It is, therefore, 
obvious that if we a|)ply a gradually increasing heat 
to the eriide j)etroleum we shall successively con- 
vert one constituent affer another into vapour in the 
order of their boiling points, and if we pass this 
vapour through n tu])e surroumled by cold water 
we shall cause it to return <o the li(piid (iondition. 
The liquid so obtained may evidently be collected 
in as many separate portions as wc wish, and we 
have thus the means of dividing and subdividing 
the crude oil into various juoduots. The ])ro(tess in 
question is termed fractional diMillation, and the 
separated liquids or distillates are (tailed Iractinna, 
Stills and Condensers. On the ]»rartical 
working scale the fractional distillation is carried 
o\it by the use of a still and a condenser. The still 
usually consists of a horizontal cylindrical vessel 
of iron or steel ])lale, with a (loiii(\ like that of a 
steam boiler, from which a tube or vaj)our-pipe 
passes w ith a slight downward inclination to the con- 
denser. The still is set in brickwork, and is heated 
by a furnace. The condenser commonly consists of a 
coil of iron tubing, or a scries of straight pipes joined 
by curved i)i])es or bends, placed in a tank filled \\ith 
cold water. The outh^t end of the condenser passes 
into a trough arrang(*d so that the stream of liquid 
issuing from the condenser may l)e diverted into 
various receptacles. 

Products. When ordinary crude petroleum 
is heated in such a still the first commercial ])ro- 
duct which Hows from the condenser is petroleum 
spirit, or benzine, and Ibis is allowed to flow into the 
tank provided for it until the temperature of the 
contents of the still has risen to such a point that 
distillation of the next commercial pr()duet — namely, 
the petroleum oil or kerosene, for use in lanqjs — 
begins. The stream of distillate is then diverted 
into the kerosene tank until tlic whole of this 
product has been obtained. 

On further increase of temperature oils of liigher 
boiling point, intermediate in character between 
the kerosene and the lubricating oils, distil over, and, 
lastly, lubricating oils of various grades issue from 
the condenser, these containing the solid paraffin 
wax if the crude oil^undergoing distillation contains 
this substance, the residue in the still consisting of 
coke if the distillation is carried to dryness, as it is 
termed. 

Usually the process herein described is con- 
duotc4 in; tyro parts, the benzine and kerosene being 


separated in one still, and the distillation being 
eom]>leU^d in aiudher still to which the residual oil 
is transferred. In some districts, and notably in 
Kiissia, only a small proportion of the residue which 
remains after taking off the benzine and kerosene is 
further distilled, the gri^atcr part of tlie residue 
being sold as licpiid fuel. Where the distillation 
is l arried to dryness, the operation is completed 
in (^ast-iron stills, the bottoms of which arc of hemi- 
spherical form. In the distillation of (ho lubri- 
cating oils it is customary to inject steam into the 
stills, as this lends to prevent the products being 
injured by overheating, and facilitates the passage of 
va])oiir from the still to the condcns('r. On the 
other hand, in the distillation of the kerosene, 
overh(‘ating is often aimed at, the yield being thus 
increased by what is known as “ cracking,” which 
is tlu* conv(*rsion of some of (he heavier consti- 
tuents of the (Tude oil into lighter ones of lower 
Imiling point. 

The benzine distillate', is re-distillcd with the aid 
of steam, so as to subdivide it into the vari(uis 
eommereial ]>roduc1s, including motor s})ii’it. 

Continuous System of Distillation. 
'Pile process of fractional distillation which has been 
described is know'ii as the intermittent system, 
because the still has to be periodically rc-chargecl. 
In (‘(mducting the procc'ss of continuous distillation, 
which is the system commonly adoptfwl in Russia, 
a series of stills is employed. The sec’ond of the 
stills in this serh's is heated to, and maintained at, 
a higher femperature than tin*, first, the third to a 
higher temperature than the second, and so on 
Ihroughout the seric's of ten or a dozen, or even more, 
stills. The crude oil is caused to flow slowly through 
the whole series, being thus subjected to a gradually 
increasing heat, while the teiii|H‘rature of the con- 
tents of each still remains practically constant. 
Under these conditions each still continuously 
yields a ])rodiud of given boiling point corresponding 
wilJi the temperature at which it is maintained, 
and the loss of time, w'aste of fuel, and injury to 
plant involved in cooling d(^wn and re heating the 
stills in the intermittent system arc avoided. 

Benzine and Kerosene. The boiizine or 
benzine products and kerosene arti purified by agita- 
tion suceessively W’itli sulphuric a(;i(l and a solution 
of ('.austio soda, folio wt'd by washing with water, 
and when the crude oil contains sulphur a sjKieial 
process is also adopted to remove this impurity 
from the distillates. The agitation is effected by 
means of compressed air, the operation being con- 
ducted in vertical cylindrical iron vessels termed 
agitators. 

Lubricating Oils and Solid Paraffin. 

The lubricating oil distillates obtained from crude 
]ietroleum containing solid jmraffin arc artificially 
cooled to a low temiH'rature, when the paraffiii 
crystallises out and is separated from the oil 
by means of filter presses and hydraulic presses. 
The paraffin thus obtained is cast into thin cakes, 
which are slowly heated in an oven, when the most 
fusible or readily melted part liquefies and rims 
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away, carrying impurities with it. The reskhml 
wax is then melted up and refined by jueans of 
animal charcoal or fullers’ earth, being thus ren- 
dered colourless and odourless. The separated 
lubricating oils of various grades are purified in the 
same manner as the kero.scne by treatment with 
acid and alkali. 

Vaseline* Th's product Is obtained by con- 
centrating the residuum of ordinary Pennsylvanian 
or other similar petroleum to the consistency of 
butter, and dissolving it in petroleum spirit, the 
solvent being ovaporaied off after ro]^K".ated treat- 
ment of the solution with animal charcoal. 

Characters of the Commercial Pro- 
ducts. On rcdistillation, benzine obtained from 
the crude petroleum of the Onittnl States may be 
<livided into gasoline and a number of other less 
volatile ])roducts, but gasoline itself is sometimes 
further subdivided into cymogcnc, rliigolene, and 
gasoline. Cymogeiie boils at .‘12 F., and can there- 
fore be preserved only in a licpiid state in a freezing 
mixture, or under pressure; while rliigolene has a 
boiling ])oint of 05^ F. These yirodiuds, which have in 
admixture a specific gravity of '03(), are much used 
for surgical ymrposos as local ana'stlietic.'!. A highly 
volatile prodiujt, of sjiecifii; gravity ( 120 , olitained 
from gasoline, has long been omploj'od for the same 
purpose ill admixture with sulphuric ether. The 
generic term of pdrokum ether is a[)])lie‘d to the 
prodiuit in (yuestion (not the mixture), but various 
jther descriptions of yietrolcum (dher of higluT 
specific gravity and lower volatility (or higher 
boiling point) are madi^ in this country, (iasoline, the 
specific gravity of which usually ranges from '(>42 to 
*(548, is used to carburet air, in what are known as air- 
gas machines, for burning as an illuminant, and is 
also largely employed as fuel in cooking-stoves in 
the United States. For use in the iutcmal com- 
bustion engines of motor-cars, preference lias long 
l)een given to a petroleum s]>irit of ‘(>80 sj>ecifi(; 
gravity imy)orted from the United States or manu- 
factured in this country ; but it has become difti- 
cult to obtain adequate siqiplies of this product, and 
within recent years there has been a progressive 
increase in the specific gravity of the spirit employed 
for the purpose. Moreover, a large proportion of 
the benzine now imported eomes from the Dutch 
East Indies, and this product has a lower boiling 
point in relation to the Ki>ecifie gravity than that 
of the American spirit, so that the specitii^ gravity 
has ceased to be a trustworthy guide to the vola- 
tility of the product unless the origin of the spirit 
is also taken into account. The American deodorised 
naphtha or benzoline of (;ommcrc;c, wliich has a 
specific gravity of about 'TtX), is used for detergent 
purposes in the process known as dry -cleaning^ and 
as a source of light in sponge lamps. Petroleum 
spirit from Rumanian petroleum is also now an 
article of commerce in this country. 

Refined Oil. The refined oil (kerosene) 
obtained from the crude petroleum of the United 
States is of several descriptions, but only two of 
th^e-— the ordinary American lamyi-oil of commerce, 
known under the brands of Tea Rose, Royal Day- 
etc., and water-white or high test oils, sold 
under the brands of White Rose, Snowfiake, etc. — 
are imported into this country. The ordinary oil is 
usually of a pale straw colour, and has a specific 
/^avity of about ’8(Xb Ite flash-point is generally 
not much above the lepl limit of 73’ F. (AI^I test). 
The higher grade of oil, of which the average crude 
/petroleum yields only about 15 per cent, or 1(5 per 
'cent., is colourless, or nearly so, and has a specific 
of about 'TO. Its flash-point is over 100*’ F. 


(Abel test). There is also manufactured to a small 
extent a burning oil having a specific gravity of 
*825 to *830 and a flash-point of about 250’ F, 
(Abel test). Of this oil, which is usually known as 
min r(d wlzei cU, about 10 per cent, may bo 
obtained from the crude petroleum. 

Russian crude petroleum furnishes parallel pro- 
ducts of a somewhat different character. The yield 
of benzine is usually much lower, and the ordinary 
keroa^*ne, obtained to the extent of only from 27 per 
cent, to 40 per cent, of (he crude oil, has the com- 
paratively high si>eciHc gravity of ‘825, and a flash- 
point of about 85' F. (Abel test). The most im- 
l>ortant eommorcial |)rodiict is the residuum, which, 
under the name of is very largely employed 

as liquid fuel. 

Kerosene is also im]>orted into Ctreat Britain 
from Rumania. 

Of mineral oils for Iiibrieating piir]) 0 scs an exten- 
sive series is imported from the United States and 
Russia under the unmes of spimllo oil, cmgiiic oil, 
<*ylinder oil, valve oil, ete., the ruimes indicating the 
general ehara<;(ers and uses. 'I'hese oils are of various 
specific gravities, flasli-jioiuls, and viscosities, 
according to the purposes for which they are 
intended. 

Oils for gas-making and other purposes, inter 
mediate in ]>liysit‘al eluiracters betwecai the burning 
oils and the lubricating oils, are also imported. 

Methods of Testing. Althougli, for com- 
mercial [Mirposes, many tests are aj)plied to ]>etro- 
leum ])roducts in order to ascertain their suitability 
for the uses to which they ar(^ intended to be put, 
the legal enactments arc bused solely on the deter- 
mination of the risk of fire as measured by the 
temperature at, which infiammal)!© vapour is given 
off l)y the oil, the test being known as that of 
ftashbig-p int or flash -p:.int, and on this basis regu- 
lations are made respecting the keeping, carriage, 
and handling of such crude oils and products ns are 
regarded as dangerous. The early petroleum legis- 
lation in the United Kingdom fixed the standard of 
flash-point at 100’ F., the test being performed by 
lieating a sample of the oil in a small open cup 
])laced in a watfT bath, the arrangement resembling 
a earpenter's gliiepot, and passing a small flame 
at intervals across the surface of the oil as the 
tem]>erature rose above 90' F., until a pale-blue 
flicker or flash was observed. Owing to the unsatis- 
factory results furnished by this (comparatively 
rough method of b'sting, the Petroleum Act of 
1879 was ])assed with the object of substituting the 
“ Abel test,” devised by the late Sir Frederick Abel, 
ill which a closed imp is used. The Abel testing 
instrument consists of a (cylindrical oil vessel, fitted 
with a thermometer and }>rovided with a cover, in 
which there are three openings. These openings aro 
covered and uncovered by means of a slide working 
in guides, and having corresponding perforations. 
As the slide is drawn back to open the cup, it auto- 
matically tilts a small test lamp, so that the flame 
of the latter just enters the oil vessel. The oil cup 
is placed in an air- jacketed space in an outer vessel 
containing water previously heated, and, in order 
to ensure uniform results, the test has to be per- 
formed in accordance with specific directions relat- 
ing to the filling of the oil cup, the initial tempera- 
ture of the water bath, the size of the test flame, and 
the time occupied in applying this flame. The first 
application of the flame is made when the oil attains 
a temperature of 66'’ F., and the standard flashing- 
point is fixed at 73® F., this tem|>erature correspond- 
ing to the^ old standard of 100® F. in the open cup. 
A modification of this apparatus, in which the sli(lp 
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iwniov^ed by clockwork, is used for testing pctrolouiu 
under the Indian Pctroloimi Act, the minimum 
H<i8hing-))oirit foi safe oil being fixed at 70" F., with 
a correction for the effect of variations in atmo- 
spheric pressure. In India tlie application of the 
test flame is directed to be begun at a relatively 
earlier stage of the test than in colder countries, 
with the oojeot of getting rid of the vapour which 
is liable to be disengaged from the oil in filling the 
(jup in a tropical cliinato, as this may cause a flash 
to occur prematurely. 

Testing Lubricating Oils. For testing 
the flash-point of lubricating oils, another iiiodi- 
tication of the Abel a])i>!iratus, known as the 
Pensky-Martens tester, is largely used. Tlic «)il- 
<uip of this instrument is fitted with a stirrer to 
ensure uniformity in the temperature of the eon- 
lents of the cup, and the a])])liealion of the test 
flame (furnished by coal-gas issuing from a small 
jet) is effected by means of a rotating vertical rod. 
The oil-cup is heated to fho requisife lemperalure 
ill a east-iron air bath surrounded by a brass jack<‘t. 

The viscosity of lubricating oils is also tested, for 
tin's affords a measure of the relative lubricating 
values of the oils. 'Ilie iiislru meats einj)loycd in 
making this t<‘st are termed /v’.vrs/wj tcr-v, ami tlu'ir 
action is usually based u])()ii the principle of deter- 
mining the time oecu])ied in the outflow of a speei- 
lied quantity of the oil fluougli a jet or small orifice 
at a. given k*mpef‘atur(\ The standard iiistrumcnf 
in this country is the Redwood viscouicter, while on 
the Kuro])cau contiiumt a somewhat similar form 
of apparatus, known as the Kngler vis(;omet<T, is 
largely used. 

The commercial value of i)arafliii wa.x is largely 
governed by the so-called unlfing point (which is 
really the setting point or solidifying point) of the 
material. I’his is detenniiiod by melting a. small 
(juantity in a test tube and stirring it witli a sensi- 
tive thermometer while the tube and its contents 
are allowed to cool slowly in the air until a point is 
reached at which the cooling is arrested by the heat 
given out by the solidifying ])a ratlin, and the mer- 
curial column remains stationary for a short time. 
The temperature recorded by the thermometer when 
this occurs is the melting i)oint. 

Transport. Refined oil (kerosene) is chielly 
transported in bulk in tank steamships, tank barges, 
tank railw^ay waggons, similar to those already 
referred to as being employed in the carriage of 
crude petroleum, and tank road waggons, tlic aim of 
modern practice being to cheapen the cost of trans- 
lX)rt by keeping the oil in bulk from the time it 
leaves the refinery until it reaches the lamp in which 
it is burned. The iise of the 40-gallon wooden barrels 
in which this product was at one time so largely 
distributed has, accordingly, been almost entirely 
superseded, but “ cases,” which are wooden boxes, 
each holding two tin cans of 4-gal. capacity, are still 
largely employed for sending the oil into sparsely 
populated countries, especially in the tropics. 

At the present time the Atlantic j>ctroIcum 
steamship fleet is a largo one, and some of tlio 
vessels are of groat capacity. The engines and 
boilers are sometimes placed amidships and 
sometimes at the after end. The tanks arc 
formed by the skin of the ship, a decking, and a 
series of transverse bulkheads, with a central fore- 
and-aft bulkhead, and they are isolated from the 
stokehold and engine-room by a double bulkJicad 
or coffer-dam, two of these "being required when 
the engines are amidships, and the screw-shaft 
being then carried tlirough an oil-tight tunnel. The 
most important fundamental principle of construc- 


tion lies in the provision of expansion trunks, ex- 
tending upwards from the top of the tanks, by means 
of which the contraction and exjiansion of the oil 
under changes of temperature are allowed for, and 
the tanks always remain full. If it were not for this 
arrangement the tanks would be liable to overflow 
or to become ))artially empty, when the oil would 
be liable to bo set in oscillation and the safety of tlm 
shifi would be inqicri led. The oil is delivered into 
these stCMiiiships by pi])(‘-Iines, and is discharged at 
the rate of hundreds of tons per hour by the vessel’s 
]>owerful ])iimps. 

Lubricating oils arc now very largely shipped 
from the United States in bulk, and wholly so from 
Russia. Tlie gas-oil usc'd by gas companies in the 
manufacture of carburet ted water-gas, and in tlio 
enriching of coal-gas, is also shipped in hulk. 

Paraflin scale for candle-making is transported in 
bjirrel.s, lla* material being freijuenlly run into the, 
packages in a melted state ; and [larattin wax is 
[laekea in cases. 

Under the bylaws of the I’hames Conservancy, 
petroleum spirit, now almf)st eniirely im])oited in 
bulk, is landed at 'I’liaines Haven, and is brought up 
the riv(‘r in licensed tank l)argeH. 

Scottish and Other Oil Shales. The 
bituminous shales oeeun ing in Scotland (Liiilitligow 
and xMidlothian), France (Autiin), New South Wales, 
N(wv Zealand, Nova Scotia, Servia, and elsewhere, 
yield on flestriictivo distillation, besides ammonia, 
a series of eoimnercial products, including burning 
oil, lubricating oils, and solid paraflin. resembling 
those obtained from crude petroleum. The Scottish 
shales usually give from IS gal. to flO gal. of crude 
oil to the ton, and in some eases as much as (iO lb. 
to 70 lb. of suli)hate of ammonia. A rich deseri[)- 
tion of shal<‘ is mined in Now South Wales, which 
furni.shes over 100 gal. of oil to the ton, and some 
of the New Zealand shale is remarkable for the very 
large proportion of solid paraflin obtainable from 
the products of dtstillatioii. 

Scottish Shale Oil Industry. The 
industry has sutTered severely from the eom- 
petition of imported petroleum products, but 
a(h ersity has been met in a manner deserving of the 
highest ])rai,st', remarkable improvements in plant 
having been made, and economies efleeted in work- 
ing costs. Ill this eomieetion it should be pointed 
out that in tlistilling shale there is an additional 
source of profit in the ammonia obtained with tha 
oil, and that of the most valuable of the oil products 
- namely, the solid paraflin — shale oil usually 
gives a coiiijiarativcly largo yield. 

Oil shale is mined simiuirly to coal, is screened 
at the mine, and on reaching the works is broken by 
machinery into flat pieces about six inches sqiiaiH.'. 

Shale Retorts. Horizontal retorts, similar 
to those used in coal-gas manufacture, were at first 
adopted for the distillation of the shale, but at an 
early date these were replaced by vcrtiiral retorts, 
and .steam was injected into the retorts to carry off 
the oil vatxmrs. Distillation under reduced pres- 
sure was subsequently introduced, and the spent 
shale was utilised as fuel for heating the retorts. 
'Fho use of .steam increased the yield of oil by 20 
licr cent., and by subjecting the shale to a higher 
temperature in the presence of steam after the oil 
had been driven off at a moderate heat, a much 
larger proportion of the nitrogen was obtained in 
the form of, ammonia. 

Various improvements in shale retorts wore made 
from time to time by Young, Henderson, Beilby, 
Fyfe, and others, with the objects of diminishing 
the cost of working and increasing the yield of oil 
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and ammonia. The retorts at present in use, of 
which one type is shown in 2, hold about 30 cwt. 
and are about 28 ft. in heiglit ; they consist 6f an 
upper portion of cast iron, surmounted by a hopx>cr, 



and a lower portion of firebriek. Tliey aic set in 
benches in a combustion chamber, and are heated 
through the agency of a gas-prod ueer. The upjKir 
art is heated to dull redness, and the lower to a 
right, red heat. 

Retorting- The ja’oeess of distillation is n 
continuous one, the spent shale 1 eing gradually 
withdrawn from the base of the retort, and a cor- 
responding quantity of frt^sh shale entering from 
the hop}x^r at tlic top. About t wenty-ft)ur liours is 
occupied in the passage of the shale through the retort. 

The vapours issuing from the distilling charge, 
amounting to about 3,0()() ciihie ft. ])or (on of shale, 
pass from the to]) of the retort into n vertical 
tube condenser, where the oil and ainmoniaeal 
liquor are s(;parated. "J’he uiu'ondensed gas may 
be used for lighting or heating, or the very volatile 
liquid hydrocarbons which it contains may Ix^ 
obtained by pas.sing it through a scrubber, and 
the residual gas, which Hum has no illuminating 
power, is utilised as fuel. 

The umrnoniacal liquor from the condenser is 
distilled, and the liberated ammonia is brought 
into contact with sulphu ic acid, with wliich it 
combines to form commercial sulphate of ammonia. 

Shale Oil Refining. The crude shale oil, 
which is of a dark green colour, is subjected to a 
continuous process of fraction il distillation substan- 
tially similar to that already described us applied 
to crude petroleum, and is thus se})arated into light 
and heavy oils and paraffin wax, steam Ijeing passed 
into the stills in order to facilitate the ojwration 
and prevent injury to the products by overheating. 
The light oil furnishes a small projwrtion of naphtha 
on reaistillation, after treatment with acid and 
alkali, the remainder of the light oil consisting of the 
burning oil, or paraffin oil, used in lamps. The heavy 
oil is cooled, so as to cause the solid hydrocarbons 
to crystallise out, and is then passed through filter- 
presses, Which separate the paraffin from the oil. 

Paraffin Refining. The crude paraffin was 
formerly refined by dissolving it in the naphtha 
obtained from the light oil distillate^ allowing it 
to prystalliso out in shallow trays, and pressing the 
cakes thus obtained. This method of treatment 
however, been superseded by the “ sweating ** 
in which the paraffin is pumped, in a melted 


state, into shallow trays, supported above transverse 
heating- pipes in a closed chamber or^tove. Each 
tray is fitted with a perforated strainer, of about 

10 apertures to the inch, which is covered to the 
depth of about half an inch with eold watef, the 
melted paraffin floating on this layer of water above 
the stiainor. When the paraffin has solidified, the 
water is drawn off, and the cake of paraffin rests 
on the strainer. Steam is then passed tluough the 
heating-pi|X?s, and the temperature of the stove is 
slowly and cautiously raised to the point at which 
sweating takes place. The effect of the heat so ap- 
plied is to cause the softer and more fusiVde portion 
of the paraffin to melt and drain through the strainer, 
carrying with it the impurities, and this portion is 
drawn off. The hard paraffin remaining on the 
strainer is then melted by further raising the tem- 
}ierature of the s'ove, drawn off from the tray, 
decolorised by agitation for some time with animal 
charcoal and cast into cakes for sale to the candle 
makers. 

Yield of Products. The heavy oil from 
wliich the paraffin has been separated in the filter 
presses yields, by further refining, a scries of lubri- 
cating oils of various s])ccific gravities, flash-points, 
and viscosities. The pro})ortions of the various 
commercial j)rod nets yielded bv^ Scottish shale vary 
with thcTialiire of the shale and the process of manu- 
facture, but may bo taken as ordinarily being about 
3 ])er cent, to per cent, of naphtha (including 
gasoline), 30 per cent, of burning oil (including 
gas oil), 18 per cent, of lubricating oils, and 10 per 
cent, of paraffin (refined and semi-refined), the loss 
bc'iiig thus no less than 30 ]>ei’ cent. The loss is 
very large (‘omparod with that sustained in the 
refining of (Tude })etrolcum, and indicates the dis- 
advantage under which the shale-oil refiner works. 
Before he is in tlic same position as the petroleum 
refiner he luis to mine and break the shale and sub- 
ject it to destructive distillation, and his crude 

011 is far more difficult to refine than the raw material 
with which the ])etroleum refiner usually has to deal. 
Against the extra expenditure which this entails 
the profit on the sulphate of ammonia is to bo set, 
and it is this, coupled with the large yield of the 
valuable product, paraffin, which has enabled the 
shale-oil industry effectively to meet the com- 
petition of petroleum. 

French Shale Oil Industry. In Fr<mce 
tJie distillation of shale was tegun as far back 
as 1830, and the French industry is, therefore, 
much older than the Scottish, though it has made 
less progress, and is of smaller oonmiercial import- 
ance. The chief centres of the industry arc at 
Autun, and Buxicrc-les-Mines. The shale yields 
only about 17 J gal. of oil to the ton, and 6 per cent, 
to 7 ])cr cent, of sulphate of ammonia. The oil 
is fractionated and refined in the same manner 
as Scottish shale oil, but is less easily converted 
into commercial products of satisfactory quality. 
It yields about 3'5 per cent, of naphtha, 19 per cent, 
of burning oil, 23 per cent, of gas oil, 8 per cent, 
of pale oil, 17 p?r cent, to 18 per cent, of luoricating 
oils, and 2*7 per cent, of refined paraffin. The 
industry has declined since the removal of the 
heavy import duties on crude petroleum, which 
formerly piotected it. 

Australian and New Zealand Shale 
Oil. In Now South Wales, a so-called “ kerosene 
shale,” resembling cannel coal, haa been mined and 
distilled since ISfiS. Some of this mineral yields 
over 100 gal. of oil to the ton. The retorting has 
latterly been carried on near Torbane, west nf the 
Blue Mountains, and about 130 miles horn Sy^ey, 
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the crude oil being transported by rail in tank 
wagons to a refinery at Hartley Vale. Recently 
an English company has been formed to develop 
the industry on a large scale, and plant for 
retorting and refining, capable of dealing with a 
large output of shale, is in course of erection. 

Bituminous shales occur in the upper portions of 
the coal measures of New Zealand, .and that which 
is found at Orepuki yields a crude oil containing 
a remarkably large proportion of solid hydro- 
carbons. 

The Rrown CoaNtar Industry. Tn 

Prussian Saxony, the destructive distillation of lig- 
nite, and conversion of the tar obtained into com- 
mercial products resembling those yielded by shale 
oil, constitutes an industry of local im})ortanee. 
The tar is fractionally distilled under reduced jires- 
sure, with the object of preventing the decom- 
]:)Osition which would otherwise occur, and in this 
manner from S j)er cent, to 30 per cent, of light oil, 
15 per cent, to 30 per cent, of lubricating oils, and 
1 ‘6 per cent, to 1 2 per cent, of paraffin, are made from 
it. In other respects the process adopted resembles 
that already described as applied in the refining 
of shale oil. 

Kimmeridge Shale. The extensive deposits 
of shale in Dorsetshire admit of being mined at a low 
cost, and give a satisfactory yield of crude oil, but 
the refining of this oil presents except ional difficulties 
which have hitherto stood in the way of its utilisation. 

Uses of Petroleum. Crude petroleum has 
from the earliest times been employed as a 
curative agent, especially in cutaneous affections 
of men and animals, in the treatment of wounds, 
and for the relief of strains and rlieuinatism. For 
pharmaceutical purposes crude petroleum is no 
longer in general use by civilised communities, 
but the well-known product vaseline is very 
largely e.nployed, both alone, and as a means of 
applying medicinal substances, where local action, 
rather than absorption, is desired, its physical 
and chemical characters rendering it superior to an 
animal fat for such a jmrposo. 

Vaseline is also largely used us a protective 
coating for surfaces liable to injury from damp 
and exposure to the air ; and it is an important 
ingredient of the smokeless explosive, cordite. 

In surgery the more volatile products of petro- 
leum have been found valuable as aniesthetics, 
especially in producing local insensibility by the 
cold resulting from rapid evaporation. 

Petroleum Lighting and Heating. As 

a source of light and heat, petroleum and natural 
gas have been favourably known for ages, and 
at the beginning of the second half of the ])a.st 
century the petroleum or paraffin lamp and the 
paraffin candle became recognised as among the 
necessaries of civilised life. Indeed, it may he said 
that no modern article of commerce has done as 
much aa refined petroleum to promote comfort and 
extend man’s capacity for leading a fruitful life, 
for it has encouraged domesticity and has largely 
mereased the num^r of hours available for study. 
B-ecognising this, some have even gone as far as to 
jay that the progress of a nation in civilisation may 
he measured by the consumption of petroleum 
per head of popidation. 

"The illuminating agent supplied by the gas 
companies is often largely composed of carburetted 
water-gas, in the manufacture of which great 
quantities of petroleum are used. In some of the 
prmcipal cities of the United States the latter gas 
has, in fact, entirely replaced ooal-gas. Volatile 
petroleum products ore also used in enriching 


coal-gas, so 08 to bring its illuminating power up to 
the required standard. 

Petroleum - driven Vehicles. It is 

scarcely necessary to mention the highly imx)ortant 
part which petroleum spirit is now playing in 
revolutionising the means of locomotion through 
the medium of public service vehicles (motor oumi- 
huscs) in the great cities, and private self-propelled 
(uirriages throughout the coimtry. 

The advent of the })rivate motor-car is directing 
renewed attention to the splendid liigh-roads of this 
country, and is reviving the ancient glork*s of way- 
side hostelries, wi(Ii great advantage to the mental 
and ])hysical condition of those who are fortunate 
enough to he able to employ, wisely, temperately, 
and judiciously, this means of travelling in })lace 
of the railway. 

It is well known tliat the source of power in that 
modern adclitioii to the bclliger(‘nt marine, the 
submarine, is petroleum spirit, those vessels being 
proj)elled by internal-combustion motors whilst on 
the surface of (he water, and receiving their stores 
of the electricity which drives them beneath the 
surface from the same source. 

As liquid fuel for u.se in steam raising for power 
pur|X)seH, both on land and at sea, as well as in 
metallurgical and other w'ork, petroleum has now 
taken a most important place as a heating agent 
of far higher efficiency than even the best steam coal. 

Lubricating Oils. The lubricating pro- 
perties of petroleum were recognised at a very 
early date, anrl one of the first ap]>lication8 <5l 
the more viscous descript iciis of this product 
found on or near the surface of the ground waa 
in the greasing of the wooden axles of primitive 
carta. The manufacture of lubricating oils from 
petroleum has long since been brought to a high 
degree of excellence, and such oils have now very 
largely replaced the aninml and vegetable oils and 
fata previously employed for the purpose. 

There is a large (consumption of the softer and 
more fusible kinds of paraffin for rendering wooden 
matches readily inflammable. Paraffin also i.s or 
has Ixien u.sed in waterproofing match-heads ; in 
sfrengthening and waterproofing woollen fabrics; 
us a “ resist ” in dyeing, the parts of the fabric 
coated with it rejecting the dye ; for lining brewers’ 
vat.s and beer barrels ; for preserving stone, wood, 
eggs, meat, fruit, and tlowers ; for glazing, pro- 
teeting, and waterproofing pa})er ; as an a(Ijunct 
to stureh for glazing linen ; as am auxiliary to soap 
for laundry work ; as an elecdrical-iiisuhitor ; as a 
substitute for fat for absorbing perfume from 
flower petals ; and as an easily-mouldcd material 
in making ship models. 

Petroleum in Soap Manufacture. The 

detergent proi)erties of petroleum account for its 
extensive intro luetion into household soaps. Petro- 
leum is also the active ingredient of certain insec- 
ticides. Petroleum spirit is largely employed in the 
process known as dry-cleaning ; in the extraction 
of grease from leather ; as a solvent for various 
)urposes, and es|)eciaJly, in a carefully prepared 
orm, as a substitute for oil of turpentine for use in 
making paints and varnishes. 

Among other uses of petroleum may be mentioned 
those of ore -concentration, and the removal of 
fusel oil from crude molasses spirit, 

In the form of “ westrumite,” and other pre- 
parations, i>etroleum has been successfully employed 
as a dressing for road surfaces to prevent disin- 
tegration and the raising of dust, its slower rate 
of evaporation rendering its action more lasting 
than that of water. 
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Many patents have ])een granted for the solidi- 
fication of j>etroleum, chiefly with a view to the use. 
of the product as a fuel, either alone, or in admixture 
with coal-dust or other combustible substances, in 
the form of briquettes. Among the solidifying agents 
which have been specified for this use are resin soap, 
extract of quillaia bark, lichen extract, fish glue, 
casein, and glue (with formalin as a hardening agent). 

A product known as soluble ijetroleum is ])rc pared 
by partially saponifying resin previously dissolved 
in the oil, or by blowing air through a mixture of 
resin oil and caustic soda solution, and adding 
to the jelly-like mass thus obtained an aqueous 
solution of a fatty oil soap and mineral lubricating 
oil. The jiroduct is intended to be em^fioyod, in 
admixture with wafer, as a lubricant, especially 
for tools used in boring and cutting metals, and 
is stated to have given excellent results. 

Petroleum as an Illuminating Agent. 

Petroleum or paraftin lamps are usually lifted either 
with a single or duplex flat-wick burner or with an 
Argand burner, the former being more largely us(‘d in 
Great Britain and America, while the Argand, 
or annular wick tyjx*, is more t)opular on the 
Continent. 'Phe latter type of lamp is provided 
with a central air-su])ply channel, sometimes 
extending down through the oil-eontainer to the ba.se, 
and a disc; or button is usually fixed at a short 
distaii(;c above the top of the wick-tiibo, so that the 
upward current of air induced by the heated chim- 
ney is deflected outwards and caused to im})inge on 
the inner surface of tlie flame. Air is also su])plie(l 
separately to the outer surface. Burners of the 
duplex ty])e arc usually fitted wfith an extinguisher, 
which is sometimes arranged to come into action 
automatically in the event of (he lamj) being over- 
turned. 

In one form of lamp the |K*trohniin is vaporised 
and the va|xnjr is conducted into an inverted Argand 
burner : in anotlier a mixture of ]u*troleum vapour 
and air, burning with a non-lmninous flame, is 
employed to heat a Welsbach iruunidescMmt mantl ‘. 

A given amount of light was formerly obtainable 
from mineral oil at a miicli lower cost than from 
gas, but the general use of the incandescent mantle 
has HO largely ad<led to the eflicicncy of the latter 
illuminating agent that tlic comparative positions 
in I'espect of cost have been reversed, nnle.^s a mantle 
be also used with oil. 

Petroleum Lamps. The subject of accidents 
with mineral oil lam])s has in j)ast years attracted 
considerable attyntion, and it has been contended 
.. that the minimum legal flash-})oint of F. should 
be raised to 100’ F. in the interest of ])nblic safety. 

Formerly all lamp accidents were de.scribcd in 
the new8x)apers as explosions, but investigation has 
fihown that at least 75 ])er cent, or 80 per cent, 
of thorn have been due to the overturning or 
dropping of the lamp or to its fraeUire from some 
other cause. In fact, w'ith a pio])erly constructed 
lamp, and with ordinary care and inlclligeiiee in 
its use, an explosion ought never to occur. 

In choosing a table iamp the })urclia.ser should 
note whether it has sufticient stability, or, in other 
WOids. whether it is easily upset or not. If the 
lamp has the usual pedestal its attaehnient to the 
oil container should be substantial. The oil container 
should be of sufficient strength to withstand a fall 
from the height of a table on to a bare w'ooden 
floor without being broken or allowing the oil to 
escape, and, notwithstanding the merits of glas.s, 
it is safer to have a well-made container of metal. 
The burner should be securely attached to the oil 
container, and there should be no opening in it 
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by which flame can communicate with the interior 
of the oil container. The burner should admit of 
being taken to pieces for cleaning, and it should be 
fitted with a good, substantial ch mney gallery. 

The Use of a Lamp. In the care and use 
of the lamp, the following should bo borne in mind : 

1. The wick should quite fill the w ick tube without having 
to be squeezed into it. 

2. Before using, the W'ick should be dried at the fire, and 
tljen imtnediatel.v soaked with oil. 

3. Wicks should i>e in lengths of not more than 10 in., and 
.should always reach the bottom of the oil container. 

4 It is well to change the wick ah.er two months’ use. 

5. Sec that the chimney of the lamp fit.s properly, and is 
licbl sjirticiently tight so as not to fall off when t he lamp is usefl. 

a. When a new wick or ehiinnoy is required, it is always 
advi.siihY* to take the burner to the shop so that it may he 
properly fitted. 

7. The burner should he taken to pieces and thoroughly 
cleansed at least once a month, and all burnt pieces of wick, 
dead flies, etc., should he carefully removed. 

8. Never refill the lamp when it is alight or near a fire or 
other liglit. 

9. After tU|ing, see that the burner is properly fixed on, and 
if there is a side filbng-liolo, be careful to screw in the plug. 

10. Before lighting, reuiov e the burnt crust of the wick. 

11. Bo careful not to s]>ill oil in filling, and if any is sjjilt 
on tl»e Lamp, wi}>e it oft. 

12. Before lighting, see tlmt the slit in the cone of the 
Imrnor is exactly o\er tlie wick-tube, so that the fiaine will 
not tou<*h the metal. 

13. When first lit, ttie wick ^should be partially turned 
down, and then gradually raised, but not so as to smoke. 
Wtieii the edge of the flame is orange colonrcil the lamp is 
not Imrning properly, and the hurner should lie examined. 

14. l>o not cord in ue to burn ttie oil until it is completely 
«‘\luiu8ted. If is Im'.sI to keep the lamp well tilled. 

1,5. Tramps which have no extinguistier shottUl be put out 
tirus ; The wick shmiLl lie turned down until there is only 
a sin.all flickering flame, cai’e being taken not to turn down so 
tar that the wick falls into the oil container. The small flame 
may he extinguished by plaiting a ]iiece of flat tin or card on 
the top of tire ctiimney or liy lilowing across the top of the 
ehimne^v. Never Irlow down the chimney. 

16. Never use a lanrp which is brukrni or in any way out of 
order, or a chimircy which is cracked. Tf any* part comes 
loose, or is ont of sliajie or defective, it should be takerr to 
a lamp shop to be repaired. 

17. Always place the lamp in a sec'ure place, and on a level 
surface, aiai m*\cr on a licketr table, or in an\ position where 
it could be easily upset. Hanging lamps should not be put 
oil insecure nails in ibe wall. 

18. Talile .Lamps should not be carried about more than is 
necessar\ , and nothing else should be carried at the same 
time. Heavy lamps sliould lie carried in liotti hands. The 
gre.atcr number of lamp accidents have* been cau-sed by drop, 
ping a lamp while it was being carried. 

J9. Lamps should not be t urni'd down eveejit for the pur- 
pose of outtliig thcMii ont. tf turned low, the oil is liable to 
lie unduly heated. 

20. Should a ner.son’s clothes liccome ignited, the flames 
shoulil lie .snKithered with a heart Ic-riig, blanket, woollen 
tablecloth, or wet to\vcL 

21. Ne’vtM- pour oil on a fire. 

Outdoor Lighting. Various special kinds of 
Iamp.s arc used in the open air. For use on fihi])8 
atid on the rolling-stock of railways it is necessary 
that the lanij)s shall be constructed so that the air 
sup])ly is not affected by the force of the wind, and 
that water cannot gfiiri entrance. In the lighting 
of large areas during building and engineering. 
o])crations, cxten.sivc use is made of lamps of the 
Idicigeu and Wells type, in which the oil is 
forced up from a closed receiver by compressed 
air and sprayed throuch a heated burner, a light 
of 2,000 to 2,r)(X) candle-power being given. In the 
Kitson lamp for street lighting compre.ssed air is 
•also used to raise the oil to the burnei, where it is 
vax»orisod, and by means of the flame thus obtained 
a large mantle is heated to incandescence. A light 
of 1,000-candlo power is thus produced at the very 
low cost of Id. per 1,000 candle-hours. This repre- 
sents the highest economy hitherto obtained in the 
use of mineral oil, and compares with 2Id. for the 
incandescent table lamp, or 7Jd. for the duplex 
lamrp. The same amount of light obtained from 
coal-gas on the pressure incandescence system (with 
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which the Kitson system of oil burning is fairly 
comparable) probably costs, on the average, about 
l|d. ; with the ordinary incandescent mantle aa 
used in dwellings, 2Jd. (the same as oil); or with a 
rish'iail burner, about Is. (id. The comparative cost 
of incandescence electric light may be \)\\t at Is. 2d. 

Air»gaa. To some extent in this country, and 
far more largely in America, air saturated with the 
vapour of petroleun\ spirit is em])loyed as an 
illuminat'ng agent und ’r the name of and 

various iiiech’iifcal devices are eni ployed to effect 
uniform saturation under varying coiiciitions. The 
air-gas may bo used with ordinary gas-burners, or, 
after admixture with a further (piantity of air, may 
be burned under a mantle. A portable lamp has 
been introduced in which the spirit is absorbed by a 
porous material and gradually vaporised, ll»ft heavy 
vapour (lowing by gravitation to the burner and 
drawing in the air required to produce a non- 
lumiiious flame for heating a mantle. 

Oil«gas. In order to produce a permanent gas 
of high illuminating power (50 candles) caijable of 
hearing compression to 1(J atinosplieres, for use in 
lighting railway trains, buoys, and lightliouses, a 
suitable do.seri])tion of ]M?troleuui is slowly intro<luced 
into a retort maintained at a cherry-red heat. 

Carburetted Water « gas. A 
similar description of oil is also very 
largely used by the principal gas coni- 
])anies in the mnnufaeture of carburetted 
water-gas, and as a substitute for eaniiel 
coal in enriching coal-gus. In the Lowe 
system, used in English gasworks, water- 
gas is formed by blowing steam 
through incandescent coke or antlu a- 
eitc in a generator. This gas is 
passed tlirough a superheater, wliere 
the oil is added, and the mixture 
of oil-vapour and WHt<‘r-gas is then 
taken through another superheater 
of large size in whi(‘h the hydro- 
carbons are converk'd into t)er- 
luanent gas. 

Natural Gas. Certain por- 
tions of tho ])etrolifcrous territories 
of tho United States yields natural 
gas of an estimated aggregate annual 
value of about 3(^000,000 dollars, 
and this gas is used for lighting and heating, as 
well as in the manufacture of lamp-black. The 
gas may usually bo burned with an Argand or lisli- 
tail burner, but the best results are obtained with 
a mantle. For some time, natural gas was used to 
light the railway and toMii at Heathtield, in Sussex. 

Liquid Fuel. Ci-ude ^jetroleum is largely used 
in the oil-fields, for sloam raising, and in refineries, 
>s a means of heating tho stills ; but the presence of 
very volatile constituents is a source of risk in storage 
'>na handling. Accordingly, either petroleum lesi- 
duum, which remains in the stills after the separa- 
< ion of the kerosene from such crude oil as that of 
die Kussian oil-ffelds, or a suitable distillate, w'ith 
'I specified minimum flash-point, is employed on 
steamships and locomotives, as well as in most 
industrial establishments where liquid fuel has 
taken the place of coal. In the British mercantile 
marine the minimum flash-point is 150^ F., but for 
^se in the Navy, liquid fuel is required to have 
I*- flash-point of 200^ F. It is also needful that 
tbe oil should bear exposure to a low temperature, 
say 32® P., without solidifying. 

On the Caspian Sea, and on the railways of 
oouthem Russia, petroleum residuum (ostatki) is 


the sole fuel ; and in California the consumption of 
liquid fuel has reached very large dimensions. It 
is common knowledge that tho British Admiralty 
have adopted oil fuel as an adjunct to coal in the 
modern battleships and armoured cruisers. 

Oil fuel is also not only largely used in the 
furnaces of stationary steam boilers, but is giving 
high'y satisfactory results in metallurgical work, 
glass melting, etc. 

The oil is usually burned by sf)raying or atom- 
ising it by means of steam, hut in some cases 
is broken up into small ])arti{les by forcing it 
und<*r high ]>r(*ssure through a amall oriiice. IMic 
Holden burner, employed in tliis country on the 
kx'omotives of the (Jreat Eask'rn Railway, is 
shown in 3. I'lie oil is admitted to (he interior 
of th<' eoned body A A through a. regulating 
valve, BB. I'lie annular steam jet D is provided 
with a central air-passage. C(J is an annular 
chamber to which steam is admitted, and from 
which il csca])es in jets through six small orifices. 
E and F are wheels by means of which the valves 
(controlling the snj)ply of fuel may be opened 
or closed. 'I'lie cock C regulates the supply of 
steam to (H\ The burner is fixed in the front of the 
fmaiace, and the intensely hot flanu^ is 
directed on to a sloping bridge of flrebrick. 

Petroleum Engines. Reference has 
already been made to the (‘xlensive use of 
petroleum s])irit in internal - combustion 
(‘ngines for the pro^mlsion of road v(‘hicles 
and Imals. A less volatile description of 
petroleum is also very largely emjdoyed in 
station iry motors, which in many instaiua's 
have replaced steam engines and gas 
engines. Iii steam engines 
of moderate dimensions only 
12 ])er ('ent. M the heat- 
value of the fuel burned in 
the boiler furnace appears 
in th(^ engine as indicated 
work, whereas, in the in- 
ternal - combustion engine, 
the ])ro)»ortion of heat 
reiidf‘rcd effefdivc is, in 
many eases, more than 
double that percentage, and 
in one type of engine is as 
The siqjorior economy of the 
Preference is 
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high as 37 per cent, 
oil engine is therefore very marked. 
generHily given to those engines in which one ex- 
plosion occurs for each two revolutions of the crank- 
shaft. 1’he first forward stroke of the piston draw's 
in the ex])losive ehargi? of oil or oil-vapour and air, 
and the return stroke compresses it. During the 
next forward stroke, the explosion drives the piston, 
and on the return stroke the products of combus- 
tion are discharged from the cylinder. The Priest- 
man, Hornsby- A kroyd. Trusty, Tungyo, and Diesel 
engines may be taken as typical of the principal forms 
of oil-motors. Tho Priestman engine is fitted wdth a 
spray- producer, as well as a vaporiser, and the charge 
is ignited by means of an electric spark. In the 
Hornsby- Akroyd engine, the explosion is effected by 
injecting the oil into a red-hot chamber, into which 
heated air is forced by the piston. In the Trusty 
engine, the oil is va]x>rised and tlie charge is lired by 
means of an igniting- tube maintained at a redlieat. 
The Tangye engine also has a vaporiser and an 
ignition-tube. In the Diesel engine, the air 
admitted to the cylinder is heated, by very high 
compression, to such a temperature as to cause the? 
immediate combustion of the injected charge of oil. 


PxTBOLSUM concluded; followed hy Papbr-makinu 
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SILK HATS 

The silk hat was first manufactured in France, 
and its introduction into England was at first 
conducted with great secrecy, especial care 
being taken to prevent anyone seeing the process, 
except those whom they had undertaken to 
teach “ the art and mystery of silk-hat making.” 
However, at the present time the journeymen 
^ilk-hatters of this couniry are as skilful as any 
of their foreign rivals, and the English-made 
hat holds its own in the markets of the world. 

The variety of shapi's in the crown will not 
be dealt vith, .•^s they alter and change so often, 
but the various curls and shapes of the brim 
will occupy a prominent place. 

The first article to be made is “ jiroof," which 
is composed of best orange shellac (2 parts), 
button shellac (1 part), lot down by ammonia 
(.J lb„ to every 8 lb. of shellac). 

The Foundation of the Hat. The 
foundation, or body, of the hat is made from 
calico of difl’erent 
strengths dipped in 
the “ proof ” and 
stretched on fiamos. 

First of all we take 
the brim, which, 
being the strongest, 
takes the longest to 
dry. After the 
“ proof ” has been 
thoroughly cook'd, 
take a fran\e about 
5 ft. by 3 ft. C in. 
along the woodwork 
of which are a num- 
ber of nails with large 
heads and the points 
protruding on the re- 
verse side about 
in., with 5 in. be- 
tween each nail. Then put the calico. No. 10 
or D, in the proof and thoroughly saturate it, 
taking care in eveiy instance that all parts 
have absorbed ‘Some. 

It is not absolutely necessary that this should 
be so heavily “ charged ” with proof, so draw 
it through tne hand. Stretch it on the frame 
and prepare a stronger calico “ twill.” This 
must be charged with proof more than the 
previous one ; in fact, it should be left as full as 
possible without running. Stretch it on the 
top of the fold already on the frame, taking 
care to squeeze both together with linger and 
^umb at every nail. Then rub with the flat 
hand, so that the proof of one will adliere to the 
fold of the other, taking care to begin at 
the centre and work outwards. The reason for 
thie ii» to prevent any air between the two 
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“ plys,” wliich w’ould prevent their adhesion. 
As tins is an important factor in the manufacture 
of a good sound brim, special care should be 
exercised. These two plys are followed by 
other -two, put on in the same manner, the 
frame to bo turned top to bottom after each 
“ ply ” is put on to prevent the proof from 
running to the bottom of the frame if kept in 
one position too long. Now w'e are ready for 
the drying process. Heat plays an important 
part in the making of the body, yet, while it 
should be dried quickly, it should not be scorched, 
for a scorched body never wears well. There- 
fore the best plan is to dry in a hot stove, but 
away from the lire that heats it. The crown is 
then dipi)c(l in a similar way, but only one ply 
is put on the frame. 

The Block. The block is made from w'ood 
and shaped according to the fashion ; some 
“bell” more than others, whilst some are called 
taper or straight crowns. The block is made 
in live pieces, the 
two largest being for 
front and back of 
hat, whilst one is 
placed in position for 
each side and the 
whole is fitted 
tightly in the hat by 
a centre piece, grad- 
uating from tip to 
head part. 

Take a strip of 
calico about 8 in. 
deep and measure 
twice across the 
length of the block 
and once across the 
w idth ; cut, and 
fasten the ends 
together by laying 
one about J in. or in. over the other and 
running a warm iron over them. Do not 
have the iron very hot or it will harden the 
seam. Place the front and back pieces of 
the block insi.de the foundation, allowing f in. 
over tip ; put in the two side pieces. It will 
be seen that the “ foundation ’’ appears too 
small, but a gradual warming will allow both 
the sides and centre piece to bo put in. Round 
two sides of the centre piece put a piece of 
brim stuff to make the hat a little larger. This 
“ packing ” is to allow for a shell which is used 
at a later stage. 

Stretching the Tip. For the next calico 
required it is necessary to dip a piece in spirit 
proof, which is best orange sheliao dissolved 
m wood naphtha and call^ vamlsh, Having 
dipped the calico in the vandih and dried 
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it, cut it into stiips of about | in. and 
place J in. on the side crown from the tip, 
fasten with a warm iron and then iron the 
other J in. on the tip of the block. Cut level all 
round. Take another piece of foundation and 
fasten on the edge of the tip, stretching by 
warming it, then cut round with scissors. It 
is necessary to stretch the tip, for, if allowed to 
be fastened slack, it will sink, and to prevent 
that the tip is stretched to its utmost capabity 
by warming it and then fastening it to the 
edges left over from the found‘'>.tion. 

A large mug or tin containing waterproof 
placed on the back of the bench is necessary, 
also a brush after the same pattern as a large 
paint-brush. With the brush apply a coat of 
proof to the tip and stretcdi a piece of plain 
calico across as in the manner described before, 
and again “ proof ” it, to make it adhere to the 
previous portion of the tip and form one solid 
substance. Take another piece of the calico, 
which has been dipped in spirit, about in. 
wide, and iron it round the tip in the same 
manner as the previous one, placing about J in. 
on the side crown and the rest on th(3 tip. 

Fixing the Brim. Take a brim, size 
13 in. by 12 in., place it flat on the b(?nch, 
and arrange the head part of the block in the 
centre and mark with a knife — or anything 
with a point — round by the block. Do not 
cut, but simply mark. With a pair of scissors 
cut out the centre, allowing about h in. inside 
the mark. A wooden frame, called a sunk frame, 
because the wood is hollowed out to allow 
the block to fit inside, is now recpiirod, the 
right dejjth btnng got by plac ing pieces of wood 
underneath the block and allowing | in. for 
the thickness of the brim. With a hot iron 
thoroughly soften the portion inside the m.ark 
already made, and iheii smartly pull over the 
tip of the block as far as possible. With an iron 
dummy press it iis close to the frame as it can 
be got, making sure to have some portion of the 
brim up the side crown of the hat, which must 
be ironed ti.gether a little portion at a lime, 
and follow'ed immediately by the dummy being 
pressed on the portion ironed. Sides should bo 
done first, then back and fronts 1]. With a knife 
cut or pare aw^ay a portion of the brim which 
now adheres to the side crown, taking care not 
to cut the other portion of the brim, but 
“paring** it gradually thinner towards the top 
BO that it will not appear thick and bulky. 

Take the centre of brim, already cut out, and 
split the four folds apart ; cut two pieces, 2 in. 
by 1 in., from one of them and iron one on front 
;md the other on the back, J in, on brim and 
i in. on side crown. Cover that piece with a 
larger one ironed on in the same manner. Iron 
a spirit “ robbin ” round the band of the hat, the 
same wridth as the previous one, to fasten tlie 
brim and side crown more firmly. See the hat 
is the exact depth ; take it out of frame, and 
«^ut away the comers of the brim. 

With the brush apply a coat of proof to the 
side crown, taking care not to miss any portion 
it ; then take a piece of fine muslin about 
S in. wide, beginning at the centre of side with 


the body seam on the right hand, and pull it 
round whilst the proof is wet so that the calico 
will adhere to it. When covered, cut off, take 
up the end first laid and lay the left side of 
seam over right ; with scissors cut tlio calico 
over the tip wdth the exception of I in., w'hich 
must be ironed over. The remaining portion of 
the calico must be put on the tip — after it has 
been proofed — in the same manner as the 
previous one ; then carefully cut off all comers 
and apply another coat of proof to all parts of 
the body, the brim included, and ])laco in stove 
to dry. Again “ y)roof *’ it whilst warm ; let it 
cool and then pull block out. Another coat of 
proof must now he applied, and allowed to dry 
without the block being,in the body. 

The Ironing Process. It is now ready 
for the ironing or smoothing process, for up 
to the present it presents a rough appear- 
ance. First cut away closely with a knife 
the foundation from underneath tlie brim ; 
place inside a shell or felt body (self colour), 
making sure that it tits the tip closely,, and 
put in the back and front pieces of the block. 
Next fit the side jmd centre pieces, neither 
of which will go into the bottom at first, but 
after an application of gum, powdered in a rag, 
and a sliglit application of vegetable w'ax, the 
front part can be ironed over until quite smooth 
with a clean hot iron, followed immediately 
with a (’ool iron dummy to set the heated part. 
Knock the side pieces a little further dowm and 
repeat the operation to the back of the body, 
when the block will easily go in with the excep- 
tion of the packing pieces, which are not needed 
now that the shell is in the body. 1'he remain- 
ing portions of the body arc now ironed, includ- 
ing tip, making sure that all the scams are 
pressed dcwii, until it has a smooth, level surface ; 
then let it cool, tip downwards. 

Next get a brim frame wliicli differs from the 
one previously mcntioiujcl, ns it has no portion 
cut away for block, but lias two pegs fitted in on 
which is ])la(:od a brow' the size of the hat, and a 
2)i(5cc of felt covering the whole frame. Iron the 
underneath of the brim on a plate fixed in the 
bench and shaped to the oval of the hat ; then 
immediately place it on the frame, iron it well, 
and again rei)eat the ojicration on the underneatli, 
following it with the cool iron dummy, both on 
the underneath and also on the toji side of brim 
when on the frame. Iron first one side then the 
other, followed in order by back and front, 
making four distinct ironings for the brim. 
When well ironed it is ready to be varnished 
before being handed over to the finisher, whose 
W'ork it is to 2>lace the silk on the body. 

Finishing. The tools requhed for the finish- 
ing process are these: 'Irons (1 pair), dummies, 
1 concave iron, 1 flatiron, 1 concave wood, 1 flat 
wood, wdre cards (1 tip, 1 side), brushes (I hard, 
1 soft), volurcs (1 rough, 1 velvet), scissors 
(1 seam, 1 crooked, 1 ordinary), sponge, stirrup, 
woollen iiatcli, half block, tip block,, brim frame. 

Finishing is the art of sticking and retaining 
the bright colour of tJie plush. The body, after 
it has left the bodymaker, receives two thin 
coats of varnish. The plush is stuck to the body 
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by means of cold water sponged on the plush, 
then a warm iron being lightly passed over, and 
thus a* steam is created. This steam enables the 
plush to stick to the body. The finisher fits the 
cover on the body the reverse side up ; then he 
measures and marks with chalk the exact line 
where the seam must be cut. The selvedge side 
will be on the right-hand side. Mark ^ in. from 
selvedge, then pass left-hand side over, and mark 
to corrc.spond. Take cover off and apply a coat 
of proof on back of plush 1 in. wide 
over where the seam has to 1 c cut. 

This stiffens the plush, and will 
stop it from threading. 

When the proof is dry, take cover 
in left luind and briisl^ hack the 
nap on the top of the seam ; place 
cover on bcncli, and apply water 
on the plush ; pass iron over and 
card back the na)>. Wlion well 
carded, back iron till dry. Then 
cut with scissors down chalk line 
and cut selvedge side, ^take the 
plush for brim, damp on the back 
side, and pull out with Hiigcrs wider 
and shorter. This takes the stiff- 
ness out of tile plush, and tmahles 
it to fall into the hand of tlu hat cask^r. When 
dry, pass round outer edge of brim, and stick 
with cool iion. 

Now get brim frame on jiatob or felt, as iis(*d 
in brimming body, and jmll into position the 
plush with stirrup, eari^ being taken to pull 
out all the jileats. Then sponge, brush the nap 
straight, and pass iron over. The brim is usually 
pulled in at four separate tinu's, first fi-oiit and 
back, then sides; when stuck, cut with crooked 
scissors, care being taken to cut the 
brim plush J in. up the side crown. 

Now’ place body on tip block and 
fit the cover; pass sponge over, 
and stick top of scam first ; when 
scam has been securely fixed pass 
tip card over the stitching. 

Sticking the Cover. Stick 
the tip in position, care being 
exercised to have all the stitching 
on tip ; do not allow it to drop 
on the side crown. The nap 'will 
then bo acros.s the tij) from 
left to right. This must now he 
carded round to the centre. 

Damp the plush with sponge, 
pass warm iron over, and card the 
nap round while the steam is 
rising. Again apply w’ater, iron, 
and , card, and the nap W’ill now’ 
be in position round the tip. 

Place hat on half block (which must he 
covered with three or four layers of felt), stick 
the back of hat first, w’orking towards the 
seam. See that the right-hand side of seam is 
well stuck. 

, \ - Bring the seam together, and stick about 1 in. 

; - a time. Brush the nap back to its right position 

^ over the scam, and stick remainder of hat ; 
-brush well, apply a coat of cold water, and card 

5^ ^e nap straight. Water the tip. and bring nap 
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well round to the centre. When dry, brush the 
glaze, and the plush will now have a dull appear- 
ance. For half-blocking, use a warm iron and go 
round the hat twice ; the first time will bring the 
colour back, and the second time get the hat round 
[8]. When half blocked place a paper cap on 
side crown. To cover the underside with merino, 
apply a coat of varnish, and brush the merino on, 
while w’et. Cut merino J in. from band, and stick 
it down side crown ; run iron on the top side on 
brim frame, and the hat is finished. 

There are four points to be re- 
membered: (1) when the hat has 
been warmed with iron, dummy till 
(M ; (2) plush to be well stuck on 
body ; (H) seam and stitching to be 
pressed W(‘ll down ; (4) the bright 
colour. 

Shaping. The hat is now 
I'eady for the shaper, whose duty 
it is to make a curl and set the hat 
to its ])vopt‘r shape. This branch has 
been justly called the “ artistic 
hranch,” for the ajipcarancc of the 
hat depends to a great extent upon 
the shaper. A variety of curls and 
sets are diMilt with by the shaper, 
w'liieh, more or less, lends to the attractiveness 
of the hat. Spacis however, forbids us to deal 
wutli mor(‘ than the principal sliap<*s, for the 
othm's are but a distinguishing feature, while 
the workmanship is on similar lines, except 
in detail as to the size, etc., of curl or set. 
We will deal w’ith a J-in. roll, which is the 
common size of a curl. 

First place the hat tip to plank, with the 
front facing yon ; then get the centre by placing 
finger and marking plush on top 
side of brim ; turn the hat round, 
and perform the same operation 
wuUi the back. Then jilacc the 
hat brim to plank, with the 
centre marks exactly level from 
left to right. Warm the brim 
with the iron until it is just bend- 
able, run flat plough over the 
warm part ; then, W’ith a piece of 
plush hctw’eon thumb and first 
finger of left hand, pinch the edge 
of brim upw ards, beginning about 
.J in. from the mark on right hand, 
and finishing about the same dis- 
tance from the left-hand mark. 

The machine or roll brass is 
now used by running it along the 
brim and gradually turning it over 
to the required size [2]. Great 
care must be exercised in order to 
ensure a very even and symmetrical curl, and the 
brass curler must bo kept flat along the plank, so 
that the curl can fit perfectly in |he groove. An 
even and perfect curl is largest in the centre, 
tapering smaller at the shoulders. It is easy to 
understand that if the same pressure is exerted all 
along the brim, the result will be a curl one size 
from beginning to end ; but that is not what is 
required. Therefore, a gradual pressure and release 
of same, whilst the brass is in motion, obviates 
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tliat, and makes the shoulders or ends consider- 
ably smaller than the centre. Having made the 
curl the required size, the brass or machine must 
be removed, and under the curl is placed a 
“ rope ” or “ roll pad,” whilst the brim is warm 
and pressed on the “ rope ” with a grooved plough. 
This “ rope ” or pad is made from calico or tissue 
paper, the former preferred, as it lasts considerably 
longer. The curl is now really shap(^d, but to 
prevent its losing its rotundity it must be ironed 
along the top edge, which will produce a shiny 
surface on the merino. After siiflficient ironing, 
the grooved plough again (!omes into u.st^ in 
pressing and kee])ing it to the shape of tlic ropes. 
When the rope is removed, a perfectly formed 
curl is the result, but to ease the setting of tlu^ 
hat it is necessary and expedient to roimd the 
brim. To do this successfully it is imperative 
that great care should be exercised. 

Get a piece of swansdown, about 12 in. by 9 in., 
and place it on the merino (with tip of crown to 
plank) ; then tak(* a sponge and damp about 
1 in. wide from the curl ; rub over with the iron 
a few times, when the steam Avill hav'c sufficiently 
warmed the brim to make it 
pliable. With lirst linger well 
under curl and thumb on the 
merino side of brim, pull round, 
beginning at the farthest point 
from you. As in (Uirling, so in 
rounding, the greatest rounding 
should be in cimtre, tapering to 
t*ach end. This will leave the 
front and ba(!k of brim perfectly 
Hat, and, after curling both sides, 
the fronts can b(^ put in. Place 
hat on tip, w ith the curls parallel 
to you, then gently rub the iron 
along the in(!h or so of brim that 
has not yet been tou(;hed, until 
it is bendable ; pinch it as in 
curling, joining the two (uirls 
t,ogether, get the front groove, and 
w'ork it along until the front is 
level. C^are must be taken to see that the ends 
of the curls are evenly joined together by the 
front, and after front and back have been put in 
the hat is curled, but not quite finished, for you 
will observe that the edges of the curls are rough. 

Paring the Curl. To put a perfect tinish 
on the curl it must be pared or chipped. First 
get a knife — one made from an old razor is best 
as it lasts longer — which must be shaped and 
cut out at the front and back, leaving it veiy 
small and level. With a paring nmchine the 
sides must bo cut to make the edges smooth and 
both curls equal in size. It will be seen that the 
plush and merino make the curl look ragged and 
very untidy, but the knife nm under or along 
the edge of the curl will remove the former, whilst 
the latter may bo cleared away by the use of 
scissors. A piece of tine sandpaper run along 
the edge of the curl will mend it in appearance. 
The hat is now placed on a ‘‘ horse,” an arrange- 
ment made of wood hollowed out at the top to 
allow the hat to fit steady, with a “ duffer ” in it. 
A duffer is placed in the hat to prevent the heat 
of the fire from drawing the crown of the hat out 


of shape. It is made from paper or felt and fits 
close to tlie head part of the hat. When the hat 
is warm enough to bo bendable, it is ready to bo 
set. Care must be taken not to have it too warm, 
or it will cockle the brim, making it very uneven. 

The shaper places the tip on the plank and begins 
to make the hat the shape required. When the 
sides are set to the desired width it will be seen 
that the back and front look hollow^ and unlevel, 
especially in the band whi(3h is near the head part. 
To put it level a cloth has to be placed across the 
front, water it with a sponge, and then iron it 
until it is again workable ; turn it over, and with 
a flat plough work the top side of the brim 
whilst the underneath is placed on a “ cheese " 
or “ half frame.” It must then bo worked with 
thumb iind finger until it is straight, the shoulders 
are level, and the curl is in peiiecl symmetry 
w ith the brim. It is now ready for the trimmer. 

Trimming. The trimmer n^ceives the hat 
aft(ir being shaped, along with the following 
tiimmings : Band and binding, tip paper, side 
paper, silk tip, silk side, leather, tassel, and 
stickc^r. First find the centre of brim at back of 
hat, then measure binding round 
the edgi*, and, after cutting it to 
the size, stwv the ends veiy neat ly 
before sewing it on the brim, the 
seam b) be at bac^k of hat. The 
binding will then be on the top 
side of brim with the stitches 
going through. 1 1 must b(3 rubbed 
on the underneath with a bobbin, 
to prevent the stitches show'ing 
through the binding. Now turn 
the binding over curl, and sew, 
or “ whip ” it to the merino 
underneath. Them tic the band 
round the crown of bat, placing 
bow on loft side. 

Take the ti]) pajicr, which is 
very stiff, place it on llic tip on 
hat, and make an impression 
round the edge with thumb and 
linger, which, after cutting, gives the size re- 
ipiired, and is ready for the silk tip to be 
stitehed on. The silk side is now sowm round 
the edge of the tip and the ends “run up” 
together, the whole fonning the lining, but 
before putting it. in the hat the side paper is 
fixed and made firm with a little paste ; this 
prevents the colour of the body from showing 
through the silk side. After fixing the lining in, 
sew it round the top of the paper, wliich causes 
it to ” bell,” through its being tut on the bias, 
or cross. The leather is te be measured round the 
inside t)f the hat and the ends cut so that they 
will just meet, both being cut on the slant, so 
that a little more w ill bo cut off the bottom than 
top. Place the edges of leather together, and ■with 
a sticker (a gummed piece of paper) fasten them ; 
also make the tassel into a ” bow ” and stitch 
it to the back of the leather. Now place leather 
in hat, putting the seams of binding and leather 
in the centre of the back of hat. (h^t a thin cord 
(top cord) and fasten it on top of leather wdth the 
stitches used for sewing the leather to merino [4J. 
It prevents the top of the leather from showing 

0157 



4. LASIIINO TUB LKATIIKR 




person who has a knowledge 
of producing other articles of 
wearing apparel. 

As a home irfduetry, how- 
ever, cap -making has largely 
died out. It has been killed 
by machiiieiy, skilled factory 
organisation, and subdivision 
of labour. All these things 
tended to make the cloth cap 
wonderfully cheap, but since 
the introduction of a much 
higher class for motoring pur- 
poses, and of a greater degree 
of artistic design in those now 
worn, prices have risen to so 
great an extent that a really 
well-made cloth cap is rated 
at a price practically equal to 
that of the best kind of l>owler 
or the cheaper make of silk hat. 
Still, there appears no reason 
why cap-making should not be 
d(‘veloped as a home industiy. 
It is comparatively simple work. 

Tlu^ ordinaiy kind of cap is 
})roduccd from (‘ight three- 
cornered ])icees which, when 
laid out Hat, would form the 
segments of a circle. 

In the factories these pieces 
are cut from cardboard discs 
rt*] ►resenting the different sizes. 
H'hus, the eireumfcrenco of the 
disc for size H? would be about 
25 in. Tlie actual eireumfcrenco 
for a size of 0} is 22 in., but 
the extra inches are allowed for 
the seams. By f‘arcful cutting 
a yard of (doth 54 in. w'ido 
would make a dozen golf caps 
of average sizes. 

Getting the “ Lay.” The 
usual practice of the cap 
manufacturer is to purchase a 
number of pieces of tweed 
made in the large home-spun 
chock patterns which are now 
the favourite designs. When 
these are delivered at his ffiic- 
toiy the first process is to get 


through the stitches and gives it a more finished what is called “tho lay” ; that is, to arrange the 


appearance. 

The hat is now ready to be returned to the 
who, with his brim iron, irons the brim 
brushes it until the plush presents a smooth 
ijlld finished appearance. Run down the band with 
a. hsnd peg or thin piece of wood, strip the paper 
iron the crown, and follow with a velvet 
TOtire. Put on the white cap, and the hat is 
i^^pleted. 

CAP-MAKING 

" To-day, cap-making gives employment to 
Qi^daiids of hands, has special factories and 
lipii^liiiiery, and large sums of money are in- 
in the industry. But there is no 
yhy caps should not be made by any 

i'w-. 


cloth so that tho caps can be made with the least 
possible waste of material, due regard being paid 
to the necessity of matching the pattern when 
the pieces come to be put together. 

When this has been done, a i)attem is cut 
out of several thicknesses of cloth by means 
of a band knife, which will cut through a hun- 
dred layers of tho material as easily as one. 
The parts are then ready for the machinists, who 
stitch the several piec^ together, after which 
the partly made-up cap is passed on to the 
finishers, who put in the linings — which are cut 
by the same process — cover the peaks, put 
strapping on the seams, and complete the •work. 

In the making of tho caps there are four 
distinct processes : cutting, machining or sewiiig» 
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j^reeeing and finiBhing. The workers become ference, and each additional size means an 

exceptionally expert in their own particular average increase of in. The medium size 

departments. ijli^The cutter can lay out his (62 ) fits ahead circumference of 21 in. A size 

cloth so that there is no waste, the machinist is obtained by taking the length and breadth of 

can join the pieces together with marvellous the head, adding thorn together, and dividing 

quickness on the electric power sewing by two. The golf cap is the favouriUi 

machine, the pressers open the seams stylo for men's wear, but a great 

and mould the shape on blocks, and variety of shapes are produced, and 

the finishers can complete the article x I;, the dilfercnt patterns of a large manu- 

with wonderful rapidity. With the r \ yf' lh't‘turer will number a couple of 

exception of tlio cutters, the hands '' kf \ a \ /\ '/{ hundred. 

are women workers, and one expert jy y / A The variety is caused by the differ- 

cutter can easily keep fifty or sixty { / ent fashions in women’s and children's 

machinists busy. L. caps, and a great demand has sprung up 

The term “ finishing ” includes the 6. cxoth cap recently for w omen’s golf and motor- 
process of sewing in the linings and ing caps. The characteristic features 

other hand work, and sometimes the finisher does are, however, retained in the various styles, 

the pressing and blocking. When the cap leaves the chief dilTcrcnces being in respect to size, 

the hands of the machinist it looks like a cloth shape of peak, and other details, 

bag, but by careful manipulation upon a w'ooden accompanying diagrams show the meth(d 

blo(;k, and by the aid of a hoa\y iron like a of cutting two of the standard shapes, and also 
tailor’s goos(i, the seams arc pressid \ the service (^ap known as the “ Glen- 

down and the cloth shaped really to 7 is taken as a iiKxlel, 

wear. On an average a cap passes \ figures correspond to those 

through nine prcM cssos and through \ of the ordinary inch tape, modifica- 

the hands of as many workers before it cW . — tions both as regards size and stylo 
is complete. ^ easily bo introduced. 

The rapid growth of the trade would, ’ The Golf Cap. ’Jlie golf cap is 

of coutse, have been impossible with- cut in ten pieces, eight of which are 

out the sewing machine and the band sections of the upper part of the cap, 

knife, but especially the first named. ^ ^ and the remaining two form the peak. 

A cap factory, in its way, shows some ^ cisS® * ^ 1’he accompanying diagram [8] is a 

of t he best points of modiirn industrial reduced model of one of the best shapes 

organisation. The different ])r(K5tws leading maker. The size can be 

dovetail into each other, and there is <; \ varied by adding a little to, or taking 

no waste of time or energy. The result a little from, the various seams ; the 

is that a gcnnl, useful cap can be made inside portion of the peak is cut of the 

to sell at a shilling, w'hich fifteen or same shape, but ratiier smaller than 

twenty years ago w'ould have (!ost five ,i the low er diagram. I’ho various parti 

times as much. The employes earn a should bo taken from the cloth in 


fair living wage on a(!C(mnt of the large ^ the ‘ glen- much the same way as they are 

quantity they can produce with the oabry ’ cap arranged on the ditigram, and should 
aid of machineiy, skilful organisation, ' he cut e.xactly on the line, as provision 

and careful subdivision of laboui'. I’he reason is made for j in. seams at all parts, 

that the cap tradt^ has settled down in London Now btisU^ the various parts U^gether and 

and Leeds is that it is an adjunct to the sow the seams by machine, making the seams 
ready-made clothing trade. The class of labour \ in. wide, and in doing this, care must be 

required is very similar, and in both London and taken to got a neat finisli at the point where 

Leeds there is an unlimited supply all the sections meet. In ordei 

of skilled machinists. When ^ ^ . ^ to do t his, the best plan is tc 

work is slack in the clothing fac- j / \ /\ i make up the twx> sides first, and 

lories they can wwk in the cap ' A A A / .\ / \ then seam these together from 
factories, and vice versa. ;Z/. \ yj Ll/j \ \/ ./ front to back. Prior to this, how'- 

Sixes. It is worthy of note // j/7 ny [jq '- \ ever, it will bo advantagooiu 

that north of the Humber the | i A ' A ^ 3 to press the seams. Cap-makers 

caps in demand aie of a larger have proper blocks for this, the 

size than in any other parts of the ^ o ‘ shape varying with each style of 

country. The average size ’ much may be done by tum- 

throughout Lancashire and York- \ ing a sleeve-board on its side and 

shire and the Northern counties t rounded end. The seams 

is 6 J ; in the South it is 62- The ^ being sewn and pressed open, the 

sizes of the caps start at 6 and 8. golf cap peak is made up and stitched, and 

go up to 7 J. After that they are in order to ensure its being put on 

called “ out sizes ” ; 7J is considered large, 7| in the centre, fold the peak over and make a 
is seldom asked for, whilst 7i is thought ab- notch, putting this to the centre seam in front, 
normal A man with a head above* that size The peak is lined through with heavy canvas, 
would have to have his caps specially made. The edge of the cap is now turned in, and 
The first Biee (d) iits a head of 18 in. in ciremm- it is ready for the lining, which is done in 
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various ways: (1) A lining of silk the same 
shape as the outside, which is felled round the 
edges. (2) A leather headband round the 
bottom, and a silk head lining in the croA^m 
after the style of a hat. (3) A leather band 
and the seams covered with galloon after the 
manner shown in the sketch, the galloon being 
stitched on so as to cover the seams and make 
a neat and light iinish. 

The top of the cap where all the seams meet is 
usually covered with a small button made of the 
same material. 

Tho front is provided witli a hewk and loop oi a 
.glove fastener to make it pouch over in front, 
and sometimes ventilators are put in tho crown, 
after the stylo showm in tho sketch. 

There is room for a g(vid deal of skill in the 
finish of caps, and this has more to 
do with the pressing than any othiu’ 
part; the superior si i ape im]>arted to 
those nijuio by high-(iass firms is due 
to tho extra facilities they have in 
tho way of blocks and so on for the 
pressing purposes. 

I We also give another style of cloth 
cap, with a flatter front and not so 
full a crown [6]. Ihis is a style of 
cap very popuUvr in the North of 
England. Thousands of these are 
made up in Leeds, whore they are 
produced very cheaply in the Avay 
previously described. Tho lay hero 
given f6] was photograpliioaily ro- 
auced from one in use at one of the 
largest factories. It will be seen that 
no material is w'asted, and in order 
to avoid confusion the various parts 
arc marked in numbers. These lays 
are prepared in buckram and are 
perforated ; they are then placed on 
tho cloth from which the caps are 
to bo cut, and a pn.d containing 
powdered chalk is passed over it, and the outline 
is marked. 

The Glengarry Cap. By w ay of making 
this article complete we give diagrams showing 
how to cut a Glengarry cap with part to turndow a 
over tho ears jwid fasten under the chin [7]. This 
diagram has no provision made for seams, and tho 
size head it will fit is 7. Figures a and b repre- 
sent the side, c the peak, and d the ctowii. 
Two each of these parts are required for the cap, 
tc^ethor with peak, lining, and lining for A. 
The peak is cut on tho cr(*asc. TTie process of 
making is much the same as already describcKl, 
though the peak would bo ‘ finished in softer 
style. 

We give illustrations of this cap folded up, 
also in wear with the ear laps brought down 
,and fastened under the chin \le and 7/]. 

The following table gives the ordinary range 
(rf sizes, together with tho head measure- 
mients to which these sizes correspond: 


STRAW HATS 

The making of straw hats, especially for 
women’s w'ear, is one which can be easily carried 
on at home, as no expensive i^pliances are 
needed. 

Straw hats are roughly divided into two classes, 
“ block and “ shape ” styles. The first have 
hard crowns and brims, and the shaped styles 
arc usually soft and flexible. The “shape” styles 
are, as a rule, confined to tho A^arious sailor 
types, and to make them a block is neccssa-ry. 
The straAv plait is sewn into a circular mat, 
and them placed over the block, and by means 
of a hot iron it is manipulated into the same 
siiape as th(‘ block. This forms tho croAvn, and 
the rim is blocked and pressed in the same 
fashion. The rim and erovvn arc then soavii 
together, and the hat is ready to 
bo trimmed and lined. 

As stated, blocked hats arc for 
the most part factory made, but the 
shaped styles for Avomim's Avear can 
be etisily made at hf>me. The first 
thing necessary is to get tho skele- 
ton, Avhich is nuulo of Avire. 'I'liis 
can be bought ready -madt*, or it ran 
1)0 fashioned to suit the individual 
taste. xV plain hat of tho sailor 
pattern can ho made Avith three 
circl(‘S joined tog(‘ther by oblong 
pieces, all of wire. Upon this skele- 
ton the straw plait is sewn, and 
Avhon the hat is com])letc the AvircH 
can be remov(‘d, or if it is desired 
they can remain in the hat to enable 
it to kee]) its shape. There is a 
great variety of colours and styles, 
from tho fim^ and narrow English 
and French plaits, and Avhat ar(» 
described as the rustic tlapanese, 
Avhich are the larg(^st and coarsest 
kinds |9]. Tt wMll easily be seen that 
a hat can be made of a broad })lait much more 
quickly flubn from a narroAv one, and for that 
rt^ason tlic broad plaits are much more in favour. 
The plaits are sold in bundles 12 yd. long, which 
is sufiiciont to make a large hat. The price per 
piece, or bundle, is from fid. to fis., according 
to style and (lualiiy. The Avirc skeleton costs 
only a few pence [see also Millinery, jiage 
52171. 

For men's and boys’ straw hats the principal 
shapes are the “ Boater,” Avhich has a fiat top, 
and a fiat brim of varying degrees of width, 
and is made from both the line and coarse kinds 
of plait ; the “ Trilby,” or Alpine style, with 
indented crown, for which the fine Tuscan or 
pedal straw is used, and the “ Panama ” shape, 
for Avhich the finest plaits are also required. 
The real Panama is not made from straw, but 
from a long grass grown in tropical and sub- 
tropical countries, and the hat itself is plaited 
from the grass fibres, considerable time being 
occupied in tho process. 

The scale of sizes given for cloth caps 
will be equally serviceable for the 
ordinary shapes of straw hats. 
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TIN 

Tin, the Rymbol of which is iSn, and the atomic 
weight was one of the metals familiar to 

and used by i rimitive man. Bron/iO is an alloy 
of tin and eo])per, and bronzes havi': been recovered 
from the ruins of ancient Nineveh and other sites 
which were peopled back in the dawn of recorded 
history. 

Properties of Tin. The colour of metallic 
tin is silver white, witli a lustre that increases with 
the temperature at which it lias been poured. The 
crystalline structure of tin is the cause of the “ cry ” 
of tin — that is, when a piece, of tin is bent, the 
crystals grind against each other, and occasion the 
peculiar sound so designated. Commercial tin has 
a specific gravity of imrcr tin being slightly 
low'cr. At low temperatures tin is very ductile--its 
point of maximum ductility being at about the 
Ijoiling ])oint of water — and ean be beaten and rolled 
into foil, but at 2()(r (\ it is extremely friable, and ean 
be powdered. Though dmdile, it has little tenacity. 
Its exact melting point is uncertain, but is about 
228® C., its boiling point is betwetai 1,(500® and 
1,800® C., and at this teni])cratnrc it burns in the 
air, thereby forming stannic oxide. Its thermal 
conductivity is about 150 (silver -- 1,000), and its 
ch'-cirical conductivity at 21® C, is slightly over 
11 (silver ~ 100). 

Occurrence of Tin. The localities favoured 
by deposits of tin are not nuinorous. The mineral 
never occurs in the native state and only in a few 
chemical combinations. 'Phe most common ore is 
emsUerUd or a dioxide of tin (SnC^a). 

The tinstone found in (Cornwall contains also sul- 
])hide of copt>er, wolfram, pyrites and other minerals. 
It is in the form of veins usvially in pliitouic or 
motamorpliic rocks. Alluvial tin, washed from 
these rocks by denudation, is kno>vn as “ stream 
tin,” and possesses a high degree of purity, 'rhe 
British deposita of ” stream tin ” are nearly ex- 
hausted. The world’s chief sources of tin are (Corn- 
wall, in England, and the Malay Peninsula. Less 
valuable dejmsits o'^cur in Spain, Bohemia, Sweden, 
Australia, Africa, and Bolivia. The North Ameruvin 
i-.ontinent, so rich in other minerals, seems to have 
been very sparingly dowered with deposits of tin. 

Alluvial Tin. As with gold, the first tin- 
workers confined their attention to alluvial deposits, 
which have been formed by the disinUigration of 
]>ortions of the stanniferous granite masses— the 
tlisintegrated portions being carried aw'ay after 
<lenudation and deposited in the lower valleys 
and river beds. The alluvial deposits in the Malay 
Peninsula ar^ worked chiefly by the open-ciist 
method, although in some oases hydraulic mining 
jsee page ^69] is practised, and in exceptional 
instances shaft work is undertaken. They show 
np to (K) lb. of “ black tin” or tinstone — which con- 
tains from 65 per cent, to 75 per cent, metallic tin — 
per cubic yard of gravel. The tin washy as it is termed, 

found from 2 It. to 30 ft. under beds of clay and 
sand, and varies in thickness from a few inches 
»P to 16 ft. or 16 ft. The “ wash ” consists of gravel 
worn smooth in its descent from the parent masses, 
and carries tin or« up to 80 per cent, of its weight 


The Malay tin-miners are Chinese, and their tools 
and methods are primitive. The w'ash, as the 
name imjflics, carries much water, find after the 
overburden has been removed, the jnen work in 
swamps, which arc drained in primitive fashion 
by Chinese wooden chain ])umj)s and water-wheels. 

The wash may be left in heaps to dry in tlic sun, 
in which ease the clay becomes hard and may be 
removed, leaving gravel only. 1’he method of con- 
C(‘ntrating the gravel ore is by putting it into a 
trough some 30 ft. long, with an inclined bottom ; 
water is allowed to run over it, and the mass is 
agitated by men wielding long hoes. The sand is 
washed away by tlie running water, and the concen- 
trate mineral — w'bich is tw'o-thirds tin — is .sent to 
the cupola furnace to bo smelted. The furnace used 
is small — about 5 ft. high — and is made of chiy 
strengthencvl with stakes and girt with iron rings. 
Charcoal and tin ore aie put into the centre of the 
furnace, wliich has an iqierturo in the rear for the 
supply of a blast, produced by baud bellows, and 
for raking. The smelted metal runs from a hole 
in the. bottom into a de[U(‘ssion made in the ground 
and is ladled into moulds in the sand, which give it 
tfic form in which it reaches the market. 

The alluvial de])osits of New South Wales are 
found under sand dunes [see]>age 1499] from iOOft. 
to 3(K) ft. wide, and from 10 ft. to 20 ft. high, wdiich 
have been formed j)arallel to the sea t;oast find 
run several miles inland. 

These dunes are made u]) of a thick to]) layer of 
white beach sand, from 10 ft. to 15 ft. thick, under 
which are 2 ft. or 3 ft. of black sand, and finally 
about 1 ft. of gold and tin bearing sand on the top 
of rcd-biowii sandstone rocks. I’he washing of this 
sand enables tlie recovery of the metallic tin, which 
is frequently associated with heaVy proportions of 
gold and of good (|uantities of platinum, iridium, 
and other rare metals. 

Tin Ore. (\ifisitirite (SnO^), the oxide of tin, 
the form in wdiich tin ore most frequently occurs, 
has a hardness between 6 and 7 according to 
Mohs’ scale, a s])ecitic gravity of O’S to 7, and a 
chemical com])osition of 78*6 per cent, of tin and 
21*4 per cent, of oxygen. These constituents vary 
in their pro]>ortions according as iron, manganese, 
cop^)t‘i‘, and oth(*r minerals enter into the com- 
position of the vein. In a]>pearaii(5C tin ore is dark 
red-brown or slate coloured. 

Success ill tin-mining depends more than in the 
case of most other base metals upon the skill which 
guides the mechanical preparation of the ore after 
mining. The ore is picked and sorted by hand, 
the non-stanniferous pieces being discarded and 
the true ore being put to one side. The latter is 
then passed through the stamp batteries. The stain j) 
generally used in Cornwall w'cighs about 7 cwt., and 
makes about 60 drops of 10 in. per minute, crushing 
about 1 ton of ore every 24 hours. Creater efficiency 
could be attained by the use of more modern stamps, 
which would multiply output three or four times. 
The ore under the stamp is pulverised to a fine- 
ness that will pass through screens with about 144 
holes to each square inch. Tho result is so much 
•and> and the problem now is to separate that part 
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of the sand which is really black tin from the worth- 
less residue. To effect this separation, the greater 
weight of the black tin — which is rather more than 
double that of the sand — is made to assist. The 
crushed ore, carried by water, flows into tanks, 
known as htddleji, which vary in form, but are 
similar in principle to those illustrated on ]>age 5142, 
The heavy metallic particles sink to the bottom near 
the point where the inixtiire enters the tanks. 
The bottom of many of these buddies takes the 
form of an inclined plane, A^ith ridges right across 
its face, and on these ridges the lieavy stanniferous 
sand settles. Again, the bottom may be made to 
move either by an agitating or by a rotary motion, 
and the results of these modifications are bctt;Cr than 
those attained by the original type. 

The recovered black tin still contains many im- 
purities. It is now passed through Uhs^iing tubs, or 
chimming tubs, whiclj work on the same principle 
as the buddies, and the further purified tin sand 
is known as whits. This is now calcined in order 
to decompose the arsenical ]))Titcs. Again ihehuddlos- 
and tossing tubs are c,dlcd into service as often as 
may be required to remove the im])urities, and the 
result is a cleaned aiul ooiieentrated tin sand which 
is the marketable commodity known as hfark fitty 
containing about bti per cent, of metallic Im. 

Smelting Tin. The furnace used for smelting 
is of the reverb<‘ratory ty])e |.sec page 4125 J, Avith a 
bed about 18 ft. by 9 ft., and has a firejilaco and a 
stack at opposite cuds. The tapping hole is at the 
back, and is kept closed cliuing the smelting. An 
ore charge weighs from 20 cwt. to 25 cwt., ami after 
being incorporated with about oiie-tifth of its 
weight of anthracite powder it is sproail evenly 
over the furnuco bottom. If ncce.s,sary, tiuor-spar 
or lime may be added as a flux. I^lie door is closed 
and “luted” up — that is, plastered uji witfi clay — 
and the bent r.iised for five or six hours, after which 
the door is opened, the heated mass is “rabbled,” or 
stirred up, and sonu* jiOAvdered aiithraeit/C is spread 
over the .surface. After being heated again for about 
an hour, and a further stirring, the furnace is tapped. 
The slag left is chiefly ferrous silicate, but contains 
8(^e tin, and it is usually heated afterwards to 
rwnove this. 

Refining Tin. 'rhe proocsses wo have described 
carry us to the jioint of rctining. The refining j>roper 
is preceded by a ])relimiriary liquation in a re- 
verberatory furnace, W'hieh takes a charge of about 
18 tons. I’he tcm^ierature is carefully watched, and 
as it rises to the point of melting, the purer tin is run 
off into a special pot or “kettle” heated by a 
separate fire. The im]>iirities — iron, copper, suljihur, 
and other constituents— remain as hard heady a 
white, brittle mass which contains about 20 per cent, 
of metallic tin. The purer tin, which has run off, 
is retained in a molten state in its own kettle, and 
logs of green wood are ]>lungcd beneath its surface. 
Under the heat the wood gives off gas, which eaiises 
agitortion of the molten metal, and the formation of 
a scum containing the impurities. The same result 
is sometimes attained by pouring the metal from 
a height of 1 7 ft. or 1 8 ft. into the kettle, this process 
also producing the scum and removing the impurities. 
The operations we have described give the eom- 
rtiercial products known as c<mmon tin, or refined 
^ acooMing to quality. For the latter, purer ores 
’ are used, and the refining is prolonged. Block tin is a 
lower quality thajn refined tin. 

Alloys of Tin. Apaxt from its use as a coating 
oil baser and cheaper metals, the chief industrial 
uiie of tin is in alloying with other metals. Although 
/it A soft metal, in combination with other soft 


metals it forms a hard alloy. Lead alloyed with 
tin has a higher malleability and ductility than 
pure tin, but a lower toughness. All soft solders 
have tin as a constituent [see Soldering], In 
addition to soft solder, the tin-lead alloys mclude 
lewter and tinfoil [see also page 5987], Pewter was 
ormerly used extensively in the manufacture of 
domestic utensils, but the solubility of the lead 
made lead ])oiaoning frequent if the proportion of 
lead were high. The maximum proportion of lead 
which should be used in tin -load alloys for culinary 
nten.sils is from 10 per cent, to 15 per cent. The 
acids of fruit have no ap])re(*iable effect upon 
such an alloy, but if the lead be in excess of this 
it dissolves and enters into solution in the food. 

Alloys of tin and load are used in a molten state 
for tempering steel tools. The finer the tools the 
higher is the proportion of tin. Thus, for razors, 
])enknives, and surgical instruments the proportion 
is about two parts of lead to one part of tin; while 
for small saws, tlu* amount of tin is only one- 
tw'olfth th.it of the lead. 

Tin«copper Alloys. The lin-eopper alloys 
iiieliido bronze, gim-metal, and bell-metal. Ancient 
bronze was a dual siloy, containing only cojqicr and 
tin, but the French bronzes of to-day arc made of 
trijfic or quadruiilo alloys, usually the latter, con- 
sisting of co]iper, tin, h‘ad, and zinc, and sometime 
in addition with small proportions of arsenic, anti- 
mony, nickel, and sulphur, colour of a tin- 

c*op})cr alloy varies from red to white, as the pro- 
]>orlion of tin ris(‘s. From 01) |)pr cent. co}>pcr to 
70 p<T cent, (‘opper, the colour ranges from red to 
orange yellow, pure ytfilow, light yellow, and white. 
Bronze increases in hardness as the ])ro}>ortion of 
eopptT rises to 35 per i*ent. of the alloy From this 
proyiortion to .m alloy with 73 jht cent, of coppei 
the briltUuicss is high, bid ns the cojiyier exceeds the 
latter value, tlu* tenacity fiu’rca^es. (jun-metal 
has 90 j)er ciuit. coyiper and 10 yier cent, tin, this 
proportion being the mixture of maximum hardncs.s. 

Tin-antimony Alloys, Tin alloyed with 
antimony gives bearings metal and Britannia 
metal. Such alloys are harder and less malloable 
than pure tin, but are equally white. Increase in 
the pro))ortion of antimony increases the brittle- 
ness. Tin-antimony alloys should be cast at as low 
a tem])einture as jiossiblc, so that the excess of 
antimony m ly not separate from the eutectic 
alloy. Ordinary Britannia metal usually contains 
not more than about JO yier cent, of antimony, 
the remainder being tin. Sometimes a small pro 
jiortion of the tin is rejdaced by copper, and occasion- 
ally zinc or bismuth is also employed. A small pro- 
l>ortion of bismuth increases the fusibility. The 
points of merit about Britannia metal are that alloys 
of tin and antimony yield good sharp castings, are 
tougher than tin, and take a better polish than 
tin -lead alloys. 'Phe manufacture of Britannia 
metal hollow-ware, such as teapots and coffee-pots, 
used to bo a much larger Sheffield indvistry than it is. 
Nickel-silver has displaced it considerably. Most 
of the Britannia metal- ware now made in Sheffield 
is e’.eotro-plated. It can be distinguished from 
nickel-silver, because when struck sharply it sounds 
as a dull thud, whereas nickel-silver hollow-ware 
similarly struck gives a clear, sonorous ring. 

Antifriction Metals. Bearings metal or 
antifriction metal is freouently an alloy of tin and 
antimony, containing aoout 20 . per cent of the 
latter. It is usually, however, not a dual alloy, but 
sontains also copper, lead, or zino [see also page 
£^988]. The formulas dren for antifriotion 
are very numerous, but that the soienoo oi autsotio 
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alloys is imperfectly understood is proved by the 
lar^ trade done in proprietary antifriction metals, 
the composition of which is not acknowledged. 

Alloys of tin and zinc are harder than tin, but 
not so hard as zinc. Their use is limited. They 
are mode into imitation silver leaf, and also cast 
into ornaments. The metals may bo alloyed in all 
proportions. 

Tin amalgam — t hat is, an alloy of tin and mercury 
— has a more restricted use than it had in the days 
when it was the agent adopted for silvering mirrors. 
Dentists us'e t n amalgam for filling teeth, one jjart 
of finely divided t in being triturated with four parts 
of mercury, and the excess of mercury being sqiiee/.ed 
out in a chamois leather bag. The amalgam is 
pressed into the tooth and hardens in a few days. 

Then we have alloys of tin, bismuili, and lea<i, 
used for type metal and printing blocks. 

Tin«plates. Tin-plates are sheets of iron or 
steel, coated with tin. Sheets of Siemens steel are 
chiefly used for tin-plates, but charcoal- iron, which 
was, before the era of steel, the usual base, is still 
employed. Common qualities of tin -plate used to 
be made of xmddled iron, and wore known as coke 
Xfiates, while charcoal xdates were made from 
charcoal- iron. Bars of steel are made red hot, 
passed through chilled rolls, thereby being drawn 
out to about double length, folded in the middle, 
and again heated. Another rolling, another doubl- 
ing, then another heating, rolling, and doubling 
takes place, until ]>erhaps the final slieet contains 
as many as .32 ])lies. The sheets arc trimmed to 
proper size, and the idies ])ulled apart, each }>ly 
then being a rough black x>late,’' so h‘rmed from its 
adhering coat of rough black oxide. This oxide must 
he removed before the plate can be tinned, and the 
operation, which is called pickling, is done with a 
warm solution of sulphuric acid in w'ater for about 
fifteen or twenty minutes, followed by washing and 
rubbing with sand. Annealing, or maintaining at a 
high temf)erature for some lime, then talvcs place, 
'Fhe annealing ovcns-arc wrought-iron boxes of a size 
to hold the plates, and have removable upj^er parts, 
with joints that can bo made tight against the 
ingress of air by being covered with sand. The 
annealing boxes are placed in a large furnace and 
kept at red heat for about ten hours, after which 
th(^y are withdrawn, and the sheets are allowed to 
cool. After this, the sheets are rolled to give them 
hmoothnes.s, for a tin-xdate can have a good surface 
only if the black sheet has had a smooth surface. 
'Pho rolling may have made the sheets hard again, 
so a second annealing in cast-iron puts, and at a 
lower temperature, is given. Again the sheets are 
Xnckled, but in acid sohitioii weaker than formerly, 
arc rubbed with sand, and put into water to await 
the moment of entry into the tinning baths. 

Plant for Tin-plates. The baths or pots 
used in the actual tinning process are usually five 
in number. The first is the grease-pot, which holds 
melted grease, such as tallow or x)alm oil, and the 
sheets are immersed in this until all water has 
evaporated from their surface, and they carry a 
uniform layer of grease. The second pot contains 
niolten tin covered with a layer of grease, and the 
sheet is transferred from the grease and put into this, 
where it receives a coat of tin. The third pot is the 
washing-pot, also containing tin, and the sheet, with 
an imperfect coating taken on in the tin-pot, passes 
into the first compartment of the washing-pot, and 
acquires a uniform coating. The plate is removed 
and treated by a workman with a wire brush, who 
then puts the plate into the second compartment 

the pot, which is the final tin bath, and 


contains the best tin. The next pot is a grease- x>ot, 
in which the plate passes between carefully- adjusted 
rollers that remove excess of metal and give a 
better surface. The grease which adheres as it leaves 
this last 1 ) 0 1 is removed by rubbing with bran or 
sawdust, and a fin/il surface is given by rubbing with 
a x)icco of the fleece of a shcLq). The finished tin- 
plates are then examined for defects, and finally 
boxed for the market. 

Varieties of Tin-plates. All the plates do 
not issue perfect. Defective plates are known as 
wasters, and if very bad, as waste-waste. Tn common 
tin-})latcs, primes — that is, sheets passed as xwrfect — 
usually amount to from 80 per cent, to 90 per cent, 
of the whole : but in charcoal ])lates the standard 
of quality allowed tf) x>ass inspection is much higher, 
and i)rimea may be only 40 x^er cent, to SO ])er cent. 
Wasters are sold as such, and there is always a 
market for them. 

The comnienual designations of tiii-])late are very 
confusing, and the sheets arc xjacked in boxes which 
are consistent neither in the number of sheets that 
they contain nor in weight. Tlie table that follows 
gives the particulars of the various varieties and 
sizes. It is, indeed, time that some simpler method 
of x^i^cking and indicating tin x>lales should be 
adoxited. Cumbrous and awkward systems of 
reckoning also x>rcvail in the manufacturing x>ro- 
cesses. but into these we cannot enter. 
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Description 

Mark 

Dimen- 
sions of 
Sheets 

Number 

of 

Sheets 
in a Box 

Weight 
of Each 
Bus 

Common No. 1 

10 

Inches 

14x10 

SVicetS 

225 

Lba. 

108 

Cross No. 1 

IX 

14x10 

225 

136 

Two crosses No. 1 

IXX 

14x10 

225 

157 

Three crosses No. 1 ... 

IXXX 

14x10 

225 

178 

Four crosses No. 1 ... 

IXXXX 

14x10 

225 

199 

Common No. 1 

IC 

14x20 

112 

108 

Cioss No. 1 

IX 

14x20 

112 

136 

Two crosses No. 1 

IXX 

14x20 

112 

157 

Three croBscs No. 1 ... 

IXXX 

14x20 

112 

178 

Four crosses No. 1 

IXXXX 

14x20 

112 

199 

Common No. X.. ... 

1C 

28x20 

56 

108 

Cross No. 1 

IX 

28x20 

56 

136 \ 

Two crosses No. 1 

IXX 

28x20 

56 

157 

Three crosses No. 1 ... 

IXXX 

28x20 

56 

178 

Four crosses No. 1 

IXXXX 

28x20 

56 

. 199 

Common No. 1.. 

1C 

12x12 

225 

108 

Cross No. 1 

IX 

12x12 

225 

136 

Two croBseH No. I 

IXX 

12x12 

225 

167 

Three crosses No. I ... 

IXXX 

12x12 

225 

178 

Four crosses No. 1 

IXXXX 

12x12 

225 

109 

Common doubles 

DC 

17 X 121 

100 

! 94 

Cross doubles 

DX 

17 X 124 

100 

122 

Two-cross doubles 

DXX 

17 X 121 

100 

143 

Three-cross doubles ... 

DXXX 

17 X 124 

100 

164 

Four-cross doubles ... 

DXX XX 

17 X 124 

100 

1 185 

Common doubles 

DC 

17x25 

50 

94 

Cross doubles 

DX 

17x25 

50 

1 122 

Two-cross doubles 

DXX 

17x25 

50 

1 143 

Three-cross doubles ... 

DXXX 

17x25 

50 

164 

Four-cross doubles ... 

DXXXX 

17x25 

50 

185 

Common doubles 

DC 

34x25 

25 

94 

Cross doubles 

DX 

34x25 

25 

-122 

Two-cross doubles 

DXX 

34x25 

25 

143 

Three -cross doubles . . . 

DXXX 

34x26 

25 

164 

Four-cross doubles ... 

DXXXX 

34x25 

25 

185 

Brasil common doubles 

SDC 

15x11 

200 

167 

Smell cross doubles ... 

SDX 

15x11 

200 

188 

Smell two-cross doubles 

SDXX 

15x11 

200 

209 

Smell three-crossdoubles 

SDX XX 

15x11 

200 

230 

Small four-cross doubles 

8DXXXX 

15x11 

200 

251 

Smell common doubles 

SDC 

15x22 

100 

167 

Small Cross doubles ... 

v*{8DX 

15x22 

100 

188 

Small two-croas doubles 

SDXX 

15x22 

100 

209 

Smell three-crose doubles 

SDXXX 

16x22 

100 

230 

Small four-croeedoublea 

8DXXXX 

15x22 

100 

251 


Terne Plates* Terne-plates are made in the 
same way as tin-plates, and differ from them only in 
that the coating given to the black plate is an alloy 
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of tin anil lead. The proportions of the mixture 
vary, with different manufacturers, but a frequent 
ana a satisfactory mixture contains 75 per cent, of 
lead and 25 |3er cent, of tin. Such plates are used 
extensively for roofing purposes, particularly in the 
United States, in Russia, and in mid -eastern Europe. 

Uses of Tin«plates. Steam power and 
machinery have revomt ionised the working of manu- 
factured tinplates. “Pieced” work, so-called — 
that is, articles made by the tinsmith, who cuts out 
and puts together ])iecos of the plate to make tin 
hollow-ware — has been superseded by the product 
of stamping machinery. The largest consumers of 
tin-plates in the world are tlie petroleum oil com- 
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panies of America and Southern Russia, who 
manufacture square tins in which to export much 
of their refined oils. The jjacking industries in 
Chicago and elsewhere are also lai’go consumers, as 
well as the fruit and fish canners. 

But besides the tinning of black jdates, which is a 
localised industry, and iti this countiy confined to 
South Wales, the process of tinning finds a wide 
scope in coating all classes of manufactured iron, 
steel, and metal articles, from ])ins to saucepans, 
from harness buckles to meat tins. For such work, 
a detailed description of the plant and processes may 
serve some good })urnose in this article, because, 
while there is small likelihood that any student of 
theso pages will desire to set up'tin-plate works, it is 
.more than ])robablo that many may desire to install 
tinning plants as finishing departments of metal- 
working businesses. 

Tinning. The operation of tinning resembles 
in mgny resplicte that of galvanising by the hot 
Articles are galvanised to protect them 
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from rust. The more expensive process of winning 
lias the same object, but the zinc coating of the 
former process is not suitable for articles for culinary 
purposes, and in the sphere of cooking utensils 
and for food containers tinning finds its greatest 
field. Tinning also remains brighter than galvan- 
ising, although those not thoroughly familiar with 
the distinctive appearance of galvanising and 
tinning may often mistake a badly tinned article 
for a well galvanised article. Tinning was in vogue 
for coating articles of malleable iron, and of wrought 
iron and steel long before it was used for common 
east iron. The process u]ion the latter material is 
a little more dimeiilt, and it will demand special 
treatment. 

Tinning Plant. A description of a tinning 
plant will be more lucid if wc take a typical case, 
but it cannot be claimed for any typical case that 
its details are suit- 
able for all cases. 

The requiroiuents 
of the work must 
modify the details 
ill installing a plant 
for a particular 
purpose. A good 
general arrange- 
ment for a tinning 
shop is shown in 1, 
and the pur])ose of 
t hi* va r ions fi X < ii res 
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will Ih* explained ns 2. hand tools for oal 
we describe the vANISlNO AND TlNNINl? 

process. 'J’he small A ])ros^ scoop li. Wire dippititf- 
hand tools neces- 
sary are modilied 
by the nature of 
the work done, but the tools shown in 2, and also 
used fop galvanising, sorv'^e most ]>urposes in the 
finning shop. 

Preparing the Work. The sinootliness of 
the coating of tin depends quite as inneh upon the 
metal surface as upon the even deposition of the tin 
envelope. Common articles arc cleaned from rust, 
sand, and adhering dirt, by iminersioii in acid — 
sulphuric acid, muriatic - otherwise called hydro- 
chloric acid— or hydrofluoric acid. Where a better 
coating is desired, the articles are further prepared 
by rolling them in special bands with gravel and 
water. These barrels, made of a convenient form 
and size for tlie work, are caused to rotate upon a 
horizontal axis, and the agitation and friction 
makes the articles within smooth to a degree 
proportionate to the time daring which they are 
subjected to this treatment. When extra fine 
results are desired, the articles may receive a second 
rolling in coarse dry sand, and even a third rolling 
in scraps of leither, but common work seldom 
warrants the expense of this extended treatment. 

Wrought iron and steel can have rust and 
scale removed in a pickle made of sulphuric acid 
diluted with water to thiity times its volume, or with 
muriatic acid diluted to fifteen times its volume. 
Hydrofluoric acid is sometimes used, and is much 
quicker in its action, and is less likely to injure the 
eastings. The strength is fi*om 1 in 20 of water 
to 1 in 30. The pickle should be kept warm at, 
say, 150" F. Stirring is necessary during the 
process if tlie articles are of such a form that the 
surfaces of different articles arc liable to rust in the 
bath in contact with each other, thereby preventing 
the acid from getting to its work. Sheets of iron 
or steel are placed in wooden racks arranged to 
keep them apart. Every article should be examined 
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individually as it comes from the bath, and if not 
satisfactory, 'should be subjected to further treat- 
ment, or should have any scales removed with a 
pointed instrument, such as an old file. Small 
' articles are then “ rolled ” in barrels, as already 
described. This process does not increase the ad- 
hesion of the tin coating ; it merely gives a smoother 
surface. Over-pickling, which is apt to follow the 
use of sulphuric or muriatic acid, makes the work 
pitted, and care must be taken to avoid it. 

If the articles be sandy, every particle of sand 
must be removed, or bad work will result. I'his 
jiiay be done in the manner described later for 
preparing work to be galvanised. Washing with 
the aid of wire brush rubbing may be necessary to 
remove the sand perfectly. 

Malleable castings should always be rolled with 
dry, sharp sand or shot, to secure a good surface. 
If the articles have ]>aint or grease on their 
surfaces they should be iinjuersed in a hot, strong 
solution of caustic soda, and then washed in clean 
water, finally going to the pickling tank to liave 
the rust and scale removed. 

After being cleaned by one or more of these 
j)rocesses, the articles are ])ut ifito a tank with clean 
water — not into r\inning water, which would cause 
oxidation — until they are wanted for the tinning 
kettle. 

Dipping the Articles. >SnialI work is 
usuallv strung on v'ircs for immersion. Afake the 
wires fong enough so (hat flicre may be ])len(y of 
room to put the articles well into the tin. Take a 
wire laden with artic’les, immerse the latter for a 
few minutes in a tank containing a solutioi\ of 
muriatic acid (I to 5) to remove any remaining 
traces of rust, then into muriate of zinc solution 
(zinc chloride) made by dissolving zinc in muriatic, 
acid to saturation point, and finally put into the 
kettle of molten tin. 

Common work is oflen done in a plant with only 
ono tinning kettle. The diagram [1| provides 
for two kettl(*s, which are almost essential. With 
one kettle the slag or dross Avliieh accumulates on 
the surface is a])t to adhere to the finislied article.s. 

Several wires filled with work are ])ut. into the 
kettle and allowed to remain there until the articles 
are as hot as the tin, wdiich sliould be about 500'" F. 
When this ])oint is leaclied the work is wdthdraw'n, 
care being necessary in the manner of withdrawal. 
With a ladle held in the right hand, clear the surface 
of the molten tin free from slag, so that no slag or 
flux may be carried away by the articles as they are 
withdrawn. Then withdraw a ladcm wire and 
plunge it immediately into the second kettle, which 
should have a tetn])erature of about 400'’ F., or 
450° F. for very small articles, (^are should bo 
taken that none of the surface slag or flux is taken 
over by the work into the second kettle. The second 
kettle should have a layer of tallow on the to}», to 
the depth of | in. or 1 in. When the lcm])erature 
of the articles in the kettle has fallen to that of 
the second kettle they are withdrawn, swung 
around sharply^ so as to throw otf any surplus 
metal, 'and then thrown into a tank of kerosine 
oil. This tank has a water jacket, preferably wdtii 
circulating water, to prevent the oil overlieatirig. 
Ill this tank the tin coating sets, and when the 
work is withdrawn from it, which may be at any 
convenient time after the tin has set, it is thrown 
into clean sawdust, ' which takes up the oil. 
The operation of tinning is now complete, and if 
the proper method has been followed, and care 
exercised, the articles have a smooth coating, 
uniform in depth and colour. 


Preparing Gray Cast Iron for Tin- 
ning, To get a good coaling on common gray 
cast iron, several precautions in addit ion to those 
used for ordinary wrought iron and steel, and for 
malleable cast iron, are necessary. If grease or 
paint be present, or if there be traces of resin from 
resin cores used* in the moulding, the articles should 
be washed in a strong hot a riueoiis solution of caustic 
soda, as already described for removing grease in 
tinning wrought iron. Coastings have always some 
adhering sand ,* this should be removed with hydro- 
fluoric acid and water, as already described. Sul- 
phuric acid or muriatic is often used, but hydro- 
tiiioric acid is pref(‘rable, as it dissolves the sand — 
not dislodging it only — and does not attack the 
iron as the other acids do. 

Of the several other ])rocesHes employed to make 
common gray castings suitab e for a deposit of tin, 
one suceessful process may be described. A special 
tumbling barrel, containing a mixture of muriatic 
acid, s-il ammoniac, and water, is used. The barrel 
should he much stronger than an ordinary tumbling 
barrel. A body g in. thick, witli cast-iron heads 
1.1 in. thick, are good siz(‘s. The manhole cover 
will serve if 1 in. thick, and w'ell supported with riba. 
This strength is nec.essary to wdthstand the action 
of the gases generated by the chemicals use<l, and 
A’^alvc.s should be })rovid(‘d to permit the escape of 
these gases. Place the cleaned eastings in tJiis 
barrel, and let one-fonrtli of the inside ca])acity be 
oeen]»ied by stars " — small castings of the shape 
indicated by the name and used in ordinary tumb- 
ling — and shot ; then add water until the barrel is 
three-quarters full, ami finally put in 15 lb. of 
muriatic arid, and 2 lb. of sal ammoniac. Close the 
manhole and set the barrel in revolution. Soft iron 
requires about 2| hours of s\Kb rolling, and hard 
eastings may require double this time. 

Then the w'oik is withdrawn from this l)arrel and 
placed in the storing tank (containing clean water) 
until it is to be put into the kettle to receive its 
bath. When that time comes the castings, cither 
strung on a wire or in a wire basket, are immersed 
in a boiling solution of caustic soda or potash for 
about two minutes ; this is followed l>y rinsing in 
water, then by a bath in a weak solution of muriatic 
a<‘id(l in 40), (ben by immersion in muriate of zinc 
— prej)ared as already described- -to every gallon 
of which 51b. of sal ammoniac has been added, and 
finally, into the first tinning kettle at 500' F. This 
kettle slionld have a sj^ecial flu.v on the surface 
pre])ared by boiling muriate of zinc on to]) of the 
till and adding thereto some sal ammoniac. The 
consistency of this flux is an essential to good work. 
If it tends to become thick or hard, add more of both 
ingredients, and remove any hard part with a 
ski inner. Then the second kettle is caljed into 
operation in due (course, and a.s already de.scribpd, 
and the subsequent oil bath and sawdust. 

Recovering Waste Tin. Many thousands 
of pounds sterling are wasted annually in the tin 
which adheres to tin-plate scrap, and many solutions 
of the problem of how to recover this t in have been 
sought. Nearly all successful proee.sses are secret. 

Any process of recovery whiclbhas depended ujion 
an acid solvent lias proved far too costly. I’he 
solvent invariably attacked the iron below the tin, 
became soon exhausted, and had to be freipicntly 
renewed. Success is possible only by an cleidro- 
lytic process, similar to that emiiloyed in tlie manu- 
facture of electrolytic copper. One such process 
may be described. 'I’lie electrolytic bath is said to 
be a solution of caustic soda, or of sodium nitrate, 
and the scrap tin-plate, of course, forms the anode. 
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The tin-plate scrap, freetl from grcjise if necessary, 
and compressed so as to take up as little room as 
j^ssihle, Js suspended in wire baskets in a wooden 
tank. Between the various baskets copper cathode 
; plates are suspended. Both the baskets and the 
cathode plates are suspended so as to be clear of the 
bottom of the tank, where sludj^e accumulates. 
The solution is nuuhi of 30 lb. of caustic soda in 
iOO quarts of water, and in use is maintained at 
about F. by an exhaust steam coil. The 
solution is made to cover both baskets and the 
bathode plates. The elecdric current causes the tin 
,to deposit on the cathode plates as a spongy mass. 
Vhich is easily detachable by hand. This mass must 
not be recovered in the )>rosence of air, or it would 
Oxidise away. It is covered with powdered charcoal 
and coke breeze, and is jnelted in a closely-eovered 
crucible. 

ZINC 

Zinc was one of the last of the common metals to 
come into extended industrial use. There is evidence 
that it WMH known to the ancients, because zinc 
bracelets have been found in the ruins of Eastern 
cities which were destroyed several centuries liefore 
the opening of our era, but the knowledge was 
evidently lost, because during the long Middle 
A jes zinc was unknown to Europe as a metal. True, 
brass used to be manufaeturecl by lieating copper 
in a mixture of calamine (the ore of zinc) and (diar- 
coal, but the metal zine was not knowm to be 
procurable from this ore. During the third decade 
in the eighteenth century Henekol discovered that 
zinc could be obtained from calamine. But it was 
about a century later before what, may be termed 
the zinc industry was estaldished. Thus, zine may be 
said to be about one hundred years old as a com- 
mercial product, and the ]u'ocess of galvanising, or 
coating iron sheets with molten zinc, to impart 
powers of resistance to corrosion, was first aj)plied 
only seventy years ago. 

The world’s chief sources of zinc ore are Clermany, 
Italy, Spain, France, Sweden, Austria, Algeria, 
(ilreat Britain, New South Wales, (i recce, and 
Belgium, this being the order of importance. 
The chief producers of zinc are CJcrrnany, Belgium, 
France, and Great Britain, in the order named. 
Thus, the smelting and refining of zinc ores does not 
belong essentially to the districts where the ores 
are found. Zinc ores curry high percentages of zinc, 
/so that transport in their unreduced state is 
telgtively inexpensive. 

Zinc Ores. There are two main zinc ores — 
ICfslamine, or carbonate of zinc (ZnCO..,), and zinc 
biende, or sulphide of zine (ZnS), which the miners 
term “ black jack,” on account of its deep black 
colour. Minor sources are the oxide of zinc, which 
Visually occurs in combination with oxide of man- 
ganese and zinc silicate. 

^Characteristics of Zinc. Zinc is a bright 
i^uish white metal, witli the atomic weight 65*4, a 
8;^ij^c gravity of about 7 '125, which rises if it be 
.ooolei rapidly, and a melting point of 415® C. 
Ju Mohs* scale of hardness its place is 2*5. Its boiling 
|>6mt is 920® C., but it burns in the atmosphere at a 
, temperature of 600® £/. The texture of zinc is laminar, 
;fpmetimes granular. Its fracture is granular or 
'O^Stalline according to the temperature to which 

has been raised in casting, and is easily recog- 
-n^^pisble. When heated over 100® C. the metal be- 
hbmes ductile and may be rolled into rods or sheets, 
or dfa)vn into wire. After cooling subsequent to this 
ij^eatinent^ it remains ductile. The tensile strength 
:pji[; 2 ihc ^ between 7,000 lb. and 8,000 lb. per square 
qf section ; ito thermal conductivity is 28 T 


(silver - 100), and its electrical conductivity is 
10*92 (mercury at 0® C. — 1). 

The ores are^formed in two distinct forms — in 
mineral veins and in irregular deposits. Of the 
former class zinc blende is the most abundant, and 
within the last two decades it his taken place above 
calamine, which was the first form of zinc ore to be 
treated. 

Preparing Zinc Ores. Since the inception 
of the zinc smelting industry, the plants and pro- 
cesses employed have undergone modification, and 
we shall consider only those x^ractised to-day in 
modern works. There are tw-^o main processes, 
termed resj>eetively the Belgian and the Silesian. 
They differ in the retorts and furnaces used, and in 
the methods of handling the ore. Zinc ores, having 
la'cn raised to the surface, are concentrated so that 
the cost of furnaf!C treatment may be reduced. Con- 
centrating merely means rejecting the valueless or 
objectionable portions of the ore mass, leaving the 
sclcck'd rich pieces to be treated. Three jirocesses 
of concentrating are in xiraetice, and specific ores 
may he subjected to one, to two, or to all three of 
these processes, which are hand separation, gravity 
sexiaration, and magnefic separation. The x>ro- 
cesses employed in individual cases deiicnd upon 
the class of ore under treatment. 

'Phe ore as brought from the shaft is usually 
broken cither mechanically by jaw crushers or by 
hand. The latter practice is the bettor, although the 
more costly. It is usually practised when low wages 
rule in the district. Hcn(;c* it is common in Centi-al 
Europe, but infrecpient in America. Mechanical 
breaking causes too lieavy a loss l)y making “ fines,” 
or dross, and it is valuable zine-carrying rock that 
is most easily made into fines. Hand-breaking with 
hammers is thus the better practice. 

Having been broken, the ore is screened to 
remove the tines. The remainder is then sorted by 
hand. The best method is by a circular revolving 
table, or by a long belt conveyer. In either case the 
W'ork moves in front of the o])erator at suitable S]icod, 
ami he or she (for in Continental Eurt)pe the sorters 
arc ofk‘ii women) removes the ])icces atieording- to 
instructions, x^utting the waste aside and retaining 
the blende or calamite as the case may be. 

The ])rocess of gravity separation reapaircs, first, 
that the ore should be crushcfl to such a fineness 
that the minerals are w'^cll se})aratod. The crushed 
ore is carefully screened, which grades it into various 
sizes, and each size is washed and treated by itself in 
tanks or buddies, such as are used in other metal- 
lurgical processes, and which are described in Tin 
Recovery. 

The magnetic separation in zinc ore concentra- 
tion is practised in Now South W’ales and in America. 
It is somewhat costly, involving the use of oxxiensive 
plants, but it has been found to be remunerative. 
Zinc and zinc compounds are non-magnetic, or, at 
most, only feebly magnetic. But if the associated 
minerals in the zinc ores are magnetic, they can 
easily be separated by magnetism. For instance, 
in Bohemia iron in the form of siderito is separated 
from zinc by heating the mass, then grinding it 
and screening it, and finally treating it in magnetic 
separators. In Pennsylvania also the zinc ores 
which carry franklinite, willemite, calcite, zinkite, 
and tephroite, are separated by a direct magnetic 
process without previous roasting. , 

Calcining Zinc Orea^When the ore has been 
concentrated in the manner described, it must be 
calcined^to remove the carbon dioxide and water, 
and also to make it more porous. Roasting decom* 
X>ose3 carboimte of zinc into zino oxide and carbon 
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dioxide, and nearly all of the latter is driven off. 
The roasted mass weighs only about 66 per cent, 
of its original weight. 

The process of roasting may be carried out in the 
open, the ore being piled in heaps, or it may be 
done in reverberatory or shaft furnaces. The first 
method is the most costly and wasteful, and is not 
suitable for calamite, although it was formerly 
employed for “ blende ” ores. 8ome sulphide ores 
(such as nickel ores) are roasted in the open, as their 
sulphur contents supply a great proportion of the 
heat necessary for their calcination. Thus for zinc 
a furnace of some sort is almost invariably em- 
ployed. A common shaft furnace of the limekiln 
typo may serve, but it has the objection tliat the 
calcined ores are mixed with tlu; fuel ashes. Such 
furnaces run to 20 ft. high, and treat up to 30 tons 
each 24 hours, the fuel consumption being from 
3 per cent, to ti ])er cent, of the ore, liefore treatment. 
The shaft furnaces arc sometimes grate-lirod : these 
give a cleaner result, but are more exp^msive in 
fuel charges, these miming from 6 per cent, to 
0 per cent, of the raw ore. Their capacity also 
is only half tliat of the or<linary sliaft furnaces. 

Several varieties of the reverberatory furnace aro 
employed, and these furnaces are the only suitable 
means of treating “ lines.” They are more expen- 
sive than shaft fnrnar.es in both labour and fuel. 
iSomot-imos they arc heati'd by the waste gases from 
reduction furnaces. In Kansas and Indiana natural 
gas supplies the fuel.' 

Calcining Zinc Blende. fUt txh, the sul- 
phide ore of zinc, must be calcined to rediiw the 
sulphide to an ox id'', and the contaiiiod earbonates, 
if any, must also be converted into oxides. In pract- 
tice, it is found impossible to remove the sulphur 
entirely, and up to about 2 ])cr cent, may remain. 
The ore must rx' finely crushed, and may not Im; 
coarser than can ]>asa a mesh of in* ( 'aleination of 
zinc blende reduces its weight by 12 per cent, to 
20 per rent. The oi>eration is jx^rformed in shaft, 
rqycrberatory, or mnftle furnaces. Puliminary 
roasting is freijiiently conducted in shaft furnaces, 
and the sulphur, which may have hern up to 30 yier 
cent, to 35 per cent, of the raw ore, is reduced to 
7 per cent, or 8 per cent. The sulyihur dioxide given 
off may be used for the manufacture of su]])hurie 
acid [see page 4627]. 

The final roasting when shaft furnaces are used 
for the preliminary roasting — or the only roasting if 
the shaft furnace has not been used — takes place in 
either a reverberatory or a muffle furnace. The 
former is adopted when the gases given off arc not 
to be used, and the latter when they are to be used 
for sulphuric acid manufacture. Aluffie furnaces 
yield gases rich in sulphur dioxide, and calcine 
the ore thoroughly. The gases of reverberatory 
furnaces, on the other hand, give gases very low 
in sulphur dioxide, which cannot be profitably 
utilisea. Before the gas can be allowed to pass 
into the atmosphere, however, it must be diluted 
or otherwise treated so as to render it innocuous. 

Zinc Distillation. The next process in the 
treatment of zinc ore after it has been concentrated 
.. and converted into oxide is the recovery of the metal 
by distillation. Zinc oxide when heated to a high 
temperature is reducible by carbon or carbon mon- 
oxide. Practice employ a heat of 1300° C., although 
the precise reduction heat is below this. The metal 
is reduced in retorts or muffles to the form of vapour, 
which is liquefied bv cooling to about 600^ 0., 
and is collected In ofay vessels called reuivm or 


The Belgian retorts have a round section, the 
Westphalian are of oval shape with a flat base, and 
the Silesian are Q -shaped. They are usually made 
of fireclay and burnt clay, and it is essential that 
they should be of as refractory a nature as possible. 
The receivers or adapters in which the zinc vapour 
condenses are short tubes of clay which are luted 
to the end of the retorts. The furnaces in which 
the retorts are heated are shaft furnaces, and are 
fired externally. The retorts arc ranged in tiers, 
and 8lo])o forward in the furnaces. The zinc oxide 
is charged into the retorts with from 40 per cent, 
to 60 per cent, of its weight of coal or coke. Some- 
times the charge is jjressed into blocks with tar. 
The actual j>roccss of distillation re((iiires care. The 
furnace is fired for some days before (he retorts 
are charged, and at first the charges which are 
introduced into tln^ retorts after removing the 
adapters are light, but are gradually increased. 
A retort charge is usually about 631b. of ore, and is 
reduced in twelve to twenty-four hours. The con- 
densed zinc is raked into ladles from the adapters 
into iron moulds, and forms ingots weighing from 
401b. to 44 lb. After a charge has been rediujed the 
residue is raked from the retort, which is again 
charged with a fresh sny)ply of material, and the 
yuwess is rcy)eated as before. 

Refining Zinc. The zine drawn from the 
adapters may be sufficiently y>iire for commercial 
y>ury>oscs if the ores have been carefully selected, 
but it may, on the other band, contain fair pro- 
yiortions of iron and lead, which can be removed by 
a simyde yirocc*ss of refining. The crude zinc is melted 
gradually again, and key)t/ in that state for some 
time. Th" iron rises to the surface, and may be 
removed as scum. 'I’lui lead sinks to the bottmu and 
the zinc may be drawn off, leaving the load ; or the 
underlayer of lead may be removed by an endless 
screw working in a (sast-iron pipe. The higher the 
y)urity of the zinc the greater its value, and while 
y)ure zinc is almost impossible to obtain, care in 
selecting the ores and in the subserpierit treatment 
will give .something ap})roaching chemical purity. 

Zinc Alloys. The most imywrtant use of zinc 
is in the galvanising trade, and the y>roces8es of 
galvanising are discussed later. The next most 
imyiortant use is as a constituent of alloys. In 
alloying, many metals— including tin, nickel, 
aluminium, manganese, iron, and copper — exercise 
a stronger colour influence than zinc, while zinc has 
a stronger colour influence than lead, platinum, 
silver, and gold. 'Phis means that the metals which 
we describe as having a stronger colour influence 
impart, their colours to those lower in the scale to 
an extent much higher than their y)roportion of 
the alloy. The most irny^ortant binary alloys of 
zinc are with copy)er and with aluminium. Zinc- 
coy)per alloys form brass and yellow metal, and these 
constitute a science in themselves [seo next article j. 
The two metals unite in all yiroy)ortions, but for 
industrial use the yjroyiortion of copy)er is seldom less 
than 50 yier cent. When zinc is in excess the alloy 
loses strength, and the higher the excess of zinc the 
weaker and harder is the alloy. Increase in the copy>er 
proportion of a zinc-copy>cr alloy gives a deeper 
colour, at the same time increasing the malleability 
and softness. Alloys having up to 35 per cent, of 
zinc can be rolled and drawn only if cold; if the zinc 
j)roportion be from 35 per cent, to 40 per cent., the 
alloy can bo worked either cold or hot. Brittleness, 
and therefore difficulty of working, increases as 
the zinp increases. The most ductile alloy contains 
from 16 per cent, to 20 per cent, of zinc, and sheet 
brass for fine work has this proyjortion. Brass for 
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Ott-rtridgeH has 28 per cent, of zinc. Cast brass usually 
contains more zinc, as it is the cheaper ingredient, 
from 30 per cent, to 40 per cent, being common. 

. Alloys of zinc and aluminium are important 
industrially, especially since the reign of the motor- 
car began. Castings containing from 25 per cent, to 
33 per cent, of zim; are clean and sharp, ))cside.s being 
very strong and capable of being machined easily. 

With lead, zinc has very little alloying ])ower, ns 
the two metals unite to a very small extent. Each of 
them can dissolve not more than I'b ])er cent, of it» 
fellow. Bismuth and zinc arc also unsuitable for 
alloying. It has been found that zinc can dissolve 
only 2*4 per cent, of bisiniiih, and bismuth can dis- 
solve not more than 14*3 per cent, of zinc. Zinc 
amalgam — that is, an alloy of zinc and menmry — 
ia used in the zinc anodes of gal van batteries. In 
its preparation, a zinc ])late is heated to about 
.500^ F., and after being coated with a brush with a 
solution of chloride of zinc and ammonia, it is dip])ed 
into mercury. Anodes prepared thus give currents 
more constant and intense than do ordinary zinc 
plates. 

Sheet Zinc. Zinc has been used as a roofing 
material for about a eemtury. Nowadays, galvanised 
steel sheets have a much wider a])])lieaiiori than 
zinc sheets for roofing. Hut the life of a galvanise<l 
iron roof is seldom longer tluin tlfteen years, evM*n 
with periodical jjaiiituig, while the life of a zinc roof is 
indefinite. Some zinc roofs are in good condition 
after forty years of sc'rviee. 'rhe shci'ts of zinc 
used for rooting should not be soldered when they 
are to be subject to wide degrees of iemjierature, as 
the contraction and expansion of zinc is higher than 
those of other roofing metals. Nails used with zinc 
roofing should be of zinc, or, at least, should ho 
galvanised. A ziu(5 roof has the advantage of 
nghtness, being only about ono-tiflh as heavy as a 
lead roof — zinc sheets Icing thinner than lead 
. aheets — and one- tenth as heavy as tiles. 

Other uses of zinc sheets inelvide their susjiension 
as plates in boilers fo prevent corrosion of the 
boiler shells. The galvanic current which they induce 
cause.s the lime and organic matter to act upon 
the zinc instead of on the boiler, thereby protecting 
the latter. Thin zinc .sheets, sometimes purchased 
as flat di.scs and sometimes turned off the zinc bar 
in spirals, are used in gold extraction by the cyanide 
process. Perforated sheet zinc — the yierforations 
being round or ornamental in form — is used ex- 
tensively for ventilators, and for domestic meat 
safes. As lining for packing-cases and coffins, as a 
material for hollow-ware, such as watering-cans, 
^buckets, etc., sheet zinc has a limited but useful 
consumption. The printing trades use zinc exten- 
sively for process bloc.ks. 

Other Uses of Zinc. Zinc castings— except 
so far as zinc enters into brass as an alloy — have 
not an important industrial use, but many cheap 
ornaments are made of cast zinc, electroplated or 
otherwise finished. 

Zinc oxidn, or zhic white, as it is termed commer- 
^ally, is prepared by burning zinc and leading 
iihe lamos into condensing cliainbeis. It is used as 
k pigment, and also in medicine. Zinc chloridf' is 
um as a caustic in medicine, and also for weighting 
bott<>n goods, and in inercerisinz cotton. Zme 
pdphate is used in dyeing, in calico printing, and in 
nedioine. 

Among the cheaiier metals, zinc excels in the 
Property of resisting atmospheric action. For this 
: 0 $eon iron and steel, and sometimes oth('r metals, 
^ thin coating of zinc, which presents a 
| 08 l^ surface to the agents of corrosion and oxida* 


tion, and prevents these latter from jienetrating 
to the surface beneath. The process of zinc coating 
is termed galvanising. 

Processes of Galvanising. There are 
three different processes of galvanising — the hot 
)>rocess, the electrolytic process, and the dry 
or oxide process. The first named is the original 
process, and is practised by nearly every firm who 
do galvanising work. It has many advantages, 
although it has a few disadvantages ; but the former 
have, u}) to the ])rescnt, been held to warrant 
faithfulness to it. It is suitable for all classes of 
work — sheet, cast, and wro\ight iron and steel. The 
plant must be large enough to handle the articles 
to ho galvanised, of course, but there is no class of 
work that cannot be undertaken by it. No other 
method is suitable for what is termed galvanised 
fudlow-wan — Hint is, art ides such as buckets, bins, 
water-pots, and other containers of .sheet iron or 
sled Hint have to be galvanised. Such articles are 
made with sciims wliidi are not always watertight, 
but the molten zinc during the ])rocess of galvanising 
lodges in those seams, doing duty as a solder, and 
rendering the vessel free from leaks. Tlic hot process 
also is capalile of giving a watered or spangled 
effect which no competing ^iroccss hitherto tried is 
able to )>roduce. This surface is for some ])urpo8es 
Ix'tter than the uniform gray surface attained by 
other pro(‘csses. It may be noticed often, but not 
always, on galvanised corn\gat(‘cl iron and on gal- 
vanised buckets. The second process, that of electro- 
lytiir de]>osition, has as its rccommeiidalion that 
it uses much less zinc than the hot ])rocc.ss, and 
may be Icssexjicnsive ; the coat is more uniform than 
that given hy the hot process, and it may be utilised 
by firms who have not a s])ecial galvanising plant, but 
who have an electroplating ])lant.. 

The third, or dry ])roc(‘ss, is the most recently 
introduced and has not yet been widely adopted. 
Except that it requires a special and an expensive 
plant, it has all the advantages of tlm second ])rocess, 
to which we have riuidc r(*fcrence. Its special value 
lies in its chea])noss. It is eminently suitable fbr 
small eastings, stampings, or forgings. It is the 
patented ]>rocess of Mr. 8hcrard Cowiier-Coles. 

Wo may now jiroceed to consider in some detail 
the several y)rocesKes. 

Plant for Hot Galvanising. In pre- 
ference to describing the enormous plants that exist 
in the large galvanising works, we shall give atten- 
tion to the needs of a man who wishes to install a 
y)lant for small requirements. Work for a large 
galvanising plant must come forward with regularity 
and in large (juaiitity. The bath of molten zinc, 
usually containing 
several tons of 
metal, must be 
kept hot constantly 
whether work is 
going through it or 
not, because if the 
bath, or l:e(tle, be 
allowed to cool — 
that is, to solidify 
— it cannot be 
melted again with- 
out breaking up the 
kettle — an enor- 
mous expense 
which every gal- 
vanising works 
manager is care- 
ful to avoid. 

But nothing so 8. galvanising plant 





disastrous follows the solidifying of a kettle contain- 
ing two or three hundredweights of zinc, although 
it is better that even these should be kept in 
constant work. 

• A galvanising plant should be situated in a 
separate building, as the fumes from the acid used 
are destructive to tools and machinery. The build- 
ing should be well ventilated, the water supply 
abundant, and the drainage perfect. Jn 3 wc show 
a good arrangement for a galvanising plant, and 
the various parts of the plant should be as follow. 

Galvanising Kettle and Tanks. The 
kettle is a long trough built in brickwork, having 
flues some way up the sides. It should be not less 
than 36 in. long, 20 in. deep, and 18 in. wide. 
This .size would be of no use for large work, such as 
corrugated sheets, which, however, would not be 
handled by n small plant. 
The kettle should be made 
of best flre-box steel, not less 
than .1 in. thick. A good 
sectional view of an etticient 
ketthi of small si/o is shown 
in 4. 'Phe fire underneath 
must be of a size to keep the 
zinc ifi a molten condition. 

The taiik.M for acid and cleaning liquid are 
merely rectangular boxes of a suitable size. Jf 
it be desired to economise, an oil barrel, sawn 
in halves, will make two suita])lc tanks. It is 
sometimes considered well to have the acid tanks 
lined with lead, but this is by no means necessary, 
and the expense may w'ell be saved. 

Sundry Tools. The liand tools used by 
galvanisers consists of tongs of a shape suitable for 
the work to })e undertaken, of baskets of w'oven 
wire or perforated iron, and sundry wire tools, bent 
to different shapes. In 2 are f^hown some tools 
generally ustKl, and the description attached ex- 
})lnins their purposes sutheiently. 

Firing the Kettle. Some ]»re(;aution is 
iiecossarv in tiring a kettle for the first time. The 
lire should not be allowed to raise too great a heat 
before the zinc, or spelter, as ingot ziiK* is called, has 
begun to melt, or the shell of the kettle will suffer. 
The blocks of s})elter sliould be made to lie right on 
the sides of the kettle, so that as the. blocks 
next the kettle melt the other blocks will be forced 
into the .same ])Ositions. 'Phe bath may be kept at 
a uniform temperature by the use of a pyrometer, 
and some device ir, usually adopted to ])revent the 
stem of the pyrometer from contact w ith the molten 
zinc,, although making tlie same recfu-d as if it w'ere 
in direct contact. A device stuuetimes adopted is 
to have the pyrometer stem in a steel tube, closed 
at its lower end and filled with lead, in the middle 
of which the stem rests. 

Removing Scale. Alost work to be galvan- 
ised must have scale and rust removed before it is 
sufficiently clean to result in good work, 'Phis 
process is known as pickling. It is ace()m])lialied by 
immersing the work in a solution of 1 part of 
nuiriatic acid (otherwise known as hydrochloric acid 
O'* spirit of salt) in 20 parts of water. It may be 
necessary to assist the removal of the scale with a 
tool such as a wire brush or file. A weaker acid solu- 
tion should be used for work with an unequal scale, 
otherwise over-picklhty may take place, and this 
«orioijsly prevents the adhesion of a good deposit 
of zinc. Sandy ciustings are cleaned by pouring 
over them a solution containing one part of sulphuric 
acid to six parts of water. They should be placed 
on a table or tray, and have the solution poured over 
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them about every ho\jr until the sand can l>e 
entirely removed by washing with water. 

The Acid Bath. The work is immersed in 
muriatic acid befoixj going into the zinc kettle. This 
acid serves as a flux, and also cleans the surfaces 
finally. If the work has some adhering rust, it 
should be kept in this bath long enough to remove 
the rust. The acid used is sometimes full strength, 
but a better bath is equal parts by volume of 
muriatic acid and water, with 1 lb. of sal ammoniac 
added to each gallon of liquid. 

From the acid bath the w'ork is taken to be dried, 
and many methods of drying are adopted. In a 
small ])lani, the drying table may bo heated from 
the fire that sui)])lies the kettle, but in big ])lantK 
separate fires are used for drying tin* work. The 
nuiriatic acid should he apparent on the dried work 
as a white adhering powder. After drying, the 
articles should be put into the zinc keltic before 
they become cold. 

The Molten Bath. 1’hc molten zinc should 
be at a temperature suitable for the work lieing put 
through, and a pyromc'tcr is the only means of 
getting exact results. Different classes of work 
reipiifc. different degrees of tluidity, or, in other 
words, different degrees of heat. For liirgi* gray iron 
casting.s, the metal should be about F., and for 
thin w’ork, where the spangled effect is desired, tliis 
heat is riglit. For wroiight-iron pipe, heavy malle- 
able eastings, and small castings used w'ithouta flux 
a good temperature is about 840” F. For nails and 
other small work, hung on wires or immersed in 
baskets, about 880” F. is the best heat. The surface 
of the molten bath at the plaee where the article is 
about to be dipped should have thrown on it a few* 
handfuls of sal ammoniac, which, whenever it is 
melted, should he followed by a few' drops of 
glycerine, to restrain it from spreading Aver the 
entire surface. 

Dipping. Th(‘ maimer of dipping the articles 
deyamds upon their nature. Washers, for instance, 
are strung on wires, nails and .small article.s 
are put into wire baskets, and large articles are 
.siin])ly held witlj tongs. 'Hie immersion ‘ should 
he made us quiedily as )>ossible, without eairsing 
sputtering, and the artiele should be held beneath 
the surface of the molten zinc until it is as hot as 
the zinc itself. 'This time cannot be judged by rule, 
and the only teaclicr is practice. When the artiele. 
siy, a thin easting, has been immersed some time, 
it should be rinsed around a little. Before removing 
it, clear a s})acc on the surface wJiere it will emerge, 
and dust that ])art of the surface with a little sal 
aininoiiiae in powder. With one ])air of tongs raise 
the artiele out. of the metal, and with another pair, 
not dijiped into the actual hath, complete the with- 
drawal, Some goods, such as galvanised hollow'-ware, 
require immersion for only a few' seconds, and the 
surface need not be sprinkled with sal ammoniac 
before withdraw'al. Indeed, slight differences in 
the ininuU‘ details of the ])ractice give better work 
with different articles, and all these details can be 
learned only by })ractice. Wire and netting are 
run tlirough the bath by a reel arrangement, and 
some galvanisers of corrugated sheets adopt a 
revolving wheel device to throw »ip the sheets after 
coatilig. The particular practice must be adapted 
to the particular work to secure the greatest \)Ossible 
economy. 

Cooling' The articles are sometimes allowed 
to cool in the air, are sometimes immersed in (;old 
water at once, and, sornotimes, again, the cooling 
water is heated, so that the cooling may not be too 
sudden. If the artiele has taken on any of the s.d 
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auimoniao floating on the Hiu’face, a wet brush may 
bo used to :femove it. 

Orosa. Every galvanising kettle accumulates 
dross. This is caused by imjniritios and dirt which 
accompany articles into the bath and remain 
behind, and sometimes by having the metal at too 
high a tem[)erature.. The dross should be removed 
periodically, as it retards the work and causes fuel 
s expense if it remain. It is removed with a dross 
scoop [2], and must be done smartly, and deposited 
■ quickly, before it has time to harden on the scoo]). 
The good zinc is sometimes recovered from the dross 
by heating to a high temperature — over 1,000'^ F. — 
with lead. The mass, on settling, has the lead at 
bottom, with the dross next to it, and the good 
^jiinc at the top, whence it may be removed and 
, utilised. 

Electro-galvanising. Tim second process 
of galvanising, to which we shall devote some 
attention, is the electro-deposition of zinc. Where 
the highest degree of adhesion of the zinc to a 
piece of iron or steel is sought, it is attained best 
' by the method of electro-deposition. Thus, for 
• , boiler tubes, and for the hulls of torpedo boats, 
electro-zincing or electro-galvanising is superior to 
the “kettle” method. Exhaustive tests have 
shown that electro-galvanising docs not diminish 
the tensile strength of the material to which it 
is applied, as docs hot galvanising. Also, the 
coating impiirted can be gauged much better than 
with the more common process. 

The Cowper-Coles Process. There .ye 
several processes employed for the elccl ro-deposition 
of zinc, but we shall confine our remarks to the 
Cowper-Coles process, on account of its sik'ccss, and 
because of its prominence in this country. The 
work must be cleaned, and this is done in the 
, manner described for hot galvanising. The plant 
required for ziufJng 2,400 sa})erfi()ial feet ))ef 
week of 64 working hours, with a thickness of 1 oz. 
per square ’foot, is as follows : 

,1 dynamo to give 1,0(K) amperes at fl volts. 

^ 1 switchboard, measuring and regulating 
iqstruments. 

1 galvanising tank, 0 ft. by 6 ft. by ft. 

1 pickling tank. 

1 washing tank, 0 ft. by 5 ft. by 4 ft. 

2 circular regenerating tanks, with fittings. 

1 air compressor, for circulating electrolyte, 

1 set of anode and cathode bars for zincing tank. 

A longitudinal section of such an installation is 
shotvn in 5. 

The Zinc Bath. Various zinc baths are used 
by different workers. That recommended by the 


inventor of the j^rocess consists 
350 oz., sulphuric acid I oz., and 
water 10 gal. To obtain good 


of zinc sulphate 



bright deposits of zinc, the solution should be kept as 
h*ee^ possible from impurities, and if the electrolyte 
too acid, a rough dark zinc coating will be given. 

The work to be zinced is scoured to dogs fixed to 
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cross bars, which rest on copper strips attaohed to 
girders carrying the anodes, which are of lead, * 
instead of zinc. It was found that zinc anodes 
failed to keep the solution up to normal strength, 
disintegrating and causing a rough imeven deposit, 
and as the solution is regenerated by circulation 
between the electrolytic tank and the regenerating 
tank, lead anodes were tried with success. * 
Regenerating the Electrolyte. The 
accepted and economical method of regenerating 
the electrolyte is by adding to the regenerating 
tank zinc dust or tultz, preferably mixed with sana 
or coke, so as to form a filter bed and to prevent the 
dust from entering flie depositing tank, where it 
would iiK.Tease the electrical resistance. By the 
system of eirc\dation ca\ised by the apparatus, the 
electrolyte Hows into the bottom of the depositing 
tank by gravity, the impoverished and there- 
fore lighter li(|uid being drawn off over a sill at the 
end of the vat. When the articles are first placed 
in the bath, it is found well to use as high a current 
density as i) 08 siblo, and after a few minutes to 
reduce it to about 16 amperes ])er square foot. 

Such, in brief, are the chief features of the process 
of electro-galvanising. On the score of economy, 
it has much to commend it for certain classes of 
work. When not in constant use, a largo hot plant 
demands a very great expense to keep the mass of 
zinc in a molten condition, a necessity which does 
not exist with the electrolytic process, and this 
consideration is sometimes of paramount importance. 

Sherardlsing. A })rocess known as sherard- 
vHivg has been recently introduced, and it is 
properly a process of galvanising by quite a new 
method. An aecount of galvanising would bo 
neither eom])lete nor ii])-to-date if it did not take 
notice of it. By the prot^ess of shorardising, the 
articles to be rendered non-rusting are cleaned by 
pieklirjg, ])olishing, or sand blasting, as already 
described, and are then placed in a closed iron 
reeepta ‘le, charged with zinc dust and heated to 
tem|)erature of 6(M)‘^ F. to 000° F,. for a few hours, 
and allowed to cool. The drum is then opened and 
the iron aitieles lemoved, wheai they are found 
to be coated with a homogeneous zine covering, 
depending in thickness upon the temperature and 
the duration of the treatment. 

Sherardising Plant. The zinc used in 
the process of sherardising is the ordinary zinc dust 
of commerce, the market price of which is about 
20s. per ton lower than zinc ingots? or vir//?/? fipelter. 
as it is usually called. The process offers another 
important economy in that greasy articles can go 
straight into the sherardising drums without clean- 
ing. The reoe}>taele into which the zinc dust and 
the articles to be treated are placed is preferably 
airtight. The air is then exhausted, or if this be 
impracticable, carbon, in a line state of subdivision, 
and to the proportion of 3 per cent, of the zinc dust, 
is added in order to prevent the formation of zinc 
oxide to an undesirable extent, ns this dulls the 
appearance of the filial coat. The usual type of 
receptacle employed is cylindrical, or polygonal in 
sha|)e, arranged to be rotated or oscillated during 
the process of heating. The cylinder, when 
charged, is placed in the furnace, a cast-iron shell 
of suitable shape, with a series of Bunsen burners in 
its lower part. The receptacle is rotated or 
oscillated by hand power. • 

The coating given by the process of sherardising 
is brighter in its metallic lustre than that attained 
by electric deposition, although the spangled effect 
of hot galvanising cannot be imparted 
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E girl who is contemplating the (career of a 
nurse for her life’s work should count the cost 
carefully. The work, though interesting, is ex- 
ceedingly arduous, and the physical and mental 
strain of service in the wards makes groat demands 
on the nurse’s strength and staying power. Many 
WOidd-bo nurses spoil their chances of attaining 
any high degree of sik^ccss by a disadvantageous 
use of the years that must elapse between stdiool 
and hospital training. A daily round of ])etty 
social duties, hours of idleness haigt honing into 
two or three years willanit any flelinite work, 
totally unfit a gii*l for the. strenuous and methodical 
routine of liospital work. Some daily task or study 
should be undi'rtaken wbitrli will necessitat.e the 
cultivation of habits of punctuality, neatness, tact, 
and patience. 'Tlu'se jpialitios are indispensable 
for successfnl work as a. nurse, and must be acquired 
sooner or later by any girl who wislios to make 
headway in the ]>rofessioji. 

How to Enter the Profession, The age 
for training varies slightly in various liospitals, the 
limit being usually from twenty-three to l)uVfy-tive. 
►Some nurses begin their training at a lower age, 
spending a few years in a. child ren’s hospital until 
the necessary ago for adult training is reached. 
Others study special subjects, siu'h as the nursing of 
fevers, massage, etc., but more bc'iicfit is derived from 
these special courses if they arc taken at the end 
rather tlian at the hoginning of (he full (‘ourse. 

Several months before the intending nurse wishes 
to begin her training she should write to a number 
of hospitals, and ask the matron for a <*opy of the 
rules for probationers. Having candidly studied 
the regulatidhs, the next sto]) is to obtain a personal 
interview with the matron of th<^ particular hospital 
selected. Tliis interview is of tli(? greatest im- 
portance for the candidate for training, since the 
practised eye of the matron enables lier to detect 
quickly the presence or absence of those qualities, 
physical, mental and moral, which arc essential 
to the auceesstul nurse. But, since standards of 
judgment vary considerably with the individual, 
an intending nurse wlio has made up her mind to 
work at the profession in a wliole-hcartc'd manner 
should not be disheartened if her first a^qdieation 
does not meet with a satisfactory reception. If she 
is not strong enough for general training she may 
be able to take up some special branch, such 
as the nursing of children, massage, or midwifery. 

Choice of a Hospital. When making her 
choice of a hospital at which to seek training, the 
candidate cannot be too careful. Many inferior 
institutions which cannot offer real training 
advertise for probationers. Such advertiseraenfs 
should be regarded with the greatest suspicion, 
for a really good trtuning-school is never in want 
of applicants, and it* is absolutely essential to train 
at a school which can confer a recognised certifi- 
cate at the end of the course. 

Many institutions h.avo attached to them a 
preliminary training school, in which the proba- 
tioner passes a few weeks l)efore entering on her 
iwrk in the wards. She is there taught, by means 


of lectures and practical work, elementary anatomy, 
physrology, hygiene, bandaging, the making of 
dressings, the use of instruments, sick-room cookery, 
housework, etc. With this usefid preparatory, 
knowledge, (he ])rol>at loner signs her agreement for 
three years’ training and enters upon her full course. 

The salary slie earns depends uj>oii the hospital 
she enters. For probationers, it varies from £8 
to £15 a year, with board and lodging, and generally 
uniform. In a few eases the probationer pays for 
her (raining timing a ])art or the whole of her 
course. 

The Nurse’s Ward Duties. Her work 
in (he ward kee])S her usually both busy and 
in(eres(ed. At first the multifarious duties are 
confusing and fatiguing, but the methodical 
arrangement of the work lightens it as far as 
possible for all concerned. I’licn the exact times 
of entering on and leaving duty vary in each hospital, 
but- punctuality is the hrst of all necessities. The 
nurse must not remain in the wards when off 
duty," iKuther must she visit other wards unless 
sent by someone in authority. She rises each morn- 
ing about 5.30, and breakfasts about 7.15, being 
ready, after prayers, to go on duty in the wards at 
eight o'clock. During the morning tlie probationer 
will ]»olisb the metal-work of the ward, taps, etc., 
wjjsh up (he breakfast things, dust the ward, scrub 
the lockers and doidors’ tables, and help with the 
patients' lunehcon and dinner. In turn all the 
])robafioners go to their own dinner, having in 
most hospitals about three-quarters of an hour for 
the pur]>ose. 

Heturning to their duty in the ward, the proba- 
tioners clear away the dinner things, wash the 
knives and foiks, make beds, dust and sweep the 
ward, and hel]) with the patients’ tea. Then, at 
about live oVjock, comes half an hour’s interval 
for their own tea. During the evening they again 
make the patients’ beds, help to wash the patients, 
serve supper, tidy u]) the ward, and prepare it for 
the night by making iq) fires, and so on. Then, 
after their own su))per and ])raycrs, they retire to 
their own rooms, and all lights are out by eleven 
o’clock. 

The Probationer’s Opportunities. 

This, in brief, is an account of the daily routine 
of the probationer nurse.. Her work is hard, and 
every minute of her day is tilled. But she has the 
advantage of associating with young women of 
her own age, with similar interests and ambitions. 
During her first year in the ward she does little 
actual nursing, but she has abundant opportunities 
for learning. Skilled nursing is going on around 
her ; if she keeps her eyes and ears open, and is 
always on the alert, she will gain invaluable ex- 
perience and a thorough insight into her work. As 
far as possible the nurses help the probationers by 
teaching them and by seeing that their allotted 
tasks are well ]:)erformed. 

The work of the nurses necessitates more skill 
than that of the probationers. The former watch 
and attend to the more critical cases, give medicines 
and stiihtttots under the supervision of the sistei* 
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of the word, and assist with the general work of 
looking after patients and keeping the ward in 
order. 

The nurse’s salary varies from £18 to £30, with 
uniform. During their three years’ eourse, nurses 
in training attend various lent urea bearing on their 
w'ork, on such subjects as physiology, anatomy, 
pharmacy, and dispensing. 3’hey taKo notes at 
these lectures, aud attend weekly classes held by 
the sisters, in which further instruction is given. 
At the end of the various courses examinations are 
held, which eac^h probationer is retpiired to pass. 

In t\mi, all the nurses are on “ night duty.” The 
whole of their daily routine is then changed, since 
they sleep belwecm the hours of 1 aud 8 }).m., and 
go on duty at about 0 o'clock in the evening, 
remaining there, with short intervals, until the 
return of the day nurses at S a. in. next morning. 

^lesidcs the necessary duties sot apart for lucals, 
all the day nurses have delinite ofT-diity times each 
day. Prohatiouers got a regular off-duty time of 
from one to three hours daily, with occasional half- 
days, and a whole <lay about once a mouth. The 
nurses get longer “off-duty” times; hut, unless 
they have a special “ pass ” signed by the matron, 
every nurse is cx])cctcd to be in hospital at 10 p.in. 
The annual holiday varies from two to four weeks, 
according to the siuiiority of the nurse in training. 
A probationer whose work is unsatisfactory may 
be required by the matron to withdraw without 
linisliing her course, in which ('asc no certificate is 
granted. 

The Branches of the Profession. A( 

the end of her full training, the nurse has 
various courses open to her. She may obtain a 
staff ap])Qintnient, and remain at the hos])ital as 
staff nurse or sister. Many nursi's proceed to 
study some special branch of nursing — mental, 
infectious cases, massage, mi<lwiferv-~and find 
their additional knoAvk'dgo invaluable when aeipiircd 
at the conclusion of tlie three years’ general training. 

About two-t birds of the nurses trained take up 
•private nursing at the conclusion of their hospital 
course, either working independently or associating 
themselves with tlie work of an institution. In 
the latter cas(', the nurse only gets, ])erha])R, a j)cr- 
centage on the money she earns ; but she has a 
small and regular salary, and her risks are few. 
By the co-o})erative system a number of nurses 
joombine together to minimise exfxjnses, and the 
risk of having to refuse cases becomes less. ’I’he 
iiidej)endcnt nurse is fortunate in retaining all the 
money she earns, but her risks are greater, and she 
may lose her connection by her inafiility to accept 
all the work offered. Many nurses “ s])ecialise ” 
after lejaving the Iiospital, although in the wards 
they all have experience of both medical and 
surgical nursing. Then a large number of nurses 
take service abroad, working chiefly under the 
Colonial Nursing Association as m issionarics. Others 
take up district nursing, which includes the 
various ways in which the poor are nursed in their 
own homes. To carry on this ])haso of work 
successfully, the nurse must not only be skilful in 
her profession, but must also liavo a deep sympathy 
with the poor. She should bo interested in the 
lifo and social condition of the people, and be 
prepared to work l)ard for a smaller remuneration 
than she would obtain in other branches of her work. 

. Poor-law nursing offers a good opening for an 
energetic nurse. Afany of the various infirmaries 
and asylums have excellent training courses, but 
the nurse should carefully ascertain if the school is 
recognised and can confer a certilicate. 

am 


Special Appointments. Nurses who have 
obtained full training in an adult hospital are eligible 
for appointments under the Local Government 
Board. These posts are vet}" responsible, and give 
great scope for an energetic nurse who wishes to 
work her way up until she becomes matron of a 
large hospital. It is in an infirmary or asylum 
that the nurse has the oy)portunity of seeing the 
course and nursing of infectious diseases, eU\ 

During the last few years a number of training 
nurses have taken up naval and military nursing. 
For work in naval and military hospitals candidates 
must have been through the full training course in 
a general Iiospital. 3’he jate of pa^unent is good, 
varying from £30 for a sister to £200 for a lady- 
suyiorintcndcnt. In addition to these salaries the 
nurses are given furnished (jiiarters and an allow- 
ance for fuel, light, and food. 

Whatever work the trained nurse decides to 
adopt, she will find the three years’ general training 
iiivaluahle. The Iiabits of neatness arul methodical 
work ;»C(iiiired in the w^ard must be retained 
throiigliout her carci'r. A slipshod nurse prohibits 
her own success, and in this, above all other 
yirofessions, personal neatness and daintiness is 
essential. 

'I'hc mental (pialities of the nurse are very im- 
portant She must have plenty of yiatienco and 
tact, and a keen insight into human nature. A 
quiet manner, accompanied liy a tirm but gentle 
attilufle tow'ards the pal amt, is very necessary. 

It is al>solutely necessary, too, that the nurse 
>< 11011 ^ have goo(l liealth. Any particular form of 
physical weakness soon reveals itself under the 
strain of hospital life. A slight, short girl, of light 
weight, would find the elTort of lifting and assisting 
lieavy patients too great. Tlie nurse’s eyesight also 
should be strong, and her senses of smell and 
hearing yierfeet. 

(Jiven these conditions, a girl who is really 
interested in the work of tending I he sick should 
tin<l in hospital nursing admirablts scope for her 
talents. »She will not only have a healthy and 
interesting occiqiation, but will be acquiring skill 
which will ensure Ivor a certain income, and may 
enable her to secure later in life an imyiortant and 
res] )ons i bl e a j )po i n t men t. 

The Home Nurse. A good nurse will 
ever keep in mind that she has three distinct 
duties to yierform — her duty to the yiatient, 
her duty to the doctor, and her duty to herself. 
Not one can she afford to neglect without 
affecting the others also. Her first duty is to aid 
in every y)ossible way the’ recovery of the yjatient, 
and this can only bo done by rigid obedience to 
the doctor's directions and attention to her own 
health. Towards the y)atieut her attitude should 
be firm, yet kind and gentle. A dictatorial and 
overbearing maimer i.s to be condemned in a 
sick-room, and the patient is far more likely to bo 
|x*r8uaded to take food or medicine, or yicrform 
any other uncongenial task, if the nu.se ayiyiroaches 
the subject tactfully. 

The home nurse should cultivate an oven and 
cheerful temyier. She must bo very sympathetic, 
but must never allow comyfiaints or criticisms of 
the doctor’s treatment. She must beiir in mind 
that confidence is a great factor in recovery, and 
her patient’s chances of getting well soon are 
damaged when distrust of the doctor creeyis in. 

An observant and intelligent nurse is the doctor’s 
most valuable helpmeet, She is constantly with 
the patient, and has, therefore, exceyitional 
opportunities for noting slight changes in hto 



condition. The doctor only comes at intervals, 
and to a certain extent ho is dependent upon the 
nurse’s watchfulness. and her accuracy in reporting 
details, however slight. It is always bettor to 
tell the doctor too much rather than too little; ho 
can then sift the wheat from the chaff and make 
the most of all the information he has received. 
J’he nurse will do well to keep a careful record of 
all that happens between the doctor’s visits, noting 
the patient’s j)ulse, respiration, and tem])crature 
at given intervals, the amount and character of 
the patient’s slec]), and any other records the 
doctor may wish to have. 

The Doctor’s Visit. It is one of the 
nurse’s important duties to prepare for the doc- 
tor’s visit. Kvery thing should be in readiness for 
liim, sinec bis time is vi^Iuablc, and it is exciting 
and worrying to the patient to see liasty ])vcpara- 
tions being made. Hot and cold waU*r and a 
hand-basin should be ready for use, together with 
some antiseptic soa]> and clean towels. When tlie 
doctor arrives the nurse should, if ]iosslbIe, see 
him for a few momtaPs in a room adjoining the 
si(^k-room. 8he can then give the elector the re(;ord 
of the patient's state, telling him all she can of 
his condition since the previous visit. 'Phis 
should be done out of siLdit and hearing of the 
patient. iShe should be ready to take the doctor’s 
thermometer aftcir use, wash it carefully in some, 
disinfectant solution, dry it carefully and rc])laceitin 
its case, returning it to the rloctor without slinking 
down the index. Any steel or silver instruments the 
doctor may have occasion to use she should clean in 
the same way, afterwards polishing them in a piece 
of leatlmr before restoring th(.m to him. 

All semblance of fussiness in tlie sick-room is to 
be avoided. 

The Nurse’s Dress. In the matter of dress, 
the home nurse should exercise, a careful choice. 
Simplicity should be the keynote to her costume. A 
plainly made frock, of serge in the winter and of 
some washing material in the summer, will be most 
suitable. In nursing an infe(,'tious ease a washing 
material should invariably be ishoscn. The dress 
should be made sufficiently loose to allow of 
])erfe<,*t freedom of movement. The skirt should be 
made short enough to clear the ground. She can 
then have long cuffs ami sleevelets, kept up by 
elastic, that can be taken off while work is performed 
that long sleeves u ould hinder. 

Ill matters of ]>ersoiial cleanliness and neatness 
the nurse cannot be too cartful. There is nothing 
more depressing to the jiatient than a dirty, slovenly, 
untidy nurse. She should choose colours tliat are 
restful to the eye, blue and grey materials, and her 
large apron should always be fastened neatly and be 
.‘'pot’ess. It should be provided with a wide bib held 
up by straps passing over the shoulder, crossing 
behind and fastening at the waistband. The apron 
dself should be large enough to well cover the 
skirt, both long and wide. It should bo furnished 
with a large, deep pocket, in which the nurse should 
l^fep in readiness her scissors, keys, etc. On her 
f<"et she should wear well-fitting, moderately loose 
shoes or boots. These should have low heels and 
fairly strong soles. Special ward shoo.s are now 
•nade for nurses, sometimes with rubber soles and 
heels. Many of these are excellent, and can b«? 
adopted for wear by the home nurse for Jicr comfort 
and that of her patient. 

fn choosing her other garments the nurse should 
have due rfegard to warmth, lightness and comfort 
'Vell-fitting clothes, with wool or silk next the .skin, 
a sine qua non. Woollen stockings should 
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also bo worn, since cotton lead to much discomfort 
if the feet get hot and tired. 

Hospital nurses complete the attractive sinqilicity 
of their dress by wearing small caps on their heads, 
and their example may be followed by tlic home 
nurse who knows how to dross her hair with the 
necessary simplicity. Personal ornamenfs of all 
kinds should be banished from the sick-room. 

The Importance of Regular Meals. 
Good health is only com])atible with a proper 
amount of good food. The nurse should make 
every c'tfort to take her meals regularly. If her 
work for the patient is carried out unaided, she 
should eontrivi* carefully to leave liim asleep 
or (‘omfortabic, while she gets lier own meals. 
Those should not be hurried over, and she shoukl, 
as far as possible, avoid both the haste and the 
kinds of food that are liki'ly to ])rofIuce indigestion. 
After the night’s rest the nurse should take a light 
meal, such as a cup of tea and a slice of bread-and- 
butter, before entering on Ikm* daily round. It is 
es]>eeially important to avoid entering the sick- 
room fasting if the ])atient is suffering from an 
infeetious di.sease. 

As a general rule, the nui’se should take all her 
meals away from the. sick-room and o.ut of sight 
of the patient. They should be light and nourish- 
ing. Stimulants ami excessive ti'a-ilrinking should 
he avoided. 'I’hework of a sick-room is exhausting, 
and necessitates a certain amount of strain. This 
is, however, best <’oimt4‘ra(^ted by plenty of 
nourishing food, snit.ihle exercise, and siee]>. 

Sucees.sful nursing cannot be carried out with 
insuttieient sleep. A full seven hours is essential. 
'I he lu.rse's niglits will he hroken and often lost, 
and she will therefore do well to arrange, if possible, to 
sleep between 2 p.m. and 0 ]>.m. Between these hours, 
by skilful management, she can generally be s])arod 
from tin? sjek-room. Most of the essential ofliees 
for the ])atient, washing, and meals have been 
carried out in the morning, so during the afternoon 
there will only he his tea to prepare, and a few lighter 
duties, which can generally be entrusted to a 
willing hel])er. It should be remembered that the 
mental freshness and alertness of the nurse react 
on the jiatieiit. 

Personal Details. 'I’he nurse should sleep 
in a well-ventilated, darkened room. She must be 
careful for the sake of her general health to indulge 
in a daily bath, or, better still, two — cold early in 
the morning and warm before ri'tiriiig to slee]). 
The usual details of the toilet should Ik* particularly 
carefully attended to. 

Exercise is also an inquirtant ])oint for the htMUe 
nurse to consider. Without it she will not enjoy 
refre.shing sloe)) and a healthy ajiiietite. and so her 
work will suffer. A few minutes may, with advant- 
age, be spent in the open air both morning and 
evening, and a brisk walk for a minimum of half an 
hour is in<lisf)ensable to good health. '^Phe nurse who 
has her ])atieiil’s mental as well as ])hysical welfare 
at heart will be (piick to relate anything interesting 
.she may have* seen or heard in these daily outings, 
so tha( the patk'nl- will come to look forwanl to her 
return for a ])leasant chat and a renewal of interest 
in the outside world. Without this the Atnios])here 
of the .sick-room may easily )»eeome dull and de- 
pressing, and the nurse must always hear in mind 
that cheerfulness is closely as.soeiated with skill and 
.sympathy in bringing aiuud the recovery of the 
patient. 

The sick-room should, of course, be eho.son 
with the greatest euro. Where a choice is pos- 
sible it should fall on the brightest and quietest 
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room in the house. It should be bright, since re- 
covery is retarded in a sunless room. The room 
should be quiet, as sleep is an essential focjtor in 
recovery, and the trivial and generally unavoidable 
. noises of the average household are annoying to an 
invalid. But, on the other hand, it is difficult to 
impose such restraint on every member of a house- 
hold that no doors shall be banged and no loud 
voices heard for a long period. Such conditions are 
quite impracticable wliorc there ai-e children, and 
even in an adult household there will be moments 
of forgetfulness, and the irksome quiet will be 
disturbed. 

For these reasons a room at or near the top of 
the house is generally ()rcferabl(i to those nearer the 
ground floor. In the case of an infe(dious disease it is 
almost essential to put the patient in such a room. 

The room chosen sliould be airy and lofty. The 
room should be provided with a fireplace and a 
window that will ojien lop and bottom. A casi'rnent 
window is not desirable in a siek-room, since it 
makes, the regulation of the incoming air very 
difficult ; a sash window is more easily managed 
and more conducive to adequate venlilntion. The 
chimney greatly assists in ventilation' ; the tireplace 
should be free, and the “ register ” open, to allow 
of the escape of vitiated air through it. A small lire is 
always useful in a sick-room. It may be used to 
burn scraps of rubbish, dressings, and siudi-like, that 
might become sources of infection unless destroyed 
by fire. It also (rreates a draught, the (uirrent of 
warm air passing iqi the ehimney and drawing after 
it the air of the sick-room that has been exhausted 
by breathing and contaminated by eontacd with a 
sick person. If the weather is too hot to admit of a. 
fire, a small him]) jilaced in tlie grate will act beiie- 
licially in prodiicing tlvo desired draught. 

Infectious Disease. In the case of infections 
disease, it is of the greatest imjiortaneo that the room 
chosen should bo near the top of the house and 
away from parts inucli frequented by other members 
of the family. Hot air rises, so that the draught in a 
house is towards the u])])er ])arts, esj)ocially if *a 
window on the top landing is kept o|)en a few 
inches. Thus disease germs escai)ing from the sick- 
room will not be drawn into the house if an upper 
room is selected for the use of the patient. 

Carpets and woollen curtains must be banished 
froln the room, also upholstered chairs, but the 
room should be arranged to look cheerful, because 
during the long convalescence and isolation entailed 
by an infectious- complaint the patient is very 
prone to depression. 

nurse must be careful not to leave food — 
particularly milk — exposed to the air of the sick- 
room, as germs are so quickly absorbed. All dirt 
shoidd be disinfected and burnt, and the dishes 
used by the patient disinfected before being retinned 
to the kitchen. 

The sick-room, if possible, should face south, 
south-west, or west. The early morning light will in 
all probability disturb the invalid, and shorten his 
hours of sloe)), and if attempts are made to exclude 
it, they can only be successful at the expense of fresh 
air and efficient ventilation. On the other hand, the 
bright afternoon sunshine, and ])articularly the last 
gleam before the sunsets, are invaluable in cheering 
the invalid. The afternoon is often tedious, and a 
little depressing to a sick person, and this last glow 
of the sun is cheering in its influence. 

The ceiling, walls, and floor must be carefully 
dusted. All the woodwork should then be wiped 
ovw with a damp cloth, which is kept moist by a 
little hot water, to which an antiseptic haa been 
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added. The fire should be lighted, and tlie tem« 
perature of the room allowed to reach about 60® F. 

The room should be unoarpeted, and all unneces- 
sary furniture removed. In nursing an infectious 
disease, this banishing of all upholstered furniture 
and carpets is indispensable. To give an air of 
comfort to the room, strips of carpet or rugs may be 
used, since they can be so easily taken up and shaken 
and replaced. " 

Ventilation and Temperature. For 

simple moans of ventilation, see Health, page 4019. 

A good nurse will make the temperature and 
ventilation of the sick-room the subject of very 
careful study. The temperature usually ordered 
for the sick-room is from 60° to 70° F., and with a 
little care the standard can bo kept up, so that 
within the twenty-four hours tlio variat ion will only 
be two or three degrees. A well-made thermo- 
meter is nect'ssary for this })urx) 08 e, and should be 
biing near the patient, somewhere near the level 
of his head. 

The fire-irons sliould be taken away from the 
room. If left in the grate they are likely to slip 
and distni b the patient, or the nurse, however careful 
she may be, may accidentally catch them with her 
skirt and cause them to fall with a clatter that will 
jar u])()n the patient’s nerves. An old walking-stick 
will make an ciftieicnt substitute for a poker. A little 
sand shotdd bo ])owdered over the hearth to deaden 
the sound of the falling ashes, and the coal should 
be packeil before it is sen I to the sick-room in paper 
bags, e.iieb one containing about 2 lb. of coal. By 
this means tlie nurse can noiselessly replenish the 
fire, without the use of tongs and without incurring 
the risk of soiling the hands. It is in the early 
morning, between 1 a.m. anrl 5 a. in., that tlie nurse 
will find the vitality of the patient at its lowest ebb. 
He will then be in a condition to feel the cold more, 
and she sliould cover him with an extra blanket, 
and bo careful to repkmish tlie fire lest it should 
burn low and the room get chilly as a result. She 
will then find it a great advantage to bo able to 
make up the fire quioHy, as the patient is very likely 
to be sleeping at that hour, and, if disturbed, ho 
might not find it easy to sloe]) soundly again. 

The Bed. The choice of a suitable bed is of 
very great importance, (lenerally speaking, a wide 
bed is a disadvantage, since the nurse has the 
additional strain of doing everything for the patient 
at arm’s length. The solitary advantage offered by 
the wide bed is that the patient can use one sido 
during the day and the other at night, thus obtaining 
the necessary coolness and freshness which is so 
conducive to rest. 

A small iron bedstead, with a light but strong 
frame, resting on castors that make it possible for 
the bed to be moved without shaking the patient 
at all, is the ideal one. The length of the bed should 
be about 6 ft. 6 in., and its width either 3 ft. or 
3 ft. 6 in., and it should be fitted with a strojiig 
chain mattress. The chain mattress should 
c.overed by a good hair mattress to give the necessary 
‘ s})ring.’^ Sometimes bran and hay mattresses are 
used. These offer the advantage that, should they 
get wet or soiled, the covers, which should be made 
detachable, can bo removed and washed and re- 
filled quite quickly and easily, and with practically 
no excuse. 

The bed should bo placed between the door and 
fireplace^ if possible near the middio of the room, 
and it should, unless the smallness of the room 
prohibits it, be allowed to stand clear of the 
walls and other furniture, so that it has around 
it in all directions a space of at least % ft. 



The advantage of this is obvious. It iierinits of the 
free ciroUlation of the air round the bed, and enables 
the nurse to ax)proaoh the patient easily from 
either side. 

Care should be taken to see that the bed is not so 
an^anged that the patient is facing the light. In 
some complaints the etfect of direct sunlight on 
the eyes is very injurious. In measles, for examjde, 
the eyes are abnormally weak and susceptible to 
injurious influences, and in cases of brain trouble 
or affections of the eyes similar precautions are 
necessary to prevent the light from producing un- 
necessary strain or injury. 

The nurse will find tliat it is often very advan- 
tageous to have a second bed in the sicik-room. 
If the patient is well enough to stand the exertion 
of being moved, he will benefit greatly by the use of 
one .bed during the day and the other at night. 
His sleep will be more easily induced, and much 
more refreshing under these conditions. 

In choosing the sick-room care should be taken 
to select a room in which the wallpaper is soft in 
colour, with a restful pattern. 

Night in the SicK-room. It i.s of the greatest 
importance that the patient should have an abimd- 
ance of sleep, and to secure this the nurse should 
take every precaution possible. Once the patient 
has settled down for the night she must be absolutely 
quiet and on no account rouse him from his first 
sleep. First of all she should sponge the patient’s 
face and htuicls with warm wafer and change his 
nightshirt. His bed must be either remade or at 
any rate made comfortable, and it is a good |)lan 
to give him a fresh pillow. The fire should be made 
uj) for the night, and a supply of coal in small 
|)aper bags shoulcl be jmt in readiness. 8ome light, 
warm food should be })repared for the patient and 
given the last thing before he settles down to sleep. 

The charac^ter of the patient’s last meal will, of 
course, depend upon the cotn]>laint from which he is 
suffering. In any case it should not bo cold, as that 
is likely to keep him awake, and it should he digestible 
food, such as a glass of warm milk or a cu]) of lx‘.ef 
tea. The nurse herself sho\dd take a good meal just 
before preparing the patient for the night/, ft will 
then be unnecessary to disturb the )>atient during 
the night. In the early morning, at about five o’clock, 
she will probably find that he will be glad of a 
light meal, ])erhaps a cup of tea and some bread- 
and-butter. 

The Nurse’s Night Duties. The nurse 
should provide herself with a (;omforfable easy 
chair and some noiscl<*ss occuxiatioii if she is to keex) 
watch during the night. As a rule, it is well for 
her not to read, or she may become drowsy and 
inadvertently fall asleep. Ifer occupation must, 
however, be silent, as many a nervous patient has 
been kept awake by the click of a knitting-needle 
or the raa^) of a thimble. 

The nurse must place the lamp so that the light 
is screened from the patient’s face, and her chair. so 
that she can see every movement on the ]iai t of the 
patient without giving him the imx^ression that he 
is under such close observation. By skilful arrange- 
inent of mirrors the nur.se can ofteit see the ]»atient 
distinctly in a glass when she is apparently with her 
hack turned towards him. 

Whilst the patient is asleep the nurse should 
make careful notes of his condition and any changes 
iu it. She should note down in writing the exsiet 
amount and character of the sleep enjoyed. She 
should notice exactly how much sleep the patient 
gets. The character of the sleep should also bo noticed, 
and whether he awakes refreshed or otherwise. 
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She should state also whether the sleep is sound, 
broken by dreams, or talking, or movements. 

When the doctor has ordered medicine to be given 
every two hours the nur.Me should be careful to 
ascertain from him if she is to wake the patient to 
administer it. It may hapjxm that the prolonged 
sleep of the patient is merely a sign of extreme 
exhaustion, in which case it is of the utmo.st 
importance that he should Ix) roused at stated 
intervals for medicine, and nourishment. 

If the patient is wakeful it is sometimes a good 
]>lan to lake aw’ay his hot pillow and give him a cool 
one rather than to turn the same many times. An 
extra j)illow is also useful in many eases. For 
example, in nursing pneumonia, the patient may be 
so weak that he sli])s over on to his back instead of 
resting on the affected side. In this ease a pillow 
against his back will give valuable support. Then in 
nursing cases of abdominal disease a pillow under 
the patient’s knees will enable him to relax the 
muscles which otherwise exert a painful pressure 
ui)on the abdomen. Also, a rheumatic patient finds 
the X)ain in the knee joints eased if they are raised 
on a soft feather cushion. 

The moment the patient awakes the nurse should 
have either medicine or w^arm food in readiness for 
him, after which ho will probably fall asleep again. 
CJentle friction of the patient^.s biujk and limbs may 
induce sleep in a restle.ss patienl, and the friction 
must be continued for a short time after the desired 
effect has been produced, or its cessation may 
awake him. 

How to Prevent Bed-sores. The nurse 
must be constantly on the watch for bed-sores, as 
they form easily and are cured with difficulty. 
Sx^eaking generally, a )>ed-soro is regarded as a 
sign that the nursing has been neglectful, but this 
is not an infallible rule, for they are occasionally 
merely signs of. extreme debility in the patient. 
They most readily make their apx)earance on pro- 
jecting parts of the body that press on the bed, 
such as the base of the spine, the shoulder-blades, 
and calves. 

Certain parts of the skin become bright red, and 
every part of the body should be daily examined 
during a. long illness for these unwelcome signs. 

At the least sign of redness the ])art affected should 
he wa.shed night and morning with soap and water, 
thoroughly dried, and r\ibbed with eau-de-(’ologne 
or a little good whi.sky until the skin is dry. Methy- 
latt'd s})irit will serve the purpose. Should the patient 
X>or.sx>iie freely the* skin shoidd be X)C)wdercd with a 
mixture of ecpial parts of zinc oxide and starch. 

An ail* pillow should be used to supx)ort the affected 
part, and it should lx; shaped with a hole in the 
middle to diminish the pressure on the part whei*e 
a bed-.sore is imjiending. 

A small dressing, tlie exact size of the. b<‘d-sore, 
is apfdied. A xiiece of lint wrung out in carbolic oil 
may bo used, or boric-acid ointment, or resin oint- 
ment. Over this a larger ])ieee of lint spreail with 
vaseline is ax)X)lied, and the whole kept in position 
by means of strij)S of adhesive jdaster. A solution of 
silver nitrat/C will harden the skin, but it has the 
disadvantage of blackening it also. The alternative 
treatment before the skin is actually broken is to 
X)aint it with collodion. 

(?are must be taken in fixing the dressing to 
attach 8tra))X)ing or plaster to parts of the skin 
some distance from the bed-sore. 

In very severe cases bed-sores make their ap^iear- 
ance on parts of the body where no pressure exists — 
for example, on the front of the thigh. These sores 
are the result of loss of tone in the blood-vessels 
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of the skin. The treatment in thin case is heat and 
eold applied nlteniately, A small piece of ice is 
wrapped up in flaimcl and held to the part affected 
for about ten nnnutes until the skin is pale ; this 
is followed by the application of a sponge wrung 
out in very hot water until the skin is hot and 
rod. Absorbent cotton-wool should be used to 
remove the moisture and powdered boraoic acid 
applied. 

Visitors. No visitors should be allowed in the 
sick-room when the case is infectious. The nurse 
should find out from the doctor exactly how many 
visitors it will be safe to admit. They should be only 
allowed to come at state 1 times and to stay as 
long ns is not Imrniful to the patient. The visitor 
should not enk^r the room suddenly, as the shock 
might be b.ad for the })atient. On the other hand, he 
should not delay his coming once the jiatient knows 
that he is exjK'ctod, ns the waiting is also bad for 
the nerves. The visitor should never lean against 
the bed or jerk it, but should sit in a })osition in 
wliich the ])atientean see him dearly. Ho should 
not stay long, JUid should leave without any 
indecision. The patient should be given some light 
food soon after the visitor’s departure, and the 
nurse should notice whether the visit has unduly 
excited or de])ressed liim. 

UikUt certain eireumstanees the ])atient w’ill 
perhaj s complain of the pressure of the bed-clothes 
on sensitive parts of the body. For examj)Ic, 
after an abdominal o])eration, or in eases of rheu- 
matic fever, the weight of the bed-dothea on the 
affected parts will cause unnecessary suffering. If 
the bedstead Imvc Udposts, this pressure may lx* 
relieved by passing a strong ])iec(* of string under 
the bed-clothes diagonally and tying it to the posts 
of the bed. By this means, if they are well lucked 
in each side under the mattress, and fastened with 
safety pins top and bottom, he will he kept warm 
without fooling the weight of the dothes. 

A small bed-cradle is sometimes necessary to keep 
the^^ weight off a limb. A satisfactory substiliite 
for a cradle may be made by cutting a tunnel 
througli an ordinary bandbox. 

In long and tedious diseases the pat unit is in- 
clined to slip to the bottom of the lad. This may 
lx? prevented by slightly raising the foot of the 
bed by wooden blocks umler th(' castors. In heart 
disease the patient will tend constantly to slip 
down low in ilic bed. e.s])ccially during sice]). 'J’his 
j)Osition is very bad for liim, as it renders breathing 
more difficult. 

When he is still weak, but w'dl enough to move 
his hands and arms, it is a good ])Ian to tie a piece of 
roi)e with a loose end to' tlie foot of the bed, by means 
of which tlie patient <‘aii raise liim.self or can get 
assistance in turning. 

The Convalescent. The nurse must always 
bo on the alert, when the patient is rerovering to 
detect any change foi’ tlie w'orse. There is always the 
risk of a rela])se, and eom])lieations of the disease 
may set in at any time. In some eases special ]»re- 
cautions must be taken. For cxamjile, attention 
must in some cases be given to the diet, that it may 
be not only digestible, but that no foods arc included 
that might prove dangerous. 

The convalescent must be well ])rotected against 
draughts and cold. Ho should wear a flannel bed- 
jacket, buttoned, up to the chin, with long sleeves, 
whenever he sits n]) in bed or is occujiied in some 
way that uncovers his arms and chest. 

• Groat attention must be paid to the convalescent’s 
diet. It should Ix'- both abundant and nourishing, for 
he has not only to build up fresh tissue, but to 
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repair the waste due to the ravages of disease. 
All indigestible foods should be avoided, but, subject 
to the doctor’s directions, the patient’s fancies 
should bo humoured. With returning health the 
appetite improves, and, if the food is served daintily, 
and carefully prepared, he will welcome his meals. 
Light food, such as soup and milk puddings, may 
bo abundantly given. 

The nurse should watch the patient carefully, lest 
he overtires himself. After long weeks of inactivity 
he will bo too ready to over exert himself and to 
over-rate his slowly returning strength. He should 
slec]) for nine or ten liours every night, and a short 
rest during the daytime, after each meal, will hasten 
his entire recovery. 

Cleaning the SicK-room. The sick-room 
must be kept scru])ulously clean. It is the nurse’s 
duty cither to see that the necessary cleaning is 
done properly, or, in some eases, to do it herself. 
Kvery morning the hearth must be quietly tidied, 
and the ashes collected. If the disease being nursed 
is infectious, a disinfectant should be ])oured over 
the dust and ashes before they are taken from 
the sick-room, 'fhe floor must then be w cll swept. If 
this is done slowly and gently there is no necxl for a 
cloud of dust to arise and cause discomfort to the 
patient. The best jilan is to roll u]) the strips of 
carpet or rug on the floor and then to sweep up the 
dust tow'ards the centre of the room, to avoid bringing 
some of the dust tlie wdiole length of the room. 
Another satisfactory method is to sweep towards 
the tireplaee, and take, up the dust in the grate and 
burn it straightaway in the lire. This is one of 
the many little w^•lys in which a lire in the sick-room 
will be useful for other ])ur])oses besides that o( 
heating. Should there be no fire, it is a good plan 
to take U]) all dust and fluff after swee])ing it together 
by means of a. damp cloth. ‘ 

The Kwee])ing ])rocess must Ix^ followed by that 
of dusting, and the whole room should be thoroughly 
wi]K*d over with a duster at least once a day. 
All furniture should be removed with the exception 
of the bed. The woodw'ork of the room — door, 
.skirting, window sills, etc.-- should be wi])ed over 
daily with a dam]) cloth wrung out in a dilute solu- 
tion of some antiseptic fluid. 'Phe latter should 
])rcfc;rahly be a fluid free from characteristic smell, 
as that is likely to cause discomfort to the patient 
by affecting the air of the room. A careful nurse 
will leave no ])art of the sick-room und listed ; the 
tops of ])icture-fiames and screi'iis, the legs of the 
chairs and tables, window.-ledges, and medicine 
bottles, w'ill one and all be freed from every trace 
of dust and dirt. The windows of the. sick-room 
should be kept bright and clean. Nothing is more 
depressing that the dull outlook of a room with 
smeared or dirty window panes. 

The Patient’s Bed- The bed-clothes should 
be chosen with care. The mattress should be covered 
with a light woollen or cotton sheet. Tjinen is un- 
suitable, as its surface is cold and likely to chill 
the patient, but, as in tlie case of the use or discard- 
ing of a feather bed, the ordinary habit of the per- 
son concerned must be taken into account, and no 
abru])! change brought about. The use of an under 
blanket beneath the sheet is not desirable for ordinary 
patients. In some cases it may be used with ad- 
vantage, n« in very cold weather, but, generally 
speaking, it is better to dispense with it. It tends to 
wrinkle, and so to produce the irritation which 
encx)uragcs bed-sores. In nursing eases of acute 
rheumatism it is necessary to place the patient in a 
blanket with no under-sheet, but this is an exceptional 
case. Blankets absorb the perspiration from the 



body, and become moist, and so predispose the skin 
to bed-sores. Sheets are therefore preferable. 

The under bed - clothes should be spread quite 
smoothly over the mattress, and well tucked in ; 
if an luider-blanket is \iscd it should V>c wide enough 
to tuck in tightly. The upp<‘r bod-clothea slioidd also 
be of suitable width, and tucked in well ; if too narrow 
they will be a constant source of discomfort. 'Die 
warmth of the bed should be secured by the use of 
plenty of thick new blankets or blankets that have 
not been washed, as washing tends to make tliem 
thin. The maximum warmth should be obtained 
with the minimum weight over the i)ati(‘nt. In any 
ease the weight of the bed clothes should be care- 
fully distributed, so that there is as little prcssur<5 
on the patient’s chest as possible, and the greatest 
weight over liis feet. 'I’hc ordinary eounU'rpane 
should not be used ; it is too heavy and too elos(‘ly 
woven for healtlx. The pressure so ]n*oduced may 
seriously interfere with the ])atieiit's brea tiling and 
the same ill-efTccts are caused by bed-clot lies that 
are too heavy. An excellent substiluti^ for a 
counterpane is a clean sheet folded and used at 
half its width as a count(‘ipaue. The whiteness is 
very attractive, and clean-looking, and lends to the 
bed and room a cleanly and ehcerful ap]iearan<*e. 

The patient should lie provided with at least two 
soft pillows, well beaten up whenever the bed is 
made, and at other intervals during the day. Two 
pillows are more comfortable tlian a pillow and a 
bolster, as they are more easily turned and smoothed. 
The nurse will tind that the patient’s vslec]) will, to 
H great extent, depend upon the comfortable nature 
of his pillows ; if too high, they will make him 
suffer from stiffness of the ne<‘k and shoulders, and 
if too low, they will be an incentive to headache 
and restlessness generally. 

The Drawesheet. The drnw-slicct is an 
essential addition to the bed of a pat ient suffering from 
some complaint that necessitates many turns in bed. 
It is easily prepared by folding an ordinary .sheet 
along its length until the folds are only one-third or 
oiiL’-quarter the ord iriary width of t h<*- extended sheet. 
Thus, the sheet is reduced in width, its length is 
unaltered, and it jiresents two or three thicknesses. 
'J’he bed is made in the ordinary way by spreading an 
under-shcet us sinool hly as possible over the mattress. 
Over this the draw-sheet is laid. It is placed so 
that the greatest length goes down thM^d. On 
one side, just enough of the folded shecTTs used to 
tuck in firmly, and the excess on the other side is 
rolled up into a smooth roll, which is jilaced under 
the mattress. Sometimes safety pins are used to 
secure the draw-sheet in position. 

The draw-sheet is placed across the bed so that, 
when the patient is on it, it will extend from about 
the length of his armpits to his knees. The advan- 
tage is obvious. Suppose that for any reason the 
draw-sheet becomes soiled or damp, as when 
poultices are in use ; if there is no draw-sheet, tlio 
undersheet would have to be changed,. giving much 
trouble. Jf, however, there is a draw-sheet, the 
remedy is easily applied. The tucked-in side of the 
draw-sheet is rolled up towards the patient. The 
clean roll is then loosened. The patient is gently 
raised by the nurse by a kind of leverage movement 
of her arms when placed under his shoulders and 
just above his knees. The assistant then draws 
the roll of soiled draw-sheet towards her in such a 
way that a fresh length of the clean roll now rests 
beneath the patient. Thi# process may, with advan - 
tnge be gone through two or three times every day, 
the sepaation of cool comfort being very soothing to 
the patient. In nursing some oases, it is advisable 
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to place a slip of double-faced macintosh between 
the under-sheet and the draw-sheet. It should be 
.securely fastened in position by safety pins, 
attaching it to the mattress. The draw-sheet should 
overlap the macintosh by 0 in. or 8 in., for if the 
macintosh should come in contact with the 
])aticnt, it may be a .source of trouble in the form 
of bed-sores. 

How to Change the Upper Sheet. The 

upper bed-elothes should iKMintucked all round, and 
one of the patient’s pillows temporarily removed, 
so that he will lie more (hit on the bed. The upper 
blanket i.s then taken off, and the el(*nn sheet, wliich 
has previously been well aired and warmed, is 
spread over the bed. Over this the upper blanket, 
which has been removed, is )>laced, so that the 
])atient is covered by four layers of covering, soiled 
she(*t and second blanket, over which is ])laced the 
cle.in sheet and np[KT blanket. The lower layers 
have to be removed, so that the clean sheet and 
blanket will cover the ]»atient. The nurse will need 
assistance in the intcrcliaiige of sheets. The 
assistant should stand at- the head of the bed and 
hold the clean slieet and up]>cr blanket hriiily, one 
hand being placed on either side of the patient’.s 
heiul at about the level of his shoulders. The nurse 
slionld stand at the foot of tJie bed and, using both 
hands, placed well a])art from each other, steadily 
draw out the soiled sheet and its accompanying 
blanket. In doing this she must take groat care 
not to raise her arms, for then the cold air will rush 
into the bed and chill the patient. The withdrawn 
blanket can then lx? ])laccd over the bed, now 
taking the position of upper blankets, and then the 
bed-clothes should bo tucked in a.s before. If 
necessary, the ]>roeess may be carried out across the 
width of file bed instead. In this case, the nurse and 
her assistant will stand on cither side of the bed and 
the sheet be withdrawn at tlic side instead of from 
tlie bottom. Uy either of these processes, the clean 
upper slieet is ])iit in ])osition witli little or no 
diliiculty, and with tlie luininmm exertion to the 
patient. 

Changing the Lower Sheet. The clean 
sheet, which is to replace the soiled upper one, should 
be well aired and ivarmed, and then rolled length- 
ways for half its width, and yilacwl on a chair in 
readiness. The bed -clothes should then be untucked 
and the u]>j)er ones so arranged that the free edges 
of sheet ami blanket are folded back out of the way. 
The draw-sheet and mneintosh are then unpinned 
and rolled up towards the patient for a few inohos. 
The assisinnt stands on the opposite side of the bed, 
and, holding the draw-sheet and macintosh 
securely, she should, by means of them, gently turn 
<lic patient on his aide, .so that half the soiled 
sheet is free. From her side, of the bed, the nurse 
then quickly rolls this up lengthways till it lies in a 
roll down the middle of the bed. She then takes the 
clean .sheet and places the clean roH beside the soiled 
one, and carefully smooths the unrolled part of the 
clean sheet over her half of the bed, tucking it in 
securely, and seeing that the sheet is arranged 
straight and without wrinkles. 

The assistant hands her the draw-sheet and 
macintosh, and the nurse first gently lowers the 
patient so that he lies across the two rolls. She 
then pins the macintosh and tucks in the draw- 
sheet on her side of the bed. The assistant 
meanwhile takes out her roll of draw-sheet and 
macintosh. The nurse holds this with both hancUf 
placed not too near together, and uses the draw- 
sheet gently to turn the patient on to his side so 
that he faces her. In doing so, he passes over the 
G 6177 
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two rolls and now puts on the clean sheet. The 
assistant then quickly draws away the soiled sheet 
and unrolls the remaining half of the clean one and 
spreads it smoothly over the bed and tucks it in. 
Then she takes the draw-sheet roll from the nurse, 
allows the patient once more to be on his back, and 
secures the macintosh and draw-sheet in position. 
The patient is now lying on the clean sheet, whieh has 
replaced the dirty one without le iig unduly fatigued. 

If the nurse is obliged to do the work single- 
handed, she will find it is best to work from the 
bottom of the bed to the top, instead of from side 
to side. She can easily roll u]> the soll(‘d sheet to 
the level of the jjatieiit’s baek, and reidaee it with 
the clean sheet, whicli has Ix'en ])reviouhlv rolled up 
to half its length. d’hen using her right arm to 
support the patient, she ean raise him (‘uough to 
roll up or push aside tlie soiled sheet and unroll the 
clean one to take its ]>laee. 

The edges of the clean and soil 'd one slu^uld Ik' 
pinned together, and while the nurse raises the 
middle of tlitt patient’s body tlie assistant slioiiid 
gently pull the soiled draw-slu'ct towards her, till the 
clean one is in the right position heneatJi the patient. 
If the patient is very heavy, it is advisable to change 
the draw-sheet in the same way as the under-.shcot, 
as this obviates the necessity of lifting him. 

Changing the Patient's Night Shirt. 
The clean night shirt or night dress should l>e 
well aired and warmed and ])ut in readiness for 
use. Then the patient should he raised slightly in 
the bed, and his night shirt freed from the weight 
of his body, and unbuttoned. The arm near 
the nurse should be withdrawn from the sleeve, 
and the soiled niglit shirt drawn up to form a roll 
over the patient’s chest and shoulders. Care must 
be taken not to allow the cold air to come into 
contact with the patient. Then the muse should 
hold the clean night shirt over her wrist s and foreai ms 
by passing her hands downwards through the collar 
and front, and out at the hoi tom. She then passes 
her hands vpvwds thro\igh the bottom of the soiled 
shirt, and out through its ('ollar. By the same 
movement she gets the clean night shirt over the 
patient’s hofwl and quietly slii)s away the soiled 
one. It is then an easy matter to slip the patient’s 
arms into the sleeves, to fasten the hultoiis, and to 
raise the patient to draw the night shirt smoothly 
into its position. 


patient takes the maximum amount o!^nutfim6nt. 
Food values must be carefully taken into account, 
and innutritive articles of food discarded for those 
that are more valuable as components of a nutritious 
diet. 

In many cases the actual food to -be given will be 
prescribed by the doctor, in severe cases even the 
amount being specified. Tlie.se orders must be 
adhered to rigidly. It sometimes happens that 
even a slight deviation frorn the presc'ribed dietary 
will bring about a serious relapse. 

How to Serve the Meals. A hed-table 
i.s a great eonvenienee in the siek-room, either cne of 
the elaborate forms now obtainable at varying costs 
or of a more 'simple cliaraeter, consisting of a flat 
.Miiif.u'e of wood siijiporlf'd on four short legs. The 
fronl edge of the wood is hollowed out to form a 
cavily. into wiiieli the invalid’s ehe.st ean fit. Such 
a table w'ill stand (piite firmly on the bed if its legs 
are made to rest securely among the bed-clothcs. 

’riie meals should be brought up on a little tray 
covered with a sjiotlessly wliite cloth or serviette, 
'^t'he cutlery and glass used should he well polished 
and glistening ami the' cruet neatly arranged. All 
preparations should be made out of sight and hearing 
of the patient. If he has time to think about any 
particular food he may refuse to eat it when it 
appears. Il is a mi^.take to ask the patient if he 
fancies any special food nuless if is at hand for him. 
During the delay he is (jiiite likely to change his 
mind. 

The food should he served daintily and in small 
(juantities. Food that is supposed to bo hot 
should be really hot, not lukewarm, and every- 
thing should b<‘ properly llavoured before being 
served. 

After the jiatient has eaten, anything that 
remains should at onee be taken away. The 
doctor’s orders should he asked for as to whether 
the patient is to be roused from sleep in order to 
eat. SoinetimcH the ])rolongcd sleep may be a 
sign of exhaustion following great weakness, and in 
such a ease the doctor will order the nurse to 
rouse the patient at fixed intervals in order to 
give him food. Sometimes the patient’s disin- 
clination to take food is merely a sign that he 
cannot digest it. In this ease a fast of a few hours 
will not do harm, and may do a great deal of 
good m’''*nahljng the digestive organs to right 


If the patient cannot .sit up, the night shirt must 
be split uj) the baek as far as the collar. 1’he soiled 
one can then he withdraw'n without disturbing the 
patient, and the clean one arrangefl to replace it. 
The free edges should be tucked down on cither side, 
so that he is not cold. I’lio night shirt should be 
changed night and morning, unless the comlition of 
the patient is so serious that the doctor has orderetl 
otherwise. 

The Invalid’s Meals* The nurse should 
consider herself Vesponsible for the arrangement 
of the patient’s meals. Although she may not 
oetually prepare them herself, she should be 


actually prepare them herself, she should be oftc 

aufflciently skilled in the culinary art to supervise the 

its preparation. She must always bear in mind is i 
th&t an invalid’s appetite is capricious, and that if e 
v^ithin the limits of strict obedience to the doctor’s bef 
‘ orders and the dictates of common - sense she six 

ahonld humour the patient's personal wishes and and 

^ fancies. she 

valid cookery is a branch of the culinary art Me< 

fi?om the preparation of more solid meals* tern 

food must be well cooked and digestible, and sho 
^ prepared that with the minimum exertion the to 
’ Continued 


themselves. If eating is generally followed by an 
attack of sickness then the nurse should give very 
small quantities of bArley-water or milk, letting 
the patient take a few drops only at a time, in sips 
from a teaspoon or from a feeding-cup. 

Administering the Medicine. The nurse 
should keep the medicine bottles in a little cup- 
board where they will not continually remind the 
patient of. his unpleasant duty with regard to them. 
The nurse should use a graduated medicine glass 
to measure the medicines, and be careful to ad- 
minister the exact dose. A small inaccuracy 
often repeated may lead to serious i*esults. If 
the medicine is to be given three times a d^y, it 
is administered at 10 a.m., 2 p.m., and 6 p.m. ; 
if every four hours, the additional dose is taken 
before breakfast. Medicines ordered for every 
six hours are taken at 12 and 6 o’clock both day 
and night. The nurse should always And out if 
she is to wake the patient to give him medicine. 
Medicines taken before^ meals ai'e generally in- 


tended to assist the appetite and digestioii and 
should be administered about ten mmut^ prior 
to the meal. 
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London’s Huge Central Exchange. Eighty Thou- 
sand Wires in One Building. Trunk Working 
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By D. H. 

'T'HE central energy system is a very good instance 
* of the application of the adage inculcated by 
Mr. Carnegie — namely, to “put all the eggs in 
one basket, and wateh that basket.” Elaborate 
arrangements are made to secure from any possi- 
bility of breakdown the central source of energy. 
Usually, energy is obtained from the local munici- 
pality or supply company, and by means of a mag- 
neto generator transformed te continuous current at 
a voltage of 30. On the left in 27 can be seen the 
No. 1 generator, with its coupled motor, as used at 
the Etding Exchange. The generator has six poles, 
and the commutator has a very large number of 
segments (176), the object being to secure that the 
top of the current wave shall be practically flat. 
The motor receives current from the municipality at 
105 volts alternating. Tlie combination is designed 
to supply from the generator 
side a maximum current of 
200 amperes. In order 
secure immunity from 
breakdown, aduplicvite set 
(No. 2) is provided, and 
made, as far as pos- 
sible, independent of 
No. 1. Where circum- 
stances allow of it the 
stand-by motor-gener- 
ator is served from the 
mains of a separate 
company, so that even in 
the case of a general break- 
down of one company the 
exchange can still bo worked. 

Near the door of the 
power-room can be seen the 
ringing machines, two of 
which are mounted on one bed ; the same complete 
duplication of plant is carried out in this case. 
The feeder cables from the generators are carried 
through a power switchboard, and thence to (he 
accumulator room [28]. Here, again, the same 
duplication is in evidence, two complete sete of 
eleven cells being provided. They are of the Chloride 
pattern, and have a total ultimate capacity of 2,000 
ampere hours. During the early period of the ex- 
change development only seven plates are installed, 
the remainder of the cells lieing shut off by a lead 
partition, and as the need 
arises additional plates 
can be added until the full 
capacity is absorbed. At 
the near end of the cells the 
main fuses are in view, and 
along the sides of the cells 
can he seen the leads which 
go through each cell to a 
voltmeter fixed upon the 
power switchboard by 
n^^ans of which the 
individual voltages can be 
read by turning a twelve-* 
positihh switch. The fifteen 
smaller cells visible * be- 
tween tlu^ Windows are used 
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in connection with the meters, as these instruments 
require 30 volts. It should also be noted that the 
Kfieeial design of tlio generators makes it possible 
to work the exchange direct without the inter- 
position of the accumulators. 

The London Central Telephone £x» 
change. Truly .startling in the matter of tele- 
phone development has been the experience of the 
Post Oflico in the City of Loudon. In April, 1902, 
w*as o]>enod the new Orntral Exchange in Carter 
Lane under the shadow of St. Paul’s. It was ar- 
ranged for an immediate installation of 5,000 sub- 
seribers, and with an ultimate equipment of 14,400. 
Within three years it had not only become necessary 
to complete the. etpiij^iuent of the exchange up to 
ite entire cu]>aoity, but, in add ition, a second exchange 
with a capacity of 18,000 subscribers had been 
designed, and at the present 
time is completed and in 
operation, so that in this 
one building there is 
equipment for over 
30,000 subscribers. The 
accompanying junction 
equipment involves an 
lulditional 3,000 pairs 
of wires, and the same 
building also houses tho London 
Trunk Exchange, so that it is 
far and aw.iy the most important telephone 
building in tho world. 

1’he number of cable ducts entering the 
exchange was originally 110, but it has oeen 
found necessary to increa.se these to 214. 
Paper- insulated, load-covered cables were 
exclusively used for the subscribers* lines. 
The original types were 2| in. in diameter, 
an<l contained 434 wires for 217 subscribers. In 
the meantime, however, great .advances in cable- 
making have been made, and many of these 217 
]jair cables liavo been supplanted by cables of the 
.same external diameter, but containing 606 pains of 
^vires — that is, the capacity of the duets h.as been 
practically trebled. 

The cables are led into the sub-ba.sement, where 
they are connected to the silk and cotton cables, 
wbioh are led on to the main frame. From this 
point they are carried up a special cable chute to 
the third and fourth floors, 
where the intermediate 
distribution frames, relay 
and meter racks, and the 
switchboards are situated. 
In the original central 
installation, twenty - six 
subscribers’ sections and 
sixteen jimction sections 
were provided, completely 
equipped with multiple, so 
that each subscriber's line 
was connected to no less 
than forty- two jacks in tho^ 
multiple, making with tho 
answering jack, a total of 
forty-three. When it is 
6179 
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reracmbered that three wires 
are led to and three wii-es from 
each jack, it will be seen that 
the number of soldered joints 
on each subscriber’s line was 
approximately 300. This goes 
a long way towards explaining 
what many regard as ])ara- 
doxical — namely, that as the 
number of aiibaoribera at an 
exchange increases, so does the 
cost per subscriber. llio 
nimiber of operators’ positions 
at these sections was 1 20. 

When the installation of the 
second exchange equipment 
was contemplated, a careful 
study was made of the num- 
ber of transactions com])let(^d 
on the midiiple, as compured 
with the number of outgoing 
junction transactions. It was 
found that only I in 0, or 20 
jMir cent, of (he calls were for 
Central subscribers, and, ns a 
result, it was found more 
economical to dispense with (he 
multiple on the subscribers’ 
so^'tions (“A” positions), i0< 
place being taken by an addi- 
tion to the number of “B” |K)Hitions. Subsequent 
oxperienco has fully justified the wisdom of this 
change, which at one and the same time greatly 
reduced the capital expen- 
diture and cost of maintenance, 
and simplified th(? operating 
in that it eliminated the less 
frequent type of call, so that 
all calls, wliether for the (Vn- 
tral or other exchanges, wore 
dealt with in precisely the same 
manner. The number of tlir<‘ct 
Imes now connect cd to this ex- 
change exceeds 14, (XX) ; many 
of these lines serve more than 
one station, so that the total 
number of stations exceeds 
20,0(X), the total number of 
operating employes being 414. 

Traffic Studies. In 
Ollier properly to proportion 
the staff to the work in a large 
exchange, a most careful study 
of the traffic is necessary. This 
is, of course, greatly facilitated 
by the position meters, and the 
extent to which such study is 
carried out can bo best showm 
by actual figures, wdiieli relate 
to the Central Exchange, and 
refer to the 22nd day of 
March, 1907. In tho diagram 
at th? top of this page is de- 
picted, in graphic fashion, first, 
the number of ojiorators 
.actually at work each half- 
hour; secondly, the number of 
calls plus attem})t8 made to 
complete ineffective calls each 
half-hour ; thirdly, the number 
of calls without the additional 
attempts. 

It will be observed how the 
tra/Bo, insigiuficant at eight 

aiso 
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o’clock, rapidly rises between 
nine and ten, reaching its 
maximum at eleven. The 
influence of the luncheon inter- 
val — which in the City takes 
place between one and two — is 
very ])ronounced. The after- 
noon peak is usually a little 
earlier, but on this particular 
day it was delayed until live 
o’clock. Tho operator curve 
should follow the call curve 
very clost.ily. In this case it 
do€*s so, except in tho after- 
noon, but the agreement, on 
tlu^ whole, is fairly satisfactory. 
'I’ho scales are arranged in the 
ratio of one operator to fifty 
calls ]ier ludf-hour, so that at 
all times tlu'y are workin" well 
within tlici normal load. It 
must, liowever, bo remem- 
bered that in this case all (he 
calls arc junction calls, and 
these are usually given tho 
value of two, as tw^o operators 
are in all cases concerned. 

In the a( cornpanying table is 
givtni a complete and most 
valuable set of statistics re- 
Kxcliarige for the sanio day as 
shown graj)hiofilly. 
the subscribers contract for tho 
message rate — that is, they pay 
£5 ])(*!* annum plus Id. per 
call -it was originally antici- 
pated that the niimljerof calls 
))er subscriber would bo low, 
and that each ofierafor would, 
therefore, be able to cope with 
180 subscribers. No. 5 shows 
that the calls per line per day 
now reach tho comparatively 
high figure of eight, and, there- 
fore, No. 8 -the number of 
lines per “A” j)oaition — is only 
a little above nincty-se.cn. 

( ofiiparirig Nos. 14 and 20 
shows that tlic projiortion 
of “Central” traffic has in- 
creased, and is now 29 per cent. 

Nos. 29 to 49 refer to the 
incoming traffic, and a com- 
parison of No. 30 with No. 14 
shows that there are live calls 
received by the (.'entral Ex- 
change subscribers to every 
four originated by them. This 
means that business flows, as 
one would expect, mto rather 
than out from the City. 

No. 30 confirms the state- 
ment previously made that the 
“B” operator can deal. with 
over 25() calls per hour, this 
high average being due to the 
use of machine-ringing keys 
and tlio automatic character 
of the signals provided for her 
assistance. T’he joint influence 
of call-wire working and of a 
l.itTgo number of junctions is 
shown by a comparison ^tween 
Nos. 31 and 39, the traffic per 
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call wire junction being just treble the traffic per 
ringing junction. Nos. 40 to 44 refer to special 
positions connecting the third and fourth floors. 
The positions reserved for inconiing ringing junctions 
arc called “ C positions.” 

Nos. 50 to 54 refer to special junction transfer 
positions, which have been introduced for the pur- 
pose of eliminating from the work of the ordinary 
oT)erator all the difficult “ outer London ” calls. 
These take longer than usual to operate, and would 
unduly impede the work on the ordinary fH^sitiona. 
Immediately such a call is received, the “A” o]>erafor 
transfers it to the junction transfer record opcTator, 
who writes out a ticket, and hands it to one of the 
six position operators referred to in No. 51. 'I'he 
difficulty of dealing with these calls is evidenced by 
the fact that No. 54 shows tliat those junction 
transfer operators handk* 050 (;alls e;u;li, as com- 
pared with No. 10 for the ordinary “A' operator, 
the uumber in the latter case being 784. 

Some Telephone Figures. Nos. 10 and 
49 show that nearly 10 per cent, of this trafiic has 
to be dealt with in the busy hour, and this is the 
basis on which the eejuipment of the iK)sitions has 
to be made. 

No. 55 shows that in one day more than a quarter 
of a million calls were dealt with. If we take this 
as the average, and allow for 000 working days; 
it will be seen that in a year we have for owe exchtwge 
(dove, the astounding total of seventy-five millions of 
(lommunioations, which is comi>arablo with the 
telegraph traffic of the whole kingdom. 

The figures given in Nos. 58 to (50 do not include 
the engineering staff, Out th*' average number of 
(ialls per e iijdoyo during the hour- namely, 
seventy-three — is very satisfactory. 

As a final effort to convey some faint concoi)tion 
of the magnitude of this huge installation, we may 
inform the reader that the internal exeliangc wank 
alone accounts for over 7,000 miles of wiri^s, and 
that the total number of joints ru'cessitaU'd in its 
construction exceeded 4.500.000. 

Since 1895 all the long-distance telephone lines 
connecting various ” telephone areas ” liave been in 
the possession of, and w^orked by, the Post Ofliet*. 
In each largo town there is a Post Office trunk 
exchange, and this is connected with the local 
exchanges, which usually belong to the National 
Telephone Company, by means of junction circuits. 

Long Distance or Trunk Telephony. 
'Pho methods of working arc quite dilferent from 
those emidoyed in ordinary local services, and it is 
proposed here only to describe them briefly. In 
local exchange work the wires are numerous, and 
being usually short, are not very exi)ensive, and the 
cost of the operating is one of the principal factors. 
All this is inverted in connection with the trunk 
system, where the cost of a single circuit may exceed 
£20,000, and the cost of o])erating it may be in (rom- 
parison a*rainor factor. It is clear, therefore, that 
every effort must be made to keep such a valuable 
line fully employed, and, consequently, in a trunk 
exhange the number of lines per operator is very 
small — usually not exceeding live. 

For the purposes of description it w’ill be best to 
take a concrete case and describe the method of 
operating. A London to Birmingham transaction will 
serve as an example. Imagine, then, in each of these 
,<5ities a trunk exchange connected by trunk lines. 
The I nes are worked in groups, but we must at first 
confine our attention to one. It terminates in front 
of the operator in the shape of a jack and signal larup. 
'Ihe operator is provided With pegs and cords, haying 


supervisory lamps similarly arranged to those 
already described in conn(*ction with central energy 
W'orking, and she also has access to junction wires and 
call- wire keys, which have already been referred to. 

Making a Trunk Connection. Let 
us suppose that a London '‘(entral” siikscriber, 
No. 500, wishes to communicate with a Birming- 
ham “t cntrul” subscriber. No. 1,000. Ho first 
calls the ( entral Kxchange, and when answered, 
merely says, ” 'rnmks.” The Central “A” operator 
connects him to a record circuit which terminates in 
the trunk exchange on a special “record transfer 
switch.’ This lights a lam|) in front of the record 
transfer opci ator. Behind her, ranged along each siilc 
of a long table, an^ operators with headgear instru- 
ments waiting to take ])articulars of trunk conversa- 
tions retjuired. A connection from each of these 
reeoial o]M'rators terminates on a i)lug on the transfer 
o])cra tor’s keyboard. ImnuMliately the lamp lights, 
when No. 500 ( entral is eoiineetccl, tlie transfer 
operator lifts an idle plug, and connects it to the 
record junction. This puts No. 300 I.«orKlo]i Central 
directly into cotumunieation with the record 
operator, who takes dowui his number and the num- 
Ix'i* and town of the subscriber with whom lie wishes 
to cominuuieate. She then informs him that he 
will be called as soon as a trunk is at liberty, and ho 
rings off. Down the eerdre of the table rnns a long 
travelling leather band, and on this the record 
operator i>laees the ticket. At the end of the table 
it falls into the liands of a distributor, and from her 
is received by a eheck girl, who earri(*s it to the 
trunk section, where it is ])ut in (»roper order, 
according to lh<* code time shown on the ticket 
with other calls awaiting turn, 

As soon as a trunk is at liberty, the liomlon 
operator asks the Birmingham operator for “1,000 
Birmingham (Vnlral.” Tlu^ Birmingham trunk 
operator speaks otj the call wire to tlie Birmingham 
Central, ami obtains eonneelion by a junction w'ith 
the Birmingham subscriber. SimuUanoously, the 
London trunk o])erator speaks on a call wire to the 
London (Vntral “B” operator, and obtains con- 
ncetion to the London Central subscriber 300. 

Checking the Time. Having obtained 
C(umeetion to both the London and Biriuingharn 
subscribers, the London trunk o^rerator finally makes 
the connection, and times the ticket by means of a. 
calculagraph machine, which records on the ticket 
the time at which the transaction began. As a 
furtluM- check on the time, the London trunk operator 
presses a time,-ch('c‘k button, lid at the end of three 
minrrtes the lamp immediately above this button 
lights, 'rhe operator then enters the circuit, and 
asks whether a second three minutes is rcquirecL 
If so, she presses the tinre-eheck button again, and 
at the end of another tliree minutes notifies the 
subscriber, and terminates the transaction. The 
ticket is again inserted into the calcidagraph, and a 
])ressiire on the hanflle records the time of com- 
pletion of call and (dso the vlupucd time. 

Recently, however, a system of telogra]»h call-wire 
working has been introduired. A telegraph circuit is 
su])erimposod on one of the trunk circuits, and tele- 
graph operators, in addition to the trunk switch 
operators, are ])rovided at each town. Particulars 
of nil calls are passed forward by this means in 
advance of the transactions, and, therefore, it is 
po.ssible to reserve the trunk* circuits theraselves 
entirely for the conversations of subscribers. This 
method has been w'ondcrf ully successful in increasing 
the revenue from trunk circuits. An average of 
sixty minutes paid lime is sometimes obtained. 
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SINGING PRACTICE 

The Registers. Volume aud Tone. Correct Attack. Faults 
to be Avoided. Exercises and How to Practise Them 


By MARY WILSON 


•THE- human voice is characterised by three 
^ distinct qualities fif toiuj, called its registers. 
The word ‘‘ register ” has been described by 
Manuel Garcia as “ a series of consefuitivo 
homogeneous sounds produceil hy one inoclianism, 
dillering essentially from another smics of sounds 
equally homogeneous produced by another 
mechanism, whatever modifications of thnhre 
and of strength they may offer. Each of the 
three registers has its own extiuit and sonority, 
which varies according to the sex of the in- 
dividual, and the nature of the organ.” 

There are thn;e registeis, called respectively: 

1. Open or chest, or I'oce <H pdlo. 

2. Closed or medium, or Voc*^ tii tjola, 

3. Head, or l ore di testa. 

In bygone days, before the study of physiology 
became general, 
it was firmly 
believed and 
taught that the 
chest or open 
notes weie ac- 
tually produced 
in and emanated 
from the chest; 
that the medium 
wore actually 
produced in and 
emanated from 
the throat; and 
that the head 
notes were pro- 
duced in and 
emanated from 
the head ; and 
owing to this 
boliof these 
names, chest, 
medium and 
head, first came 
into use. But 
the student must 
banish this ab- 
surd idea, all the 
notes being pro- 
duced in, and 
emanating from, the larynx, or voice-box. 
Although by some authorities these names, 
chest, medium, and head, are not approved 
of, to avoid confusion it is advisable that 
the student should retain them. 

The first to bo considered is the open, or 
chest register, whiqh subdivides into the lower 
and upper chest registers. 

The Lower Chest Register. The 
deepest and strongest tones of the voice belong 
bo the lower chest register. lu singing these 
itobes the feelinn is as though they were produced 


in the lowest part of the lungs. If the hand is 
lightly placed upon the lowest part of the chest, 
the vibrations can be strongly felt. 

Wh(m these notes arc correctly sung the whole 
length, breadth and thickness of the vocal 
conis vibrate, and the windpipe and pharynx 
arc very much expanded. As the voice ascends 
the scale, the great tendency of the larynx or 
voi(^c-box is to rise ; this must 1)6 carefully 
guarded against. 

The Upper Chest and Medium Regis- 
ters. All that has Viecn said with regard to the 
lower chest register equally refers to the upper 
chest register, except that the vibrations are felt 
a little higher in the chest, and can bo easily de- 
tected if tlio hand is placed upon the upper part. 
In singing th(5 notes of this register, the whole 

of the vocal 
cords do not 
vibrate. In both 
registers the ut- 
most care must 
be used that the 
notes are not 
forced. The 
mouth should 
feel full of sound. 
Men (basses and 
baritones par- 
ticularly) have 
better chest 
notes than 
women. In 
female voices, 
the contralto has 
the best chest 
notes; light 
sopranos have 
scarcely any. 

T/ie medium 
or closed register 
like the chest 
register also in- 
cludes two series 
of tone — the 
lower ^nd upper 
medium. Some 
professors call the medium voice the falaeUOt but 
since the w’ord “falsetto ” refers to notes “above 
the natural compass of the voice,” the word here 
is a misnomer, for the voice of the medium 
register is as natural, if not more so, as that 
of either of the other registers. 

The Lower Medium Register, Tlie 
sensation felt when these notes are sung is as 
though the voice emanated from the throat. 
In singing the notes of this register the vocal 
cords come closer together ; consequently the 
vibrations are quicker, the volume of^;tipiie is 







reduced, and scarcely any sensa- 
tion is felt in the chest. 

Q ^ pharynx is not so fully 

^ — [ ■ expanded ; the soft palate and 

^ Trfl ^ uvula rise, and close part of the ^ “ 

i -Q-l _ I,* ‘ ^ JJ 1 nasal cavities, allowing the voice ^ ^ * V. m J 

full scope to enter the mouth. ( 

t7^ Let the student remember that j Jt 1 .p^ 

^ ^ ■ P '^r* breath must be directed on ) __ 

to the lips. On no account must / 

‘ ’ r the larynx be allowed to rise. ^ n -_ 5 j£c:rfl 

The Upper Medium Register. In producing the notes of the upper medium register the 
breath must be directed against the middle of the hard palate ; the fooling then is as if the voice 
were produced in the upper part of the mouth, vibrating in the cheek bones. In singing the 
notes of this register also, the larynx must be kej)t low. 

The Head Register. The sensation experienced when singing the notes of the head register 
is as though the sound emanated from the back of the head, vibrating in the posterior nasal 
cavities. The chink of tho glottis is very small, the vo(*{d a])])aratus contracted, and the vocal 
cords, being at their greatest tension, are very close together. As the student ascends tlie scale, 
the aperture or chink of the glottis liecomes smaller and smaller until, finally, upon reaching the 
s..™aho ako Mrao wraANo Voice.. higlii'st note, lh»i opening is very ‘ 

F' j t 1 , 1 1 ^ - I n To produce these notes ^ ^ 

rr — scarcely any breath is required, 
y La mouth must be kept :E1E . T-“ ..: P . _::tl 

soj)rano, m(*z7AO-soprano, (‘S 

^ ~ ' and tenor voices are the most ) 

r ^T — — I — ^"T~ P'~ '^F~ T| head register. \ ? ? S gp. 

Brr i t l ! Occasionally one finds a c'on- I ^ | ^ f p 

^ tralto or baritone wdio possesses [ — I . - . i ' . .. Ip Tfl 

one or two Ivead notes ; but, n 

generally speaking, when such ^ fr :-.rEEpi£E:|i::;:=::.^ 
is the case it is more than ‘ La ' 

likely that the so-called head ^ ^ ^ . : n' ‘ .i 

notes are nothing but the upper ( ^l-frr:^E^pgz:r :::Sb::ppizz:^ 
medium notes that have been^J -s- ^ ^ j~ 

tTained as head notes. In this, j - . 

as in the o^her registers, the I jgi lBrrrEf' ■ 
larynx must w kept low. ' 


Soprano Voicka. 
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Timbre. Every human 
voice is divided into two cl«asscs 
— the singing and speaking ^ 

voices : and ea(;h voice has, r ^ | j ii ■ — . 
generally apeaking, two timbres i 
— the closed or sombre, and the / ^ § 

open or clear. Quito irrespective ) 
of volume, each sound uttered 
by the voice possesses a number f 

oi shades, and tluise constitute its 
.timbre. For example, take the vowels AEIOU 
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^ 9 

1 — L 








chambers to the utmost, and this 
..- p ., ^ causes the tone to sound faulty. 

In such cases this defect can be 

easily overcome by care and 

"~ r 7 ' ~~Tl thought. 

-_[-^L_-zz4| voice should never be 

^ ^ forced, and, after a correct 

r:-zrr— method of respiration has been 
rr- d"-- acquired, the student’s undivided 

T ^ attention must be directed to the 

^ quality of tone. 

Volume. Volume must not be confused with 


pronouncing them. Ah, Ay, Ee, O, Go. Sing or 
recite each of these vowels on the same note, 
and with the same intensity of sound, listening 
carefully. The tom of will bo found to be 
quite different. 

Beauty and Quality of Tone. It has 

been said that no two voices are alike. This 
being so, each voice must have some special 
characteristic ; but, besides this, it must be either 
resonant or muffled, mellow or nasal, clear or 
throaty. The student should bear in mind that 
the qualities which constituh) “ beauty of tone” 
are resonance, purity, and clearness. 

Although all tone is formed in the larynx, 
its quality depends almost entirely on the 
resonance chambers. If Nature has endowed 
the student with open, free, and good 
resonance chambers— chiefly the pharynx and 
nasal cavities — together with the free use 
of the soft palate, uvula, roof of the mouth, 
tongue, and tcetlr, it may Ik^ affirmed that the 
quality of the voice will be good— that is, pre- 
suming that the vocal cords arc not dt'fective. 
Numbers of }h‘ople, some through force of habit, 
some through idleness, never use their* r't^sonance 


intensity. Volume is the size or magnitude of 
the voice, its loudness or softness ; and to culti- 
vate it the student must have some knowledge 
of, if he has not altogether mastered, the art of 
breathing. To acquire volume, the student must 
keep his larynx low, all the muscles of the 
throat free, the breath well under control — too 
much breath must not be expelled nor any 
undue pressure put on the vocal cords — the 
soft palate and uvula must be raised, the chest 
well expanded, and the tone directed to the 
front of tlie mouth, but there must be no 
forcing. 

It should be noted that an inteirsc tone is 
not necessarily a loud one. It is caused by the 
pressure of brciith on the vocal cords. There are 
various degrees of intemsity. These depend 
entirely upon the nature of the phrase to be sung 
or recited ; th(‘ greater the j)assion to bo por- 
trayed the greater must the pressme — but 
not force of breath — upon the vocal cords. 

Attack. To attack a note prop(‘rly is to 
begin it correctly, not scoop up or slur down to 
it, but to stai t it in the very (;entre. The breath 
must be well controlled ; the attack must be? 
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decided — ^not necessarily loud — quick and light. 
Signor Randegger compares it to “ touch ” in 
pianoforte playing, and he says “ it corresponds 
tor it in quickness, distinctness, lightness, and 
elasticity.” 

There is always a tendency in attacking the 
first note of a song or exercise to let the air 
rush out, leaving insufficient breath to finish 
the phra.se. It is essential, therefore, that the 
whole of the vocal apparatus should be prepared 
and in readiness ere the order is mentally given 
for sound to bo produced. 

Unfortunately, “ poor attack ” is a very com- 
mon fault with students of singing and untrained 
singers. This is chiefly owing to nervousness, 
which may cause the sing<‘r to attack the tone a 
little higher or lower than indicated ; lie will 
then slur down or scoop up to the correct tone ; 
this is a general fault, but none the less bad. 
Sometimes a pupil through sheer flight dare not 
start to sing. Anyone at all afflicted in this way 
must exi'.rt all his will power to overcome his 
nervousness. 

It not infriKpu-ntly happens that “ tightening 
the throat ” to priwent the breath from (‘soaping 
e-auses the attack to lie incorrect. To repeat, 
what has already been said over and over again, 
the diaphragm and rih muscles only the 
throat -must ii'gulate the hrt'ath control. 

I jet the student rcmomlxM* that the attack must, 
he distinct, d(H*idod and (piick. 

Faults to be Guarded Against. 
Some of the most g(‘neral faults to he guarded 
against in singing are these : 

1. Bad production " throaty and nasal singing. 

2. Breath escape. 

3. Tremolo and slurring. 

4. Fatigue of the vocal apparatus. 

5. Forcing the voice. 

6. Tightening the throat muscles. 

7. Faulty intonation. 

8. High larynx. 

9. Wrong position of tongue, soft jialate, and 
uvula. 

10. Facial contortions. 

11. Movement of the shoulders. 

12. Standing on the toes. 

Bad production is due to two causes, the 
first of which is the root of the tongue pressing 
on the epiglottis, and so p»’cventing a free passage, 
of the breath. It is not an easy fault to over- 
come, so the student must exercise a good deal 
, of will power and perseverance. Let him ojien his 
mouth naturally and fairly wide, and to see 
what he is doing he must practise before a 
mirror. Let the tongue he quite limp and lie 
naturally on the floor of the mouth, keeping tlic 
tip against the lower teeth. If he is not already 
able to keep his tongue “ down,” he must prac- 
tise the exercises for the tpngue given later. 

The second cause of throaty or guttural sing* 
ing is that the root of the tongue rises and forms 
a barrier at the back of the mouth. As the natural 
passage is thus blocked, the breath strikes against 
the barrier, and some forces its way round the 
sides of the tongue, some passes into the nasal 
cavities, and some is driven back into the 
throat. 


When nasal singing is permitted, the tone 
sounds as though it were actually issuing 
from the nose. As a matter of fact, in certain 
cases some of the tone does escape through the 
nose. It is the result of not raising the soft 
palate and uvula, and the tongue at such times 
i.s often elevated at the root ; in this way the 
breath is prevented from entering the mouth, 
and an undue amount is forced into the nasal 
cavities and nostrils. To remedy this, practise 
the exercises for soft palate and uvula given 
later on. In some cases nasal singing is duo to 
adenoids. When such is the ^;ase, let the studtmt 
sec a doctor and have them removed. 

Breath Fscape. With beginners, breath 
(*sca.pe is a very common fault. It is due ^Imost 
entirely to a lack of proper breath management, 
together with a tooslaek tensionof the v(jcal cords. 

What actually tak('s ])lacc is that the breath, 
for want of control, rushes out through the vocal 
eoVds, which arc not ])repart‘d to n'ceive it. The 
r(‘sult is that the greater part of the breath slips 
through, while only a small jiortion is usi^d to 
mak(^ t he cords vibrate ; (U)nse(|U(‘nt ly t he listener 
lu^ars almost more breath than voices 

|jt*t lh(‘ .student .sing his exercises vary sojtlyy 
feeling all the time that the ribs arc well ox- 
pa iid('d, and that every particle of air coming 
from the lungs is being used to make the note. 
This fault, which is really a gi’ave one, since it 
pi(‘ vents the voice from carrying, besides im- 
poverishing it, must he corrected as soon as it 
is (letcct<'d. 

'rhe horrible trembling of the voice, known as 
the tremolo, givi\s the listener the impre.ssion 
that fhc singer is trying to sing two notes and 
can pitch neither. 

It is generally the result of over-straining, 
OP it may be caused by training the chest register 
too high, forcing the head notes, a ^v^ong method 
of respiration, ill-health, or nervousness. 

If it is caused by over-straining, let the student 
practise very softly, not longer than a quarter 
of an hour at a time ; if by training the chest 
register too high, be guided by the diagram 
referring to registers (page (>182], and practise 
all scales downwards, singing in the medium 
register as far as able. If by forcing the head 
note.s, let the notes of the head register he .sung 
very softly until all signs of the tremolo have 
disappeared. 

If it is caused by a wrong method of respiration, 
give special attention to carry out all rules laid 
(town for corr(ufl breath management ; if through 
ill health, sec a doctor at once; and if, lastly, 
through nervousness, conc(‘ntrate on a thorough 
knowledge of exoreisc^s and songs. Slurring is 
dealt with later. 

Fatigue of the Vocal Apparatvii^, 

Fatigue may he due to various causes, such as 
forcing, overwork, bad production, wTong 
method of study, general health, colds, tonsilar 
enlargement, elongated uvula, adenoids, and so on. 

Much has already been said on the dangcra of 
forcing. To overw'ork the voice in the hope of 
quickly developing it is one of the gravest faults 
into which a student can fall. A correct time- 
table for practice is given on page 6190. 
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The utmost importance is attached to a correct health. The student must never practise ivhilst 

method of study, because when a wrong method suffering from a cold or sore throat, 

is employed, it impedes the progress of voice Forcing the Voice. Frequently, the 
cultivation very considerably. beginner in his eagerness to possess a big voice 

The voice is most susceptible to every degree is apt to force it — that is, he is not content to 

of health ; it may be regarded as the barometer of let it develop slowly and naturally but must 

bodily health. It will bo observed, therefore, needs strain or drive it until he has gained 

how very important is a high standard of general size, but, alas ! lost the quality. This fault 
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must be rigorously guarded against : if carried t)f respiration must be ac(iuircd, and that the 

too far it spells ruin. l>et the student who is thus larynx, or Adam’s Apple, be kept low. 

inclined to force limit himself to singing softly Faulty Intonation. A person wnth faulty 
until the fault is quite overcome. intonation is said to sing “ out of tune,” 

The fault of tightening the throat muscles and to be either “ sharp ” or flat.” When 

is most prevalent amongst sopranos and tenors. “ sharp ” the note he means to sing is a shade 

It is generally caused by a faulty method of higher in pitch than he intends it to be. This 

respiration, and sometimes by singing with the is caused «ther by tightening the throat muscles 

larynx high. Let it l^e remembered that there or by lack of musical ear. If the former is the 

must be no feelirfg of strain or contraction of case, apply the rules given for tightening the 

the throat whatsoever ; that a correct method throat muscles 
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If the ** musical ear ” is at fault, let the student 
Strike a note on the pianoforte before attempting 
to sing, listen to it carefully, mentally aim at the 
pitch of the note, sing it, then strike the same 
note on ||;ihe pianoforte again, and compare it 
with the note already sung. 

This remedy also applies to lack of musical ear 
in “ flat ” singing. Fiat singing may be attri- 
buted to ill-health, bodily and mental fiitigue, 
lack of musical ear, but most frequently to 
carelessness. 

High Larynx. It is utterly wrong for 
anyone to sing with a high larynx or voice-box. 
Because the larynx rises, it may be argued by 
some people that it is quite correct to sing with 
it high, but this idea must be abandoned. The 
larynx rises merely to let food pass more easily 
down the gullet, not in any way to assist in the 
production of tone. 

Before uttering a sound, let the student open 
his mouth, lightly place his thumb and first 
finger on his larynx, or Adam’s Apple, then 
swallow; the Adam’s Apple will l)o found to 
move upwards and then downwards. When it 
is down it must bo kept so, and in this position 
let the student sing a note. Lot him continue 
practising this until able to put it into position 
unconsciously and naturally. When the larynx 
is low, the tone will be open, free and pure. 

The Position of the Tongue. At the 
beginning of this course of study, the student 
will probably find it diflicult to keep his tongue 
flat, and at the same time loose and free. Not- 
withstanding, he cannot bo too assiduous in his 
endeavours to control it. If the student optms 
his mouth and tries to keep his tongue flat, he 
will find that in nine times out of ten it will 
immediately rise, either at the tip or the root. 

To remedy this, let hinr take a hand-mirror ; 
open his mouth rather widely, place and keep 
the tip of the tongue against the inside of the 
lower teeth, then try and draw the remainder of 
the tongue backwards, feeling as though the 
root of the tongue had disappeared. Practice 
without uttering a sound. Should the tongue 
still rise, let the student take a paper-knife and 
lay it along the tongue, trying to realise the 
sensations felt when the tongue is flat. Slowly, 
and without moving the tongue in the least 
degree, withdraw the paper-knife. 

Wlien he has repeated this ex(;rcise several 
times, let him again practise without the use of 
the paper-knife, and persevere until he is able to 
keep his tongue perfectly Hat. On no account 
must he attempt to sing with the paper-knife 
in his mouth. 

More often through carelessness and ignorance 
than any other cause are the soft palate, and 
uvula allowed to “hang down” when singing, 
and thus impede a good production. If they 
are kept in this position, the tone sounds either 
nasal or as though it were produced through a 
thick curtain. The most beneficial exercise for 
hoping the soft palate and uvula “mp ” is to 
St^d with the mouth well open, keep flio tongue 
i# ' position, and draw in a slow, deep breath 
gtihrough the mouth, directing the air towards 
;ihe palate. The student will feel as though he 


wanted to yawn, and upon looking into his 
mouth he will ol^rve that his soft palate and 
uvula have almost disappeared. Let him con- 
tinue to practise in this way until he is able to 
raise them without obtaining the .effect of 
yawning. 

Mannerisms. Nothing makes a singer 
appear more ludicrous than facial contortions. 
Perhaps the most general of these contortions is 
the raising of one or both of the eyebrows. 
Other faults are undue raising of the upper lip 
at either corner, pushing forward the chin, 
inclining the hcatl to one side, perpetual moisten- 
ing of the lips, assuming a set smile, constant 
blinking of the eyelids, quivering of the lower lip, 
and a nervous twitching of the face generally. 
All these stupid faults can be overcome if the 
student will practise carefully before a mirror. 

On no account must the shoulders be allowed 
to rise when singing ; should they do so, it may 
be taken for granted that a wrong method of 
breathing is employed. As already pointed out, 
the shoulders should be kept down and well back, 
in an easy position. This is quite easy if the 
pupil acquires a proper method of breathing 
and practises before a mirror. 

Another foolish mannerism, which may be 
easily overcome, is rising on the toes when a 
high note is sung. This fault is moat general 
with tenors. If the student is inclined to raise 
himself on his toes, he will be wise to chock it at 
once. Let him observe and carry out the rules 
for a correct position, then there will be no fear 
of his falling into this absurd habit. 

Order and Length of Practice. The 
student will do well to follow out the following 
time-table for daily practice. 

1. Long sustained notes on “ La ” or “ Ma,” 
slow exercises, half an hour. 

2. Scales, arpeggios, and advanced exercises, 
half an hour. 

3. Solfeggi, half an hour. 

4. Songs, half an hour. 

On no account must a single practice exceed 
half an hour. 

The above table applies to advanced students 
only. Elementary students must never practise 
longer than one quarter of an hour at a single 
practice. If at first a fifteen minutes’ practice 
is too long, practise ten minutes. The exact 
order and length of practice for elementary 
students will be given with each exercise. 

The student should never continue practising 
until he feels fatigued. Sufficient time for rest 
should bo allowed between each practice. An 
hour or more should elapse after a meal before 
attempting to sing. 

Practising Hints. As regards the dura- 
tion of each practice, hours of practice, and 
order of practice, it is of the vlmost importance 
that the student should be consistent. He 
must have method in his work, and never 
be spasmodic. Unless he practises carefully, 
thoughtfully, and regularly, he might just as 
well never practise at all. 

The stuwnt is well advised never to force his 
voice, or to shout ; not to be too self-satisfied, 
and think he is perfect when he is only beginning ; 



never to prcotise to a pianforte that is out of 
tune, and never to hurry over the production of 
his voice. 

Iiet him atidy with his hrain more than with his 
voice ; it is useless to practise in “ parrot 
fashion ” ; he must know and think why ho is 
singing the various exercises ; keep his jaw loose 
and free ; avoid all mannerisms ; keep to simple 
and regular diet; and, above all, work hard and 
diligently, and remember that “of learning thero 
is no end.” 

Singing Exercises. Alike both in male 
and female voices, two elements are absolutely 
necessary for the production of voice — the breath 
and tension of the vocal cords. The size and 
depth of the voice greatly depend iipun the 
size and development of tlic larynx. As already 
mentioned, men’s larynges are niiich larger than 
w’omen’s; that is why their voices are deeper 
and less acute. 

Now the art of respiration has been studied, 
and something learnt of the vai ions registers, 
the student’s attention may be directed te the 
first singing exercises. The female voices will 
be taken first and then the male ones, hut the 
following remarks apply equally to both of the 
sexes. 

(1) Stand in the position indicated in Res- 
piration [page 6051J. 

(2) Let the jaw fall naturally. 

(3) When the phrase allows, inhale slowly and 
fully. 

(4) The sign y' marks the place where the 
breath has to bo inhaled. 

It is to be hoped that the student will, if he 
has not already done so, study the course on The 
Theory of Musk', beginning on page 37, so that 
he may be thoroughly conversant with the terms 
used in his singing exercises ; for example, mf 
(mezzo forte) — moderately loud, / (forte) -= loud, 
and so on. He is urged particularly to study 
Time on pages 38-41. The student should try 
to realise that tho^morc general musical know- 
ledge he possesses the hettor will be the results 
he will obtain. 

The cultivation of the female voice may begin 
when the student is in her eighteenth year. The 
male voice must not be cultivated until the 
student is ninetecui years old. 

In practising the exercises 1, 2, and 3 in 
this artit‘le the mouth must b(? siifHeietUly open 
to admit the widih of the thumb fH>t\veen tlu‘. 
upper and lower teeth, Tlie tongue must li(^ 
flat and naturally, with the tip touching the 
inside gums of the lower front teeth. 

The consonants must be veiy distinctly articu- 
lated, and the exercises practised for several 
W'eeks — mezzo forte, then forte oxid. p 'ano — usually 
whilst standing before a mirror. 

Breath must be inhaled as directed in the tirst 
exercise for inhalation,* and during inhalation the 
note about to be sung — especially in Ex. 1 — 
must be sounded on the pianoforte, and listened 
to carefully. The student must then mentally 
aim at the pitch of the note. This will help to 
ensute a correct intoiiation. 


Ex. a. 100 CrtKTHAT.TO VoiCKH, 




Mbzzo-soprano and Contralto Voices. 
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Soprano and Mezzo-soprano Voices. 
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Whi^n singing the notes of 
(a) the low(5r medium register - 
inclusive the breath must be 
<lirectod on to the lips ; 

(h) the upper mi^diiim register— 


of the ' 


and upwards 


inclusive— to tlio roof 
mouth ; 

(c) the head ri'gisler - 
to tilt; back of t he heatl ; 


(d) the upper ehest register— i 

inclusive— to the front of 

(f) Iht; lower dit'st register — \ | 

inclusive — to the front of the j T;^\toz:' 
mouth. * — 

A Practising Time-table. The follow- 
ing practising table should be adhered to if the 
best results are to be obt aim'd. 

First and st'cond wet'ks, Kxs. 1, 2, and 3 
in this article. 

Third week, Ex. 3, Randegger’s “Singing 

Primer” [page (>8]. Exs. 1, 2,' and 3 in this 

article also to be jn’aetised. 

Fourth week. Ex. 4, Randegger’s “ Singing 
Primer ” [page 79 J, also exercises of previous weeks. 

Fifth week, Ex. 5, Randegger’s “ Singing 

Primer ” [page 83], also exercises of previous weeks. 

Sixth week. Ex 6, Randegger’s “Singing 

Primer ” [ page 86J, also oxer(jise.s of previous weeks. 

Seventh week. Ex. 7, Randegger’s “Singing 
Primer” [page 89], Exs. 1, 2, find 3 in this 
article, and (bneone’s “Solfeggi,” Ex, 1. 

Ail voices must be kept well within their 
• natural compass in practising, and “La” — 
pronounced as in the word “ father ” — is the best 
syllable on which to practise. The first song may 
bo. taken about the ninth week. 


Coneone’a solfeggi for the different voices are 
these : “ Soprano, Me/.zo-Soprano, and Tenor 
Voices : Fifty Lessons for the Medium Part of the 
Voice,” “ Contralto Voices : Forty Lessons for 
Contralto.” “ Baritone and Bass Voices : Forty 
Iwcssons for Bas.s or Baritone.” Randegger’s 
editions of the above are recommended, because 
the phrasing is excellent. 

Before beginning to sing a new solfeggio,' the 
student should study it, fully realising with what 
object the exercise was written, whether for 
“ placing ” the voice, the legato or staccatp style 
of singing, sustaining, phrasing, portamento, 
mezza me.%si di voce, blending of the registers, 
or attack. As before stated, “ La ” is the most 
satisfactory syllable to use for solfeggi, and it is 
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sung to the first note of each phrase, nd repeated 
mth every note, 

A student may find he produces better tones 
on Ma, Na, Pa, or Da, in which case he must 
practise on the syllable most suitable. 

When he is fairly familiar with the exercises, 
he must practise them on the different vowel 
sounds — ah, a, ee, o, oo, prefixing the different 
consonantal powers. 

Basses and contraltos arc advised to omit for 
several weeks the exercises that arc to bo sung 
quickly. 

The Break. The student may fiml it 
difficult to pass smoothly, and without feeling a 
jerk, from one register to another. This “ jerk ” 
is most frequently noticed when passing from a 
lower to an upper register, especially from the 
chest to the medium. It is commonly called the 
“ break.” 

Perhaps of female voices the most troubled in 
this way are the contraltos. Many untrained 
ones have a very pronounced “ break ” some- 
where between T) (below first liii*', treble clef) 
and F (first space, treble (ikif). No rule can be 
laid down as to which note the voice must 
“ break ” upon — it depends entirely upon the 
nature of the voice — but on no accrount must the 
chest register in any female voice be taken above 
E (first line, treble clef). 

It is often possible to carry the chest register 
higher than this note, but however ('usy it may be 
to the student to do so, it is a very injurious 
practice. Besides coarsening and hardening the 
voice, it makes the medium and head registers 
very weak, and is one of the chief causes of 
“ tremolo.” The same applies to the medium 
register ; it must never be carried up beyond F 
(fifth line, treble clef). Such a practice would 
make the “ head notes ” thin and shrill. The 
most beneficial exorcises written for the “ blend- 
ing of registers ” may be found in Randegger's 
” Singing Primer,” pages 27-37. 

Occasionally it is advisable when singing a 
descending scale passage to carry the lower 
medium register beyond its usual limit, and so 
not use the chest register. When sung in this 
way the passage is much* smoother. On no 
account must the chest register in an ascending 
scale be taken above its limit. If this is done., 
the passage is coarse and broken. 

As male voices use the chest register almost 
entirely, they are not affected by this “ break.” 

The above exercises recommended for female 
voices may be used' to advantage by the male 


^ (8va lower) ......... . 


^ (Sva lower) 

voices, tenors beginning on ~ 


(Sva lower 


tones on 


Male Voices. Male voices use the lower 
re, psters— chest and medium or voce mista.” 
Tlie production of the “ voce mista,” or the 
“ mixed voice,” which, with tenors, begins at 


(8va lower) 


~|| , baritones 


basses 




is very similar to the 


production of fhe upper medium register in 
female voic^os. When singing these notes “ the 
cavity of the mouth must be completely filled 
with voice, which, energetically directed towards 
the arch of the y>alatc, will rebound from it, 
rendering the sound full and sonorous ” (Ran- 
dcggt‘r). 

The three cxciviscs already given for female 
voices arc recomipendod for mal(; voices, and are 
to be practis(Hl in the same (uxler, 1, 2, and 3 ; 
but instead of bi^ginning on F (first space, treble 
clef), the tenor must begin with K flat (first line, 
trebh'. clef), and ])ra(dise to i\ (above treble 
clef) ; tlu^ baiitonc with R flat (immediately 
below middle (‘), and praetisc to E flat 
(fourth spa(*c. treble el(*f) ; the bass with 
(f (fourth 8])aee, bass cl(d’), and practise to C 
(third space, treble eU;f). Tt must ho homo in 
mind that the notes actually sung by the male 
voices are an octave lotver than those indicated by 
the treble clef. 

.As the voice develoy)s the compass may be 
extended, either upwards or dow'nwards, o' in 
both directions, as is natural to the voice. The 
student is advised to limit his compass for several 
weeks. The directions given for female voices 
apply equally to male voices. 

When singing the notes of the chest registers 
the throat must be kept well open, the laiynx low, 
and the breath directed on to the lips. To 
produce the ” mixed voice ” correctly the mouth 
must be more open than for the chest voice, the 
tongue lie quite flat, and the breath directed to 
the roof of the moath. 

Signor Randegger says : ” Every student of 
singing should pay particular attention to the 
various physical sensations experienced in x)ro- 
dueing the tones of the different registers.” 

1’he vibrations of the notes of I he different 
registers are felt : 

(a) Lower chest, in tlie lowest part of the 
chest. 

(&) l^pp(U’ (host, in the tipper part of the 
chest. 

(r) I.owor medium, in Uic lower part of the 
mouth. 

{d) Uj)per medium and “ mixed voice,” in the 
front part of the face and towards the forehead. 

(e) Head, in the hack part of the head. 

Contin aed 
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INSOLUBLE COLOURS 

DYEING 

5 

The Impoitance of Water in Dyeing. The Treat- 

Coutinuad from 
page 51ld6 

ment of Water. Operations Preliminary to Dyeing 


By HERBERT ROBSON 


Insoluble Colours. The insoluble colours 
can be divided into two classes — those which are 
added to the dycbath in the usual way, but reciuire 
a special solvent other than water to dissolve thorn, 
and those which are produced on the tibre. It 
might at first seem that the mordant dyes ought 
to fall into this second class, but, although the 
actual colour produced is undoubtedly atfected 
to some extent by the nature of tlu^ jrarticular 
mordant, yet in the case of the mordant colours 
a previously existing dye is ^ployed, and the 
resulting shade depends mainly upon it, whereas in 
the case of the developed colours the dye is wholly 
manufactured in the bath, so to speak. 

The first class is represented by the sulphur 
dyes, and the second, which may eonveniciitly be 
styled that of the devdoped colours, may bo divided 
into aniline black, paranilraniline red, and other 
diazotised colours. 

3ulphur Colours. Canarine, discovered in * 
1821, might be ranked as the first of the sul- 
phur colours, but it is an inorganic salt prepared 
by oxidising potassium sulphocyanide. The first 
of the organic sulphur (jolours (also called sul- 
'phine or stUphide odours) was Caehou de Lav^il, 
made in 1873 by fusing sodium sul})hicle with various 
organic bodies, such as bran and sawdust. It was 
foflowed /ow (70 mkrvnllo by Vidal Black (189.3). 

The great fastness of the sulphur dyes is now 
bringing them rapidly. to the front, although their 
use is at present confined to cotton dyeing. 'I'h(‘ 
dye is dissolved in .sodium sidpliido .solution, and 
an average dye recpiircs its own weight of sodium 
sulphide. Extra marks, however, rerpure twice 
their weight, and the^highly eoncentrated brands 
treble. "Until quite recently these dyes have been 
put upon the market in a very impure state, so that 
enormous percentages of them were required ; but 
this state of things is now much improved. This, 
perhaps, constitutes the most rioti(;eable progre.ss 
of the past three years (llKlt-O), and, together with 
the greater range of sliadc imw offered, has brought 
this group into favour. PerhH.Y>s the average 
amount is now 10 per cent, of dye. Some of tlie 
very concentrated marks will give full shades 
with 6 per cent, or even 4 per cent. On the other 
hand, 50 per cent, of an impure .sul})hur dye may 
be necessary to produce the (;oloin* ricsired. These 
percentage.? ai*e heavy, but the dyes are cheap. 

The bath must be. made wdth (dauber’ .s salt and 
also carbonate of .soda (.soda ash) to increase the 
affinity betw^een the dye and the cotton. Various 
special precautions have to be taken. Wood only 
Ulult be used for the dye vat. The goods, although 
entered at the boil, should not be allowed to boil 
in |he bath. Steam should be -shut off us soon as 
:.,the goods arc in. During the dyeing, the goods 
ihnet be kept immersed, as contact with the dye 
aii4 with the oxygen of the air tenders the fibre, 
at the same time tends to make it assume a 
i; nrotiSBe appearance. 

regards the quantity of sulphide of sodium 
to be used, the best rule, is to put just enough to 
;< diseolve the dye. , The colour jyill come out very 


thin if any notable excess of the sulphide is used.. 
The bath is kept .standing, and reinforced with dye 
and sulphide as may be required. The dyed goods 
are e.entrifugcd, rin.scd, and fixed with bichromate 
and sulphuric acid, with sulphate of copper or 
peroxide of hydrogen, or by steaming. Ovoraction 
of the fixing agent must be avoided, as it tends to 
w'caken the material. In all cases the goods are 
rin.sed free from fixing agent and then soaped to 
neutralise any excess of acid and also to take 
away the harsh feel left in the fibre by the dyeing. 
When the soap lia.s been rinsed out nothing remains 
but to dry tlic good.s. 

Sulphur Dye Baths. A very e.s.scntial 
proc.aution in dyeing with the sulphur dyes is 
to u.se baths a.s short a.s convenient. While the 
average cotton-dyeing bath has twenty times 
the weight of the goods, it should bo restricted to 
about Wei VC times the weight in the case of the 
siilf)lmr dyes. In some cases a simple air oxidafion 
.stifliccs to fix flic colour so that the dye can be used 
lik(; indigo. 8u( h dyes are much preferred, and 
nafurally .so, as not only does the fixing in other 
ways cost time and money, but almost always 
alters the .shade, thereby making it very difficult 
to dye to pattern. There arc already more than 
2(X) brands of sulphur dyes now upon the market, 
and the range is daily increasing. 'Po begin W'ith, 
black w'a.s (he only r'olour producible with the 
sulphur dyc.s, but the makers have gradually added 
grey, brown, olive, bine, yellow, etc. At the time 
of writing a red has been piil on the market (Thio- 
genc KnbinoO), which gives a darkish red, turning 
to a plum colour by after treatment with copper 
sulphate. Mes>;rs. Bayer have also brought out a 
good violet (Katigeu Violet B). The range of 
shade jiroducible with sulphur colours is still 
conqraratively limited, but it is growing constantly, 
and the .sulphur colours are gaining in importance 
da ily. 

Since this course was begun the gamut of colour 
dyes has been almost completed. Quite lately a pure 
r ed has b(‘en added to the group. Thio Indigo Red B, 
sent out by Messrs. Kalle k Co., is a. very remark- 
able dyestuff. It may be regarded as indigo in which 
the two irniclo groups are each icqfiaccd by an atom 
of sulphur. It therefore has the relationship with 
indigo on the one hand, and with sulphur colours on 
the other. 'Plius it may be reduced, like indigo, in the 
vat, or dissolved in .sodium sulphide solution like 
a sulphur colour. The range of pink to red shades 
that it gives have notably assisted to complete the 
series of sulphur dyes. The dye combines well with 
indigo, with the other sulfrhur colours, and with 
basics, thus giving a range of shades with remark- 
able qualities of fastness. 

Insoluble Aso Colours. In 1880, Road 
Holliday k Hons, of Huddersfield, patented a 
process of forming azo colours direct on the cotton 
fibre. The soluble azo colours are not cotton dyes, 
as no mordant has been found to fix them on this 
fibre, but Messrs. Holliday showed that they could 
be imdt on the fibre. The principle of the process 
of producing an azo dye is this. An amine, such as 




oaphthylamitie^ is takeii) dissolved in hydrochloric 
acid» and then diajsotised by treatment with sodium 
nitrite ; the diazo compound so produced* is then 
combined with a phenol or an amine, and a colour 
is produced ; this may then be treated with sulphuric 
acid, and thus converted from an insoluble to a 
soluble form. Messrs. Holliday, in their i)roces8, 
cause the cotton fibre to be iiu])rcgnatod with a 
solution of the amine : the fibre is then passed 
through an acid bath of sodium nitrite, whereby 
the diazo compound of the amine is produced on 
the fibre, which is now passed into another bath 
containing an amine, or ]ihenol, or some otlier 
body capable of combining with the diazotised 
amine to form a colour ; wliat I his will be deixmds 
upon the amine that has been used. 

At the time little use was made of tlie diseovery, 
and attention was urged to it once again when 
another English chemist created a sensation in tlu* 
dyeing world. 

Prinuiline, already mentioned as a direct cotton 
colour, *dyes unmordantcd cotton a ])rimrose 
yellow. Air. A. G. Green, now the |)riii( i])al of the 
Leeds Technical >S(!]iool, mad(‘ tlu' remarkable 
discovery in 1887 that by diazotising Primuline 
on the fibre with nitrous acid, followecl Ijy a treat- 
ment with a ])lieiiol or an amine, a range of very 
fast and beautiful colonrs was jirodueed, varying 
with the devcloj)cr used, for instance : 

Bl^ta-naphthol . . . . gave red 

Beta - na])hthoi - di- 
sul phonic acid R . . ,, maroon 

Resorcinol „ orange 

Phenol ,, yellow 

Aleta-phenylene-diunino ,, i)rown 

As these were ])rodueed in the fibre, they were 
ealled “ ingrain ” colonrs, and the Gormans call 
this clas-j “ ieo colours,” as a very low tem])era- 
ture is necessary for the diazotising bath. 

Insoluble A*o Dyes. As regards the 
insoluble azo dyes, however, the number in use is 
very limited, but at least one, paranitraniline red, 
familiarly known as jKira red in the dyehouse, is 
highly important. It is produced ljy steeping the 
goods in a solution of sodium beta-na])htholate — 
that is, a solution of beta-naphtliol in caustic soda, 
usually with the addition of 'Purkey red oil — 
drying and develo])ing at once. The developing 
bath is made by dissolving paranitraniline in a 
hot solution of hydrochloric, aeifl. Gold water is 
added, and when the hath is quite cold nitrite 
of soda is added. Naphthylamine Bordeaux is the 
next most im])ortant insolulde azo colour. It is 
prepared by diazotising alpha-naphthylam ine. This 
lias lately become more important in view of the 
vogue of “win** shades,” and also because efieclivo 
means of discharging it on the fibre, to firotluce 
white and eolourcd patterns, have been di-iHivennl. 
Dianisidine Blue is obtained by developing diaiiisi- 
dine with beta-naphthol. 

Toluidine Orange, Amidoazo-toluol Garnet, and 
a few other insoluble azos have found limited uses 
and are produced in a similar way. 

Aniline Blacks. Aniline black is generally 
divided into tw'o elas.scs — oxidation blacks and 
steam blacks. The formation of aniline blacks 
depends upon the oxidation of aniline. Its use is 
practically confined to cotton, because wool and silk, 
naving reducing properties, seem to prevent the 
oxidation of the aniline. It is possible, however, 
that a previous treatment of the animal fibre with 
an oxidising agent, such as permanganate of potash 
ot bleaching powder, will remove the difficulty, as 
the reducing powers of the fibre have vented 
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themselves upon the oxidising agent, so that after- 
wards the aniline black can h? applied by the same 
processes as for cotton. 

Cotton is dyed in various ways with aniline 
black. When the oxidation is effected by a liquid, 
the black Is, called an “oxidation black,’’ When, 
however, it is effected by air aided by steam, the 
black is a “ steam i)laek.” 

Oxidation Black. The following are some 
methods «)f preparing an oxidation black: (1) Make 
the bath with 4() percent, hydroehlorie acid (34^^ Tw.), 
10 ])er rent, aniline, and from 10 per cent, to 14 per 
cent, bielu omate of ])otash. The bath should weigh 
about l() times a.s much as the cotton. The aniline 
is dissolveil in tlie acid and the bichromate in 
water first, ’riie aniline is then first tadded to 
the rest of the water and then the bfehromate. 
4'be cotton is worked cold in the licjuid for an hour. 
Wlu‘ii the colour of tin? cotton is fairly strong, 
heat up the i)atli slowly to 140*^ E. to l.W P. 
At least three howrs should be occupied in the 
dyeing as the slower tlie process is the less chance 
there is of (lie black turning green on exposure 
to the air. On lifting the cotton it is well rinsed, 
soaped, and rinsed again. 

(2) The hath is made with from Ifi per cent, to 
20 ])er cent, hydrocihlorie. acid, 20 per cent. 
sul])liiiric acid, 8 per cent, to 10 per cent, aniline, 
14 per cent, to 20 per cent, hiclironiato of potash, 
•and 10 p(T cent, of ferrous sulphate. If this bath 
is imule considerably shorter than the jirevious 
one described it will produce the black without 
heat and with less tendency to weaken the fibre. 
T'he barons salt helps to prevent greening of the 
black. It is, of course, oxidised to ferric sulphate 
in the process. 

Prevention of Greening. Cotton dyed 
aniline black by either of these processes is usually 
given an oxidising hath of bichromate and sulphuric 
acid as a [irecaution against greening, hut the black 
is sometimes topped with methyl violet with the 
view of concealing any gre(*ning that may actually 
hapf)en. Sodium chlorate is also used as an 
oxidising agent in the profluction of aniline black, 
cs])eeialiy on piece gootis, hu^ it requires the assist- 
ance of otlicr agents. Light wood u.sed chloride of 
co])])cr for the ]>ur]K)sc, and ferroeyanide of 
])otassium has also been employed. Probably 
the best yet known is ammonium vanadate or 
vanadium i-ldoride. 

The cotton is im])regnated, for exani]»le, with 
.^) per cent, to 20 j)cr cent, of hydrochloride of 
aniline, 2 per to 10 per cent, of chlorate of 

potash, and a very small quantity of the vatiadiuni 
salt (about three-thousandths of the weight of the 
aniline .salt). 4’la* black is developed by oxidation 
in a <*urrcnt of air kept damp by steam and passing 
over the cotton at a temperature of about 80"^ F. 
A much better and quicker develo])mcnt is obtained 
by the use of tiu: .Mather & Platt, in which the 
gfKKls are ]»asse(l through hoi steam in a closed 
chamber. The temperatun* used de]>ends upon 
the kind of blac'k in question, being about 200^ F. 
for ferroeyanide black, but for Laiith’s sulphide of 
eop])er black about F. oniJ^ 

Steam Black. The following is a good recipe 
for a steam black : Dissolve separately 6 per cent, 
aniline, 9 j)er cent, hydrochloric acid, and 12 per cent, 
sulphuric acid in 200 ])pr cent, of water. Dissolve, 
separately 12 per cent, of sodium bichromate in 
200 i)er cent, of water, and mix the two solutions. 
Enter the cotton cold, and as soon as it is dyed, 
which takes two or thiee minutes, wring it and 
steam it for twenty minutes at 14 lb. pressure. 
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Artificial Indigo. The artificial synthesis 
of indigo is df decidedly earlier date than the putting 
. of the product upon the market, but for a long 
time the cost of its manufacture prevented it from 
competing with the natural dye. In 1870, Bueyer 
& Emmerling made it from isatine, but isatino 
itself was not synthesised from coal-tar protlucts 
until 1878. In 1880, Baeyer ])rei>;\red indigo from 
cinnamic acid, and in 1882 Baeyer & llrcwson 
prepared it from ortho-nilro-lxmzaldehyde by the 
joint action of acetone and cau.slic soda. This arti- 
ficial indigo was put oh the market in 1893, in com- 
bination with hydrosod ie sulphide, under the 
name of indigo .salt, by Kalle & (’o. Another 
synthesis of indigo, from phenyl-glycoeoll, by 
Heumann, was published in 1890, I'he process 
belongs to the Badische Anilin und Soda Kahiik, 
and forms the ba.sis of the method by wliieh that 
company now prc])arcs its indigo rein (indigo pure), 
which was put upon the market in 1897. All thesti 
artificial indigos are identical witli one another and 
with the indigotin of the natural dyestuff. 

Operations Preliminary to Dyeing. 

Even if goods arc to be dyed in tlie grey state 
they must pass through a ])reliminary treatment 
before they can be properly dyed. They have 
gathered grease and dirt in the proce-sses of spinning 
and weaving, the wool has been ])urposely oiled, 
and the cotton warps have been stiffened with size, 
which will act as a resist to the dye. The goods, 
therefore, must be bleached or lhor<)ughly scoured, 
or wetted out. 

In these and in the dyeing proccss(^s the quality 
of the water used is of the first im]»ortanee. A vast 
volume of it is recjuireil in tin* dyehouses, and an 
abundant supply of jmre water is a ]»rime iiccessity. 
Walter must therefore be considered, to begin with. 

Water. The (piestion of “ hard ” and “ soft ” 
waters from the point of view of the steam user 
has been considered more exhaustively in another 
course. Here we must s])cak of water simply from 
the point of view of the dyer. 

In bleaching or washing, the pre.sonce of the salts 
of lime and magnesia entail a waste of .soap. In the 
neighbourhood of London a laundry with a supply 
of water marking IT/’ of liardne.ss considers that 
it has “good water,” and yet every 1,()(M) gal. 
of this water will destroy more than 20 lb. of soa]> 
before it gets to work on the clothes. 'Phe available 
water in some districts is ca])able of wasting twics* 
or thrice this amount of soa]) without usef\d result. 

In washing off after milling, a large (piantity of 
water is used, and this, if hard, forms a .soa]> curd 
in the fibre. This curd makes satisfactory dyeing 
inipo.ssible. Hard water can never be n.sed for 
washing and scouring goods which have afterwards 
to be dyed. 

Even a trace of iron in the w^ater-~and this is 
frequent — is disastrous throughout the operations 
of the bleacher and dyer. The student of this 
course has already seen that iron salts are u.sed as 
mordants for dark shades. It does not require ex- 
pliyiatioii, therefore, that iron in the water will dull 
> bright' shades. The lime, magnesia, and iron .salts 
form insoluble soaps in combination with the wasted 
soap in scouring or bleaching. The.se are de]>ositcd 
in spots on the cloth, and will not only infallibly 
load to uneven dyeing, but, in the case of the iron, 
will cause dark stains on the goorls. 

Apart from iron, the dulling effect of which is the 
same throughont all his operations, the bicarbonates 
of lime and magne^sia, and in a less degree bicar- 
bonate of soda, are most troublesome to the dyer. 
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The principal fault of water containing carbonate 
of soda is that it neutralises any acid used in mor- 
danting or dyeing. The bicarbonates of lime and 
magnesia waste the mordants and dyes in a similar 
manner to the destructive process we have pointed 
out in the case of soap. They precipitate many 
mordants and dyestuffs, and reduce bichromates 
to neutral chromates, which give up .nuch less 
chrome to the fibre, and are consequently less 
efficient as mordsiits. 

This will be siiffieieiit to .show that for the sake of 
economy and good results the dyer must purify 
t he water he uses. Fortunately, the “ permanent ” 
liardne.ss due to the ])resencc of sulphates is of 
little eomsequence, although waters used for washing 
dyed goods should be fairly free from permanent 
liardness. 

In the ca.se of a fairly .soft water, the dyer fre- 
quently is content to neutralise the carbonates 
pre.sent in the mordanting or dye bath with an 
acid. If sulphuric aeiil is added, for instance, 
the carbonic acid is driven off as a gas, and the 
carbonate is converted into a .sulphate. A safer 
and simpler method, and absolutely necessary in the 
ca.se of many water supplies. Is to purify all water 
used for the boilers, and throughout all processes, by 
a preliminary treatment. This purification may be 
done by simply boiling tlic water, and thus con- 
verting the bkrarbonates into carbonates by driving 
off part of the carhonk; acid. On a largo scale this 
is obviously impract icuble. 

Po.ssil)ly, the sinqilest method and least expensive 
is to add lime-water (hydrate of lime) in a quantity 
calculated according to the degree of hardne.ss of the 
water. 'Phis added lime is converted into carbonate 
at the expense of part of the carbonic acid in the 
bicarbonate, winch consequently also becomes a 
carbonate, and the now jn.soluble lime .salts are 
]>recij)ilatcd, and cari l)e filtered off. 

There remains, 
however, the per- 
manent hardness 
to be considered, 
and for the sake 
of the boilers it 
is desirable to re- 
move the sulphate 
of lime present. 
This can be done by adding carbonate of soda to 
the water in the form of soda ash. Then a double 
decomposition occurs, due to the familiar chemical 
law that the strongest ba.se will combine with the 
strongest acid, Nature’s great chemical example 
of her liking for suitable coinpanionshi)>.s ; 

The sul- 
phate of soda 
does not 
form scale, 
and the car- 
bonate of lime is precq)itated as before. 

It is evident that, apart from the question of 
initial cost, an efficient water softener must be simple 
to work, almost automatic, in fact, and that it must 
ensure certainty in adding the reagents in correct 
proportions ; allow these proportions easily to be 
varied, according to the water to be treated ; be 
able to run at varying 8|)eeds without adjustment ; 
mix the reagents intimately with the water ; allow 
complete removal of all suspended matter and 
thorough cleaning of the filtering m iterial without 
removal. As an example, and* as embodying these 
desiderata, the “ Criton ” Water Softener may ba 
looked upon as an efficient appiratt's, and this 
has been fully described on page 4096. 
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As the preliminary operations, and in particular 
bleaching, vary with the different fibres, we must 
consider them under the headings Cotton, Wool, 
and Silk. 

Wetting Out Cotton. The grease and dirt 
is removed in this operation with a mild alkali, 
and the fibre is uniformly impregnated with 
water in order to allow the dye to penotralo 
it evenly. Air bubbles in llu' fibre are (piite 
sufficient to cause uneven dyeing, and these 
are removed in wetting out. The okumI method 
is to boil the goods with water containing 2 lb. 
or 3 lb. pf soda ash per 100 Ib. of goods. The 
addition of a pure, well-made soap assists the 
ojKiration. Tn some eases the wetting out is done 
in the machine used in dyeing; for instance, raw 
cotton and sometimes hanks and warps are treated 
with boiling water for lialf an hour or iiioi-e in the 
machine before the dyebath is made up, and ]»i(‘ee- 
goods arc given a few ends through boiling wal(‘r 
on the jigger. More frequently a boiling-box or low- 
pressure .kier [2] is used. Somclimcs water alone 
is used — for instance, in easts where the dyestuff 
to be used would bo affecttal by the soda — and 
in some cases it is advantageous to substitute a 
smaller ])roportion of caustic soda. Tliis is quite 
sufficient preliiniiiary treatment, as a rule, for dark 
shades. 

Bleaching Cotton. 'J'he most, perfect bleatOi 
is naturally needed by tiu* calico printer, anti in 
Ht)mo cases, even for liglit shades, th<‘ dy<‘r iseoiiteiit 
with steeping the goods already wetted out in a 
weak bath of bleaching iiow'dt'r, witht)ut boat., for 
a few hours, washing, souring witli tlilute hydro- 
chloric acid and washing thoroughly. 

The steps of the process are mut;h tin? .same- in 
the case of yarn : 

1. The yarn is stoept'tl in water for a. night to 
remove the grosser iinf)uritics, and to open the 
fibre to the action of the lye. 

2. Tt is packed evenly into the low-])ressure kier 
and boiled in lye. The circulating action of the kier 
i.s shown in the illustration. In this a rather tong 
boil is necessary. The lye slioiild be ])re pared 
with 3 per cent, of caustic soda. This frees tin* yarn 
from grease. 

3. The alkali is thoroughly waslied out in pure 
water. 

4. The bleaching operation proper follows, and 
retains its old name — “ chemicking.’' The apparatus 
used is very like a washing machine. It may con- 
sist of a wooden box, with a perforated bottom, 
placed over a cistern. The yarn is packed into the 
upper eom])artmt.nt, and the cold bleaching powder 
.solution at about 2'’ I'w. is ])repai-ed in tlie lower. 
The liquor is pumy)ed tlnougli a large rose over the 
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“good.s and runs batfic into the cistern, and this 
constant circulation is kept up for six hours or so. 
This destroys all traces of (,*olouring matter in the 
yarn. 

5. Tlie bleaching licpior is thoro\ighly washed out 
in jaire water. All the washing oi)erations cun be 
very eonvenicmtly done in tlie chemicking machine 
d(‘scrib<!d above. 

fi. A little liydroehloric? acid is added to the water 
in the lower cistern, and the aiudulated water is 
sprinkled over the goods as before for half an hour 
or Ic'Hs. This is called “ souring,” and neutralises 
all traces of “ eliemic ” left it) the goods. 

7. The acid is thoroughly waslied out of the 
goods. Plenty of water should be used, as traces of 
acid left in the yarri will tender the goods. 

Permanganate of potash, peroxide of sodium 
or of hydrogen, and otlier bleaching agents have been 
used for cotton, but their cost docs not allow them 
to compete with chloride of lime 

It must be roinombered that this is merely the 
outline of the pioeess. As a rule it is a separate 
industry, and the dyer rei'cives his goods hi the 
bleached state. 

Singeing. Thia is a step of the bleaching 
prcK-ess, especially when the cloth is to be printed, 
but frequently it is advisable to singe goods to be 
dyed in the grey, and it is a neces- 
sary jirocess m lustre-mercerisation and 
Schreinerising. When yarn has to be 
singed, as, for instance, in the case of 
fine counts that are to be given the ap- 
pearance of silk, either by inerceriKation 
or by a median ieal process, this is a work 
of the spinner who “ gas.ses ” the yarn — 
that is, passes it at a high speed several 
times through the flame of a Bunsen 
burner. Many forms of machines are used 
for cloth, and the singeing is done by coal, 
coke or gas, and even electricity has been 
tried. Sometimes the cloth is passed over a 
hot plate heated by fuel, and at one 
time the difficulties in the way of 
employing the direct flame of the gas 
for cloth singeing made the plate machine, 
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the principal one used for the purpose. It is 
still largely employed^ but an inventor, Felix 
Binder, turned his attention to the gas singeing 
, machine and made it efiicient. As it is of more 
universal application than the plate machine, wc 
describe and illustrate the Felix Binder machine [8], 
improved and manufactured by Messrs. Mather & 
Platt. • 

Binder found that tlio defect of gas singeing 
machines was that the hood and other parts liocame 
too hot. He remedied this by providing means for 
cooling the heated parts. The cloth to be singed 
passes over a wide slot in the underside of an 
exhaust chamber. The flame from the burner below 
is drawn gently through the cloth by iueans of a 
,fan connected by ])ipes to the exhaust chamber. 
It will be noted in the diagram that this arrange- 
ment is duplicated, and that each side of the fabric 
comes under the action of the flame. The device is 
shown more clearly in the enlarged diagram at 
the side ; the arrow to the right shows the direction 
of the cloth and that at the side the direction of the 
air sucked by the fan. The exhaust chaml^r is 
surrounded by a water-jacket through which a 
current of cold water flows, indicated by the arrow 
in the middle. The darts show the direction of the 
jets of flame. The burner eonsumes gas and air 
supplied by the Roots blower at the foot of the 
machine. The cloth ])asses over guide rollers 
through a damping trough, and is i>laited down at 
the side of the nuK^hine. This is perhaps the most 
efficient singeing machine available; tlio consump- 
tion of gas varies from Hi to 200 cubic ft. per hour, 
and in this time the amount of cloth singed will vary 
from 12,000 yards to 18,000 yards. 

- Wool. Wool “ in the grease” that is to say, as 
it is obtained from the ahee))’s hack — in addition to 
dirt, contains a heavy pcrcontage of fatty bodies 
insoluble in water, known as *’ yolk,” and a body 
soluble in water called ” snint,’^ consisting prin- 
cipally of potassium salts of organic acids. As these 
are removed before spinning, liowever, this is not 
the dyer’s business. The woollen spinner, however, 
is obliged to oil the wool in spinning 
to give it supph'iiess, and whether 
from the yarn or cloth this must 
be completely removed before dyeing 
or bleaching. 'Fhis is a siin])le enough 
operation if good olive oil has been 
used, but much trouble in the dye- 
house has resulted from the use of 
mineral oils, which are unsaponifiahle. 

Stretching, In the case of 
yarn it is usually necessary to 
” set ” the fibre before dyeing, or 
otherwise it would shrink and be- 
come entangled. This is done by 
stretching the yarn in a frame be- 
tween pairs of iron rods and boiling 
for half an hour or so. The upper 
pairs of rods can be raised by the 
action of screws, and the yarn very 
tightly stretched in the frame. In 
this state the whole frame is put 
into a boiling- box and after treat 
ment for some time the hanks are pulled half round, 

: the boiling is completed, and the hanks are taken 
from the rods and allowed to cool. The streh^hing 
machine shown in 4 , made by Messrs. Elkmah 
Hoyle & Sons, of Halifax, has thirteen white 
metal spindles in each row. The hanks are put 
over the spindles and stretched tight by means of 
the strong screws. A hook at the end of a rotje 
rtinning tnrough a block overhead is put into the 
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eye-bolt and the whole frame is swung inlb a 
vat and boiled as described. This not only pre- 
vents the lianks from snarling, but puts a finish 
on the yarn. 

Scouring, The yarn is scoured in a solution of 
soap alone or of soda and soap, but the bath is not 
heated above 110*^ F. It is frequently done by 
hand, the hanks being hung on sticks as in dyeing, 
and moved forwards and backwards in the. bath by 
two men standing on either side of o wooden tank, 
heated by steam. The position of the hanks on the 
sticks Is changed from time to time, and when 
sufficiently scoured the yarn is washed thoroughly, 
s(pjeezed and dried. A variety of machines have 
been devised for the operation, and in some of these 
the yarn is treated continuously, the hanks being 
made into a eliairi or placed loose on a travelling 
apron and carried through the scouring and wash- 
ing baths between squeezing rollers. Cloth is not 
always scoured before dyeing when it is to be 
dyed black, but for the best work it is always 
necessary. A very ordinary form of machine is the 
“ dolly.” This practi(!ally consists of a ])air of 
squeezing rollers revolving over a tank containing 
the bath of soap and soda. The pieces are 
sewn together in a continiioiis band and passed 
in ro ])0 form— that is to say, not opened out — 
through the bath by means of guide rollers and 
through the nip of the squeezing rollers. A trough 
immediatt'ly below these catches the dirty wash 
water, which is run ofT. Tn some cases the cloth 
would be creased in the dolly, and an open width 
machine is used i!\stcad. Practically the only 
difTen*nce is that the scpieezing rollers are wider, 
and that a device! is added to keep the cloth 
in tension and thus prevent it from creasing. 
In either case the scouring is continued until the 
pieces arc perfectly clean, and they are washed 
in (rlear water and dried. 

Crabbing. When the (doth is a mixture of 
diflerent wools, and more especially when it is a 
union material — wool and cotton — the goods must 
still further be set by crabbing. This operation 
is desi^.ribed more ]>articularly in* this 
course in tin* chapter on mixture 
dyeing. The diagram shows a treble 
crabbing machine [5], made by 
Elkanah Hoyle & Sons, of Halffax. 
This is the standard machine used 
for Bradford t(‘x tiles, and also for 
the light cloths of Huddersfield and 
Ix^eds. The first pair scours and 
extracts all the greasy matter from 
the goods. In the second pair W'arp 
and weft arc “ set ” so that they 
will not cockle, and a lustre that 
cannot be removed is given to the 
goods. The third pair is the same 
process, but washed off in boiling 
water. Each pair of rollers is fitted 
with a. cast-iron trough with a per- 
forated boiling-pipe from end to end. 

Bleaching. Wool is bleached 
in an entirely different manner 
to cotton, as the fibre would be 
totally destroyed in the lye boil. It is not usual 
to bleach it except for white cloth and for light 
shadcjs. The scoured yarn or cloth is hung on poles 
in a brick chamber and “ stoved,” or “ sulphured,” 
as the operation is called. About 8 per cent, ot 
sulphur is put in an iron pan in the middle of the 
room, and a red-hot iron is thrust into it. The 
room is then closed and the goods arc left to the 
action of the gas — sulphur dioxide—for about 
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ten hours. Air is then allowed to blow through, 
anct the ^oods are removed or washed. 

Sometimes a solution of sulphurous acid is used, 
or the goods are first steeped in sodium bisulphide 
and next in hydrochloric acid. In this case the 
sulphurous acid, being in a nascent state, acts very 
powerfully. Sulphur bleaching, however it is 
effected, is only temporary in its effects. The 
yellow tint of the natural wool will return, especially 
if the goods are washed 
once or twice. To counter- 
act this, such things as 
white flannel are blued in 
the familiar manner of 
the laundry. 

A much more perma- 
nent bleach is obtained 
with hydrogen peroxide, 

“ oxygenated water,” as 
the French call it, or 
with sodium peroxide. 

Hydrogen peroxide is 
very unstable, but it 
claims priority of use, 
and the ]irocess is very 
simple. It is, however, 
more expensive and less 
easy to keep than sodium 
])eroxi(lc ; and this is gc'ncrally used where the 
cost of the process is justiliod. It is highly 
important that no metal vessel should b(* used 
and that the water should bo free from even a 
trace of iron. For 100 lb. to 150 lb. of wool the 
bath is made with 7J lb. of sodium peroxide, 3 lb. 
phosphate of ammonia and 8 lb. sul])huric acid in 
100 gallons of water. All these ingredients must 
be free from iron. The suli^huric acid is first 
added to the water, then the phosphate and the 
peroxide are slowly stirred in. Wlum the bath has 
been properly j)repared it will liavc an alkaline 
reaction duo to ammonia ; it is now allowed to 
stand for about tMumty minutes, and the scum 
that rises is removed by a wooden scoop or otlier 
suitable utensil. It is then ready to receive the 
scoured .and ])roperly rinsed goods. The wool is 
entered and the temperature raised to 110"^ to 
120° F., and maintained at this for twenty-four 
hour.s, according to the thoroughness of tiio bleach 
required. The goods should be turned from time 
to time ; and the bath may require the further 
addition of ammonia to maintain its alkaline 
'condition, the necessity for which can bo ascer- 
tained by the use of red litmus })aper. When 
sufficientiy bleachetl the wool should be lifted 
and allowed to drain into the bath - squeezed if 
practicable — find then thorouglily rinsed. 

This gives a pure and brilliant, white unattain- 
able by any other means. 

Silk. Tlio object of the preliminary operations 
in this case is not only to prepare the material for 


dyeing but also to make it oOft and lustrous. This 
is done by removing more or less of the silk glue, 
and according to the degree to which this opera- 
tion is carried the material is called “ boiled-off 
silk,” “ souple silk,” or “ ecru.” 

Boiling-off. The silk is worked for an hour 
rather under the boil in a bath made with about 
30 per cent, of soap. The gummy, soapy liquor 
that re.siilts is known as boiled-off liquor ” and 
is used in the silk dye- 
bath. The silk is then 
washed in water in which 
a little soda ash is dis- 
.solved, and scoured. For 
this process the silk is 
put into hempen “ pockets ” 
and boiled, sometimes aa 
long as three hours, in 
a soap solution about 
half the strength of the 
jaevious bath. It is then 
washed thoroughly in soft 
water and dried. 

Soupling. The raw 
silk is first scoured by 
working for about an hour 
ill a lukewarm bath made 
with about 10 per cent, of 
soap and a little soda. Ft is then worked /in a 
solution of aqua regi i in a stone trough, bleached 
after the manner of wool by sulphuring, and, with- 
out removing the snl]ihur, is softened by working 
in a solution of oivam of tartar at about the boil 
or a little under. The proces.s reipiircs experienca 
and should be sttidied in special works, such as 
Hurst’s “Silk Dyeing.” 

Ecru SilK. This is simply scoured in a luke- 
warm bath of soup and soda. This removes the 
fats but very little of the gum. In this state it 
may be dy(*(l black, but for other colours it is 
bleached. 

Bleaching. Silk can be sulphured in the 
same maimer as wool, but the white obtained is 
very fugitive. The best agent is peroxide of 
hydrogen. The scoured silk is simply treated in 
an alkaline hath of peroxide. It is entered eold. 
left for twelve hours, turned, left another twelve 
hours, and then the bath is made lukewarm and 
the ])roees.s is liiiislmd in another three hours. This 
is slow, but an unhastened eold bath is belter in 
peroxide bleaching, whether for wool, or silk. 

The w«‘ighting of silk lias been mentioned on page 
57HF). The boiled-off yarn is sometimes stretched 
between wooden rods, and gains as much as 3 per 
cent, ill length without injury, while the lustre 
is increased. It may be steamerl in the stretched 
state, which still further increases the lustre, 
or twisted up very tight and allowed to remain 
ill thi-s condition, which also has a glossing effect. 
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IVAN IL, called The (ireat, who inariKid (ho 
^ niece of Constiintine Palaudogiis, took the title 
of “Ruler of All Russia.'’ He marched against 
Novrogod and took possession of the city in 
1481, killing numbers of its inhabitants. The 
*retreat of the Tartars from Moscow in I48S had 
the effect of freeing Russia from tlu* Tartar- 
Mongol, but Russia’s greatest ememy at that time 
was Lithuania, which was close to Mosco^v. The 
war with Lithuania and Roland began in the 
reign of Ivan HI., and was continued by liis son 
Vasili, who' retook Smolensk. 

The First Tsar. Ivan IV. suc<ecdod 
Vasili in ir)33 wlnm he was only three ytuns old. 
He was known as “ Ivan the 4\nrible,’’ and is 
one of the best-known of the Russian riikus. 
He reigned for fifty y(^ars, and was the lirst 
Russian sovereign crowned as Tsar. He <lid 
much during his reign to improvt^ the arts and 
commerce of the country, as well as extending 
its territory, and lie made a connnereial treaty 
with Queen Elizabeth of England. Ivan the 
Terrible perseeuted the Boyars, of whom he is 
stiid to nave slain many thousands, and his 
cruelty was indeed so great t owards the end of his 
life that he is generally believed to have b<‘come 
mad in his later years. He dieci in 1584 — it is said 
from grief for having killed his own son in a tit 
of anger. His weak-minded son, Feodor, suc- 
ceeded him, and he in his turn was succeeded by 
Boris Godenofl, who was chosen by the Duma. 

The Beginning of Serfdom in Russia. 
Boris Godenoff was a man of great adminis- 
trative ability; but his rule was not a fortunate 
one for Russia. He abolished the peasants’ rights 
of free removal, thus instituting serfdom — the 
curse of Russia for many generations. To secure 
the succession for himself and his family, he 
exiled Feodor and his mother and caused the 
assassination of the young child Dimitri in 15ffl. 
Some years after this there app(;ared in Pohind 
the famous impostor who called himstdf Demetri, 
the murdered son of Ivan IV., who succeeded 
in passing himself off as the rightful heir. He 
found many supporters, and w as recognised as her 
son by the mother of Dimitri. He was crowned 
at Moscow in 1605, but the Russian people were 
soon disappointed in him, for he had married 
a Polish woman and was merely an instrument 
of the Poles. His imposture was soon discovered, 
and he was murdered in the following year in 
the palace where ho had so lately been installed. 
Prince Vasili, who had risen against him, w'as 
proclaimed Tsar, but the Russians refused 
to acknowledge him, and Russia remained in a 
state of unrest until the Sobor elected Michael 
Romanoff^ one of a family already popular in 
Russia. 


Michael was tlie first sovereign of the House 
of Romanoff. He made peace with Gusiavus 
Adolphus by (lediiig Schlusselburg to tho 
Swedtsh king. His leigri saw insurrections of 
the peasants and w'ars w'ith Poland. Under his 
son Alexis, Russia was further modelled into a 
state, and the admin istral ion was reformed, but 
there weie, notwitlisbiiiding, many popular 
risings, and many troubles in (lie (4iurch. The 
Patriareli Nikon endeavoured to attain the same 
supremacy in the East that (he Pope had in the 
\V<‘st, hut the popular ( ’hureh— tJui Old Faith, 
as it was calked opposed him, and lie wwis event- 
ually <lej)os(Ml and exiled. In this reign Poland 
was at last, eompiorod by Russia, and tho Russians 
also reeov<*r(‘(l Sraokuisk. Alexis was succeeded 
by Feodor in and on his death, six years 

later, his half-brother, Peter, Avas chosen Tsar. 

Peter the Great. P(*t<w the Great wais 
the Russian sovereign to whom the country owes 
her sudden rise into pow(T. He Avas born at 
.MoseoAv on June' ffth, 1672, four years before his 
father's deatli. When Feodor, his half-brother, 
knew that, his death was near, he named Peter 
as his successor, exchiding his own brother, Ivan, 
Avho was bidicAxd to be of weak mind. Ivan’s 
sister, the Grand Duchess JSophia, opposed this 
nomination, and an insurrection of the militia, 
encouraged by her, rose against it. By Sophia’s 
iiiflucnee it wuh eventually arranged that 
Peter and T\^an should be eroAvned as joint rulers, 
Sophia acting as Regent during their minority. 
In 1689 Peter, who in the meantime had received 
an excellent education under the guidance of a 
Genevese named Lefort, called on his sister to 
resign the Regency, and, the military force of the 
country being on his side, Sophia had to give up 
the struggle. She Avas shut up in a convent, where 
she died. PoUu’ gave his brother the nominal 
position of sovereign, but did all the work him- 
self, and after Ivan’s death, in 1696, he set 
to Avork to create a navy for Russia as well as a 
mercantile marine. The training of the navy 
Avas interfered with by the fact that Russia had 
only one port, and lA'ter, Avith the promptitude 
and disregard for principles of national equity 
Avhieh characterised him, declared Avar against 
Turkey and captured the port and sea of Asov. 

How a King 'Went to School. 
Feeling that he had now made for himself 
and his country a settled position in Europe, he 
determined to study in the great capitals of 
Europe where civilisation was already established, 
tho improvements which practical science had 
made in all dopartmonts of life ; but he had first 
to suppress a revolt of the Strelzi, or militia, a 
peculiar military institution in Russia. He then 
visited the Baltic provinces, Prussia, Hanover, 
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and Amsterdam, where he worked as a common 
shipwright, and also studied astronomy, astro- 
logy, geography and natural philosophy. In 
1697 he went to London, and at Deptford ho 
again worked, entirely unknown, as a shipwright. 
While there he arranged for the emigration 
and settlement in Russia of a hirgi^ nnmhor of 
surgeons, engineers, artilfeiymen, and artisans, 
for whom he was to find employment. When 
he returned to Russia he suppressed the Strelzi, 
which had given him so much trouble, and or- 
ganised the new army ae(U)rding to the principles 
of the great .Europ(»an states. 

Reform in Russia. A strong anti-reform 
party was springing up in Russia among the 
classes who, in cvciy country, are opposed to 
all innovations. As his wife, Kudoxia., had 
associated herself wuth the anti-reform organisa- 
tion, ho obtained a divorce from lier. Tlum lie 
set about the work of reconstruidion. He estab- 
lished naval and military schools, encouraged 
trade with foreign counti’ies, remodelliMl the 
press after the fashion of civilised Europe, 
and arranged for the publication in Russia of 
the best foreign hooks. In 1790, in alliance 
with Poland and Denmark, he* (uigagc^d in a 
war with Sweden, then a powerful eountiy. 
Charles XII. of Swedcui, who had just succeeded 
to the throiK*, displayed his giuiius for war 
and comp(‘lIed the Danes to su(‘ for p<‘ac(‘. 
In this success he was materially a.sMisted by a 
squadron of English and Dutch under tlu‘ 
command of Sir (hjorge Uook(‘, the famous 
English admii al. 

Peter attacked Sweden, but diaries XTI. 
defeated the Russians at Navva. Peter, how- 
(wer, continued liis long contest with Sweden, 
and after some defeats he (iompletcly erush(‘d 
Charles Xlf. and his army at Pultowa in 1799. 
C'haiies was not dismayed. He induced Turkey 
to declare war against Peter, and in this war 
Peter Avas redueeil mt)n^ than onei^ to u condition 
which seemed despeiate. lie held out with 
his characteristic; perse verence, and in 1711 he 
concluded a treaty by which got out of the 
struggle with the sacrifice of the (;ity of Asov 
and the land belonging to it. 

Foundation of St. Petersburg. Peter had 
in 1703 laid the foundation of the new Russian 
capital, St. Petersburg, and in 1712 the seat of 
government v/as transferred to it. In the; samc^ 
year Peter married again. His second wife, 
Catherine, was the daugliter of a peasant woman 
and a Swedish dragoon. After one of the. 
Russian victories she became the mistress of 
Prince Menschikotf and then of Peter. In 1716-17 
the Imperial pair made a prolonged tour through- 
out Europe, during which Peter obtained new ideas 
for the improvement of Russia. Some of Peter's 
reforms wore again opposed by many of his 
nobles, and Peter punished his opponents with 
unrelenting cruelty. His son by his first wife, 
Alexei, was accused of joining the opposition 
to his father’s plans, was tried, condemned to 
death, and actually died in prison. A treaty of 
peace was concluded with Sweden in 1721, hy 
which the Baltic provinces and part of Finland 
were yielded to Russia. 


A year after Peter forced a war on Persia, with 
the result that three of the Caspian provinces 
became part of Russia’s dominions. The last 
years of Peder’s reign were mainly occupied with 
projects Avorlhy of his hetUu- days, for enlarging 
and adorrjing his new' capital, and for the spread 
of education throughout his dominions. Sud- 
denly he was attacked by a stu ious illness, anti 
died, February 8th, 172.'). 

Russia under MenschiKoff. On Peter's 
death, his wife, tJatherim; I., was acknowledged 
Empress of Russia. Catherine was wholly under 
the directions of Mcnscliikolf, the Russian field- 
marshal, hy whom she was first introduced to 
Pct4;r, but who afterw'ards lost Peter's confidence 
because of his extortions of money for his own 
ends, and also l)ccau.S(*. Peter suspected him of 
treacherous dealings Avith the enemies of the 
Emp<‘ror. Catherine restored liim to favour, 
and during her reign and tliat of her successor, 
Peter II., he govorra^d Russia with an absolute 
rule. He w^as already making arrangements for 
the marriage of his daughhu- to the young Tsar 
Peter, when an uprising against him by the old 
n(»hility proved too strong for him and his party, 
and he was banished to Siberia, after the con- 
list a lion of th(^ vast estaU's which ho had 
acquired by all manner of discreditable dealings. 
Death brought his career to a close on November 
2nd, 1729. His gieat grandson became, in a 
certain senst', famous, for his was believed to be 
the main inlliuuice in forcing on the CViinean 
War, and he commanded the Russian forces at 
Alma and Inkerrnan, and in the defence of 
Sevastopol. 

In 1727 the anti-reform party of tlie nobility 
set up the only son of Alexei, who had died in 
prison, as a (;laimant to the throne on the death 
of* Catherine, and he became Emperor as 
P<‘tor II. Peter H. Avas imdei- the control of 
Mens(;hikotT, and afterwards of Dolgorouki, and, 
lik(* (,'atlu*riiK*, was not in any sense the real 
ruler of I he Empire. 

Some reigns followed from 1730 to 1762 which 
Avere more remarkahk* for political intrigues and 
struggles at home than for great events in the 
worlds history. 

Catherine II. The reign of Catherine IT. 
calls for more s()i*(;ial notice. She W'as the 
daughter of a (huiiian Prince, and Avas born at 
Stettin on May 2nd, 1729. She was, hy diplo- 
matic arrangement, chosen wlum very young as 
a wife to the young Prince Peter, heir to the 
Russian throne. Tht; young pair w'crc married 
in 174.5, and Peter III. became sovereign in 
1762. (.-atherine had been brought up in com- 
parative poverty, for many German princes had 
then very limitccl revenues. She was a charming 
' woman, endow’od with great political capacity, 
and was, indeed, one of the most capable women 
who Gvvr oeeiipiod a throne. But she was 
unscrupulous and (;orrupt ; she seemed to have 
no moral principles ; she loved to be paid court 
to and surrounded hy admirers ; she enjoyed 
political intrigue, and personal intrigue still more. 
She and her husband never got on well, and in 
the earliest days of her married life her conduct 
was the cause of much scandal After her husband 
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succeeded, in 1762, the quarrels became more immense fortune when he died, in' the October 
frequent Catherine was banished from the of 1791. 

palace and constrained to live in a separate Success Abroad. The several partitions 
home. She had made many devoted friends and of Poland and its subjugation to the rule of 
adherents by her commanding abilities, and by Russia were reckoned by Catherine as among 
her attractions and her encouragement to her the triumphs of her reign. During her reign, also, 
lovers. A conspiracy on her behalf was got up there were wars with Turkey, which ended in 
b^ several powerful nobles ; Peter was dethroned another increase to the' Empire, and there was a 
and Catherine became Empress. Very soon war with Sweden, which had for the time a like 
after Peter was murdered, and there were many effect. The actpiisition of the Crimea gave 
suspicions that (Ulherine knew of tlic plot to Russia the command of the Black Sea. (Catherine 
kill him. proft'ssed the most advanced ideas and the fullest 

Catherine and Potemkin, (’atheiine II. sympathy with the rights of the ]>easant class 
displayed great ability in carrying on the and the poor ; hut her rule was on© peculiarly 

government, and the dominions and tlie powder oppre.ssive to those classes, for the power of the 

of Russia were greatly increased dining her landlords over their serfs was greatly increased, 

reign — increased with an iitt<*r disr<‘gard for and serfdom was restored in some territories* 
all principles of intt'rniilioniil equity or for where it had been abolisbed. She was a woman 
justice and morality, (‘atherine had moments of great ability, and liad literary gifts which 
of generosity and meicy, hut she never shrank might have won for her a more honourable 
from cruelty where cruelty could serve her renown than she acquired as an Empress. The 
purpose. She had always some spc(‘ial favourite impression made on students of C^atherine’s 
to whom for the time she (‘ntrusted the guidance reign is that she was, all through it, playing the 
of her affairs. The most notorious of these was part of an I']mpress, according to her ideas, and 
Potemkin, a man of a noble Polish family, which, thought only of captivating, on the Imperial 
like many others, had been reduced to compara- stage, the vast audience who followed her move* 
tive poverty. He had a handsome person, and ments with ever quickeming wonder and admira* 
he entered the Russian army, where he dis- tion. Her numioirs are full of interest, and must 
tinguished himself, and soon attracted the hold the attention of every reader, but may shock 
attention and admiration of ( 'atherine. She gave many by their freedom of opinion and expression, 
him the management, the government, in fact, (’atherine died of apoplexy on November 17th, 
of a large territory in the south of Russia, and 1796. She had been much admired by many 
De S6gur, in his “ M^rnoires,” tells of an ingenious brilliant French writers and diplomatists, whom 
performance by which he secured the full eon- she did her best to attrai't to her Court and to 
fidcnco of the Empress. keep around her. She was one of the ablest 

* An Elaborate Deception. CVitluTine women who ever sat upon a throne, but it would 
announced that she was about to visit the be hard to decide whether Russia was the better 
region over which he ruled in order to or the worse for her life and her reign, 

see the pn^perity it was attaining under his Catherine’s Successor. “Catherine was 
control. Potemkin, determined to make an succeeded by her son Paul I. His reign 
immcidiate impr<*ssion upon her, caused a great though short, did much harm to the condition 
number of wooden houses to be constructed of the people. Paul’s foreign policy was capri- 
and arranged as separate towns and villages cious ; he restored to the condition of serfdom 
along the way the Empress had to traveri.e, some of those w^ho had before been made 
and he hired a number of peasants and others crown peasants ; set up a severe censorship of 
to enact the part of eonteritt*d and happy the Pi’css ; prohibited the introduction of any 
residents. TJiis extraordinary piece of stage- published matUu* from foreign countries, and 
play proved a complete success. (Vitherine was made the organisation of the secret police more 
deceived by the imposture, and delighted with the effeetivc than ever. There can be little doubt 
evidence that the country was already rising in that the mind of Paul was unsound, and that 
domestic prosperity, for which she hoped to have many of his acts were to lie ascribed to disordered 
the principal cri'dit. She conferred honours intellect. He became so odious to many ot 
lavishly on Potemkin, and placed him at the those around him that a palace conspiracy was 
head of the army. In the war with Turkey, in got up to compel him to abdicate, and when 
which the great victories of Bender and Ismail Paul resisted, a struggle took place, in which he 
were won by SuwarotT. who served under was killed, on March 24th, 1801. 
hiiin, Potemkin took all the credit, and made Paul was succeeded by his eldest son, 
a triumphant entry into St. Petersburg in Alexander I., the progress of whose reign brought 
1791. TTie favour (’atherine showed to him him into prominent association with some of the 
xUade one of the many scandals of her reign, greatest events in modern history. When he 
Potemkin was a clever man, ready and adroit, but came to the throne all Europe was becoming 
Unscrupulous and licentious. He made himself disturbed by the French Revolution, and die 
enormously rich, mainly at the public expense, history of Europe became for many years only 
iui4 in ®pite of his extravagance he left an the record of that Revolution’s workings. 

CofUinued 
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spit of A WAS, and the second spit of B put on top 
of it, while the top spit of A is placed at the bot- 
tom of plot B, and cov(*red with the bottom si)it 
A. In ofher words, the soil in the two plots A 
and B is taken up, turned upside-down, and made 
to change places f2|. For many gardens, especially 
suVuirban ones, wheie, as a rule, the soil is shallow 
and rests on a solid bed of clay, this form of trench- 
ing is sufficient, but where the soil is deep the 
operation of tienching ‘s more complicated. In 
these circumstances throe plots 



1. LEVELLINC; THE (JIU)UND 


(\ from B to A and from C to B, but inverted, so 
that what was once the top 8]ut of A would be the 
bottom spit of (\ and so on. 

The Nature of the Soil. During the 
process of trenching, whicli may well be carried 
out while lovolling is going on, much improve- 
ment can be effected u]»on bad soils. One n'tiiedy 
for a bad soil is to have the whole of it carted away 
to the depth of about 3 ft., and rcjdaccd with 
good rich loam from a nursery. This is, no doubt, 
a splendid method to adftpt where expense is no 
object, but it is im])ossiblo in the ordinary market 
or private garden. 'J’he o, as a rule, have too much 
clay in them. 

The draAvback to a heavy clay soil is that, 
being impermeable, it wull not allow the rain 
to pass away, and, as a cotiscipionce, gets very 
sour. It is obvious, therefore, that anything which 
will tend to lighten or break u]) this heavy clay 
will be of advantage. This being the case, tho 
autumn is the best time to comrnenco the formation 
of a garde©. The ground sliouhl be trenched as 
already described, and left as open as possible. 
Then, when the w inter frosts come, the water wbic’-h 
tho clay contains will freeze, expand, and to some 
extent force the particles apart to admit air, and 
thus the soil will become somewhat more o])en 
and workable by the tiir.e the sy»ringtime arrives. 

Manure. lu those early stages the <»nly 
manure, if any, which should ))e a])plied is a layer 
of horse manure, with plenty of straw. This should 
be placed at the bottom of the trenches — that is, 
after the earth has Ix^eii dug out, »nd before it is 
replaced. Though this does little to lighten the 
soil, it inciCAses its fertility to yome extent. 

Before beginning digging operations it will pro- 
bably be found necessary to clear the ground of 
weeds and long grass. None of this refuse should 
be thrown away or wasted, but carefully stored 
and thoroughly burned, and the ashes dug into the 
ground. This process should bo repeated at 
intervals with anything in tho shape of rubbish 
that is capable of being burned. It is well, however, 
to change tho situation of the bonfire each time, 
! as even the beat and the action of the flames bn 
the earth are beneficial to a heavy soil 


Road sweepings, with the grit they contain, 
to say nothing of the minute particles of horse 
manure, are of great value imder similar circum- 
stances, and although it is difficult to say whether 
it is legitimate to remove them from the side of tho 
road Ixjfore the scavengers come along, it is an 
easy matter to negotiate for a load or two. 

It is not sufficient merely to deposit the ashes, 
grit, and other lightening materials upon the 
ground. They must be dug over well and constantly 
until they and the soil are thoroughly well mixed up, 
as otherwise no beneficial results will be obtained. 

Improving the Soil. By dint of patient 
and <*oi»stant work it is thus quite possible to 
timn what was once regarded as a hopeless mass 
of clay into a fairly open, if somewhat heavy soil, 
w'hile tho ])resencc of clay underneath at a depth 
of f.*om 2 it. to 3 ft., according to the distance 
trenched, is an advantage rather than otherwise, 
as it retains the moisture during the hot summer 
months, and so enables the roots of the plants 
to keep cool and ) re.ent^ them being parched. 

Improving a soil which is too light or sandy is 
not such an easy matter as improving a. heavy one. 
The process may, of course, bo rev^ersed, and some 
clay introduced to thicken the ground, but the 
mixture rarely proves to he a satisfactory one. To 
make the best of a very light soil, it is necessary to 
trench it very (h‘e])ly and optmly before planting in 
the spring, 'fliis lias two beneficial residts. As 
the soil is thus rendered loose, the roots of plants 
(*an easily pt^nctrate to a great depth in orde'’ to 
get at the moisture which is so necessary for their 
welfare ; wliile, on tho othcu* hand, this treatment 
allows the rays of tin* s\m to penetrate (ho ground 
freely, and so draw tlu*- moisture towards the surface. 

When oiK'c the o]ierat ioii of trenching has been 
carried a\it, it is better to temporarily discard the 
S[)ade for the garden fork in turning over the soil. 
ljumy)S of clay can bo broken ii}) mo e finely with 
a fork than w ith a, spade, in addition to which the 
operation is not so fatiguing to the wo/ker. 

Foreign Elements in the SoU. In the 
course of these digging and forking operations, many 
largi? stones are sure to be met. with. These should 
all he removed and set aside, as they have a use in 
the garden. If it is not proposed to form a pool for 
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the culture of watcr-jffants, these stones should be 
buried very deeply at the lowest point of the garden, 
where they will form a sort of rough drain and 
render gre\t service in helping to carry away 
su}M)rtiuous moisture fiom the garden. 

Occasionally it happens in the course of digging 
that what appears to ne a reddish-brown “vein’’ is 
struck. If this occurs, immediate action should 1^ 
taken, as it indicates the presence of iron in the soil. 
Now, iron in a soil has a great tendency to render it 
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unproductive, so that prompt treatment is necessary, 
and a dressing of lime should be dug into the affected 
part. The iron is invariably in the soil in the form 
of an impure sulphate, and the lime combines with 
the sulphuric acid in the iron sulphate, and 
forms sulphate of calcium, thus sweetening the soil 
and eliminating the dangerous compounds. 

Magnesia, manganese, sulphur, phosphorus, soda, 
and chlorine are all found in varying proportions in 
soils of different natures. Where they do not occur 
naturally, and are required for the welfare of one 
plant or another, they must be supplied by artificial 
means, and this is the fundamental principle of 
chemical manuring, of which more will be said. 

LAYING OUT THE GARDEN 

Before beginning to lay out a garden it is obviously 
nccessai'y to decide what sort of a garden is required. 
There is the garden for pleasure only, which is a flower 


and so on, when applied to walls in gardens, do 
not mean that they are situated in that particular 
part of the ground, but that they have a southern 
or northern aspect; as the case may be. 

The novice visiting a garden of any pretensions 
for the first time frequently wonders why it is 
situated at one side of the house instead of at the 
back. It is just this question of exposure to sun 
and winds from different quarttTS that has yirovided 
the reason, and the same rule holds as good for the 
12-ft. pat<di as for the nobleman's broad acres. 
The worst position of all for a garden is one in which 
the house faces west or south-west, as the garden has 
practically no shelter from the hry blasts from east 
and north. In laying out such a garden, therefore, 
plants of the most hardy nature must bo chosen. 

One of the first jjuestious whieh will enter the 
wouhl-be gardener's mind, as he stands at a back 
window and eon templates the waste which he 


garden pure and simple ; ^ is to make fertile, is : 

“ How niueh of this ought 
I to devote to fruit and 
vegetables, and hoW much 
to fiowers ? ” 

A great deal depends 
upon local conditions. If 
the district is one well 
fiirnished with markets in 
which fruit and vegetables 
are ])roeurahle at reason- 
able rates, it is better to 
devote! the bulk of the 
K])aee to floriculture, re- 
H(Tving a little for the 
choiter products of the 
^ kiUdien garden. If, on 
the other hand, vegetable 
produce is dear, and, as is 
often the case in country 
districts, consists chiefly 
of inferior local varieties, 
it is wise to make the 
kitchen garden at least 
half of tlie total area. This 
remark a})plies to gardens 
from which it is hoped 
to derive both pleasure 
and profit. 

The Kitchen Gar« 
den* Having decided 
w'hal proy)ortion of the 
ground to be laid out is to 
be devoted to kitchen 
garden purposes, the next 

or thirty different sorts of plants growing there at step is to mark it off ml divide it from the flower 
one time. How to deal with very small gardens, garden. Useful though they arc, vegetables grown, 

however, cannot be considered in this article. n.s they should be, in symmetrical rows, like 

The Aspect of ihe Garden. The very regiments of soldiers, are not a partictdarly alluring 
first thing that should 1)0 done with a piece of ground prosyiect in a garden landscape, and it is usual to 

which has been levelled for gardening purposes is to separate this portion of the garden from the 

determine its position with regard to the points of pleasaunee by a- hedge of some flcscription— a 
the compass. An ideal garden of moderate dimen- subject to be dealt with later. 

sions is oblong in shape, with the long sides facing In the smaller gardens it is usual to find the 

north and south,while the house is at, and facing, the kitchen garden consisting of a corner lopped off 

cast end of the plot. In such a position the building indiscriminately from whatever part of the ground 

protects the contents of the garden to a considerable hapyjens to be situated at the farthest point 

extent from the cutting oast winds, while there is a the house, irrespective of situation or aspect. This 

good expanse of south wall for the culture of fruit. is a mistake. Tlie question of aspect is just as 

Many a fruit-tree or half-hardy plant, which would important for the successful culture of fruit and 

die of exposure in any other situation, will thrive on vegetables as of flowers, and, speaking as a general 

a south wall, or in the border at its foot. Moreovc’. .rule, with the orthodox oblong garden the vegetable 

a south wall gets the benefit of the sun for the whole portion will best repay attention if it is formed of a 

of the day, in summer and winter, and is its own pro- strip running parallel with the flower garden for 

tectiott from north wind’s. The terms south, north, practically the whole length of the ground. It may 


the garden for profit — as 
distinguished from a mar- 
ket garden — the owner of 
which has merely an eye 
to the abolition of green- 
grocers’ and fruiterers’ 
bills •; and the general 
purpose garden, whieh is 
a combination of the two, 
and is the garden usually 
met with, as well as the 
most useful. 

The majority of very 
small town and suburban 
gardens are unsuited for 
the culture of fruit and 
vegetables, with the ex- 
(ioption of a few kinds, 
and must, perforce, be 
gardens fo' pleasure only; 
but there is no spot, how- 
ever barren and smoko- 
ridden it may bo, which 
will not lend itself to 
gardening of some sort. 
The roof of the old 
Southwark Police Court, 
situated in one of the 
dirtiest and dingiest parts 
of London, was turned 
into a beautiful little 
garden by the gaoler at- 
tached to the place, who 
had as many as twenty 
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3. PLAN OF A SMALL GARDEN 
Showiiifj kitchen garden and screen of poplars 
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bd litopped within a few yards of the house or cased turf forms a far more beautiful setting for a bed 
ciflF into nothingness, so as to give the broadest of flowers than a gravel path does. It is easier 
eiLpanse of bed or lawn near the house [3]. to keep turf in good order than it is to be continually 

If a very large garden is in course of preparation weeding gravel, and although it is urged as a draw- 
the kitchen garden is, of course, a thing apart, and back that turf walks are unfit for walking upon 
is kept away from the flower garden altogether. In after rain has fallen, this is only the case where they 
these cases a position on a southern or western slope have been improperly drainoa. Moreover, should 
is usually assigned to it if such be available, but the it be desired at any time to change the character 
layingoiitof places of such dimensions .is not usually of a garden, this can be far more easily done in a 
entrusted to an ordinary head gardener. A turfed place than in one where gravel walks, running 
specialist, known as a landscape gardcnci*, is invari- at different angles, have to Ixj taken up and altered, 
ably called into requisition, an(i the le.-i dent gardener Making Beds and Bordera•^<» Mention has 

and staff wnrk upon the lines which he lays been made of tlio words “ bed ” and “ border.” 

down. A bed is a piece of ground in the garden, 

Improving the Aspect. Though the prepared for cultivation, but which has no direct 
question of asjieci is one of tlu^ utmost im]>ortanee, protection from a wall, fence, or hedge. A border 
a good deal may )je done to improve, a bad situation. may be best described as the long strip of earth 
Where a garden is swept by east or north w'inds, a close up again.st a wall or other means of pro- 
screen of trees, such as poplars, will assist matters tection. For iiistan(re, the strips running round 
materially. Certainly, unless hirgo-sized trees are the three walls of the ordinary suburban back 
obtained in the first place-- and this is a somewhat garden w^ould be called borders, while the circular 
costly business — they take some time before the ])lot in flic centre, if there is one, would be a bed. 

benefit of their ])rosence is felt ; but when once In making a bed, after having decided upon its 
established, the advantage they offer is jiermaiient. shapi\ it is best either to peg the shape out upon 
It should always be borne in mind, however, that on the ground with sticks and string before com- 
no account should a screen of trees bo placed close to inencing operations, or else plan it out in white- 
a house. In the first place, if the lumsc has any wash, like marking a. tennis crease. This.., will 
prcten.sion8 at all to architectural bciauty, the ]>revent the possibility of. fi. mistake. The simple 
presence of trees, or tall-growing sliruhs, in its ])fe<raution in making a border is to stretch a 
immediate vicinity will sadly mar its dignity, w'hile, string taut betw^een .two pegs from end to end to 
in addition, big trees close to the house should he ensure a correct edge, as notliing looks worse than 
strongly discountenanced from a hygienic point of an irregularly sha]K‘d border, unless the shape of the 
view. A house hemmed in by big trees is always wall or garden demands it. If the whole garden is 

damp, and they offer obstruction to light and air. a now one and the ground has been treated on the 

The Garden Walks. The question of W'alks lines laid above, no other preparation is necessary, 
and paths and where to put thorn is one of para- but where it is ])i ()posed to cut a new bed or border 
mount importance in laying out a garden. At least out of an existing garden, the ground must be well 
90 per cent, of gardens of all kinds in this country worked as advised before planting, 
are wretchedly undersized little plar es, and yet the The Front Garden. What to do with the 
tendency is to reduce the available apace in them front g<ai’den is a .great source of perplexity to town 
by the introduction of needless w’alks, leading no- gardeners, for it- is only near the busy centres that 
where in particular, and serving no good y)urpo.se. the front garden proper finds a place. Most of 

It is a good plan when legiiining opera (ions to them solve the problem by planting laurels and 

draw a rough sketch of the ground, marking upon privets, a method which, if it has the merit of 

it the different spots at which the kitchen, rock, simplirity, is certainly not the best pcssible solution, 

water, and other gardens, if any, are to find a place. Though many flow'crs might bo gro\vn in such 

Then, starting from the house, decide the simplest situations, j)artieulars of which will be given .in 

and quickest roll tes by which thd different parts can due course, there is always the danger of their 
be reached. Here a certain amount of discrimina- being stolen ; but a nui(;h wider range of trees and 
tion is necessary. There is no need for the paths to shrubs is available for town use, which have the 
radiate with geometrical accuracy like the spokes advantage, moreover, of not being so greedy or 
of a wheel from the bacik of the house. A graceful exhausting to the soil as the laurel and privet. Of 
curve, which perhaps the presence of a tree or a these, some are evergreen, and include ihodo- 
rise in the ^ound will give a pretext for, is nqt only dendrons, yuccas, azaleas, aucubas, hollies, and 

desirable, but to a small garden will give the euonymus ; while those that are deciduous (lose 

impression of increased size. At the same time their leaves in winter) comprise wcigela, ailantus, 
it is absurd to have a lot of serpentine walks (otoncaster, philadelphus, mountain ash, sumach, 
wriggling about the place just for the purpose of elder, ash, plane, elm, and others of our native forest 
conveying the idea of great length, while bisecting trees. Collections of some of the different sorts 
and trisecting lawns with walks until they look like a of ivies, too, will be found very useful in helping 
problem in geometry is an cquallyioolish pro(!eeding. to beautify the town and suburban front gardens. 

Grass Walks. Unless a garden is of unusual Simplicity should be the keynote of front garden- 

dimensions, three or four main gravel walks, at the ing, and the idea of putting a monkey puzzle 

most, will be all that will be required, and, for the opposite the front door and surrounding it at a 
rest, l^the turf come right up to the beds or borders, respectful distance with standard rose-trees is 
what would under ordinary circumstances dying out, even as the rhododendron is beginning 
bi.-t^avel paths are simplj^ grass walks. There are to oust the laurel from pride of place as a necessary 
many advantages to this system. The rich green adjunct to such arrangements. 
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rOR many business men the wholesale trade liolds 
* out inducements which retail sho|)kpe))iiig cannot 
offer. The wider held of operation and tlie relative 
magnitude of individual operations are greater in 
the wholesale trade. Fttr the eiii])loye (he work is 
usually more agreeable, th<‘ houis shorter, and 
salaries quite as good, while there are prize posts, 
such as those of buyers, managers, and eommereial 
travellers, which tlie retail trade i-annot offer in 
(he same proportion, so that jjromotion is more 
probable to a good man. But in the wholesale trade 
it is more difficult to establish oneself in business. 
The capital required is larger, and the skill in buying 
and selling is greater. Profits also are mueh lower, 
and in these days, when competition is keen to 
the point of warfare, sper'ial ability is re(|uired to 
organise and maintain a wholesale business at a 
high standard of effieiency. ^I’he increased temleney 
of manufaf'turers to sell direct to retailers militates 
against wholesalers. Few manufaeturers refuse to 
give wholesalers bettor terms' than tlu'y allow to 
retailers, but the differeucc between wholesale 
prices and retail prices frequently falls far short 
of a working ])rotit. Rence the manufacturer 
who goes direct to the retail trade (;an usually cut 
out the wholesale merchant. In many trades this 
tendency to dispense with the services of the middle- 
man, who was formerly the sole medium through 
whom the retailer did business with the manufac- 
turer, is most pronounced, and the risk of embarking 
capital in such a wholesale trade is very great. 

Opportunities for Wholesale Trade. 

The most promising fields for wholesale trading are 
in those departments of trade where the retailer 
cannot to a large extent ])urchase from the indi- 
vidual manufacturers on account of tlie small con- 
signments which siicli a policy would demand. 
Thus the drug trade, many dcqiartments of the 
dra)>ery trades, and the gi'oeery trade offer far 
better pros^wets for wholc.sale ventures than, say, 
the glass and china trades and the boot and shoe 
trades. It may be agreed that where variety in 
stock is limited, and where, therefore, purchases 
of individual “ lines ” .arc fairly large, the whole- 
saler will have a liard tight to show reasonable 
profits, and this difficulty is likely to beeome 
accentuated. 

The most promising centre for a wholesale trade 
to be run on as small a capital as possible is in the 
district where the . goods to be sold are manu- 
factured. Of recent years maiiufa<’tiirers have been 
given to hold their goods in stock ready for delivery. 
The wholesaler gets to know the manufacturers 
who pursue this policy, and he draws upon manu- 
factureiV stocks as occasion calls, thus avoiding 
unnecessary stockholding in his own premises. The 
advantages of this system, from the wholesaler’s 
point of view, are many and obvious. He does not 
spend money before he must — and, indeed, he may 
receive payment for much of his purchases before 
he is called upon to pay for them. Also, if capital 
he at command, the wholesaler close to the manu- 
facturer's likely to have opportunities of purchasing 
helow Usual prices under special circumstances, and 
this is a pi^pect denied to the competitor whote 


lie 4 id(juarttT.s are removed from the manufacturing 
centre. 'I'hcrc may be oc^casions, however, when a 
g04)d provincial centre with m.any villages within its, 
eommereial sphere may offer grcat<‘r promise to a 
wholesaler. Under such eircmnstaiices stocks must 
be greater, as those of the manufacturer cannot be 
drawn iquai at so short notice, but the proximity 
to the selling fii'kl gives the o]>portunity of closer 
relationship with eustoniers, and enables the 
wholesaler to wateh his trade more closely. These 
arc the general eonsulcrations that enter into the 
question of location, and they may be applied to 
any s}M^(‘i.il ease that may arise. 

System in Wholesale Trade. The whole- 
saler, mon^ than the retailer, has need of system in 
his business. Ifis success is defwuident upon a perfect 
.system to a greater extent than is that of his humbler 
eonfren*. The consumer must usually purchase in the 
district where he resides, so that the retailer, or the 
body of retailers in a locality, Ims a sort of monopoly ; 
but the retailer is not restricted in this fashion, 
so that the wholesaler nuist justify himself by 
quality and service. Hence the more imperative 
demand foi absolute system in the wholesale trade. 
The article on system for retailers [page 0050] and 
the articles on business management, which appear 
subsequently, may be studied by the wholesale 
merchant with advantage. The old system of 
selling at as high a })riee as possible and of accepting 
as low a price as compulsion demands is out of date. 
To accej)t certain prices merely because others do so 
is concentrated folly. Such a business system, or 
lack of business system, takes no account of working 
expenses, and the only sound business selling 
practice is where every individual transaction is 
made to stand iq)on its own legs, and to yield its 
due share of the margin necessary to pay general 
ex})en.ses and a little besides. Some years ago an 
important association of factors in one of the chief 
English trading centres decided that every one of 
their members should make a careful calculation 
to find out the relation of working expenses to 
turnover. Nearly every member was suriirised at 
the result. The percentage ranged from 9 i-Kjr cent, to 
12 per cent., and the-discovery caused much heart 
.searching and mending of procedure. 

“ Cash with Order ” Business. The most 
recent development in wholesale trading, and one 
which promises to expand, rims exclusively upon 
“ cash with order ” lines. The drug trade is an 
instance where this now development has mani- 
fested itself, and much perturbation has been 
eaused in the ranks of the older houses of the coin- 
yx'tition of a firm who restrict their dealings to a 
limited number of articles of everyday demand, 
which they sell largely in original packages at very 
low prices^ and only upon cash with order ** terms. 
The heavy expenses entailed by breaking bulk, 
by bookkeeping, and by giving credit, are obviated, 
and although the prices accepted are low, they are 
remunerative, and success seems to be attending the 
new system. This method has attractions for a 
good buyer with limited capital, but it must be 
confined to articles in everyday demand and of 
recognised standard quality.- 
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District Agencies. All merchants, both 
wholesale and retail, desire to control the sale of 
specialities and proprietary articles in the districts 
where they operate. Sole sale usually means easy 
sale if the article is in public demand, and as a 
monopoly exists, there is no scrambling for the 
business. It is exceedingly hard to secure the sole 
agency for an article with an established sale. The 
makers would usually be unwise in their own inU^rests 
if they wore to restrict their trading to one middle- 
man. The only way in which a district agency can 
be infide profitable is by working up the sale in an 
unknown or little-knoA^Ti speciality. Hard pushing 
and judicious advertising may often dethrone an 
unremnnerativo but established proprietary article 
from popular favour, and there is then much profit 
for tlm iionse that has worked the substitute into 
popularity. The. difficulty is to know what article 
can be pushed to success, and made, to maintain 
success. There is on the part of proprietors of 
specialities a disinclination to grant sole agencies, 
and this is largely due to the fact that wholesalers 
seldom do such agencies justice. Knowing they have 
the field to themselves, they do not trouble to push 
sales energetically, and substitutes are sought and 
pushed by competing houses. 

Retail Shops Owned by Wholesalers. 
Many shops doing only a retail trade are, in fact, 
owned by wholesale houses. Sometinies whole- 
salers, with more cash at command than they <?an 
profitably invest, in their ])ro[)cr business, encourage 
the establishment of the retail shops, which beeome 
“tied’' house.s. The name on the fa‘^cia gives no clue 
to the identity of the actual owners. Sometimes, 
again, the wholesalers have the honour thrust 
upon them. One of their retail eustomers may 
become in their debt., and 1 e unable to redeem 
himself. 'I'o save thcmselv'es, they take over the 
business and hold it ])ermanently, or only so long 
as they mu.st. They may decide to sell it or to place 
in it a man* whom they believe eH])Hble of making it 
pay, with or without the o])tion of buying out their 
proprietary interest. Such eases are often the 
o]>portunity of the good man without much capital 
but with ability and a])]>lieatiou. The advantage of 
i*etail shoj)s owned by wholesalers is that they form 
a certain outlet for wholesale trading. 1^1 ven if the 
retail shop, as .such, should show no profit beyond 
bare expenses, the whole.sale ])rofits on the goods 
supplied to it may make it worth holding, and may 
maae retail shops a wise business policy on the part 
of wholesalers. To (udtivate sucli a trmle requires 
a good deal of capital, and it should never he carried 
on with borrowed capital. The general management 
of such shops is similar to those of multiple or branch 
shops, which they really arc, and these have 
already been discussed on page 5029. 

Maintained Prices. Several business 
Xiroblems of recent development confront the 
wholesale merchant as well as the retailer. One 
of these is the question of maintained ^irices. 
Combination among retailers has (?aused many 
manufacturers to give adhesion to a scheme whereby 
selling prices may not be below a certain minimum, 
which is fixed so as to yield a reasonable profit 
to those handling the goods. Price maintenance 
^eots the retailer more than the wholesaler 
because not all articles regarding which retailing 
restrictions prevail are price-maintained between 
wholesaler and retailer. But the wholesaler must 
Understand dearly his liability in the matter. 
Where the manufacturer sells g<^s upon the con- 
dition that the wholesaler may sell them not below 
V a (pertain minimum — and even when notification 


of this condition of sale is made only upon the invoice 
for the goods — the wholesaler is bound by such a 
condition if he accepts delivery of the goods, and 
liable to injunction and damaged in the event of 
breach of the condition. 

Trade Marks. In many trades, trade marks 
may be made important commercial assets. To 
make a trade mark valuable is to be able to secure 
for the article carrying it a greater profit than would 
otherwise accrue. Trade marks are not the peculiar 
projierty of manufacturers. Any middleman can, 
and many middlemen do, own valuable trade marks, 
which make them to some extent independent of 
si)ecific manufacturers. Tf a wholesale merchant 
e.stabli.«»h trade in an article carrying a trade mark 
which is his property, and if he be dissatisfied with 
the manufacturer who has been making the article 
for him, he can change his manufacturer, continuing 
to use the trade mark as before. If the trade mark 
were not his projKaty, and if ho had occasion to 
give up one maniifacliirer, he would require to take 
up something with a different trade mark — practi- 
cally to intro(lu(‘c a new article to his customers — 
and any competing house could then make profit 
by taking up the rnuniifactiirer and the trade 
mark which he had discarded. 

It is usual to apply for registration of a trade 
mark through an agent — commonly a patent agent 
— familiar with procedure. The agent’s fee, including 
official stamps, is usually about £3. The official 
stam[)s come to half the sum named — to wit, 30s., 
being 10s. upon tlic ai)])lication form, and 20s. upon 
registration. There arc other fees payable only 
.11 certain cases — such as opposition to registra- 
tion by another party. The necessary forms for 
making a])plioatioii for trade-mark registration may 
be had at any money order office in the United 
Kingdom. A pamphlet, “ Instructions to Persons 
Who \Vi.sh to Register Trade Marks,’’ may be had 
free on application to the Comptroller, The Patent 
Office, Trade Marks Branch, 2.5, Southampton 
Buildings, Chancery Lane, London, W.C. 

Packing and Packages. In these days 
other considerations besid(*s price and ipiality decide 
tlie })lacing of an onler. One of the most inq>ortaiit 
of tin* other ]>oints is the method of packing and the 
treatment of packages. Why do many ])eople in 
this, as in other countries, prefer to sell (bntinental 
cups, saucers, and tumblers, for instance? Because* 
the English articles arc sent loose in boxes, casks, 
or crales, while the foreign articles are neatly 
wrapix‘d in packages each containing half a dozen 
of one article, and because the packages can be 
neatly stowed on shelves, whereas the loose English 
style demaiuls storing in tins or baskets. Again, 
why are American files and other tools sold as they 
are in this and other countries, where formerly 
the British article were the only kind found ? 
Simply on :iccount of American methods of packing. 
Instances might Ikj multiplied, but these are enough. 
Whatever l>e the variety of merchandise under con- 
sideration the seller who can provide the buyer 
with the goods in a form to give him less trouble 
than is caused by competing goods offers a sub- 
stontial inducement that is never lightly disre- 
garded. 

And so with pacjkages. Many makers and 
merchants charge exhorbitant prices for packages 
so as to ensure tlieir return. Wise men have, whore 
possible, introduced the system of free packages, 
charging the expense of these against the general 
working exwnses. We have never known a firm 
who adoptod this system return to the old-fashioned 
method, which is surely the be^ evidence, of its 
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practical value. The mere saving of trouble and 
expense of keeping record of the packing cases, 
or. charging them and crediting them, is itself a 
saving and maybe set off against the loss of their 
cost. 

Invoices and Accounts* The conditions 
of payment should always bo made clear upon all 
contracts of sale invoices and accounts. To leave 
the point uncertain is to leave the door open for 
disputes, upon which the lawyers grow fat. It has 
been held in law that the statement ‘‘ live per cent, 
charged upon overdue accounts ” gives the creditor 
the right to enforce such interest. It has the ten- 
dency to make debtors pay accounts wlien due so as 
to avoid the threatened penalty or the risk of its 
enforcement. It is usually wise on the part of the 
creditor not to insist upon such interest except in 
extreme cases, but to refrain from claiming it is an 
act of forbearance on his part dictated by con- 
siderations of policy in his desire not to alienate 
good though slow customers. When comuiercial 
travellers arc not authorised to collect accounts a 
statement to that effect ought to a]>pear ]H*omm(‘ntty 
upon aU invoices and account forms. UnU'ss it can 
be proved tliat tho debtor has had notice that 
accounts may not bo paid to travellers, the creditor 
cannot fall back upon tho debtor in the event of mis- 
appropriation by tho traveller ; but if duo notice 
lias been given to tho debtor, ho pays money to tho 
traveller at his own iKuil and assumes responsibility 
for such money reaching tho hands of the creditor. 

Advertising for Wholesalers. Adver- 
tising by wholesalers must be on entirely different 
lines from retail advertising. The retail trade is 
exceeding jealous of any a ppearance of direct trading, 
and a wholesaler who advertises to tho consumer 
lays himself open to tho charge that he is seeking 
direct trade, oven though ho seeks publicity for 
proprietary goods which he intends to distribute 
through the retail trade only. Thus his advertising 
desires must be restricted to certain defined channels. 
Th« trade papers appealing to tlie retailors whom 
he seeks as customers are tho most obvious agencies 
of publicity he can cultivate, but they liavc this 
objection — that if tho wholesaler’s fiekl of trading 
is limited to one section of the country, the larger 
proportion of the money spent in tliem must fall 
on barren ground, as they have a very wide 
circulation. These considerations restrict the 
wholesiiler’s advertising to circulars and catalogiu’s. 
His office should contain a card index with I lie 
names of all actual and polcmtial buyers in his 
district, and he should circularise tlicm jaaiodically 
and persistently. He should especially draw their 
attention to all novelties and seasonable goods 
which he wishes to sell. Every circular should be 
illustrated, where possible, and retailiug ])rices 
should bo given, so that the retailer may sliow 
them to his custoimTS if he wish, (Jatalogues 
should bo issued periodically. These also should 
show retail prices, for the reason already given. 1’he 
catalogues should be comprehensive, of convenient 
size, and well illustrated on good jja]>er. Large- 
paper sheets should be avoided. 1’hey usually 
defeat their object, as the inconvenience of con- 
sulting thorn causes them to be i ejected for cata- 
logues in book form. The catalogue should lie 
t^xpansive if novelties are of frequent introduction, 
so that supplementary sections or leaves may be sent. 
All catalogues issued by one house should be 
of the same size. It is objectionable, from tho user’s 
point of view, when diversity of size and form are 
^videnced in several catalogues issued by one house. 
Anything that conduces to lessen the labour of the 
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retailer is appreciated, and the wholesaler can do a 
good deal in that direction, the form of his cata- 
logues and })rice lists being one. 

In many trades periodical price lists — say, weekly 
or monthly — are advisable. Trades in which prices 
fluctuate a good deal — such as the provision and 
fruit trades — and where the nature of the sales 
changes with tho season, arc w’ell cultivated by 
means of these. The objection urged against such 
price lists is usually that they merely afford a stand- 
ard below which opposing tirms cut prices. There 
is something in the objection, and in some trades 
the weekly or montlily is not looked upon 

as giving the tinal price. Even tlio.se whose names 
appear on them do not adhere to the prices. This 
has come to he a r(‘eognised practice, so that while 
tlie value of the price list may be thereby decreased, 
it i.s not abolished. The periodical list forms a guide 
to the retailer. He recognises that lie can buy at 
not more th.in the figures it gives, and in sending an 
order by po.st he is more likely to favour the lirm 
whose name is on tlie jirice list before him than any 
other house. 

The Commercial Traveller. When 
there is little chance that a young man will ever 
commaud tlie iieees.sary capital to set up business 
for himself in the dejiartmeiit of shopkeeping in 
which he lias bo<‘n trained, perha])s tlic^ best career 
he can seek is that of a commercial traveller. The 
life, is iiitCTcsting and ])leasant. The moving about 
from place to place lends variety to tho everyday 
work which is lacking in ordinary routine counter 
or ollico duties?, 

(’ommereial travellers should begin young, as 
the only school that turns out good eomiiiereial 
travellers is experience of the road, (’orniiieicial 
travellers usually graduate by jiroriiotion from the 
wavehousi' or desk in the manufacturing or whole- 
sale establishment where they have been em- 
])loyed. P(Tha]>s tho best commercial travoller.s 
are those who have been schooled beliind the retail 
counter. The ('xjierienee gained there enables them 
to umler.stand better or more (pii(*kly the retailers 
upon whom it is their business to eall. The youth 
who ill a small retail or mixed hiisiiiess is sent on 
the road to lake a few “journeys ” is launched on a 
career to which he. will probably adhere throughout 
his active life. Even if he should (dect to be an 
employer one tlay, he will probably be in a better 
po.sitioii to do so than he would be if he had lieen 
behind a counter during the 3’^ears he has spent on the 
road. He has more o]i)iortunity to save money 
as a commercial tra\ell«n’ than he would have 
as a shoj) a.s.sistant. Also the knowledge he can 
gain on the markets is gri'ati'r than would Im» 
])ossible even as a buyer. He learns wlio arc liis 
comiKditors, gets to know what houses can do 
certain classes of goods better (hail his own, and 
becomes aeipiainted with the best terms obtainable 
— all of which knowJedgo stands him in e.xcelleiit 
stead if ho should at any time retire from the road 
and put up his sign. 

Promotion to a Partnership. Partner- 
ships are more often .secured b^' travellers than bj' 
indoor assistants. The traveller possesses in himself 
a goodwill wliieh makes him a desirable partner 
because tho personal relations which have been 
established between the good commercial traveller 
and the members of the trade upon whom he had 
been wont to call enable him to take to any com- 
peting house to whom hr way decide to transfer his 
services a considerable share of the trade which he ha.s 
been in the habit of doing. It is for this reason 
that in the majority of the advertisements inviting 
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applications for the post of commercial traveller 
the stipulation is made that candidates “ must have 
a good connection,” a state of things which demon- 
strates the strength of the commercial traveller’s 
position in the ranks of the mercantile army. 

Qualifications for Commercial 
Travellers. The first essential for the com- 
mercial traveller is a thorough knowledge of the 
goods he sells. The statement is not superfluous. 
Many men sent on the road — and perhaps this 
applies more to the sons of principals — have a 
somew’hat distant acquaintance with the articles 
whose merits they are sent forth to laud. It is 
frequently stated that the phenomenal success of 
many American travellers is due not to mere push 
or “ bounce,” but to intimate knowledge of the 
mercliandise they offer. I'here is a good deal of 
truth in this siip])Osition. We know of one large 
Amerieun firm who adopt a unique system of 
keeping their travellers up to date in knowledge 
of their trade. Over one hundred travellers are 
employed, and the business is a very large one, 
divided into many departments, yet the com- 
mercial travellers are noted for their wide ac- 
quaintance with all the numerous departments. 
Once a year the buyers spend a fortniglit at the 
head office. They assemble for a goo<l many hours 
daily and listen to lectures by the buyers of the 
ditferent departments upon changes in the trade, 
novelties introduced, and other matters pertaining 
to their work on the road. Questions arc asked, and 
. samples handled, and the army of men goes forth 
equipi^cd for another campaign upon the road. 

The calling of a commercial traveller would be an 
excellent training for a dqiSromat. 'rhe traveller 
must bo diplomatic to a degree, a walking embodi- 
ment of urbanity and persistence. He must be 
alert to take advantage of any ojiening to secure the 
interest of the prospective buyer, diplomatic iu bring- 
ing him to the point of purchasing, and prompt in 
securing a firm order when assent has been obtained. 
No class of men are so subject to being snubbed, 
especially when their calls have to be made ii]>on 
retailers, for these are often given to consklering the 
traveller a nuisance, and many of them arc not slow 
in expressing their opinions to the objects of them. 
The excessive number of commercial men on the 
road means that the individual retailer cannot do 
business with more than a fraction of them, and 
this gives the born diplomat his chance of gaining 
a point of vantage. A good presence is necessary 
to the commercial, a pleasant manner, and courte.sy 
in spite of all rebuffs. 

Salaries. The salaries of commercial travellers 
are as varied as the goods they sell, and nothing of 
much value to the individual case can be stated 
about their earnings. Young men claiming the 
dignity of commercial travellers to a small provincial 
establishment may earn not more than 20s. a week, 
whereas the important ref)resentative of a goocl 
house may earn many hundreds a year, and may 
ix)8sibly write his income in four figures. The 
average commercial traveller lies well between 
these two extremes. Those who earn less than £150 
a year are in the lower ranks of the army of the 
road, and if they have ability should have not much 
difficulty in reaching and passing that modest 
figure, while those who earn over £400 a year arc 
among the fortunate few, and the average man can 
seldom reach so high. 

The extent to which the commercial traveller 
char^ personal expenses ought to be clearly 
denued. When the ground covered enables him to 
return home every evening, it is, of course, a mat^r 
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of charging only his meals, train fares, and other 
methods of conveyance. Even then he ought to 
have a fixed allowance per day — say, half a crojm 
plus fares. If he spend more, that is his personal 
concern, and if he spend less he should be allowed to 
pocket the difference. Such an arrangement obviates 
any inquiry into the disbursement of stray half- 
ix‘iicc — an inquiry which is often considered by tlie 
commercial traveller to insinuate suspicion regard- 
ing his integrity and is, in any case, not in accordance 
with the dignified confidence with which he should 
be regarded by his principals. When the traveller 
is away on his joui*neys for days, weeks, or even 
months at a time, the same system ought to be 
followed — a daily allowance for personal expenses 
plus railway fares, or a larger allowance including 
railway fares. The scale of such an allowance 
must be decided by tlie nature of the work, by the 
necessity of caj rying samples, of hiring conveyances 
for these samples, and of the need for stock-rooms 
at hotels. When many eases of samples have to be 
taken a frequent allowance is 20s. per day pins or 
including railway fares. One great advantage of a 
lixed allowance for a coinniorcial traveller is that it 
dis(;ourngcs him to treat liis customers, whereas a 
wider discretion may encourage liim in this practice, 
which, on both the traveller’s own account and on 
that of liis firm, is by all mcajis to be discouraged. 

WorKing on Salary and Commission. 

Wc liave considered merely the salaried commer- 
e ial traveller, 'lliere is the commercial traveller, also, 
who works upon a commission basis. Sometimes 
the traveller may receive a salary ])lus commission, 
ill wliich event the salary is, of course, smaller 
than it would bo in the other event. This is an 
excellent arrangement for both parties ])rovided 
the rules which are to decide the commission are 
clearly defined. The man has his salary for work 
done and his commission for the results of that work. 
He lias a personal incentive to hard work, much 
stronger than he would have upon a salary basis only. 
But in sucli a case it should be clearly stipulated 
upon what business he is to receive commission. 
Sometimes the arrangement is theit only orders 
actually booked by the traveller count as business 
done by him, and that orders sent direct from 
customers upon whom he calls are treated as if 
lliey had not been taken by him. Such an arrange- 
ment is scarcely fair to the knight of the road. It 
may cause him to urge his customers unduly when 
calling upon them — although some men will plead 
that travellers cannot do this — or he may have his 
customers address orders to him instead of to his 
emyiloyers, when delays may be caused by his 
absence. 

I’he only truly satisfactory method is to treat 
a traveller’s ground as his, and to credit him with 
every order coming from it whether he has taken it 
personally or it has been sent direct to his principals. 
It may bo well to stipulate that business from 
customers upon whom he has never called should be 
excluded from the scope of this arrangement, as they 
cannot be said to have been directly influenced by 
him. Sometimes arrangements between principals 
and travellers whom commission affects stipulate 
that only a proportion of the commission — say 
half — is paid upon orders not booked by the 
latter personally, and in many cases such a con- 
dition is fair. Sometimes travellers carry side 
lines, and tho trade and daily Press contain plenty of 
offers of side lines to travellers covering certain 

ound. If there be a specific or a tacit agreement 

at the services of tho traveller are exclusively 
engaged by one firm, it is dishonest on his part to 



accept any other commission, and, in the event of 
discovery, he is properly discharged. When a 
side line is carried by the consent of his principals, 
that, of course, is another matter. 

Working on Commission Alone. 
Lastly, wo consider the traveller who sells goods 
upon commission alone. His is often a hard fate. 
He usually carries a good many agtaieies, and when 
he has the ear of a customer, if the goods of one bo 
not required, those of another may be. But there 
is usually a bitter fight for a connection before the 
commission man is able to considtT himself in 
receipt of a livelihood. Agencies on commission 
go begging. I’ho makers who offer them will not 
pay for the work put into o])ening new ground, 
and the riilo of “ no result no pay ” causes the 
travelling commission agent to put in many hard 
days’ work without reward. Kmhittered liy dis- 
conragemorit he freipiently throws up the sponge, 
and again the agency “ on commission only” goes 
a-begging. Young men who think of adopting 
commission agency as a career we advise to he 
quite sure of a connection first. 'J'he only way 
of success without much bitter waiting and un- 
remunerativo hard work is to hold a salaried position 
for some time, then, knowing the ground and having 
a ])ersonal connection, to enter the eommis.sion iiehi. 

“ Standing Treat.” 'I’ho highways of 
commercial travelling an* strewn with the wn*eks 
of men of ambition, ability, and jaomise who have 
sueeumbod to the teiiq)tations of the road. 'Fhe 
roc*k upon wbicl> mos^ careers have split has 
been that of drink. 'I'lie virtue of hospitality is 
frequently exercist'd by the eomiiiereial traveller 
in the ordinary course of his business, and too 
often it has led to excessive tippling. 'Fliis is not 
the place to ju’cach total abstinence, but if any class 
of men hav<? reason to protect tliemselves against 
the dangers of alcohol, it is that of commercial 
travellers. The young commercial who begins by 
the determination to refuse to do business which 
depends upon “ treating,” and who n'liiaiiis stauneli 
in that determination, fortifies himself against the 
danger that has betrayed thousands of his fellows. 
'I’his path once entered is not dittieult to follow, 
but the op])osito path once followed a liith* way can 
bo left only with extreme tlitliculty. The former 
path also is the more remunerative. It gives 
evidence of a princi|)le wliich commands the respect 
even of those who do not ap])roNe it. Fortunately, 
there is less (K’casion than formerly for urging the 
need of care in thks respect, for the practice of 
“ standing treat is not nearly so general as it used 
to be. 

Hribery. (Commercial tiavellcrs know, perhaps 
better than any other class of the commercial com- 
numity, the extent to which “ greasing the palm " 
is practised in the struggle for business. Those who 
seek to fill their order hooks by bribery are, >ve Ix*- 
lieve, in the minority, but the minority is a large one. 
Even those who follow the jiractiec arc its slaves, not 
its advocates. The moral sense of most of them 
revolts against it, and they loathe a practice which 
degradoa them as much as it degrades the recipients. 
The ironmonger’s porter who takes stock of the hol- 
low-ware that the gaps may be filled up may expect 
his shilling; the engineer in charge of a manufactur- 
ing plant may be restrained from complaining of 
the belting and lubricating oil when the traveller 
leaves half a crown behind him at every visit ; and 
the buyer may even look for a commission upon his 
purchases. In every case the acceptance of bribes 
of this nature is a betrayal of trust, and from olm- 
t-ondemnatipn we do not exclude the case of the 
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buyer who is the recipient of boxes of cigars, turkeys, 
and cases of whisky as the Christmas festival draws 
near. There is an accepted opinion that the 
acceptance of j)resents in kind is not degrading, but 
this opinion is a very wrong one. The object of the 
giver, whether the bribe be jTioney or money’s 
worth, is the same, and no servant with a keen 
.sense of indepen<lence and a true feeling of self- 
ippect will acoej)t any gift from any individual or 
firm to whom ho is in a position to giv^e orders or 
for whom he can inllucnco orders from his employers. 

Prevention of Corruption Act. The 
law has now strengthened the hands of those 
who are lighting against commercial bribery. The 
Prevention of (A)rrii])tion Act (lOOfi) came into force 
on .January 1st of this year (1007). It is specially 
dircct(‘d against bribes given in thh course of 
business. It has not yet had the inward meaning 
of its several clauses elucidated by counsel in open 
court, so that there is sorm* uncertainty whether 
it will be comprehensive and ])ievent all forms of 
coiumercial bribery. Its exact sco]>e and limita- 
tions will be known only .after speeilie eases bavo 
J)cen tried under its ])r(>visionH, but wc may briefly 
recapitulate its chief sod ions, which arc as follows : 

1. If aii}^ agi'nt corniplly accc'pt.s or obtains, or 
agrco.s to accept, or attetn])tH to obtain, from any 
]M'rsoii, for bijiisdf or for any ot]u*r person, any gift or 
consid(‘nit ion as an indnccnicnl/ or reward fordoing 
or forbearing to do, or for having, after the passing of 
this Act, done, or forborne to do, any act in relation 
to his principal’s affairs or business, or for showing or 
b»rbearijig to sliow, favour or disfavour to any person 
in relation to bis principal’s alf’airs or business ; or 

If any person corruptly gives, or agrees to give, 
or otTers any gift or consideration to any agent as an 
indueeiuent or reward for thnng or forbearing to do, 
or for having, after (ho ])assi»ig of this Act, done or 
forlM>rne to do, any act in vt'lalion to his principal’s 
affairs or busiiu'ss, or for slnn\ Ing, or forbearing to 
show, fuv'our or disfavour to any person in relation 
to his principal’s atf'ui!*s or business : or 

If any person Icnowingly gives to any agent, or if 
any agent knowingly use.s, with intt'ut to deceiv'e his 
]a’ineipal, any n'ceipt, account or other document in 
re.Mp(*et of which the {)riii(‘ipal is intiTc.sied. and which 
contains any statement which is false or erronooiis or 
dt'fective in any material particular, and which, to his 
knowledge, is int('nded to mislea,d the principal ; 

He slnill be guilty of inisdi ineanour, uiul sliall bo 
lijdde, on cojivietion or indictment, to iniprisonmeiit, 
with i)r without hard labour, for a t(‘rm uol cvecs'diiig 
two veal's, or to a line not exceeding five buinlred' 
pouinls, or to both such imprisonment and siieli fine, 
or on .summary coiivietioii to imprisonment, with or 
without liard labour, for a term not exceeding four 
luoiith.'i, or to u fine not exceeding tifly [louuds, or to 
both such inqaisonMK'nt and such fine. 

2. For the ])nrpose of this Act, the expression, 
" cons idt'ral ion ” includes valuable' consideration of 
any kind ; the expre.ssion agemt ” includes any 
]ierson employed l>y or acting for another ; and the 
('xjiressioii jirineipal ” inelude.s an employer. 

:i. A penson .s(‘rving under the (’rown, or under any 
corporation, or any municipal, borough, county, or 
district eouneil, or any hoard of guardians, is an agent' 
within tin* moaning of this Act. 

A traveller is always unwise who runs down the 
goods olTered by a competing hou.se. Let him 
praise hi.s own without the undue use of superlatives,- 
but let him beware of his speech w^heu spctiking of 
other firms and the merehandiso they offer. Few 
men ran criticise their eoinpctilora and tlieir eom- 
jK'titors’ w^arcvs without displaying the personal 
dislike which is usually associated with rivalry. 

Motor-cars for Commercials, We can- 
not leave the subject of commercial travellers 
without mentioning the greater saving of time 
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which many of them will be able to effect by No one should set up buamess in the Colonies or 
the use of motor cars. For city work the motor in a foreign country without ha^ had business 

shows to little advantage. For men who take with experience in the country. He must find empldy* 

, them a wide range of samples, it is undoubtedly ment, gain experience, and then wait a favour* 

good, as one call may be made after another with able chance. 

greater 8{)eed, and more work may therefore bo Cautions for Intending Emigrants, 
done in a day by its use. Also the chauffeur is Sometimes positions abroad may be obtained 

more available for assisting the traveller with l)efore leaving home. More often they are obtain* 

.samples and cases, because the motor-ear may stand able only by the man on the spot, and he who would 

by tne kerb without the attention required when a have them must go to the spot. When men are 

horse is between the shafts. But tlie most impor- engaged in this country for such situations they 

tant sphere for the commercial traveller's motor-car arc often required to enter into an agreement for a 

is in country districts with infrequent train service. term of years — usually three — and have their 

We are convinced that the commercial community passage paid. This practice is less common than 

/ do not yet realise what the motor-car may mean for it was, but it still prevails. It is not a good one. 

them in thj^ respect, and believe that there is a The new man usually finds that, although he has 

rich harvest for firms who adoj^t it as a conveyance taken a seemingly lucrative position, viewed from 

for commercial travellers. There arc many districts the British wage standard, the remuneration which 

where there are many villages in greater or less he has agreed to accept is less than that ruling in 

proximity. In the aggregate these villages are the market whither he has gone. He is tied up 

equal to a large town, but it does not pay to work for tiic term of engagement, and cannot therefore 

them under existing conditions. The train service improve his position should opportunity offer. He 

between them is probably j)oor, and they would take is also assisting to sjjoil the market in his new home, 

two days to do properly. The motor-car may make The two-pounds-a-wcek shop assistant in England 

it possible to do the group easily in one day. is worth £25 a month in Johannesburg, and about 

Shopkeepers in villages arc often denied the privilege? as much in Winnipeg. And he need not think that 

of huyii^g from samples, and instead of the numerous he wall be able to save the difference. The higher 

sample-cases opened out before town buyers, a j)rice of necessaries and luxuries makes that 

small hand-bag and a bulky catalogue serves for im])osHible. 

the village shopkeeper, 'f'he motor may be made Jt is always l)etter for the shopman emigrant, if 
a travelling sample-room, and the journey will cost he is a good man, to pay his own fare and begin 

' less than it formerly did without sam{)les. employment u})ou the understanding that ho can 

Commercial Careers in the Colonies. leave at reasonable notice. If he is a man of 
This is a fitting place for a word to those who inferior quality, he will be wise, however, to engage 
think about tempting fortune by emWkiiig upon himself for a term of years if he can, otherwise he 

a commercial career in one of the Colonies or in a would find himself a inember of the array of the 

foreign country. Opportunity in a rapidly expand- unemployed, for Colonial business men do not keep 

ing country with a wide future before it is much poor servants long if there is a chance to replace 

more frequent, and the prospect of success much them. 

greater, than in this overcrowded coirq)etition- The Commercial Traveller Abroad, 
ridden homeland. At the moment, Canada and the For the commercial traveller going abroad there 

A]:gentine Republic arc the most promising oversea are several things to be noted before going, or 
fields for commercial enterprise. The growth of learned by bitter experience upon the field. 

lx)th our great North American colony and of the Expenses are very much higlicr abroad than they 

South American republic is phenomenal, and is are in England. In many colonial and foreign 

seldom appreciated by those who have no intimate countries travellers must pay an annual tax, which 

knowledge gained by ]iersonal exj)ericiinc of the is sometimes as high as £25 a year. The intending 

.countries. Our other great colonies — South Africa, traveller must find out if he will have such a burden 

Australia, New Zealand, and the Indian Colonics — on him. Then the districts are usually thinly 

offer opportunities also, but the first named is at populated, and railway travelling is expensive, witn 

present under an eclipse of depression, the second business centres often far apart, so that the expense 

is in the throes of evolution which do not encourage of a journey has no parallel to the cost of a corn- 

commercial ventures, and progress in New Zealand mcrcial trip at home. In Soutli Africa, for instance, 

and India is of the slow order that is also in evidence few travellers representing home firms spend less 

in our own country. But Canada and the Argentine than £(500 a year in personal travelling and hotel 

are undoubtedly the theatres where the agencies expenses, making no count of salary. With this 

that bring success are to-day influencing events caution, commercial travellers intending to visit 

more than in any other parts of either hemisphere. foreign countries may consider well the terms of 

New countries are essentially the countries for employment offered them before they undertake 
young men. There is not tlie weary waiting for a mission. 

dead men's shoes ; the stress of com|)etition is not In countries where a foreign language is spoken, 
so keen as in the old land ; and when opportunity the traveller or the shop assistant ought to know 

comes,^ its hands are heavier with material gifts. that language. If he be ignorant of it, he need not 

Fti^ther, the fact that so many indifferent men — go out on tne chance of finding a position. £m- 

often wasters and incompetents— seek these far ployers would not listen to him. If he go out to a 

countries in search of riches or livelihood which they position already seoure, he will be of little use until 

.have been unable to find at home magnifies the he has obtained acquaintance with the vernacular, 

' chances of success to the really competent, energetic so that he will make himself proficient with ^1 the 

man who matches himself against them. The cry speed possible. For instance, in the Arg^tine 

of the eommereial employers in the Colonies is, Eepublio, to which we have referred, Spanish is 

, V Send us good men. We are sick of your incom* the language required, and no one need go there 

:^^ent8.*^ without a mio^ledge of that language. 
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E Public Health Act (1875) empowers sanitary 
authorities to make bylaws relating to new 
buildings. 

(a) With respect to the structure of walls, foundations, 
roofs, and chimneys of new buiUiinns, for securing stability 
and the prevention of fires, and for puri)oses of health ; 

(b) With respect to the sufficiency of the space about 
buildings to secure a free circrulatlon of air, and with respect 
to the ventilation of buildings ; 

(c) With respect to the drainage of buildings, to water 
closets, earth closets, privies, ashpits, and cesspools in 
connection with buildings, and to the closing of buildings 
or parts of buildings unfit for human habitat ifui, and to 
prohibition of their use for such habitation ; 

(d) As to the giving of notices, as to the deposit of plans 
and sections by person intending to construct buildings: 
us W inspection by the sanitary autliority ; and as to the 
power of such authority to remove, alter, or pull down any 
work begun or done in contravention of such bylaws 

In 1877 the Local Govonimont Board drew up a 
“ model ” series of bylaws for the guidance of 
local authorities. f!>'ories of annotated model bylaws 
are published by IMessrs. Knight C'omjmuy. 

It must be observed that bylaws made under 
the Public Health Act, 1875, cannot take effect until 
tliey have been submitted to and coidirmed by 
the Local (loveriimont Board. 

The following buildings are exempt from the 
oi>eration of the bylaws relating to new buildings: 

(a) Any building in his Majesty’s possession, or employed 
or intended to be employed for his Majesty’s use or service. 

(b') Any county or borough lunatic asylum, and any 
building or part of a building belonging to the council of 
any county, city, or borough, and used, or intended to be 
used, for the detention of any prisoners. 

(r) Any gaol, house of correction, bridewell, penitentiary, 
or other prison, and any building occupied or intended to 
be occupied by any prison otficcr for the use of such 
prison and contiguous thereto. 

(d) Any building (not l)eing a dwelling house) belonging 
to any person or body of persons auUioriscd by virtue of 
any Act of Parliament to navigate on or use any river, 
canal,* dock, harbour, or basin, or to demand any tolls or 
dues In respect of the navigation of such river or canal, or 
the use of such dock, harbour, or basin, and used, or 
intended to be used, exclusively under tlio provisions of 
such Act of Parliament for the purposes of such river, 
canal, dock, harbour, or basin. 

(«) Any building (not being a dwelling house) erected 
or intended to be erected in connection with any mine, 
and used, or intended to be used, exclusively for the 
working of sucli mine. 

(B Any building erected, or to bo erected, according to 
plans previously approved by the Land Commissioners 
for England of the Board of Agriculture under the Tmprove- 
ment of Land Act, 18G4, or otiier Act or Acts for the 
Improvement of land. 

vflT) Any building which may not be exempt by the 
operation of any of the preceding clauses of this bylaw 
and which may he erected, or may be intended to be 
erected, in accordance with such plan and in such manner 
as may be approved or directed in pursuance of any statu- 
tory provision in that belialf by one of his Majesty’s 
principal Secretaries of State. 

(If) Any building erected and used, or Intended to 
be erected and used, exclusively for the purpose of a plant- 
house, orchard-house, summer-house, poultry -house, or 
aviary which shall be wholly detached, and at a distance of 
10 ft. at the least from any other building, and which shall 
not be heated otherwise than by hot water, and in which 
^fireplace (if any) shall be detached with no flues of any 
kind, wiUiin such plant-house, orchard-house, summer- 
house, poultry-house, or aviary 


(i) Any building which shall not exceed in height thirty 
feet as measured from tlie footings of the walls, and shall 
not exceed in extent one hundred and twenty-five thousand 
cubic feet, and shall nut be a public building, and shall not 
be constructed or adapted to be used either w holly or partly 
for human habitation, or as a place of habitual employ- 
ment, for any person in any manufacture, trade, or business, 
and shall be distant at least eight feet from the nearest 
street, and at least thirty feet fnun the nearest building and 
from the boundary of any adjoining lands or premises. 

{/) Any building wdiieli shall exceed in height thirty feet 
as measured from the footings of the walls, and shall 
exceed in extent one hundred and tw'eniy live thousand 
cubic feet and shall not be a public building, and shall 
not tu‘ constructed or adapted hi be used either wholly or 
partly for human habitation, or as a place of habitual 
employment for any person in any manufacture, trade or 
business, and shall be distant at least thirty feet from the 
nearest street, and at h>ast sixty feet from the nearest 
building and from the boundary or any adjoining lands or 
premises. 

ih) Any building erected, or intended to be erected, for 
use solely as a temporary hospital for the reception and 
treatment of p«‘rsons sutfcriiig from any dangerous in- 
fectious disorder. 

Thickness of Walls of Public and 
Warehouse Buildings. “ Public building ’* 
means a building used or constructed, or adapted 
to be used, either ordinarily or occasionally, as a 
church, eha pel, or other place of public worship ; 
or as a hospital, workhouse, college, school (not 
being iiierel}^ a dwelling-house so used), theatre, 
])uhli(; hall, public comaut-rooin, public ball-room, 
public lecture-room, or public exhibition-room, or 
as a public place of assembly for ])er8ons admitted 
th(M-clo by tickets or otherwise, or used or con- 
structed or ada])lcd to be used, either ordinarily or 
oeeasionally, for any other public ])urposc. 

“ Building of the warehouse class ” means a warehouse, 
factory, manufactory, brcwcuy, or distillery : 


IlflKht not 
•*\tec«Ung 

Lciiicth. 

ThickuoMs of wall 
ilt it)i 

Ft, 



25 

Anv length 

13i in. 

25 to 30 

Not exceeding 45 ft. 

131 in. 

,, 

Kxceeding 45 ft. 

18 in. 

30 to 40 

Xot exceeding 35 ft. 

131 in. 


Not execeding 45 ft. 

18 in. 


Exceeding 45 ft. 

22 in. 

40 to 50 

Not exceeding 30 ft. 

18 in. 


Not exceeding 45 ft. 

22 in. 

50 to 60 

Exceeding 45 ft. 

26 in. 

Not exceeding 45 ft. 

22 in. 


Exceeding 45 ft. 

26 in. , 

60 to 70 

Not exceeding 45 ft. 

22 in. 

” 

Exceeding 45 ft. 

41 in. extra on thick- 
nesses specified 
from base Uj within 
16 ft. of top of wall 

70 to 80 

Not exceeding 45 ft. 

22 in. 

” 

Exceeding 45 ft. 

4J in. extra on thick- 
ness es specified 
from base to within 

1 6 ft. of top of wall 

80 to 90 

Not cxiToding 45 ft. 

26 ill. 


Exceeding 45 ft. 

41 in. extra on thick- 
nesses specified 
from’base to within 
16 ft. of top of wall 

90 to 100 

Not exceeding 45 ft. 

26 in. 


Exceeding 45 ft. 

4f in. extra on thick- 
nesses specified 
from base to within 
16ft. of tt>pof wall 
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The Public Health Act (1875) provides no general 

E jwer for a local authority to make a bylaw regu- 
.ting the height of habitable rooms, but such a 
bylaw can be made by any local authority under 
Bee. ^8 of the Public Health Acts Amendment Act, 
1890 (an Adoptive Act), Kecognising the sanitary 
value of such a bylaw, the following clauses, which 
have received their sanction, are given in extenso : 

Every person who shall erect a new and shall 

construct any room therein so that it may be used for 
human habitation, shall comply with iho following re- 
quirements : 

I! such room is not intended to be used as a sleeping 
room, he shall construct such room so that it shall be 
not less in any part thereof than eight feet in height. 

If such room is intended to be used as a sleeping room, 
and is not an attic or a room wholly or partly in the roof 
of such building, he shall construct su(!li ro«jin so that it .shall 
be not less in any part than eight feet in height. 

If such room is intended to be used as a sharping room, 
and is an attic or a room wholly or partly in the roof of 
such building, he shall construct such roijni so tiiat it shall 
be not less than eight feet in heigld on the average over the 
whole area of the room, and so tbat no part of such room 
shall be less than live feet in height. 

Inlaws with respect to roofs and tlie stnictiire 
of noors can also bo made under the 1800 Act. 
New buildings in the metropolis are governed by 
the provisions contained in the London Building 
Act, 1894. 

Building Line. As regards the quo.stion of 
building line, apart from the consideration either 
of street widening or air space, the only ))Owors of 
urban authorities are those conferred by the following 
section of the Public Health (Buildings in Streets) 
Act, 1888. Without the written consent of the 
urban authority, no building (or part thereof) shall 
be erected or brought forward in any street, or any 
addition made thereto beyond the front main wall 
of the building on either side thereof in the same 
street. In considering what constitutes the front 
main wall of a house or building, all the circum- 
stances of the case must bo taken into (jonsidera- 
tion. The building must 1)C looked at as a whole ; 
its character, its position, its dist{ince from the 
building which is being erected or brought forwai-d 
on alleged contravention of the Act must he care- 
fully considered. In the metropolis, the .su|)er- 
intending architect of the County Council has }>ower 
under the London Building Aet"(1894) to delinc the 
general line of buildings in a street. 

Supervision of New Buildings by 
Local Authorities. Among the multifarious 
questions with which surveyors to local authorities 
have from time to time to deal in the course of their 
vaiious duties not the least difficult are those con- 
nected with bylaws and that of exercising control 
over any new buildings that may bo erected within 
the limit of their jurisdiction. This duty is in most 
towns largely determined by provisions contained 
in the PubliolSealth Act (1875). To secure all the 
clauses of the bylaws being carried out, adequate 
inspection of buildings in course of erection is needed, 
am unless a staff of building inspectors is kept 
I by a local authority, it is impossible to expect a 
. t^n surveyor with his multitude of other duties 
to see that the bylaws are enforced. A question 
which naturally arises in the mind of the political 
economist is “ How far is the local authority justi- 
iiod in controlling the individual action of a 
builder ? ” This has been answered in such a 
variety of ways as to bewilder the highest authority 
on the subject. 


The following is a schedule of the thicknesses of 
external and party walls of domestic buildings as 
sanctioned by the Local Government Board : 

Thickness of walls (domestic building). 

** Domestic building ” means a dwelling house or an 
office building, or other outbuilding appurtenant to a 
dwelling house, whether attached thereto or not, or a shop, 
or .'iny other building not being a public building, or of the 
warehouse class : 


ildi;ht not 
exce«Hiijj 

Length. 

Tblckiief» of wallfi. 

Ft. 



25 

Not exceeding 30 ft., 
and not compris- 
ing more than t wo 
storeys 

Exceeding 30 ft. or 
comprising more 
than two storeys 

9 in from base to top 
of wall 


13i in. below top- 
most storey 

Oin. remainder 

25 to 30 

Any length 

131 below top- 

most storey 

0 ill. remainder 

30 to 40 

Not exceeding 35 ft. 

13i in. below top- 
most storey 

9 ill. remainder 


Exceeding 35 ft. 

18 in. lowest storey 
131 in. rest of wall 
below topmost 

storey 

9 ill. remainder 

40 to .'>0 

Not exceeding 30 ft. 

18 in. lowest storey 
131 in. below top- 
most storey 

9 in. remainder 

” 

Not cxccetling 45 ft . 

18 in. two lowest 
storeys 

13 1 ill. remainder 


Exceeding 45 ft. 

22 in. lowest storey 

18 in. next storey 
131 in* remainder 

50 to 60 

Not exceeding 45 ft. 

18 in. two lowest 
storeys 

131 in* remainder 


Kxi^eeding 45 ft. 

22 in. lowest storey 

18 ill. next two 
storeys 

13^ in. remainder 

60 to 70 

Not exceeding 45 ft. 

22 in. lowest storey 

18 in. next two 
storeys 

131 in. remainder 

»» 

Exceeding 45 ft. 

41 in. extra on thick- 
nesses speeiffed 
to all below the 
iippcirinost two 
storeys. Subject 
to the provisions 
respecting distri- 
bution in piers 

70 to 80 

Not exceeding 45 ft. 

22 in. lowest storey 

18 in. next three 
storeys 

13Hn remainder 

99 

Exceeding 45 ft. 

4^ in. extra on thick- 
ness es specified 
to all below the 
uppermost two 
storeys 

80 to 90 

Not exceeding 43 ft. 

26 in. lowest storey 

22 in. next storey 

18 in. next three 
storeys 

in. remainder 

99 

Exceeding 45 ft. 

44 in. extra on thick- 
n esses specified 
to all below the 
uppermost two 
storeys 

26 in. lowest storey 
22 in. next two 
storeys 

18 in. next three 
storeys 

13| in. remainder 

00 to 100 

Not exceeding 45 ft. 

99 

Exceeding 45 ft. 

44 in. extra bn thick- 
nesses specified 
to ail below the 
uppermost two 
storeys 


Continued 




A SHORT DICTIONARY OF BUILDER’S 


AIR COCK — A tap to allow of tlje 
«8cape of air. 

AnafiTlypta — A wall-covering modelled 
in relief. 

Anchor Plate — A plate built into a 
wall to hold down some object. 

Angus Smith's Solution — A preserva- 
tivefsolution used for iron pipes. 

Anti -syphon Pipe— An afr pipe to 
counteract the tendency of traps to 
syphon out. 

Apron — A strip of lead placed below a 
window, chimney, etc., and dressed 
on to the roof covering. 

Arabesque Glass— A form of rolled 
glass with an ornamental pattern. 

Axle Pulley — A pulley arranged in a 
vertical plate used in hanging sashes. 
Automatic Flushing Cistern— A 
cistern arranged to discharge its 
contents as soon as it is filled. 

BACK PUTTY- -The putty placed 
between a pane of glass and the 
rebate of the sash. 

Balance Weight — A weight used in 
sasli frames to counterbalance the 
frame. 

BarfTs Process — A method of pro- 
tecting iron by forming a coating of 
black oxide. 

Bases — Those pigments whicli give 
opacity and body to paints. 

Bastard Flatting— A tlattmg coat to 
which a little clarified oil or .size lias 
been added. 

Bearing Plate— An iron plate nsiul 
between a strap and a piece of timber. 

Bell Board — A board on which a series 
of bells arc attached. 

Bib-cock — ^A form of cock which 
delivers water from the end of a pipe. 

Blister — In juunted work small parts of 
the paint lliat liave become separated 
from the surface covered and raised. 

Blown Joint- -A soldered lead joint 
made wiih a blowpipe. 

Bobbins — Boxwood halls used in bend- 
ing lead pipes. 

Bolt — A curved piece of wood used in 
bending lead pipes ; a irietul fasten- 
ing for a door catching in a staple 
or tliimble. 

Boot Boiler— A form of boiler used at 
the back of a kitchen range. 

Box Girder— A girder having two 
parallel welis. 

Bracketing— Piece of wood to receive 
lathes for plaster cornices. 

Brad — A small nail with a head on 
one side only. 

Brazing — Tho joining two pieces of 
metal by means of brass solder. 

Brinsring Forward — Painting por- 
tions of work one or more extra coats 
before general painting. 

British Plate— Plate glass cast and 
afterwards polished. 

Brunswick Black — A material formed 
of asphaltum and turpentine and 
applied to iron. 

Bulb Iron — Iron rolled with one flat 
and one cylindrical flange. 

Bullet Latch — A latch formed with a 
spherical catch like a bullet. 

Bullion— The centre of a sheet of 
crown glass. 

Burlap — A woven material formed of 
jute. 

Burning Off— Removing paint by 
applying heat to the surface. 

Burning In— Melting solder to fit lead 
in a raglet. 

Burnt Joint — A lead joint formed with 
lead in place of solder. 

CABIN HOOK— A freely-moving hook 

attached to a staple or plate. 

Calcothar— Red oxide of iron. 

Games — Strips of lead having an H 
section used in lead glazing. 

Cantilever — A beam built into a wall 
and supported at one end only. 
Casement Fastener— A metalfastener 
to secure a casement to the frame. 

Cast Iron — Iron that has been melted 

• and cast in a mould. 


Cathedral Glass — Plain, tinted glass 
used in lead glazing. 

Cat Ladder — Light iron ladders used 
for giving access to roofs. 

Ceiling Block— A block of wood used for 
attaching a gas pendant to a ceiling. 

Cesspool — A sunk outlet to a lead 
gutter. 

Chimney Bar — A wrought-iron bar 
built in under tlie arch of a chimney 
opening. 

Chequer Plate — An iron plate with a 
raised cheiiuered surface. 

Circulating Pipe — A pipe through 
which liot water from a boiler is 
circulated. 

Cleaning Eye — Auoi»cniiig inserted in 
pipe.s and traps to facilitate cleaning. 

Clearcolle — Thin liquid glue used on 
porous surfaces before whitewash. 

Clips - Metal bauds jdaced round a 
|)ipe to fix same to woodwork. 

Clout Nalls -Flat-headed nails. 

Coach Screw- —A long screw of uniform 
diameter and with a square head. 

Coarse Stuff — A mixture of lime, sand 
and hair for first two coats in 
plastering. 

Cobweb Grating — form of grating 
used as outlet to lavatory basins. 

Coburg Varnish — A pale oil varnish. 

Cockle Furnace— A furnace of thick 
inrti used f(»r heating air. 

Collar— A lead disc temporarily fixed 
round a j>ipe during wiping a joint 
to catch the superfluous solder. 

Coil -A pipe bent to and fro to give a 
lai)?e heating surface at any desired 
point . 

Compo —A general term given to 
ceinont used for coating brickwork. 

Composition Nails — Nails made of 
various alloys to avoid corrosion. 

Concrete Float — A tliick, heavy float 
used in finistiing eoncreto iwving. 
Copper Bit Joint— A soldered joint 
made with a copper bit. 

Copper Nails— Nails made of copper, 
usually in tlie form of clout nails. 

Core — A tliick iron bar fitted under a 
liandrail ; the rough centre for a 
plaster moulding. 

Cottar — Wedge-shaped keys. 

Countersunk Joint — One finished 
with a splayed head flush with tlie 
l)late. 

Cover Flashing— A strip of lead fixed 
into a wall and covering the top of a 
fiasliiug. 

Creeping — The slow movement of lead 
downwards on a steep roof. 

Cross-garnet Hinge— A liiiigc in t lie 
form of a H. 

Crown Glass — Glass blown in globular 
form and afterwards flattened. 

Crystal Glass — ^A very pure white 
quality of sheet or plate glass. 

Cup-and-ball Joint~.\ joint giving free 
rotary motion, used for chuudeliiTs. 

Cups — Small brass cones fitted into 
wood beads to recci\e the heads of 
screws. 

Cutting Wheel — circular knife used 
in trimming wallpapers. 


DADO — A horizontal division at the 
tiase of a wall. 

Darby — A two-handled plasterer’s 
float. 

Dead Lock — A lock having only one 
holt operated by a key. 

■Dished — -A sUglitly hoHowe<l bottom 
formed in lead-lined sinks and cess- 
pools. 

Distemper — A material similar to 
whitewash, hut mixed witli colouring 


pigment. 

Double-arm Pendant — A form of gas 
pendant having tw'o arms. 

Double Laths— Laths of extra tliick- 


iiess. 

Double Size — Size of twice the usual 
atrength. 

Double-swing Bracket—A gas bracket 
having two arms, both with movable 
joints. 


FINISHING TERMS 

Dovetail Lathing— A sheet of metal 
bent into a series of dovetail grooves. 

Draw-off— A tan by means of wrhicli 
w’ater may be drawn from a pipe. 

Drawn Pipes— Lead pipes produced 
by machinery without any joint. 

Drip — All abrupt change in the level 
of a lead flat. 

Drip Pipe — A pipe used in steam 
heating systems to get rid of con- 
densation water. 

Drop Handle— A handle wiiieh is 
liinged to lie close against a door 
when not in use. 

Dryers — Substances added to paint 
to assist the al)aorption of oxygen. 

D Trap — An old form of trap, sliape<l 
like a Q . 

Dubbing Out— The process of forming 
a core for plaster mouldings. 

Dummy— A tool used by the plumber 
in pipe bending. 

EARS— Flat projeetions cast on iron 
rain-water pipes for fixing them. 

Eaves Gutter— A gutter to take rain- 
water tixe<l at the eaves. 

Economiser— A metal shield to close 
the opening between a grate and the 
hearth. • 

Elbow- -A socket joining two pipes at 
right angles. 

Embossed Glass— Glass (hat has been 
ornamented by chemical process. 

Escutcheon— A small sliicld placed 
round a keyhole opening. 

Espagnolette Bolt- -A long double- 
action b«)It used to secure French 
window's. 

Eye— A metal ring into which a bolt 
may be fitted. 

Eye-plate— A plate by which an eye 
may be attached to woodwork. 

Expanded Metal - Metal sheets per- 
forated and drawn out to form a 
kind of netting. 

Expansion Joint— A form of joint 
allowing of movement due to expan- 
sion. 

Expansion Pipe— A pipe in a hot-water 
system to carry otf or contain excess 
of w'ater due to expansion. 

Expansion Tank— A tank in a hot- 
water system to hold excess of water 
duo to expansion. 

FALL-DOWN STOP— A form of gate 
stop that is lowrered when not in use. 

Feather-edge Rule — A rule one edge, 
of wliich is splayed otf to a thin edge. 

Feed Cistern — A small cist cm to keep 
a boiler supplied with W’ater. 

Fine Stuff— A mixture of lime putty 
with a little sand and hair. 

Finger Plate — A plate fixed to either 
face of a door above or below a lock. 

Finlal -An ornamental termination 
to a gable or hip. 

Fining Float— Small float for w’orking 
plaster mitres, etc. 

Fire-bar — The horizontal bars which 
carry the fire in a grate, boiler, etc. 

Fish-plate — An iron plate used in fomi- 
iug a fished joint. 

Flake White— A form of pure white 
lead made in Knglaud. 

Flange —'rhe tension and compression 
members in an iron girder. 

Flanged Joint— A lead joint formed 
w ith a flange below' it to support tlie 
pipe on a floor. 

Flashed Glass — White glass with a 
film of coloured glass overlaid. 

Flashing — A strip of lead used to make 
watertight the joint bctw'een a 
sloping roof and a vertical face. 

Flatting— A coat of paint that is 
finished without gloss. 

Flitch — An iron plate placed vertically 
in a Hitched beam. 

Float — A flat wooden instrument for 
w'orking the final coat in plastering. 

Floating Rule— A long rule used in 
forming screeds and floating surfaces 
between screeds. 

Floor Spring — A spring for automata 
cally closing a door, fixed in the floor. 

6215 
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Flow Pipe— That portionof a circulating 
pipe from the boiler to the highest level. 
, Fium Bolt — A bolt let into a door or 
window so that the lace is llush with 
the wood. 

flush Handle — A handle sunk Into a 
door 80 as to be flush with its face. 
Flushlngr Tank— A tank the whole 
contents of whicli are discharged at 
onetime. 

Fluted Sheet— Sheet glass rolled with 
ribbed rollers, producing flutes. 
Foil— Thin leaves of copper and other 
metals, applied like gold leaf. 

French Nails— I^ong thin wire nails 
with flat heads. 

French Polish— A mixture of shellac 
and spirits of wine for polishing liard 
woods. 

OAkVANISeD IRON— Iron covered 
with a coating of zinc. 

Gasket — .Strands of ropoor cord driven 
into the loints of pipes. 

Gas Tar— See coal tar. 

Gaufire— A measure of thickncs.s of 
wire and metal.; to mix materials in 
exact proportion with water. 

Gaugre Board— a board on which 
plasterers’ materials are mixed. 
Gauged Stuff— Coarse or flue stuff 
with which plaster of Paris is mixed. 
Gauge Hook— A tool used by plumbers 
for shaving lead surfaces. 

Gauge Rule — a rule used for forming 
sunk or raised plaster surfaces. 
Gauging Trowel — A trowel used for 
gauging plasterers’ stuff. 

Gelatine Mould— Moulds formed of 
gelatine for casting plaster enrich- 
ments. 

Gib— A bearing iron used hi connection 
with cottars. 

Gilding— A process, of applying gold 
le%f to surfaces. 

Glaziers’ Putty— A mixture of whiting 
and linseed oil. 

Gold Size— A material applied to 
surfaces to be gilded. 

Governor — An automatic control to 
regulate the pressure of gas in 
building. 

Grainers Comb— A metal comb used 
to produce graining. 

Graining— Finishing a painted surface 
to match the grain of wood. 

Ground Brush— The brush used by 
painters for largo surfaces. 

Ground Glass — (dass the surface of 
which is rendered obscure by grind- 
ing. 

Gudgeon— The term applied to the 
eye of a hinge. 

Gutter Pipe— The pipe through wliich 
the contents of a gutter are discharged. 

'HAOKINQ OFF— The process of re- 
moving old plaster. 

Hacking Out— The process of removing 
broken glass- and old putty. 

Hair— In plastering, the long hair from 
the backs of oxen. 

Hand Float— Small floats, usually of 
pine, used in plastering. 

Hangers— The struts employed in 
trussing a timber beam. 

Hasp — A hinged, slotted plate passed 
over a staple and secured with a 
pin or padlock. 

Hawk-^A small board with a handle 
used for gauging and holding 
plasterers* stuff. 

Heel— In pipe bending, the outer side 
of the curve. 

Hit-and-miss Grating— one of which 
. the openings can be closed by sliding 
. a petforated plate. 

H*lPon— Iron roiled so as to have an H 
section. 

Holding-down Bolt— A bolt used to 
. secure any object to an anchor plate. 
Hopper Closet^A closet in the form of 
a fmmei. 

Hydrant— A stand pipe to which a 
; may be at^diea. 

'IjNttHillM fAFiil— Papers coloured 
- in m$ii manutootuxe* 


gui 
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JAPAN— Lead paint mixed with 
varnish dried at a high temperature. 
Japanese Gold Size — A preparation of 
|um auinie and linseed oil', 
imll— A form of metal lathing. 

KEEN’S CEMENT— A preparation of 
plaster of Paris treated with alum. 
Keying — The scoring of the surface of 
plaster to secure adhesion for the 
next coat. 

Kicking Plate— A metal plate fixed 
to the bottom rail of a door. 

Killed Spirit — Spirits of salts inw’hich 
zinc has been dissolved. 

King Bolt— All iron licit taking the 

t ilace of a king post In a comiiound 

>''USS. 

Knotting— The process of killing or 
covering knots in w'oodw’ork before 
painting. 

Knuckle — The proiecting portion of a 
hinge through which the pin passes. 

LAC — A resinous substance obtained 
from the East Indies. 

Lacquer— A varnish made with methy- 
lated spirit. 

Lapped Joint— In lead work a joint in 
whicli one sheet is covered by the 
edge of the next. 

Larry — A rake used for mixing hair 
willi coarse stuff. 

Latch— A fastening which may be 
opened with a handle instead of a key. 
Lath and a Half— A term applied to 
extra stout laths. 

Laths — Thin strips of w’ood used as a 
groundwork for plastering. 

Lattice Girder —A girder of wiiich the 
w'cb is formed of iron lattice work. 
Laying — Another term for rendering 
in plaster work. 

Laying Trowel — A large square trowel 
used in rendering. 

Lead Lights— Lights formed of small 
panes connected by lead cames. 

Lead Safe— A tray of lead formed to 
catch any overflow water. 

Levelling Rule— A rule used by 
plasterers in levelling ceilings. 
Llgnomur — A wall - hanging formed 
of wood fibre. 

Lime and Hair— Another term for 
coarse stuff. 

Lime Plaster— A terra signifying that 
piaster is formed with lime. 

Lime Putty — Pure lime run with water 
and allowed to settle. 

Lime White — Chalk lime mixed with 
an excess of water, used as a wash. 
Lincrusta Walton — A wall decoration 
executed in relief. 

Litharge — Another term for oxide of 
lead. 

Luxfer Glass — ^A special glass formed 
with prismatic projections on one 
side. 

MACK PARTITION— A patent par- 
tition formed of plaster and reeds. 
Mandrels— Cylinders of soft wood 
varying in length. 

Margin Trowel — A parallel-sided 

trowel for plaster marifins. 

Massicot — A suiieriorkind of oxide of 
lead. 

Mastic— A resinous gum obtained 
from tlie Mediterranean. 
Metallo-ceramic Joint— A patent joint 
for uniting lead pipe to earthen* 
ware. 

Middling Lead Pipe— A pipe inter- 
meuiate in weight between light and 
heavy. 

Milled Lead — Sheet load that has been 
rolled out. 

Minium— Another name for red lead. 
Mortise Lock — A lock that is inserted 
into a mortise formed in the thickness 
of a door. 

Muffled Glass— Glass formed with 

Muitlng*‘^v^ipg a nmning mould 
with pastor to reduce ite section. 
Muffling Plate-^A metal i^ate used 
to reduce the section of a running 
mould. 


Muller— A kind of pestle used in 
grinding paint. 

Muranese — A form of obscured glass,^ 

NIB — The upper edge of a plastererV 
running mould. 

Nipple — The screwed end of gas pipe 
to receive the fitting. 

Norfolk Thumb Latch— A- latch 
operated by a lever wliich can be 
depressed by the thumb. 

OIL POLISH— A finish produced with 
linseed oil. 

Overflow— An outlet allowing water 
to escape on reaching its level. 

Over Graining— A thin additional coat 
over ordinary graining. 

Overcast Joint — One on which a series 
of facets arc formed after wiping. 

Oxide of Iron Paint— Paint in which 
oxide of iron forms the base. 

PACKING PIECE— Iron slabs of 
various thickness used in levelling 
girders on stanchions. 

Palette — A thin wooden board to 
receive paints used in decorative work. 

Palette Knife— A long, flexible blade 
used in mixing up colours. 

Painter’s Torch — An apparatus for 
producing a flame for burning-off. 

Pan Closet — An old form of w.c. in 
which a pan was employed to receive 
the contents. 

Panel Float— A small float used for 
laying and smoothing work In panels. 

Panel Trowel — Resembles a laying 
trowel, but is smaller. 

Parian Cement— A white cement pre- 
pared from plaster of Paris and borax. 

Parliament Hinge— A hinge having 
the form of an H. 

Patent Size — A preparation of gelatine. 

Pebble Dash — Another name for rough 
coat. 

Pedestal Closet — A modern form of 
w.c. with basin and trap exposed 
to view. 

Pivot— A projecting pin working in a 
socket. 

Plaster of Paris— A fine white plaster 
prepared from gyi> 8 ura. 

Plate Glass — Glass poured hot on to a 
table and rolled out. 

Pneumatic Bell— A bell operated by 
the (romnression of air. 

Polished Plate— Plate glass that has 
been ixdished. 

Polishing Trowel— A trowel used in 
finishing the setting coat of plaster. 

Pot Metal— Glass which is coloured 
throughout its substance. 

Pouring Stick — A short, grooved piece 
of wood to convey melted solder to 
the back of a joint. 

Picking Up— Applying coarse stuff 
to walls, partitions, or cubings. 

Priming — Covering a wood surface 
with the first coat of paint. 

P-Trap— A trap the general form of 
which resembles a V. 

Pulp Paper— The commonest class of 
wallpaper. 

QUADRANT STAY— A stay bar for 
oiienings and arcihes having a quad- 
rant form. 

Quarries— Glass cut into small pieces 
for lead glazing. 

RADIATOR — A closed metal vessel 
liavin^ a large superficial area for 
radiation. 

Raglet— A chase cut in stonework 
to receive lead flashings. 

Rain-water Gutter— A channel to 
receive rain-water from the eaves of 
a building. 

Rain-water Head— An open vessel 
above the pipe to receive the dis- 
charge from a gntter. 

Rain-water Pipe— A metal pipe used 
to convey rain-water. 

Red Lead-^An oxide of lead, usually 
In the form of a red powder. 

Reduelng Pipe— pne reduced from a 
larger to a smaUer diameter. 

Reflector— Reflecting sungM^Used to 
alter Uie direetton of rays of wL 





Register Grate— One having a flap, 
or register, between the grate and 
tjie chimney. 

Render — The process of laying coarse 
stuff or cement on solid walls or 
celling. 

Return Pipe — That part of a circu- 
lating pipe between the highest level 
and the boiler. 

Ribbon Joint — One in which a band 
of solder is formed round the joint. 

R.LJ. — ^Abbreviation iov rolled iron 
joist. 

Rim Lock — A lock attached to the 
face of a door. 

Rlsingr Butts — Those that lift the door 
sliglitly as it opens. 

Rlsingr Main — The pipe taken up to 
supply a cistern. 

Roll — The method of forming a longi- 
tudinal joint between two shcete of 
lead. 

Rolled Plate — Plate glass that has been 
rolled to produce a flut-ed surface. 

Rough Cast — A method of finishing 
exemal plaster with pebbles or 
shingle. 

Rough Cast Plate — Cast plate rolled 
with a smooth roller. 

R.S.J. — Abbreviation for rolled steel 
joist. 

Rubber Cone — A union formed of 
rubber. 

Rubbing Down— The process of rub- 
bing each coat of paiut(;d work. 

Rule — ‘A strip of wood varying in size 
and form used in floating plaster. 

Running Rule — Wood strips fixed as 
guides for running mouhls. 

Running Mould— Moulded profiles by 
means of which mouldings in idaster 
are formed. 


SAPDLB-BAR — A metal bar used to 
give support to lead lights. 

Sanitary Paper- -Wallpaper printed 
ill oil colours and washable. 

Sash Fastener — A metal catch to 
secure one sash to another. 

Sash Lift — A metal hook or plate by 
whicli a sash is lifted. 

Sash Tool — The brush used in painting 
sash-frames. 

Sash Weight— Metal weights uscmI to 
counterbalance the sash and its 
glass. 

Satin Paper — Wallpaper having a 
polished, satin-like surface. 

Scaglioler — A special form of coloured 
plaster used in imitation of marble. 

Scouring — Working over plaster sur- 
faces with a hand float. 

Scratch — A tool used in scratching or 
scoring plaster surfaces to form a key. 

Scratch Tools — Small tools of various 
shapes used in flnishing plaster 
enrichments. 

Screed — A strip of plaster laid as a 
guide for floating. 

Seam Roller — A small roller used in 
smoothing the joints in paper- 
hanging. 

Seamed Pipe— A lead pipe formed 
out of sheet lead with a soldered 
joint. 

Setting — ^The process of laying and 
flnishing the final plaster coat. 

Setting Coat — The last coat in plaster- 
ing formed of flue stuff. 

Service Pipe— A pipe conveying 
water from the supply to a fitting. 

Sgraffito — Successive tliin coats of 
coloured plaster incised and cut to 
give pictorial effects. 

Shave Hook — A tool used in ehaving 
lead-work. 

Shaving— The process of removing a 
thin layer of lead to provide a bright 

.surface. 

Sheet Glass— Glass blown in the form 
of ^Undeia and afterwards flattened. 

Shoe— The outlet of a rain-water pipe 

Sld^arhoflSSSep— Eesembles a seaih 
but will work close up to a 
iMojeowik sttilae^ 
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Silicate Cotton — A fibrous non-con- 
ducting material produced from iron 

Singfe-swing Bracket— A gasbracket 
having one movable arm. 

Size — A liquid preparation of glue. 

Size Kettle— A kettle with water 
Jacket, in wliich size is melted. 

Skimming Float — A large float used 
for laying setting stuff. 

Slag Wool — See silicate cotton. 

Slipper — The face of a ninning 
mould. 

Slop Sink — A sink intended to receive 
bedroom slops. 

Smoothing Roller — A broad roller 
used in paper-hanging. 

Smudge — A preparation used by the 
plumber in soiling. 

Snap Rivet — One formed with a 
spherical head. 

Soakers — Sheets of lead inserted under 
slates or tiles, and turned up against 
a wall. 

Soil — Another term for smudge. 

Soiling — The process of covering 
with soil tliosc parts of lead work to 
whi(di solder is not required to 
adliere. 

Soil Pipe — A pijic for conveying away 
tlie contents of w.c.’.s. 

Soldered Dot — A method of securing 
vertical lead sheets to woodwork or 
stone. 

Soot Door — A small iron door and 
frame inserted in a smoke flue. 

Sparge Pipe — A pipe arraiiged to dis- 
tribute a disciiarge of water over a 
wide area. 

Splash Stiek — ^A small wood or iron 
stick used in upright soldered joints. 

Sprig — A small metal brad, used by 
glaziers. 

Sprigging — Temporarily securing 
panes of glass with sprigs. 

Stanchion — A perpendicular BUi)port 
under a girder. 

Standing Waste— A waste pipe stand- 
ing up within a cistern. 

Stand Pipe — A vertical pipe fitted 
with a tap for drawing off waU'r. 

Stay Pipe — A metal bar used to secure 
a window when open. 

Stencil — A pierced plate for painting 
designs that repeat. 

Stepped Flashing — One cut to allow 
of the upper edge being tiinied into 
successive brick joints. 

Step Setter — A tool used in forming 
stepped flashings. 

Stiffeners — In built girders pieces of 
angle iron used U» sliifen tlie web 
and flanges. 

Stippling — Finishing a painted surface 
witli the end of a paint-brush. 

Stock — The backing for the profile 
plate in a miming mould. 

Stopcock — A valve used to shut off a 
supply. 

Stopped End — A closed end to a rain- 
water pipe. 

Stopping — The. process of filling up 
small holes in woodwork or plaster. 

S-trap — A trap the outlet of which is 
in the form of an S, 

Strap — A narrow iflateused in securing 
timber joints. 

Strap Hinge— A hinge for heavy gates, 
fixed to them with iron straps. 

Striking Plate— The metal plate into 
which the bolt of a lock is inserted. 

Stucco — A somewliat vague term 
applied to several plastic mixtures. 

Swan-neck— A bent pipe connecting 
a rain-water gutter and pipe. 

Syphon Box — ^An apparatus used to 
collect water from gas supply. 

Syphon Closet — One in which the 
contents are removed by syphonic 
action. 

TAOKV— The condition of paint or 
varnish which falls to dry properly. 

Taft Joint— A wiped lead joint re- 
sembling in form a copper bit joint. 

Tar Paliit<^A paint for iron fomed 
with tar, liibp and naphtha. 


Tension Rod — An iron rod used in 
trussing timber beams. 

Throat — In pipe-bonding, the inner side 
of the lead. 

Tie-rod — A metal rod replacing a tie- 
beam in a compound roof. 

Tingle — A broad strip of stout lead 
used to hold dowm the edges of lead 
sheets. 

Tinning — The process of covering a 
copper bit with solder. 

T-iron— Iron rolled in the section of 

aT. 

Toe — The lower end of the stock of a 
running mould. 

Touch — A piece of tallow candle is 
used to touch lead surfaces after 
shaving. 

T-piece — A form of union between two 
horizontal and one vertical tubes. 

Traversing Rule— A rule used for 
forming screeds in gauged or setting 
stuff. 

Trimming Knife— A knife used for 
trimming wallpapers. 

Trowelled Face —A plaster face highly 
finished with a trowel. 

Trumpet-mouth Waste— A waste 
pil)e the mouth of which is enlarged 
like a trumpet. 

Turnbuckle — A fastening of iron or 
brass turning on a pivot. 

Turn Pin — Wood cones used for en- 
larging ends of lead pipes.. 

Tynecastle Canvas —A material 
moulded in relief on canvas for 
covering walls. 

U NDBRH AND JOINT— A wiped joint 
on a horizontal pipe. 

Union — A screw joint to unite a pipe 
to a cistern or a lead and iron pipe. 

Universal Joint — A ball-and-socket 
joint. 

Upright Joint — A wiped joint on a 
vertical pipe. 


VALLEY GUTTER— A gutter formed 
in the angle between tw'o roofs. 

Valve Closet — One in wliieh the outlet 
of the basin is closed by a valve. 

Vehicles— The liquid with which pig- 
ments are mixed to ff)rm paint. 
Ventilating Stove— A stove provided 
with a Tiot-air chamber and air 
inlet. 


WALL HOOK — An iron spike with a 
curved end that will grip a pipe. 

Warning Pipe — One that gives notice 
by dripping when a cistern is full. 

Washable Distemper— Material re- 
sembling distemper, but which may 
be w'ashed. 

Wash-down Closet— One in which the 
l)ottom of the pan is continued into 
the trap. 

Wash-out Closet —One in which the 
contents of tlie pan are washed out 
into the trap. 

Water Stain— A material used for 
altering the colour of woodw'ork. 

Water Waste Preventer— A cistern 
using only a limited amount of water 
at each discharge. 

Wax Moulds— Used by plasterers for 
casting enrichments. 

Wax Polish— A glossy surface produced 
on wood with the aid of wax. 

Web — The vertical member of an iron 
girder. 

Weeping Pipe — A pipe which allows 
water to drip slowly. 

Welted Joint — One in which two metal 
sheets are folded together to form 
a joint. 

White Lead — A carbonate of lead, the 
base of many paints. 

Whitewash— A mixture of whiting, 
water and double size. 

Wired Glass— Glass in which wire 
netting is embedded., • , 

Wiped Joint— A joint formed with 
solder by means of a cloth pad. 


INC RAINT— A paint of which the 
base is zinc white. 
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CCARCELY finy hranoli of engineering preacnta so 
many ditticult ies as that which deals with marine 
structures, and in the ])roseoution of this study 
the student cannot do better than peruse care- 
fully the various ])ay)ers dealing with marine work 
which arc published in the vohiines forming the 
Minutes of Transactions of the Institution of Civil 
Engineers, and which furnish accounts of the moat 
recent improvement a. 

The consideration of the action of the weaves is 
of primary importance in the design of works 
exposed to the action of an Oj)cn soi. Waves near 
a coast do not attain the dimensions of those in the 
open sea. and the reference to waves as “ mountain 
high ” is a popular error. Waves have to be consi- 
dered by the liarbour engineer in connection with 
harbours, docks, and coast j^rob'ction, and may 
be classified as: (1) tidal waves, (2) wind waves, 
(3) ground swells, (4) breaking waves. 

Xidal Waves. The great tidal wave of tho 
ocean, which causes the rise and fall of the w'ater 
on n coast, is an clement that must be taken into 
consideration. The maximum effect duo to a 
tidal wave occurs at the time of high spring tides 
when accompanied by heavy on -shore gales. I’he 
height to which the water rises above the beach 
is increased during gales, and varies from 3 ft. 
to 4 ft. according to locality. The effect of gales 
is greatest when the wdiid, after blowing along the 
coast in tho .‘iame direction as tho main stream 
of the flood tide, changes about the time of high 
water to an on-shore direction. When a tide is 
rising the water for .some distance from the toast 
is flowing tow'ards the .'idioro, and when falling, 
is flowing from it. A tidal wave moves along Ihe 
deep water of the open sea at a greater velocity 
than in shallow water near the coast. The c: est of a 
wave in the open sea is tlicrefore in advance of that 
near the shore, resulting in an oblique Jatcial 
movement along the shore. T’he tidal wave 
becomes a wave of translation when it encounters 
the obstruction caused by the shoaling of the shore, 
and is reflected hack, setting up a .series of small 
oscillations or waves, which break on reaching tho 
low-water level. 


1 VELOCITY AND PRESSURE OF THE WIND | 

JbVot per 
iiiiuuts. 

Miles por 
hour. 

Force lii lb. 
oil sjq. ft. 


Description. 

88 

352 

440 

880 

1,320 

1,760 

2,640 

3,080 

3,520 

3,960 

4,400 

6,280 

7,040 

8,800 

1 

4 

5 

10 

15 

20 

30 

35 

40 

46 

60 

60 

80 

100 

'005 

•079 

•123 

•492 

1'107 

1*970 

4*429 

6*027 

7*870 

9*960 

12*300 

16*710 

31*490 

49-200 

] 

] 

] 

Hardly perceptible 
- Gentle wind and breezes 

Good breeze 

Ei'isk gale 

High winds 

r Very high 

Storm 

Great storm 

Hurricane 


' ! Th^ rise and fall of tide, irrespective of wind, 
]|l effected not merely by a vertical swelling and 


depression or rising and fall of water, but by a series 
of small waves, which vary in height according to 
the conditions of tide and beach, and w’hich are 
absent from the shore only when absorbed by larger 
waves during gales. 

Influence and Prevalence of Wind. 

Although the wind is the primary cause of the 
attacks to which all shores are exposed, its influ- 
ence is excited tlirough the waves raised by it. 
It is necessary to consider tlie direction of the pro* 
vailing winds, at what seasons they generally blow, 
and the distance that the wind travels unimpeded, 
so that the entrance to tho harbour may bo made 
to f.ice the ])roy)er direct ion for vessels entering and 
leaving. 

Wind Waves. Wind waves arc produced by 
wind blowing on the snrface of the sea and arc y)ure 
undulations. The form of wave transmitted to- 
wards the shore has no forward progressive move- 
ment until the margin of a shore is reached. Tho 
common form of wind waves in open sea is cycloidal, 
but shore waves assume more the form of an 
ellipse. 

Ground Swell or Rollers. By ground 
swell or rollers is implied a product of wind waves 
which a?*o generated at some distant part of tho 
ocean, and which travel across the ocean shorewards, 
and form long, low undulations. Their effects extend 
to a greater de})th than that r)f ordinary weaves, and 
th?y exert greater power of transmission nearer the 
bottom than shorter waves in the same depth. The 
long waves formed by ground swell on apy)roaching 
shallow water, whoro de])th is constantly diminish- 
ing, aro increased in height and velocity, and exert 
more tK)\verful and a greater percussive effect on 
a sea-wall or cliff than ordinary wind waves, and 
the back-wash ijrovcs more destructive to a 
beach. 

Breaking Waves- Breaking waves arc pro- 
duced owing to the water becoming shallow, and 
being no longer able to complete the undulation 
under ordinary conditions. A wave breaks when 
it reaches water of a depth approximately equal 
to its height from trough to csest. A wave on 
breaking assumes a progres.sivc accelerated horizon- 
tal motion, and is capable of carrying forward with 
it any material with which it comes into contact, 
and on receding down the slope has a strong erosive 
and transporting power. The mean level of the 
sea at the place where a wave breaks on the shore 
is raised by the action of an on-shorc wind, and is 
further increased by the impetus of the waves, hence 
the surface of the water forms a slope upwards 
towards the shore, causing an undercurrent towards 
the sea. An off-shore wind produces an off-shore 
current. 

The height, length, and velocity of waves aro 
governed by tho depth of the water. The force 
and percussive effect of a breaking wave on a cliff 
or sea wall are in proportion to the cube of the depth 
of the water in which it breaks. 

The percussive force is diminished in proportion 
to the angle at which the wave strikes the object 
wi|h which it comes into contact, either horizontally 






or vertically. The force of waves on a beach 
varies with the slope, the higher the beach and 
shallower the water, the less the eroding and 
transporting force. 

The length of a wave is the distance measured 
from the top of the crest of one wave to that of the 
next. The height is the vertical distance from the 
bottom of the trough to the top of the crest. 

As regards the velocity of waves — short waves 
whose lengths are not greater than the depth of the 
water have a velocity do^^ending sensibly only on 
their length and proiX)rtional to the spread of their 
length. Long waves whose lengths are greater 
than the depth of the water have velocity dejM'nding 
sensibly only on their depth, and are pro|Kirtional 
to the square root of the depth. The velocity of a 
wave ceases to increase with the depth beyond 
a depth equal to the length of the wave. Jjong 
waves in deep water have the greatest velocity, 
irrespective of their height. 

The question of the movement of material at 
great depth has given rise to much discussion. 
The movement of sand, stones, etc., in water of 
considerable depth is generally due to tidal currents, 
aided by wave action. There occurs a movement 
at the bottom of the «ieep- water channels that inter- 
sect the sands lying off the shore, but the sand is 
drifted backward and forward only with the flood 
and ebb tide. 

The late Sir John Coodo stated (Minutes of Kvi- 
dence. Select Committee on Harbours of Kebige, 
1851) that he “ found the shingle of the Chesil Bank 
disturbed by wave action, during the heaviest gales, 
at a depth of eight fathoms, the shingle thus 
disturbed being of large size.’’ 

Movemeat of the Particles Foraiing 
Waves. Passing waves give an observer the im- 
pression that they are advancing towards the shore, 
but instead of passing onward, each wave oscillates 
between certain points, the distance l)etween which 
bears a fixed relation to the length of the wave be- 
tween crest and crest. Only the form and energy of 
the wave are transmitted and not the water, except to 
a certain extent in the case of waves of translation. 

The dynamical effect of waves striking a plain 
surface is not easy to estimate ; but when a gale 
is subsiding more damage is often done to sea. 
walls, etc., during that jjcriod than when at its 
height, owing to the waves becoming more regular 
and in a way steadying themselves as the force of 
wind decreases, and thus throwing their full weight 
against any opposing structure. 

Fetch is the distance in any direction which is 
freely traversed by waves driven by the wind. 

Greats on waves are formed in the open ocean 
by the wind urging the top of the wave forward 
at a greater velocity than the body of the wave, and 
causing that portion of the wave to break by pushing 
it over. Waves sometimes carry their crests for 
a long distance, and become dangerous to vessels 
of small size. These waves do not disi)erse, and 
cannot be regarded as ordinary breakers. There 
is no reliable formula for calculating the height 
of waves during strong gales. The height of spray 
on broken water is often shaken about instead of 
the actual wave. The greatest height may be taken 
as between 40 and 60 ft. 

. Ti4e», Tides are due to the combined attrac- 
tion of the sun and moon. They exert their greatest 
attractive effect upon that part of the water which 
is immediately opposite to, and therefore nearest, 
to them. ^ 

XidM m mainly governed by the moon, in spite 
of the much greateir force exerted by the sun at 
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the earth’s surface, and are influenced by the moon 
and follow her apparent passage round the earth, 
due to the earth’s rotation. Two lunar tides are 
experienced in the course of a day. Morning and 
evening tides, ordinary and equinoctial tides, and 
summer and winter tides, are affected by variations 
in distance of the sun, moon, and earth from each 
other, and also by declination. 

During each Imiar month, the .sun, moon, and 
earth are in line, and effective lunar and solar 
atf Factions are combined, raising the .water on 
the two opposite sides of the earth, and this increased 
rise creates what is known as a spring tide. 

Equinoctial Spring Tides. These occur 
in March and September, when the sun is vertical 
over the equator, and its attractive power is then 
greatest. When the lunar tides at new and full 
moon coincide with the solar lidos about this time^ 
which they do more closely now than at other times, 
these abnormally high and low tide.s occur. During 
each lunar month also the sun is once in a position 
at right angles to the moon as regards the eai'th, 
the lunar tide is reduced by the opposing action of 
the sun, by the extent of the solar tide, and the 
result is called a neap tide. 

Considerable influence is exerted by tlie wind upon 
the tides by raising or depressing the sea- level along 
coasts. A strong on-shore wind increases the 
normal rise of the tide and prevents it from falling 
to its full oxt(‘nt. An off-shore wind produces the 
opposite result. Furthermore, it is found that 
changes in atmospheric pressure affect the tidal 
rise by altering the local pressure upon the sea. 
The weight of the atmosphere at the earth’s 
surface equals a pressure of 15 lb. per square inch, 
and is equivalent to nearly 8J tons |jcr superficial 
yai*d. 

Barometers record atmospheric pressure by com- 
paring it with the height of a column of mercury, 
which it is capable to balance. The weight of 
mercury is a]>proximately thirteen times that of sea 
water ; thereiore, a fall or rise of I in. would re- 
present an elevation or depre.sMion to the extent of 
13 in. According to Lord Avebury, a rise of 1 in. 
in the barometer causes a depression of the tide at 
Ijondon of about 7 in., and of JJ in. at Liverpool. 

Double tides are caused by ])ortions of the tidal 
wave reaching a locality by different routes, such 
as takes place at Southampton. The portion of the 
tidal wave which passes up the western channel, 
l)eing deeper and more direct, reaches Southamp- 
ton earlier than the portion of the tidal wave 
passing up the eastern channel, thus forming a 
double f ide. 

Currents. No general rules regarding cur- 
rents can be laid down, as each place has its own 
peculiarities. For information as regards the flow 
and velocity of currents it is usual to refer to the 
.'Vdmiralty charts. Ocean currents are produced by 
the difference of the temi^rature at the equator ana 
near the I’oles. The density of the heated water 
being reduced, it flows towards the Pole, and becomes 
reiflaced by an undercurrent of cold water travelling 
towards the tropics. 

Tides occur twice in every 24 hours and 50 J 
minutes. When a place is on the same side of the 
equator as the moon, the tide which is produced 
while the moon is oftove the horizon, as already 
explained, is greater than while the moon is under 
the horizon of the place ; but when a place is upon 
the opposite side of the equator to the moon the 
effect is reversed. In midsummer, the afternoon 
tides are higher than the morning tides. In the 
winter, the morning tides are usually the highest. 
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Beardmore gives the following table for finding 
the height of the tide at any xieriod after high 
water. 


HKIOHT OF TIDE AFTER HIGH WATER 


1 Time from hixh water. 


Time from high water. 

Multiplier. 

Hours. 

MinutcM. 


Hours. 

Minutes. 

0 

00 

1*000 

3 

00 

•500 

0 

30 


3 

30 

•.37.5 

1 


•910 

4 

00 

*258 

1 

30 

•841 

4 

30 

•158 

2 

00 

.741 

5 

00 

•083 

2 

30 

•62r. 

5 

30 

•025 


The rule is to niuUif)ly the range of tide for the 
day by the factor opposite the liour at wliieh the 
height is required. Suppose, as our example, that 
the total rise of tide at Dover on the 12th A]>ril was 
20*4 ft., high water made at 3 p.m. What was the 
height of tide at 4 p.m. ? 20 ‘4 x *910 — 18‘GS ft. 

Harbour Regulations. Parliament has 
from time to time authorised a considerable ex 7 >en- 
dituro of national funds for harbours and break- 
waters useful for the Navy, and they are therefore 
deemed, very pro 7 )erly, to be of national rather 
than of local iniiiortance — as, for example, at Port- 
land, Plymouth, Dover, Holyhead, and Chatham. 

A Gent'ral Act, called the “ Public W'orks Loan 
Act,** authorises advances to be made to such under- 
takings. Acts of Parliament arc necessary for 
harbour works of large magnitude. Small under- 
takings, where it is not nro])oscd to acquire* land 
for the inirposes of the works, arc carried out without 
tlie ex|)en 80 and trouble of a a])ecial Act, under 
Provisional Orders of the Board of Trade. All such 
legal documents are chea])er than engineering works, 
and are not always cxecut(‘d within the prescribed 
limits of time. Harbour im 7 )roveiiicnts, or the con- 
struction of a dock reqfuirod for the special interests 
of a mercantile port, may bo sometimes constructed 
and paid for by local or municipal capitalists, or, in 
addition, outside aid may be obtained. 

Harbour Revenues. Works are generally 
made directly remunerative by subjecting vessels, 
merchandise and 7)assenger3, to a tax or toll for 
the use of the imiirovcd accommodation. The 
revenue from harbours and docks is generally 
levied in the shape of dues on vessels, calculated 
according to weight, hulk, or value, and some- 
times as a poll tax on passengers. The necessary 
money may be provided through the ordinary 
means of a joint stock company, or by means of a 
harbour trust. In the former case, the net revenue 
will be applied to tlie xiayment of a dividend to 
shareholders, who will naturally endeavour, by 
keeping down expenditure and maintaining high 
rates, to obtain as much profit as jiossible. In the 
latter ease, the money is raised on bonds bearing a 
fixed rate of interest for tlie payment of which the 
revenue of the undertaking is pledged, the profits 
beyond what is necessary for this fixed rate being 
applied to the extension or improvement of the 
works, also to a sinking fund for the redemption of 
the bonds and then to the reduction of the tolls. 
As examples of the first system, joint stock companies 
own the docks of London, Southampton, Hull, and 
Plymouth. The Clyde Trust, the Mersey Docks 


and Harbour Board, the Dublin Board, the Belfaat 
Board, and the Dover Harbour Board, are examples 
of the second system. 

Different Classes of Harbours. We 

have (1) harbours of refuge and anchorage break- 
waters, which consist of one or more breakwaters, 
arranged so as to form a safe roadstead, easily 
accos.siblo in all states of weather and tide to the 
largest vessels ; (2) deep water and tidal harl^urs 
for commercial purposes, in which an arrangement 
of piers or breakwaters, or of both, enclose and 
tranquilli.se a water area enabling vessels to be 
moored at the quay walls or wharves, forming the 
inner sides of the yjiers ; and (3) canted or curved 
piers, where vessels lie under the lee of the cant and 
the sheltered side of tlio pier is finished as a quay. 
Where the coast lies open to a heavy sea it is found 
necessary to make a double harbour, the entrance to 
the inner basin being y)rotccted by the outer works. 

The shore between high water and low water 
belongs to tlie Crown, unless alienated by special 
rent to the lord of the manor or frontages, and no 
groynes or erections of any kind for coast ]irolection 
may be constructed below high water without their 
consent. The influence of the yirotection of one 
ywrtion of a foreshore l)y.such artificial means should 
be eonsidere<l in its etfect uy)on adjoining foreshores 
which may not bo as well ])rotccted. The terms of 
reft‘rencc to tin* Royal Commission on Coast Erosion, 
which is now .sitting, are : 

^\) inquire and report : 

(a) As to tlu' oiuTo.aclnnont of the sea on various parts 
of tla; coast of the United Kingdom, an<l the damage 
whieh lias been, or is likely to he, caused thereby ; and 
what measures arc desirable for the prevention of such 
damage. 

(b) Whether any further powers should be conferred 
upon local authorities and owners of property with a 
view to the adoption of elfective and systematic schemes 
for the protection of the coast and tlie banks of tidal rivers. 

(c) Whether any alteration of the law Is desirable as 
regards the management and control of the foreshore. 

(d) Whether further facilities should bo given for the 
reclamation of tidal lands. 

Depth of Water. It has been found in 
actual exyieriehce that harbour onlranocs formed 
by converging jetties have, in general, attained 
a better depth of water than Iho.so where parallel 
jettie.s have been adopted. The force of a 
scouring current makes itself felt against the 
shallowest yioiiit of the channel, while shoals 
formed in the wider sheltered area inside are easily 
removed by dredging. The harbour engineer 
mu.st antici])ate vessels 1,000 ft. in length and 
drawing 40 ft. of water, and in all.modern harbours 
mu.st dicdge accordingly. 

The system of produc ing scour by a single jetty 
can be resorted to only in very exceptional circum- 
stances. At the same time, trumpet-shaped 
entrances cannot be recommended. The superiority 
of converging jetties, kept low in places to ensure 
the filling of the estuary at every tide, consists in the 
small interference wdth littoral currents. They 
tend to produce scour round the projecting point 
formed by the piers, and they concentrate the 
current at the most critical point of the channel. 
Uniform width in a channel tends to i^roducc 
uniform scour and to improve the discharge of 
flood waters. Heiuie, the advantage of a pier upon 
Loth the sides of a harbour entrance. 
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YJf/HKN tho designer has ensured that his shi}) 
^ will float at tho required draft, .and that she 
will float in the upright position, then he has to 
make sure that she will possess the third essential 
quality — namely, such structural strength as will 
admit of her being exjiosed to all the ordinary forces 
met with in her trade. The designer is, however, in 
most instances to a large extent relieved of the 
trouble and responsibility of himself ascertaining 
if his ship will have the required strength. The 
classification societies, such as Lloyd’s Register, 
Bureau Veritas, British Corporation, and others 
exist with a view to ensuring, in the interest of 
owners and underwriters, that their ships ])osscss 
ample structural strength, and the standard of 
efficiency which they provide is usually so high that 
the ship designer or builder practically leaves this 
question entirely to them. These aocit^tics ])ro- 
vido detinite dimensions (scantlings) for the various 
structural items according to the size, type, and 
arrangement of the ship. Their wider ex|)erience 
with regard to this particular point enables them 
to determine what tlxe dimensions of the material 
ought to be more readily than it would usually 
be possible for the individual designer to do; bnt the 
latter must, on the other hand, sometimes investigate 
the question of strength indejiendently. In doing 
BO he uses tho same broad principles u])on which tho 
tabulated rules of classification societies have been 
based. 

Strength of Material. The strength of 
a ship depends, in the first instance, on the strength 
of tho material employed. At the present 
moment there is for practical purposes only one 
material used in shipbuilding — namely, mild steel. 
Chemically, this consists almost solely of iron 
with a very small quantity of carbon and traces 
of silicon, sulphur and phosphorus. Its sticnglh 
is usually supposed to be measured by the number 
of tons re.quirOT to pull asimder a bar with a section 
of one square inch. For ordinary shipbuilding 
steel, this, the tensile strength, varies from 26 to 32 
tons per square inch. This figure is, however, 
in itself no criterion as to the suitability for its 
intended purpose. It is only when tho material 
is otherwise satisfactory, when it is elastic, ductile, 
flexible, etc., that the tensile strength may be taken 
as a guide to its efficiency. In fact, it is often 
undesirable to have a very high tensile strength, 
as that is not usually associated with good qualities 
in other directions. To such an extent is this 
the case that practically all specifications for steel 
contain an upiier as well as a lower limit for the ten- 
sile strength of the material. The steel is nearly 
always t^ted at the maker*s works with a view 
to its quality being guaranteed before it is forwarded 
to the shipyards. Strips are cut off the rolled 
plates, and some are pulled asunder in a machine 
with a view to ascertaining the tensile strength, 
»whioh is the breaking load divided by the sec- 
tional airea of ih» test piece. Other pieces are sub- 
ject^ to bend tests which afford a fair criterion 
w to the elisAticity and ductility of the material. 


(lool steel is an exrel'.riil luaterial for slfipbuilding 
purposes, hut, at the same time, a lif/hter material 
with the same ductility would be still better even 
if the tensile strength were somewhat less. 

Strength of At^chments. The structure 
o' a largo steel shi|» is necessarily made up of a 
great niim her of individual jdatesand angles, which 
have to he attached lo one another by rivets. 
'The strength of a ship does not, therefore, depend 
solely on the strength of the building material, but a Iso 
on the strength of the means whereby the individual 
pieces of material arc joined together. Excellent 
steel is comparatively easy to obtain, but it is of 
little use if the attaclimcnts are of inferior quality. 
It is therefore the designer’s duty to arrange tho 
riveting of his structure in such 
a way that it shall be as nearly 
as ])ossible equal in strengjLh to 
the plating. 

There is a variety of ways in 
which })lates and angles have to 
he joined in a ship. Figure 150 
shows tho simplest. It is here 
merely a question of attaching the ends of two 
plates which may lie subjected to tensile stresses. 
The pull across the entire width of the one plate 
must be transmitted through the rivets to the 
other plate. The strength of the }>lato is repre- 
sented by its sectional area or by the product of 
its width (6) and thickness (<), together with the 
tensile strength of the material (q). The strength 
of the rivets is represeiite'd by the aggregate sectional 
area of the rivets and the strength of their mate^rial 
per square inch {q^). It would be of no use to have 
the strength of the riveting greater than that of the 
weakest ]>oint of the ])late, which is where it is 
injured by the rivet holes. Let the diameter of the 
rivets be rf, their number w, and their distance apart, 
(centre to ten tie, p. If the strength of the riveting 
is equal to that of the iierforated plate, then 

• 785c?“ X »} X * (h - nd) xtxq^ 
h 

or, as n — — , 

P 

•'JHbd'^xh /. b ,\ , 

d)txq; 


•785rf-f/j — {p -d)xtx q. 


The }>lates were sujiposed to be subjected to pull, 
in which ctise q, the tensile strength of tho material, 
is a projior factor of the right-hand term. The 
rivets, it will be observed, are not subjected to a 
pull in this case, but to a shearing action; does 
therefore not represent the tensile strength of the 
rivet material, but the shearing strength, which may 
be taken as 80 per cent, of q. The above equation 
may then be written 
♦ *628^^ . 

iV-d) 

Spacing of Rivets in Practice, 

this it will be seen that the diameter of the 
rivets an4 their spacing should depend on the 
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thickness of the plates to bo attached. Larger rivets 
may be adopted with wider spacing, or siiud er 
ones with closer 8y)acing. In practice, it is 
found desirable to use relatively much larger rivets 
in thinper than thicker plates, because in the former 
cose the actual size of rivet is such that it can be 
knocked up with ease by manual power, whereas the 
rivets for the thicker plates would be so largo that 
it is better, where hand riveting is adopted, to have 
more and smaller individual rivets. Roughly, the 
diameters of the rivets in steel plates of the thickness 
t arc equal to J4- }!{< in., which shows that they 
arc relatively small for the greater thicknesses, and 
the necessary strength of tbio attachments has, in 
those instances, to bo provided by means of 
additional rows of rivets. One row may bo enough 
for the thicknesses up to J in ; two may be needed 
when the thickness is i in. ; three when J in. ; and 
four when 1 in. There arc other points except tho 
mere consideration of strength that govern in prac- 
tice tho sizes of rivets, such as the ncc<‘ssity to have 
a spacing of the rivets that will admit of the edges 
of the plates being caulked and made cflici(‘ntly 
watertight. Tn a shij) the edges of tho plates as 
well ns the butts have to be riveted together, but 
the attachment need not usually be so strong in the 
former as in the latter case. There are a number of 
other forms of riveted attachments — as, for instance, 
those between the frames and shell plating, and 
between tho beams and the deck plating— which 
must also be strong enough to resist the stresses 
brought to bear upon them. In a general way, it 
may be said that it is the riv^eted attachments that 
are the weak joints in a ship’s structure, and when 
aAy straining does occur at sea, the result is nearly 
always slack and leaky rivets, and very rarely 
actually fractured plates. 

Distribution of Structural Material. 

The question of tho strength of ships is not merely 
one of sound material and effective attachments; 
it is also one of sufficient material and etlicient 
distribution. It will he self-evident that the 
strength of the ship depends in some measure on 
the amount of the structural material ; but it will 
also dci)end largely on the arrangement of the steel 
plates and angles. The most efficient distribution 
is that which admits of tho greatest strength being 
obtained with the minimum weight of material. 
In order to determine this distribution, it is neces- 
sary to deal with the forces that act on a shi]>. 
These are, of course, of a very variable character. 
Some forces are at a maximum when the vessel is 
in dry dock, others when she is in the light condition, 
and others again when she is loaded. It should ho 
the maximum probable forces in each instance 
that should govern the amount of strength to 1x5 
provided at any particular place in the structure. 

A ship cannot be made strong enough to resist 
any forces, any more than a bridge can be made 
strong enough to bear any load that may be placed 
i^)on it. It may be possible to make a vessel of 
moderate size strong enough to rest on a .soft river 
bottom ; but it is quite impracticable to make a 
liirge ship strong enough to bump on a rocky shore. 
Except in the case of a few small vessels, specially 
designed to rest on the bottom of harbours and such 
places, it ought to be the conditions at sea that 
should govern all questions of strength. The waves 
of the ocean cannot apply tho local pressure a 
ship which it is possible for a ragged ledge of rocks 
- to do ; but they can at the same time cause very 
V' hei^yy distributed pressures to act on the structure. 

' Just as the problem of the stability of ships and 
s^^uotiires was seen to be in reality the same. 


so the question of the strength of ships will be found, 
when closely examined, to be very much the same 
as tho problems the civil engineer has to solve on 
land. To the superficial observer the question of 
the structural strength may appear a more intricate 
one at sea than on terra firma ; but in many respects 
it is really a less difficult one, although in itself an 
exceedingly complex one. 

Forces Acting on a Ship. The forces 
that act on a ship’s structure and tend to 
strain it, are gravity, inertia, and the pressure of 
tho sujjportiiig medium. A loaded ship will usually 
have the weight of her structure and cargo more or 
less uniformly distributed throughout her length. 
The sux)port or buoyancy is also distributed in much 
tho same manner. This means that the weight is 
at each x)oint practically directly balanced by the 
supporting upward inessure of the water. When 
the vessel is j^laccd among large ocean waves, the 
conditions change considerably. The weight of the 
structure and cargo remains always tho same, but 
the siijjporting pressure will increase in way of tho 



crests of the waves, wliorc the water is piled up, and 
it will d(‘ercaRe at the hollow of the waves, where t,ho 
draft is diminished. 

Figiiie 151 shows a vessel as she may float for a 
moment when waves of her own length are passing 
by. It w ill easily be realised that the support of tho 
buoyancy is, in this instaiiee, chioHy confined to tho 
ends of tilie vessel, and the ship will have a t/ondericy 
to sag down in the middle, just as a loaded bridge, 
sux)ported at its ends, would do. Tho centre of 
gravity of tho wdiole ship must still be over tho 
ecnlrc of ))uoyancy, and both of these points may 
be taken to be in the line 00 1 . The tendency for 
the vessel to sag down causes a bendihg moment 
to be set up at OO^. Looking at the forward half 
of the vessel, it will be a])parent that there is an 
upward moment about 00, equal to the i)roducfc 
of the forward buoyancy multiplied by the distancte 
of its centre B ^ from 00 ^ . There will, likewise, be a 
downward moment equal to the weight of the 
forward half of tho vessel jnultiplied by the distance 
of its centre of gravity from OOt If these mo- 
ments balanced, then there would be no moment at 
()(),, but if one is greater than the other, then there 
will he a moment at 00,. which must bo borne by 
the structure, and must be balanced by a similar 
but o])])ositc moment caused by the weight and 
buoyancy of the after end of the vessel. 

Sagging and flogging Moments. In the 
illustration shown the upward moment of the buoy- 
ancy is ck^arly greater than the downward moment 
of the w^eight, with the result that the end of the 
vessel is lifted relatively to the middle, or inversely 
the middle is sagging down in relation to the ends. 
Such moments are called sagging moments. If, on 
the other hand, the vessel happens to bo poised 




— 


4 



■ 


1 

[ P-T "1 1 



152 


instantaneously on the crest of a ware, as shown 
by 152, then it will be understood that there is an 
unnecessarily large ainouiit of support amidships, 



TRANSIT 


and very little at the ends of the vessel* While the 
moment of the weight of the forward half of the 
vessel remains the same as before, the moment of 
the buoyancy is reduced, owing to its centre Bj 
moving closer to 00 1 * 

In these circumstances the weight moment will 
be the greater of the two, and the result will be a 
downward moment about 00 ^ equal to the differ- 
ence between the moments of weight and buoyancy, 
or equal to half the weight of the ship multiplied 
by file horizontal distance between the points 
B, and Gi* As before, this 
bendins moment must be 
borne oy the structure at 
00 and be balanced by 
that of the other end of the 
vessel. ' In this case the 
middle of the vessel tends to 
rise and the ends to droop, 
which would cause the out- 
lines of the vessel to assume 
the form of a hog’s back, 
hence the name of ftoggin-g 
moment for the resulting 
bending tendency. Ihe case of a vessel sagging 
with its two ends on waves is very similar to 
that of a bridge supported at its two ends and 
that of a vessel hogging to a bridge of the canti- 
lever type supporfed at the middle only. All that 
is needed to determine the sagging and hogging 
moments at 00 1 is an estimate of the weight and 
centre of gravity of the forw'ard portion of the 
vessel, and of the fc.ward displacement and its 
centre of buoyancy. A ship may meet with a 
variety of waves, but those of its own length 
produce the most severe straining actions. For 
the purpose of calculation it is usual to assume the 
wave to bo of a trochoidal profile and of a height 
equal to onc-twentieth its length. As the waves 
are getting longer, they become relatively lower, 
and it would be more correct to assume a pro- 
portionally lower wave for the larger ships. 

Bending of Girders. A shij) is simply a 
hollow girder, and will bond as such a structure 
does when loaded. In the bending of a beam, 
as shown by 153, the to]) fibres of the material 
are stretched and the bottom ones 
compressed, while midway between 
the two there w ill bo some which 
neither stretcli nor contract. The 
two cross sections, as A, A., and 
originally parallel, will, there- 
fore, when the beam is lient, be 
slightly angled, and A, Bi will be 
longer than A B, while A«B._. will be 
shorter. The bending action is there- 
fore made up of siin]>le tension and 
compression. The tension in the 
upper half of the beam, say from A 
to A 1 , will produce a moment about 
A, and similarly the compression on 
the lower half will also produce a 
moment about A tending to turn in 
the same direction — namely, that which is opjiosite 
to the motion of the hands of a watch. The greater 
the tension and compression the greater the 
moments will be. Together they must be equal 
to that of the weight W multiplied by the dis- 
tance from tlw section considered. It will there- 
fore be seen, as might be expected, that the larger 
the bending moment the larger the tension and 
^mpressioh will be. A tensile or compressive 
hi the tension or compression resp^tively 
^ch of material measured, say, in tons. 


The straining moment, at A^A.^ depends on the 
moment of the section and on the stress on the 
material. If the stresses were of equal magnitude 
over the whole section, then the moment would 
simply bo the moment of the area multiplied by 
the stress, but as the stress is increased uniformly 
towards the edges of the beam the moment is the 
product of tho moment of inertia I of the section of 
the beam at A,A._, and the maximum stress p 
divided by its distance y from tho point of no 
stress, A. We therefore have the following : 

I X w xa, 

2<. .V 

'riiis shows that the maximum stress 
on a girder is equal to the 
bending moment (W x a) at 
the i>oint considered multi- 
plied by the distance which 
tho highest stressed fibres 
aro from tho point of no 
stress, tho wliolo being 
divided by the moment of 
inertia of the cross section 
of the material. Exactly the 
same formula holds good in 
the ease of a ship. The bending moment may be 
estimated as described above. 

Moments of Inertia of Sections* 

The moment of inertia of the material section 
is estimated as follows. Let 154 represent a 
half cross section of a ship. A horizontal line 
NN, is drawn at about one-third the vessers 
depth above the top of keel. Tho sectional 
area of each of the individual plates is then de- 
termined and tabulated. Each of these sectional 
areas is then multiplied by the distance of 
its centre of gi’avity from NN,, and also by the 
sijuarc of this distance. All the sectional areas 
of the plates and angles both above and below NN, 
are then added together, while the products of the 
areas and their distances from NN , are added up 
se])arately for the ]mrts above and below NN , . Tho 
difference between the two sums of these products re- 
presents tho moment of tho section 
^ with ipferenco to NN,, and if this 
be tlivided by the total sectional 
area the result is the distance of the 
centre of gravity from NN^. It so 
happens that the horizontal line of 
no extension or compression passes 
through tho centre of gravity of the 
section, and this line xx^, called tho 
veutrai axis of the section, may 
therefore bo drawn parallel to NN , . 
The moment of inertia I of the section 
is the sum of all the protlucts of the 
areas and the squares of their dis- 
tances fromNN, with a deduction of 
tho product of the total area and the 
square of the distance between xx^ 
and NNi. The point of maximum stress is tho one 
farthest removed from xxi, which in nearly all 
vessels will be at the deck, either at the middle or 
at tho side. Its distance from tho neutral axis is 
usually designated y, and the maximum stress is 
therefore, M being the bending moment: 



Effect of Depth of .Girder. Thj. 
IS a freguently ocourrfiig expression m all strength 
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calculations. It will be observed that the stress 
at any place will vary as the bending moment 
and inversely as the moment of inertia of the 
section. Furthermore, it will vary as the dis- 
tance from the neutral axis. For a given amount 
of material the moment of inertia will be larger 
the deeper the section is. The dee])er vessel is 
therefore, other things being equal, the stronger. 
From the fact that the strength depends on the 
moment of inertia it w'ill fiu’thcr be evident that 
it will bo advantageous to place as much as possible 
of the material at the top and bottom of the 
structure, leaving only a sufficient amount of 
plating at the side of the vessel to resist the other 
forces iicting there. The stress estimated by the 
above formula is that on an uninjured section of 
material, and if the stress in way of the rivet-holes 
is desired, it is necessary to multiply p by 

the ratio — where .9 is the spacing of the 
8 — d 

rivets centre to centre and d their diameter. 

Floors, Beams, and Girders, 


1 


lai‘*j 


Just as the ship is, as a whole, 
girder, so all its parts arc de})end- 
ent for their strength on smaller 
girders. At the bottom of the 
vessel the floors, form girders 
across the ship to carry the cargo 
and resist the pressure of the water. 

At the sides of the vessel the frames 
form girders from bottom to deck, 
and at the top the beams form 
girders supporting the loads on the 
deck. Each floor may be looked 
upon as a girder in conjunction witli 
part of the shell plating, ns shown 
by 155 for a single-bottom vessel 
and by 156 for a ship w'iih an inner 
bottom. It will act as a beam 
supported at its ends, in this instance 
the sides of the sliij), and it will be 
loaded with the weight of cargo on 
the top and with the ])resaure of tlie 
water below, as shown by 157. If 
these forces are equally distributed 
and of equal magnitudes there will 
be no bending tendency. On the 
other hand, if the weights carried 
are in excess of the u])ward pres- 
sure, or if the latter is in excess of 
the weights, then there will be 
bending moments, which must be 
resisted by the floors. * The strength 
of these is represented by the 
moment of inertia of the sections 
shown in 155 and 156, and what was said with 
regard to the moment of inertia of the midship 
/^-section of the ship applies equally here — the deeper 
' the gkder the stronger it will be for the same 
amount of material, because the greater the moment 
of inertia will be. The water pressing against the 
side of a vessel tends to bend the frames inwards, 
and there is usually no inside pressure tending to 
counterbalance the outside effort, ^he frame.s will 
therefore act more or less as a girder fixed at the 
bottom and at the decks and loaded with a pressure 
gradually becoming greater as the draft is in- 
creased [158]. The beams support the loads they 
carry between the pillars and the frames, as indicated 
by 159. The beams of the uppermost deck carry 
.a load only momentarily when a wave may be 
faking upon them, but they have to be of con- 
iiiderable strength to resist the effect of such bodies 
of loose water. Water-tight bulkheads are stiffened 
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in the same manner as the side of the vessel to 
resist the pressure of water that may accidentally 
have got into one of the holds. 

Value of Experience. From the above 
a rough idea may be gathered as to the nature 
of the strength required in a ship, but it will be 
readily understood that a great many other com- 
plicated straining tendencies are at work in a 
ship when she is at sea, rolling and pitching among 
waves. I’he effect of these may be more 0 |r less 
acuratcly estimated, but it is in any cose usual to 
allow a fair margin for strength for unforeseen 
eventualities. The cx])erience gained by eristing 
vessels is of the greatest value in forming a reason- 
able judgment as to the amount of margin necessary 
to prevent str a in ing under exceptional circumstances. 
It should always be the aim of the designer to ensure 
the necessary strength with the minimum 
amount of luaU'iial ; because every ton of 
weight saved in the structure of a vessel 
means a ton more carrying ability. 

^J’ho ratio between the dead-wijiglit carried 
by a vessel and the weight of the ship complete 
is a measure of the efficiency of 
the distribution of the structural 
material. At the lU’cscnt time it 
is 2 to .3. but it is a figure which 
has l)een steadily increased, and 
will continue to be increased, as 
there an* still am])le opportunities 
of improving the structural designs 
of ships. 

Speed of Ships. >Spced is 
not a ])riniary necessity for a ship 
like stability and strength. At tho 
same time, some measiiro of it is 
absolutely essenti.il in any efficient 
ship. It would always be in tho 
owner's interest to liavc a vessel as 
fast as possible, ])rovidod the weight 
of machinery and coal remained the 
same. As the speed increases, so 
does, however, also the weight of 
the machinery and coal necessary 
to driv<^ her, which moans that 
the dead-weight is reduced. It is a 
problem for the owner and designer 
to solve to what extent the cargo- 
carrying capacity of a vessel for a 
particular trade should be sacrificed 
for the sake of gaining speedier 
transit. Whore passengers only 
are carried, the dead-woight is not 
159 so important, and higher speed is 

therefore the rule in such cases, 
although even here the cost of the coal burnt and 
the upkeep of tho more powerful engines and boilers 
place a limit to tho economical speed. 

Speed of Sailing Vessels. The 
speed of sailing vessels is an indeterminable quan- 
tity, in so far ns it depends on the strength of 
the wind. For the same velocity of wind, tho s})eed 
will vary with the amount of sails provided. This 
must, however, be larg^y governed by considera- 
tions of the size and stability of the vessel. All 
sailing shms are very much alike, and a certain 
amount of sail area is provided in proportion to 
their size, and they then sail with what 'speed 
they may attain. The form of tho vessel has some 
influence on the speed, but here, again, the cargo- 
carrying necessity governs this element to a large 
extent. In most sailing vessels tho full-bodied 
model which will carry a good dead- weight is more 
profitable than the sharper-formed one conducive 
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id a greater speed. The direction of the wind 
xkeed not necessarily be the direction in which 
the ship moves. In fact, it is unusual for a 
vessel to encounter a steady stern wind, and a 
sldlful navigator knows how to utilise a wind 
boming from any direction. A side wind is, as 
a rule, the one that suits him best. Figure 160 
explains how it is that such a beam wind may make 
the vessel go ahead. The wind is represented by the 
arrows, and as it strikes the sails it is deflected, and 
a normal pressure, R, is the result. 1'his pressure 
may be resolved into two forces, one, L, tending to 
move the vessel sideways, and another, F, tending to 
move it forward. The former causes but little motion, 
as it is difficult to move the long ship sideways 
through the water. F, on the other hand, will move 
the vessel forward with considerable speed, as there 
is comparatively little resist mce 
to motion in th'S direction. Most 
fine and swift vessels will sail 
quicker with a beam wind than 
with a stern wind, chiefly Ixjcause 
their sail arrangement admits of 
a larger .area being utilised in 
the former instance. When the 
wind is right aft, the sails on the 
various masts more or less shelter 
those immediately in front of 
them. 

Wind Pressure on 
Sails. The side pressure of 
the wind on the sails is balanc(‘d 
by a corresponding pressure of 
the water on the 0 ])]) 0 ‘ ite side of 
the vessel. The former acts as 
a force ap])li(*d at the centre of 
gravity of the entire sail anvi, 
called the centre of effert [E, 

161 and 162], the latter as a 
similar force appli^'d at the cen- 
tre of gravity of the immersed longitudinal 
middlc-line ])lane. This point flj, 161 and 162] is 
called the centre of lateral riftiMance. These 
two forces, W and P [162J tend to lied the vessel 
until the righting moment of stability has 
become large enough to resist such action. 

The ship will then remain in this inclined 
position while being driven forward. The 
heeling moment will be equal to the resist- 
ing moment when the product of the 
total wind pressure, W, and the vertical 
distance between the centres of <*ffort and 
lateral resistance is equal to the ])rcxluet 
of the displacement D and the horizontal 
distance between the centres of gravity, 0, 
and buoyancy, R. A vessel with a lofty rig or with a 
large sail area will therefore require a greater amount 
of stability than one with low masts or with a small 
sail area. As a wind increases gradually from a 
calm, the speed of a vessel will increase, but when 
a certain force is reached, she will be heeled over 
to too great an angle, or the masts and rigging will 
be strained too much, and the sail area has to be 
reduceji by reefing or by the removal of some of the 
individual sails, and this process will be going on as 
the force of the wind increases, until the vessel may 
be practically without sails. As the wind increases, 
BO the effect of the waves, which tend to imi)ede the 
progress of the vessel, will increase, with tne result 
that the speed is very much reduced. It is, therefore, 
only within narrow limits that the speed of a ship is 
augmented with a higher wind velocity. The highest 
JPW that sailing vessels attain for any length of time 
> )2 to H toiota psx hour with favourable winds. 
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The Speed of Steamers. The speed of 
a steamer is a more definite quantity than that 
of a sailing vessel, as mechanical propulsive power 
of a given magnitude is provided. The earliest 
steamers were, however, provided simply with a 
set of engines, and they obtained such speed os they 
could, as it was then quite impossible to calculate the , 
power required to propel a vessel through the water 
at a given velocity. As time went on, and experience 
was gained, it was possible to cstimato fairly accu- 
rately from the results obtained with a certain vessel 
and a certain power what the sjieed would be for a 
similar vessel with a smaller or larger horse-power. 
At the ])resent time an owner having a steamer built 
expects to get not only the sjKied and horse- power 
guaranteed, but also the amount of coal burnt per 
hour. The speed of an object being forced through 
the water will naturally dejiend, 
in the first instance, on the driv- 
ing ])ower, and, in the second 
instance, on the resistance the 
object offers to the motion. It 
is the marine engineer’s business 
to provide the engine-power, 
and the naval architect has to 
design the ship so that the resist- 
ance to motion is a minimum. 
It might bo imagined that as 
water is an easily divided fluid, 
it would offer but little resistance 
to the ]iaHsagc of a body through 
it, but the contrary is the case. 
The resistance of a ship is of two 
kinds. The sides and the bottom 
mu^t, in the first instincc, be 
rubbed against the water (he 
vcs-el is moving past, much in 
the same way as an object being 
dragged along on land rubs 
against the ground, and thereby 
offers resistance to motion. This is called 
the frictional resist nice of the ship. It 
will de])end on the size and eharacter of 
the outside surfaee of the shi]), and on the 
s]>eed. With rough bottoms covered with 
marine growths, the friction is very large, 
blit with ordinary clean and well-painted 
bottoms, there is little variation in the 
frictional resistance. The amount of sur- 
face and the speed are, therefore, the chief 
elements to be considered. It is found that 
the resistance varies directly as the wetted 
surface of the vessel and directly as the 
sijuarc of the speed, l^et F be the total 
resistance due to friction when the vessel 
is moving at a speed of S knots per hour, C the 
resistance of 1 sq. ft. of surface when moving at a 
speed of 1 knot iier hour, and A the wetted surface 
of the vessel. 'Ihe resistance due to friction is then : 

F - C X A X S,. 

Wave-making Resistance. In passing 
through the water a ship causes a momentary 
channel to bo made. At the bow the water is 
parted, and at the stern it again closes in ujwn 
the vessel. The result of this forcible parting 
is a piling up of the water or the creation of the 
familiar wave at the bow of every vessel going at 
a fair speed. The production of such a wave or series 
of waves requires a force of considerable magnitude, 
and it is, therefore, another element of resistance to 
the progress of the vessel. The amount of water 
piled up or the magnitude of the wave-making 
resistance depends largely on the size and form of 
the Tesi^l and on the speed, but is independent of 
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tKe amount of wetted surface. This part of the 
r^istanoe is a much more difficult one to deal with 
than the part due to friction. It is quite impossible 
to estimate mathematically what the wave-making 
resistance of a ship of given form will be. Generally 
speaking, it will, however, be augmented with an 
increase in the fulness of the form. Let 163 repre- 
sent two water-lines of different ships. The degree 



of fineness may be measured by the longtiis of 
entrance and run or the lengths of the wedge-shaped 
ports forward and aft resf^ectively. The relative 
wave-making resistance of the vessels A and B will 
thus depend largely on the relative lengths of their 
entrances c and and of their runs r and r„. B will 
thus have a much greater resistance than A. The 
length and draught of the vessel, as well as the form 
of the cross-sections, will also have some influence 
on the wave-making resistance. It was seen that 
the frictional resistance depended upon the square 
of the speed. The wave-making resistance increases, 
on the other hand, more rapidly with an increased 
speed. For moderate sjx'eds up toi* about 12 knots 
per hour th^ resistance is thus chiefly due to friction, 
but when very high speeds are reached, the wave- 
making resistance becomes the most important. 
For each ship form there is usually a limit to the 
economical speed at which it can be driven. It 
would thus be very ex])en8ive to drive a V(‘ry bluff- 
shaped vessel through the water at a very high rate 
of speed. 

Experimental Tanks. The resistance of 
ships is now often estimated by exixjrimcnts 
on models. When the n'sistance of one vessel 
is known, it is possible to estimate pretty nccu- 
rately what the resistance of another of identical 
form but different dimensioiis will be. Some of the 
largo shipyards have, therefore, long tanks, where 
they can determine the resistance of models by 
towing them through the waters at certain speeds. 
From the results thus obtained it is possible to 
estimate what the resistance of the full-sized ship 
would be. The models are made ot paraffin wax to 
the exact form given by the drawings, hollowed out, 
and trimmed by small weights to flo<it at the re- 
quired draught. They are then fixed to a trolley 
travelling over the tank and towing the model, 
l^hile the exact sjiecd and resistance are being 
simultaneously and automatically recorded. * Such 
experimental tanks arc very valuable for the deter- 
mination of the horse-power necessary to give a 
vessel the required sjieed, hut they are very ex^ien- 
Bjve to construct and to operate. It is, tlierefore, 
only few designers who have such means available 
to assist them in their estimates, and those who 
have not must resort to calculations based upon 
the results of existing vessels, with the particulars 
ofVhich they are familiar. 

Approximate Methods of Determin- 
ing Horse-power. It was scon that the 
jMotional resistance varies as the square of the 
.Bpeed and, also, that it constitutes nearly the 
entire resistance of a ship at the lower velocities, 
nod the greater part even at the somewhat 
)i|giier spei^s. As, moreover, the wave-making 
. rteistance also varies^^ more or less, as the square 

the speed, the lyhole of the resistance may be 
^^aeaiped to as the sqnai'e of the speed, of 


the vessel, partioularly where the comparison is only 
^plied to cases with small variations in the speed. 
Inrther, the frictional resistance varies as the 
amount of the vessers wetted surface. For simll^ 
models the area of the surface will vary as the 
square of the linear dimensions, or as the two-third 
power of a cubical expression (say, the volume or 
weight of the displacement D). Comparing nearly 

similar ships, this expression may also be taken 
to be a rough measure of the wave-making resistance. 
The entire resistance may, therefore, be taken to be 

approximately represented by the product x S*. 
when the resistance of a ship is Known, the force 
to overcome it is known, and the required horse- 
power can be determined, as it will be the product 
of the resistance and the speed. If I.H.P. is the 
indicated horse-power and C a constant, then : 

I.H.P. = C X dJ X S’. 

When the displacement, D, the speed, 8, and 
indieatt'd horse-power, I.H.P., are known, then C 
can Ije determined for that particular ship, and as 
long as the variations in size, form, and speed are 
not great, there will be little variation in the value 
of 0. The horse-power required to drive a vessel 
of a slightly different displacement and slightly 
different speed is then determined by extracting the 
cube root of the number representing the tons of 
displacement, sipiaring the result, and multiplying 
it by the speed eubed and by the constant, C, as 
determined from the results of previous ships. 

Effect of Size, Speed, and Propellers. 

The above expression for the horse-power shows the 
relative effect of the* size and the speed of the vessel. 
For every per cent, increase in the size of the vessel 
as represented by the displacement, only J of 1 per 
cent, increase in horse -power will he required to main- 
tain the original s]X'ed, whereas for every 1 per 
cent increase in the 8])eed of a vessel, the power will 
have to be increased .3 per cent., the displacement 
remaining the same. The enormous effect of the 
speed or the power required may also be seen from 
the fact that if the displacement is doubled it is only 
iiecesaary to add about flO ]xr cent, to the horse- 
power to maintain the speed, but if the s{)eed is 
doubled, 700 per cent, of an increase is required in 
the power, assuming the displacement to remain 
constant. 

The hor.se-])owcr dettTmined by model tank 
experiments is that required to drive the vessel 
at the desired speed, and considerable addition 
must be made to this to obtain the number of indi- 
cated horse-Tiowers it may be necessary for the 
engines and boilers to develop. The reason for this 
is that a groat amount of power is lost between the 
pressure of the sl/cani in the cylinders and the 
pressure of the propeller blades on the water. This 



walte of power is chiefly due to the friction of the 
mach'nery in the cylinders, bearings, thrust blocks, 
etc. ; but a large amount of power is sJso lost in 
more or less inefficient churning of the water by the 
propeller. In many oases all much as double the 
, amount, of pow^ reiijiiiro4 to Qver<M>nu^ 




TRANSIT 


of the vessel must be developed by the engines. It 
will thus be seen that model experiments do not 
solve the entire problem of determining the dimen- 
sions of engines necessary to give the desired speed. 
The horse-power given by the above approxi- 
mate formula is usually that indicated by the engines ; 
so that, although this method is rougher than the 
experimental one, it is more direct. 

Paddle and Screw Propellers. A 
very important factor in the problem of pro- 
pulsion is the 

propeller. I'he j \ 

first type of / j 

these to bo used 165/ j I I 

and the simplest [ J 

to understand > ^ [ 

is the paddle- f x J 

wheel. As 164 V i \ 

shows, it con- \ | \ 

sists of a wheel 1 \ \ / 

fitted with floats very much V j \^/ 

like those of a wattT-whcel. 

One wheel is fitf-cd on v 


each side of the vessel, and 
ns they are being turned round by 
the engines, the floats will c^xert a 
pressure on the water they drive 
backwards. It is the retuin ])rea- 
surc of this water that sends the 



vessel ahead. The vessel will, however, not move 
forward a distance equal to the periphery of the 
wheel for each revolution, as in the case of a 
wheeled vehicle on land. The water will, to a certain 
extent, slip. The s])ced of the vessel will thus be 
the number of revolutions multiplied by the peri- 
phery of the wheel less a certain percentage called 
the slip^ which will vary according to the design of 
both ship and propeller. 


smaller percentage. To ensure a high degree of 
efficiency it is essential that the size, form, and pitch 
of the propeller should be properly adjusted to the 
revolutions and power of the engines. 

Steering. All vessels, whether propelled by 
sail or steam, are steered by a rudder, which 
has been of practically the same design through 
many centuries. It consists of a blade, which 
is straight on the fore edge, where it is hinged 
on to the stern post and rounded on the free 

after edge, as shown by 166. It is free to be 
turned through an angle of some 30 \ to 40°. 
on either side of the middle-line plane. When 
the rudder blade is thus turned to one side, as shown 
by the plan view [166]. it will press on the water 
it eomes in contact with as the vessel moves ahead. 
The stream of water which im])iTigC8 on the blade 
causes, of course, an ecjual opposite pressure to be 
a))plie'd to the rudder, ns indicated by the arrow, 
which has the elTcct of sending the stern of 

the ve.ssel in the same direction, and thus tends 
to turn the shi]). Rudder blades are now nearly 
always made of a single steel plate stificnod by 
either wrought iron or cast steel ribs or arms. 

Difficulties of a Designer. A designer 
has to see that his ship is floatable, stable, 
strong, B]r)eedy, steerable, etc. He mu'it provide 
the owner with a vessel that will carry a large 

amount of cargo on a STuall draught, and be 

propelled with a minimum of coal consumption ; but 
in addition to all those primary and unavoidable 
difficulties, he has got to bear all the various 
(Jovernment regulations in mir»d, and design his 
ship so as to bo as profitable as possible under the 
more or less arbitrary legal re((uirement8 of the 
country where she is to be owned. He has to 
arrange bis structural details in such a way that 
the tonnage of the vessel is either large or small. 


It will be observed that the floats of the wheel [164] neconling to whether the earning of a heavy ton- 
strike the water rather obliquely at the first ftq nage subsidy or the ]>nyment of a small harbour duo 

touch, and thus cause an unprofitable down- is the more profitable. He must further make sure 

ward pressure in the water. To obviate that the vessel has the legal amount of volume above 

this, all paddle-wheels arc now constructed J the water to act as safeguard against foundering, and 

with feathering floats, which cant slightly, J**® must provide sufficient life-saving a])plianceH for 

and are nearly vertical during the whole of ^ F crew and pas.seuger8 in case the vessel does founder, 

their passage through the water. As already / In many other ways the designer is harn])ered by 

explained in an earlier article, })addle- \-r.- ) J imposed regulations and conditions, and it is for 

wheels are now used only for river or channel ] him to etTcct s»ich com]>romises as will result in the 

vessels. most efficient and all-round satisfactory ship to 

For all sea-going steamers, screw pro- dj the owner, 
pellers are now invariably used, as they are 1 The Trial Trip. When a steamer is built, 

of handier dimensions, and can lx? fitted deep i and has got her engines, boilers, and outfit on 

down in the water, where they are not so \ ' j board# and is in compUde working order, .sHe 

likely to be damaged by Ix^ing struck by \ is taken on what is tenined her trial trip. In 

waves, A ship’s screw consists of a more or large passenger vt‘ssels with a high giiaran- 

less spherical part, called the buss, which is . ^ ^ teed s])ecd this is an im])ortant point in 

hollow and fixed on to the shaft. On this her completion; but if she is a cargo tram]) 

boss there are two, three, or four warped * it usually consists in her making a little 

blades very much like the wings of a wind- pleasure trip with her builders and owners 

mill. Figure 165 shows a projx^ller with vv their friends on hoard. During the 

three blades. The after sides of these are si)eed is, as a rule, tried by her 

parts of screw surfaces. The pitch of any ' ^ steaming parallel to a incasured mile 

screw is the distance it moves either forward or marked by posts on the shore. From the time 

back during one complete turn. In the same way she takes to accomplish this distance her sjHjcd 

the pitch of a propeller is the distance it would in knots is easily calculated. At the end of 

travel for one revcuution if it were moving in a the trial trip the ship is formally handed over 

solid. As water is not a solid, there is usually some to her owners, and it remains for the experience 

slip with this form of propeller, as in the case of the of the next few years to show to vffiat extent hu: 

paddle-wheel. The speed of the vessel will therefore designer has succeeded in producing a staunch 

a-gain be the pitch of the screw multiplied by the and good vessel that will add to his fame and will 

number of revolutions, diminished by a greater or earn a profit for the ownor.s. 


Shifbuilpi5Q concluded / followed hy Shif Management 
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•yHE importance of malt in brewing is ami)ly 
^ recognised, and the brewer cannot take too 
great pains to obtain, or make, malt of the highest 
grade. Malt is the result of checking the natural 
process of germination of any cereal at a particular 
moment. In the brewery, barley provides the 
only first-class malt, and malt barley must form 
the principal ingredient in any mash. In some 
breweries a small proportion of prepared maize or 
rice or sugar is used. This substitution cannot be 
regarded as an adulteiation but is rather emp’oyed 
to produce a particular type of beer. 

In a few large breweries only is the malt actually 
made on the premises, most brewers purchasing 
their malt ready made from maltsters. 

Malting. Malting may be divided into four 
stages : steeping ^ crouching ^ flooring, and kilning^ 
which follow one another in the order given. 

The grain is shot into a cistern and covered to a 
depth of about 5 in. with water. All husks that 
float are skimmed off, for they are bad and would 
eventually contaminate the malt. The grain i.s 
kept under water for from 40 hours to 00 hours 
until it has swollen up and the process of germina- 
tion been thereby started. If a (?orn when crushed 
between the linger and thumb breaks up into a 
flour or meal fairly readily, the steeping is com- 
plete. If a paste results, the grain is over steeped. 

The next step is couching. The wet grain is 
removed from the steeping tanks and piled up 
in heaps called conches. There it remains for 
from 20 hours to 48 hours, the object being to 
enable it to generate siiflieiont heat to germinate 
evenly and well. Then the grain is spread out on 
the floors of the flooring-rooms and there germina- 
tion i)rogres8es rapidly, the phinude growing up 
the back of the grain, and little rootlets being put 
forth. The maltster continually examines his 
grain, watching to see how far the acrospire or 
plumule has progressed. When it is between half 
way and three-quarters u}) the back of the grain, 
according to the fancy of the maltster, germination 

stopped by the fourth process- namely, kilning. 
The malt is run on to the floors of the kilns, 
and there it is gradually heated, the operation 
commencing at about 90° F. When the moisture 
is .nearly all driven off the temperature is gradually 
raised, the exact point reached being determined 
by the character of the malt desired. 

Black and brown malts for black beer brewing 
are literally caramelised on the kilns, while pale 
m^lts are only heated to 185° F. During the 
process of kilning a good many of the rootlets 
come off and the remainder will be removed by the 
screening which the malt undergoes. 

A First-class Malt. Undoubtedly ex- 
perience is the great factor in mult buying, and 
only after long years can the brewer feel sure that 
his opinion is sound. In the first place the malt 
must be evenly grovm. That is to say, that in a 
sample, the length to which the acrospire has 
grown must be about the same in every individual 
grain. In very few corns should the husk be 
pierced, and in very few cases should the growth 
not have reached half way up the back of the 


grain. The rootlets should be uniform in colour, 
and not be a mixture of colours. The total number 
of bad corns should not bo above 3 per cent, and 
of these black sheep only a very few should be 
mouldy corns, for these would ruin the beer. 
The extract from the malt should exceed 90 lb. 
per quarter for best English malts. 

Hops and Yeast. The third essential in 
brewing is the I'.op. The brewer buys hops in the 
open market, and on the judgment of his buyer a 
good deal of the success of the brewery depends. 
For the finest pale ales the now hops, mixed with 
a small proportion of the ])revioiis year’s crop for 
the first few weeks of the season, should alone be 
used. For “ dry hopping ” also, the very best of 
the new hops should he used, and best Goldings 
and Worcesters are the classes recommended for 
this purpose by experts. 

Yeast is a microsco| ic plant which grows very 
rapidly and, at the same time, converts the sugar 
in the, beer into alcohol and carbonic acid. 
Under the microscoj e the ]>lant should appear to 
consist of a nunibcr of round, well-nourished cells. 
The cells should bo filled with a clear fluid, and 
should show no signs of granulation, (franulatod 
(•(dls arc old ones which are dying. If there arc 
many to be seen in a sample the yeast should be 
rejected. The micrographs (by the courtesy of the 
British Pure Yeast CV).) show ordinary Burton 
yeast [5] and yeast with elongated cells taken 
from beef in process of fermentation [6). In 
Burton yeasts it is usual to find a number of oval 
cells, and as long as these seem fat and well- 
nourished the yeast is good. If, under the micro- 
scope, any rods arc seen the yeast will decompose 
the beer, for those rods are baciilli giving rise to 
other forms of fermentation which are not wanted 
hy the brewer. I’he age of the yeast is important, 
and it may be held that no yeast should be used for 
liigh-clnsH brewing which is more than a week old. 

Process of Brewing. We shall now make 
a trial brew to supplement the information which 
the reader will have gatlujred from the preceding 
pages. The first thing necessary is to warm the 
mash tun. This is done by running steam or 
hot water into it, and keeping the covers on. 
While the vessels are being heated the malt 
is weighed out, and after being carefully screened 
is passed through the grist mill. 

Now comes the question of the stiffness of the 
mash. The brewer’s object is to get all the avail- 
able extract out of the malt, and to do this it will 
generally he found that from two to two and a 
quarter barrels of water to each quarter of English 
malt weighing 336 lb. will give a good workable 
mash. More water makes the mash too thin, and 
Jess would make it so stiff as to greatly increase the 
difficulty of working. 

Our malt is now ground and in the grist case, the 
mash-tun is warm, and everything is ready. Hot 
liquor, just under boiling point, is run into the 
tun, and the taps are opened. As soon as the 
temperature at the outfall pipes is the same as at 
the inlet, the taps are shut, and the calculated 
quantity of water to be used for the mash is run in. 






The lids are put on, and the whole alloA\ed to stand 
for about half an hour to thoroughly steam the 
interior of the tun.. Then the covers are opened, 
and the liquor soon falls to the temperature at 
which mashing is to be effected, which should bo 
between 140° F, and 162° F. for pale ales, and 
for black beers between 144° F. and 150° F. 

Mashing and Sparging. The moment the 
liquor is ready the slides of the grist case are 
opened, and the grist run into the mash-tun as 
quickly as possible, while the rakes are sot going 
at such a speed that they will revolve once 
in a minute. As soon as all the grist is in the 
covers are shut, and the rakes kept going for a 
quarter of an hour to ensure the mash being well 
mixed. The temperature of the mash is now taken, 
and after another fifteen minutes a small quantity 
of water at a higher temx)erature than the mashing 
heat is run into the tun through the underlet 
pipes at the bottom of the tun. This is to bring the 
total heat up a little. The rakes are now run three 
times round the tun, and then the mashing part of 
the process is completed. 

The. mash now stands in 
the tun for two hours, when 

the taps are set,” which 
means that the under taps 
are opened and the hot liquor, 
which now becomes wort, is 
run off to the under- back, 
where it must be kept at an 
even temperature, or is run 
straight to the copper. The 
spargers are now set going, 
and the brewer wat<;hes the 
heat of the sparging water 
very carefully, his object 
being to got all the extract 
out of the goods, but to get 
none of the soluble starch 
therefrom. A<!Cor(lingly, he 
tries to make the sparging 
maintain the heat of the 
goods at about 16(1° to 168°, 
but never to permit it to rise to 1(10° nor to fall 
below 152°. The temperatures of sparge waters 
necessary to effect this vary according to the 
brewery and its construction, but it is as well 
always to sparge on a certain (luantity of really 
hot water (say, about 170° to 176° Jirst of all), 
to restore the heat to the upper strata of the 
goods which have got cooled during the two hours 
mashing. Then, when the temperature begins to 
rise, the heat of the sparges must be lowered 
gradually, or the goods will get heated above 
1(50°, and the wort will contain free starch. 

Difficulties in Mashing and Sparging. 

Taken all round, about four hours’ sparging will 
secure the proper cleansing of the goods, if the 
apparatus is all that can be desired, and the sparges 
should be graduated carefully, much less being run 
off in the first hour than in those succeeding. Mr. 
Southby advises that in the first hour three-quarters 
of a barrel per quarter of malt used is ample to run 
off, and twice that should be run off in the last hour. 

There are two great sources of annoyan(5C to 
the brewer at this stage of work. The first is called 
lloodvn^ of the goods, which always brings about 
imperfect drainage of the wort, and the second is the 
production of a cloudy wort. Excessive stirring 
will cause flooded goods, and the remedy is obvious. 
If, however, it is found that less stirring in that par- 
ticular tun tends to the formation of balls in the 
goods, then the plant is defective, and either rakes 
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with an increased speed must be fitted, or an outside 
masher added to the brewery. Flooded goods may 
result from the presence of an excess of floury matter 
in the grist. To obviate (his, the milt must not be 
ground so finely in the grist mill, and where pure 
malt only is used this always cures the trouble. 

Cloudiness of the wort may be caused by particles 
of the goods being forced through the false bottom 
of the tun. Wlicn this is the case on the first setting 
of the taps, and if, later, the wort runs clear, the 
cloud is of little importance, for the cloudy wort can 
ho returned to the top of the goods, and the clear 
wort run off to the under-hack. If the cloudiness 
continues, the plant, again, is defective, and will 
have to be seen to. A cloudiness which sometimes 
makes its appearance at this stage of brewing, and 
i.s much more serious, may ho duo to the use of 
unsound malt, or may be brought about by heating 
the mash too much. In either of these cases the 
wort is practically useless. 

Boiling and Hopping. The brewer has now 
obtained his wort by the recognised English method 
of infusion, and it has either 
been run direct to a steam - 
heated copper, or has been 
collected in the under-back. 

Tlie wort at this stage is 
liable to undergo change, and 
the general principle is to try 
and get it nil into the coppt^rs 
as quickly as possible. The 
change, however, is sometimes 
advisable, esiwcially when the 
malts are deficient in diastatic; 
])Owcr, and then the brewer 
allows his wort to “ stew ” a 
little at a temperature of 
150® to 1(55°. This can be 
effected either in the imder- 
back or in the copper. As 
soon as the wort reaches 1 65® 
it must be raised to tlie boiling 
point as quickly as possible 
to stop any further stewing. 
While the wort is boiling in the co])|>cr the hops 
are addeil, the practice in different breweries vary- 
ing. Some add all the ho])s at once ; others add 
only a portion, and keep a quantity of the finest 
hops to bo added just before the contents of the 
copjicr are turned out. This last method ])rescrves 
the aroma of the hop very well. 

At whatever period of the boiling the hops 
are jwlded, they must be well pressed down into the 
seething wort so as to ensure that they are all well 
wetted. Any hops that float dry on the surfacie lose 
their aroma in the steam and do not benefit the 
wort. For at least an hour, and preferably for two 
to two and a half hours, the wort is kept in active 
ebullition, second wort requiring a little longer 
than first wort whesre the coppering is done in two 
stages. Then the contents of the copjicr are run as 
quickly as possible into the hop back. For a quarter 
of an hour the wort stands in the hop-back to allow 
the sediment to settle, and then it is run off bright 
to the coolers, the hops remaining behind. 

Cooling and Refrigerating. Besides ro 
ducing the temijorature of the wort to the right 
point for fermentation to take place, the coolers 
and rofrigeratois [ 4 ] aie essential to complete the 
aeration of the wort. W halever forms of these 
are used, the wort must be reduced to 60° F. in less 
than six hours from the time it loaves the copper, 
or else dangerous changes may take place in 
the wort, and bad beer result. From the coolers 
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the wort runs either to the fermenting vats at 
once, or is drawn oif into the collecting vessel, 
there to await the advent of the Excise officers, 
who at this stage come to determine how much duty 
has to be paid by the brewer on the beer he is now 
about to make. 

Specific Gravity of Beer. There are two 
methods of calculating the value of any particular 
beer. One states the beer in terms of pounds per 
barrel, and is based on the following facts. It is 
known that a barrel of pure water weighs 360 lb. 
avoirdupois, and consists of 36 gallons. Now take 
a barrel of water, remove one gallon, and the weight 
will bo 350 lb. Fill up the vacant space with a gallon 
of sugar solution weighing 161b., and the total weight 
of the full barrel will be 366 lb. This, being 6 lb. 
in excess of the normal weight of a barrel, would be 
spoken of as a liquor of 0 lb. gravity. This strength 
is determined by means of a saccharometer, an 
instrument* which is immersed in the beer or 
wort, and sinks more or less ac(!ording to the 
gravity of the fluid. The point to which the in- 
strument sinks is road oil and 
that gives at once the gravity 
of the beer in pounds. 

* This is not the method 
adopted by the Excise oflieers. 

They use a more accurate 
instrument, known as iioie.'j* 

Saccharometer^ which is really 
a modified hydrometer ad- 
justed for beers and worts. 

It is graduated on the basis 
of distilled water being of 
the specific gravity 1*000 at 
normal temperature. The 
reading is taken as well as 
the temperature of the liquid. 

If the temperature is above 
or below 60° F., the operator 
refers to the tables provided 
and makes the correction 
necessary. The depth of the 
fluid in tlie main collecting 
vessel or tun is taken, and 
the area of the floor of the vessel is known, so 

a simple calculation will tell at once how many 

barrels of wort or of beer are in the tun. 

The Customs make this experiment before fer- 
mentation takes place, and they have adopted a 
gravity of 1 055 as a standard, enlarging the brewer 
78. 9d. for each 36 gallons of beer or stout at that 
gravity which could be mode from the wort pre.stmt, 
after making an allowance of 6 per cent, for wastage 
during later stages. 

Fermentation. The temperature at which 
the process is started depends on the original 
gravity of the wort. For strong beers 58® is a good 
neat, for ordinaries 60® is the best, while for beers 
which are expected to bo consumed immediately, 
as high a temperature as 63® may be used. 

^As the wort is run into the tuns the yeast is mixed 
with it, the process being known as pitching. The 
amount of yeast again depends on the strength of 
the worts, the quality of the water, and the amount 
of hops used, but varies from 1 lb. per barrel for 
mild ales to 4 lb. for very strong stingoes. 

When the wort, mixed with yeast, is all in the 
tuns, fermentation commences. Gradually a white 
foam rises to the top, and as the process continues 
this foam grows into mountains of froth, which 
eventually break down into an ordinary, thick, 
creamy yeast head, which tells the brewer that 



6. GBOWING YEAST CELLS IN 
FERMENTING BEER 


fermentation is nearly at an end. But he does not 
depend on his eye to know when to stop fermenta- 
tion, or cleanse the beer, as it is called. At least three 
times a day while fermentation is going on samples 
are drawn from the tun and tested with the saccharo- 
meter. At the end of the first day it will be found that 
the gravity of the beer goes down about 1 lb. every 
three or four hours, while the temperature in the 
tun rises 1® or 2® in the same period. If this speed is 
not attained, then the beer must be roused, or 
stirred up, or warm water run through the attsm- 
perators. On the other hand, if the beer is getting 
on too fast, the temperature may be reduced by 
running cold water through the attomperators. 

Cleansing and RacKing. When the bfeer 
has reached the gravity which the brewer desires, 
he cleanses the beer of yeast either by skimming 
all the yeast off the top of the tun and returning 
it to the yeast backs, or ho runs the beer and 
yeast into large barrels and lots the yeast work 
out of the buiigholes, care being taken to keep 
the vessels perfectly full. This is the process 
used at Burton. When the 
beer is cleansed it is run 
into the racking squares and 
allowed to settle for a short 
time, so as to permit the yeast 
in the beer itself to settle, for 
yeast in the cask may cause 
trouble later on. This part of 
the process often takes place 
in the fermenting vat. 

For first-class ales, and for 
export ales, and even for the 
best Dublin stouts, brewers 
often have recourses to “ dry 
hopping ” — that is to say, that 
a certain quantity of the very 
finest new hops is introduced 
into each barrel through the 
bunghole before the beer is 
run in from the racking 
sipiarcs and the casks closed 
with shives. For beers which 
are to stand for long, porous 
spiles must bo fitted at first or else the head of the 
cask may be blown out. 

Fining. Fining beers is often done in the brewery 
just before the trade casks are sent out ; but fre- 
quently the publican fines his own ales. The finings 
are made of isinglass, and arc either white or brown. 
They are generally prepared by working up about 
4 lb. of isinglass in about a hogshead of weak 
acid or sour beer; of either class of finings 
from One pint to two pints to the barrel will 
suffice unless the beer be very stubborn indeed. 
The brewer must discover by experiment what is 
the smallest quantity of finings that will render 
his ales bright, and must not exceed that. 

The prospective brewer should attend a good 
brewery as a pupil for some time so that his eye 
may get trained to perceive the tiny indications 
which tell him that all is going well. If he wish 
to enter into the chemistry of the art he will find 
the “ Laboratory Text Book for Brewers,” by 
Lawrence Briant, an excellent elementary work, and 
for the variations in the processes of brewing, as well 
as for the higher science of his calling, the “ Handbook 
of Practical Brewing,” by E. R. Southby, published 
by the “ Brewing Trade Review,” of Little Trinity 
Lane, E.C., a most useful work. To enable the 
brewer to keep abreast of the times, the ” Brewing 
Trade Review ** is one of several useful papers, 


Brewing concluded: followed.hifWufJiis and Gibers. 
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continued from page 60M 


By HERBERT J. ALLPORT. M.A. 


8. The Trigonometrical Ratios. Sup> 
pose ail angle of any magnitude A [see note, 
Art. 4] to be traced by the revolution of OP 
from the initial position OH. Diaw QOQ' at 
right angles to ROR'. Unless the angle A is 
an exact number of light angles, the revolving 
line must take up some position in one of the 
four qxiadrants ROQ, QOR', R'OQ', Q'OR. In 
the figure, four different values of A are shown, 
corresponding to the four positions P| . p*. p.. 
P4 of P. 

Draw PM JL to OR. Then OM is the pro- 
jection of OP on the 

® initial line, and MP is 
e((nal to the projection 
of OP on OQ (which 
makes 4- 00^" with the 
^ initial line). From the 
three quantities, OP and 
its projections, wo can 
foiui ratios. These 
Qi ratios are of great im- 

portance ill treating of the angle A, and each 
has a separate name. 

(1) The ratio of MP to OP is called the sine 
of the angle A. 

(2) The ratio of OM to OP is called the 
cosine of the angle A. 

(3) The ratio (»f MP to OM is called the 
tamjcnt of the angle A. 

The remaining three ratios are formed by 
inverting the first tlirce Thus, 

(4) The ratio of OP to MP is called the 
cosecanf of the angle A. 

(5) The ratio of OP to OM is called the 
secant of the angle A. 

(6) The ratio of OM to MP is called the 
cotangent of the angle A. 

The order of the letters in the above ratios 
must be caicfully noted, since OM and MP 
stand’for the projections of OP on OR and OQ 
respectively, and these piojeciions vary in sign 
according to the quadrant /» which OP lies. For 
example, if A is an angle lying between -t- 5 
right angles and 4* 6 right angles, the revolving 
line will be in the second quadrant, such as OPo, 
and its project ion OMg is then negativ^Art. 7J. 

The cosine of the angle A is then Le., a 

negative quantity, by the algebraic rule of signs. 

The six ratios thus defined are called the 
trigonometrical ratios of the angle A. They 
depend only on the magnitude of A, and not on 
the length of OP. For if OP were taken of a 
different length, the new triangle, 0PM, would 
be similar to the old one, and therefore {Prop. 
mtioii of the aides Would be the same as 


9. Instead of ^‘sine of the angle A,” etc, ve 
speak of sine A, cosine A, and so on ; while, in 
writing them, we abbreviate them into sin A, 
cos A, tan A, cosec A, sec A, and cot A 
respectively. 

10. From the above we see that to obtain 
the ratios of any given angle we take any point 
in either of the arms containing the angle, and 
draw a perpendicular from that point to the 
other arm, produced if necessary. The beginner 
will do well always to try and imagine that the 
arm to which he draws the perpendicular is in 
the position OR of the figure to Art. 8 ; he will 
then have no difficulty in seeing in wdiich quad- 
rant the other arm must he, and, consequently, 
whether OM and MP aie positive or negative. 

11. Note tliat the ratios of an angle are mere 
numbers^ or fuivitonH. We may therefore have 
any fxnrer of a ratio. For example, the third 
power of sin A w^ould be (sm A)*. This is 
always, for convenience, written sin* A. Again, 
such an expre.ssion as cos A . tan B means the 
pxoduci of the cosine of angle A and the tangent 
of angle IL 

12. Relations between the Ratios of 
the same Angle. From the definitions of 
Art. 8 it IS evident that 

(1) sin A = ^ . . 

cosec A 


Similarly, 

(2) cos A = 
and 

(3) tan A “ 


MP 

,,, , . MP OP' sin A. 

OP 

anil, therefore, 

. . cos A 
cot A—- — r-. 

sm A 

By referring to the figure of Ait. 8 we have, 
from Prop. 34, 

OM-4- MP ‘= OP^. 


Hence, 


OM* . MF^ . . 

OP^ bP^ 


or, cos* A 4- sin* A = 1. 

Dividing both sides of this equation by cos* A, 
and using (2) and (4) we get 

1 4- tan* A = sec* A. 

Similarly, dividing by sin* A, we gels 
. cot* A -h 1 » cosec' A. 


^ 2.31 
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(3) tan A = 

(4) tan A = 
cot A -• ' 


18. The five results just proved must be 
committed to memory — namely, 

(1) sin A= ^ .. 

cohec A 

(2) cos A = — A 

sec A 

: _ 1. 

cot A* 
sin A 
cos A 
cos A 
sin A* 

(5) sin‘^ A + cos'^ A “ 1 

1 tan‘^ A ■— sec^ A 
1 + cot^ A — cosec*'^ A. 

It is generally convenient, in proving an 
identity, to express the other ratios in terms of 
the sine and cosine, by means of these rclalioiis. 
Example. Provo tliat 

tan A + cot B 
The expression on the left 

cO'i A sin B cos A cos B -f- sin A sin B 
sin A cos B sin A cos H 


8iri_ A ^ cos B 
cos A sin B 


sm A B -H^os A cos B 
cos A sin B 


^co8_^n B co«A ^ sin B ^ ^ P 

Sin A cos B sin A cos B 


The working of such examples should cause 
no difficulty if the five fovmuhe are well known, 
and if it is remembered that sin A, etc., are 
numbers — t.e., that the example is simple 
anthmetic. 

14. The five relations between the six trigo- 
nometrical ratios proved in Art. 12 enable us 
to express any five of the ratios in terms of the 
sixth. 

Example. Express the other trigonometrical 
ratios in terms of the tangent. 

From (5) we have 

sec A \/l -f tan-^ A 

A 1 

. . cos A =- 

V 1 -f i an^ A 

Hence, 

sin A - sji - cos- A 

3 , _ ill - ; 

I 4 tan- A + tan*^ A * 

/. cosec A — ~ — y ^ 

A tan A 

Also, from (3) cot A=- i--, so that the 
tan A 

other five ratios are now expressed in terms of 

tall A. 

15. Changes in the Magnitude of 

sin A, As A increases from 0® to 360® the 
mS^nitude of sin A changes. Let OR be the 
initial line, and let OP trace out the angle A. 
Suppose ROP is one value of A. Draw PM 

X to OR. Then sin A = 


Now, w hen A ~ 0®, OP coincides witli OR, 
so that MP is zero. Thus, when A is 0®, sin A 
is 0. Again, when .A 
= 90®, OP and MP both 
coincide with OQ, which 
is equal to OR. Hence, 
when A is 93®, sin A 
^OQ 
SQ 

coyithivAJUsUj increases 
from 0® to 90®, i.e., 
passes through every 
possible value between 0® and 90®, the length 
of MP continuously increases from -zero to OP ; 



: 1. Also, as A 


n f MP . 
fo that %.e , 


sin A, continuously increases 


from 0 to 1. 

In exactly the same way we see that as A 
continuously increases from 90® to 180®, sin A 
continuously decreases from J to 0. 

Next, as A increases between 180® and 270®, 
the revolving lino passes through such positions 
as OP'. Evidently M'P' is now negative, and 

M'P' 

since OP is .always positive we have—p- nega- 
tive; i.e.y as A increases continuously between 
180° and 270®, sin A continuously decreases 
from 0 to - 1. 


Similarly, as A continuously increases from 
270® to 360®, sin A continuously increases from 
- J to 0. 

Hence, the nine of an anijle can never he yreater 
than + 1 and never lens than ~ 1. 

16. Changes in the Value of cos A. 
The student can now verify for himself that as 
A increases from 0® to ?)0”, cos A decreases 
from 1 to 0. As A incicases from 90° to 180°, 
cos A decreases from 0 to-1. As A increases 
from 180® to 270® cos A increases from - 1 to 0. 
As A increases from 270® to 3t>0° cos A increases 
from 0 to 1. 


Hence, the canine of an anyle can never be 
greater than 4- 1 and never lens than - 1. 

17. Changes in the Value of tan A. 

Referring to the figure of Art. 15, when A is 
0®, MP is zero, and OM is equal to OP. There- 
fore tan A, or is zero. As A increases 
OM 


between 0° and 90 , MP continuously inci:eases, 

MP 

while OM continuously decreases, hence, 


continuously increases. When A approaches 
90®, OM becomes infinitely small, until, when A 
MP 

is 90°, i becomes OP divided by an iii- 

finitely small quantity, Lc., tan A is an in- 
finitely great quantity. Thus, between 0® and 
90®, tan A increases continuously from 0 
to 00 . 


Similarly, between 90® and 180®, tan A 
decreases from oo to 0. Between 180 and 270°, 
tan A decreases from 0 to - oo. Between 270° 
and 360® tan A increases from - oo to 0* 


Continued 
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ITALIAN pat;e By Francesco de Feo 


IRREGULAR VERBS 

Third Conjugation— con tin nod 

* Past Definite in si 
Aprire, to ojjen 
Jnd, Prea. — A pro, apri, apre, etc. 

Past Def. — Aprii [apersi), apri (apt rse), aprirono 
(apirsero). 

Past Part. — A per to. 

Assalire, to aasault 

Ind. Pres. — Assalgo, assalisci and asmli, assale, 
assaliamo, assaliie, a^sallscono and ass'ilgnyuK 
Past Def. — Assalii {assalsi), assail {assalsc), 
assalirono {assalsero). 

Svbj. Pres. — Assalisea and assalga : third })erson 
plural, assail scano and assalgano. 

Past Part. — Assolito. 

Benedire, to bless 
Ind. Pres. — Benedico, benedici, etc. 

Jmperf. — Benedicevo and henedivo, etc. 

Past Def. — Benedissi, henedicesti, he.nedissp. 

henedicemmo, heneAiceste, henedlssero ; and henedii, 
benedisti, benedl, henedimim, henediste, henedirono. 
Subj. Pres. — Benedica, etc. 

Past Part. — Benedetto. 

Gerund — Benedicendo. 

Coprire* cover 
Past Part. — Coperto [see aprire ). 

CostruirOf to construct 
Tnd. Pres. — Costruiseo, etc. 

Past Def. — Costruii, etc. (regular) {costrussi, 
costrusse, costrUssero). 

Past Part. — Costruito {costrutto). 

Dire (Dicere), to say, to tell 
Ind. Pres. — Dico, did, dice, dieiamo, dite, d'eono. 
Imperf. — Dicevo, dicevi, dieeva, dicevamo, dicevate, 
didvano. 

Past Def. — Dusi, dicesti, dhse» dicemmo, diceste, 
d'tssero. 

Future — Dir 6, dirai, dird, etc. 
imperat. — DV, dica, diciaino, dite, dicano. 

Subj. Pres. — Dica, dica, dica, didamo, didate, 
dicano. 

Imperf. — Dicessi, dicessl, dicesse, dicissimo, diceste, 
dichsero. 

Condit. — Direi, diresti, direbbe, etc. 

Past Part.>^DpUo. 

Pres. Part. — {Dicente). 

Gerund — Dicendo, 

Istruire, to instruct [see costruire], 
Maledlre* to curse [see benedire and dire']. 

Offrire (Offerire), to offer 
Ind. ^es. — Offro, offri, etc. ; {offerisco, offerisci. 
etc.). 

— Offrii, offriati, etc. ; (offersi, offeree, 

offhaert), 


Profferire, to offer 

Past Peirf. — Proffer ifo and profferto [see ofjerirc]. 

Salire, to ascend, to go up 

Ind. Pres. — Salgo, salt, sale, saliamo, salite, 
H'jlgono {salisco, salisd, etc.). 

Past Dpf. — Salii, salisti, sal), etc. {sal.si, salse, 
snlsero). 

Subj. Pres. --Saiga, saiga, saiga, sediamo, saliate, 
sdlgano. 

Imperat. — Sail, saiga, saliamo, salite, sHlgano, 

Past Part. — Sal i to. 

Scolpire, to engrave 

Ind. Pres. — Scolpisco, etc. 

Past Def. — Scolpii, scolpisli, etc. {sculsi, scidse, 
scitlscro). 

Past Part. — Scolpito {sculto, scolto). 

Soffrire, to suffer [see offrire]. 
Exkhotsk JiV. 

1. Intesi ])i(!ehiare, aprii, ma non vidi nessuno. 

2. “ Che idelio vi benedica,” dissc la pbvera inadre. 

3. Qnando il signor N. ritorruTu in ufiieio, gli dir6 

ehe siete ven\ito. 4. Se mi avo tc detto la verity, 
vi avrei i^*rdonato. 5. (Hi offrimmo cintpioccnto 
lire, ina non voile aoeettare. 0. So non lo displace 
di saliro lino al rjuarto ])iano (floor), le mostrerd 
il violino di cui le ])arlai Taltro giorno. 7. Di’ a 
tuo eugiiio clic venga domani da ino, pereh6 ho 
da ])arlargli. 8. Voi no.i potete credere (luanto 
ahbia sofferU) quell' infolico ! 9. C^iiesto ponte fii 

costruito quattroc<*nto anni fa (ago). 

EsKiuazio DI Lkttuka — continued 

Don Rodrigo era lin allora rimasto tra. la rabbia 
e la inaraviglia, attdnito, non trovando ])arole ; 
ma, (piaiido senti intonare una predizione, s’aggiunso 
alia rabbia un lontano e mistcrioso spavenlo. 

AffeiTO rapidamciitc per aria quella mano mi- 
nacciosa, e, alzando la voee, per troncar (|ueila 
dcir infausto profeta, grido: “cseimi di tra’ juedi', 
villano tcmeia\rio, ])oitrono incappuceiato'^ ’ 

Queste ])arole cosi chiarc acquietarono in un 
jnonicnto il padre Cristoforo, All idea di strapazzo 
e di villania era, nella sua mento, cosi bone, e da 
tanto tempo, assoc iata I’idea di soffereiiza o di 
silenzio, che, a (piel complirnento, gli caddo ogni 
spirito d’ira e d’entusiasmo, e nfiri gli restj altra 
risoluzioiie che 'piiella d’ udir IranquUlamentc cio 
che a don Rodrigo piacesso d’ aggiungerc. (3nde, 
ritirata xilacidamente la mano dagli artigli del 
gentiluomo, abbasso il ca])o, e rimase iinm6bile, 
come, al cadcr del vento, nel forte della burrasca, 
un Mbero agitato ricompone naturalmentc i suoi 
rami, e rioove la gnbidine come il ciel la manda. 

“ Villano rincivilito ! ” prosegni don Rodrigo, 
“ tu tratti da par tuo*. Ma ringrazia il 8i\io« cho 
ti copro codeste spallc" di ma8calzoIlO^ e ti salva 
dalle carezze che si fanno ai tuoi pari, per inaegnar 
loro a parlare. Esoi con le tue gambe, per q’ioata 
volta* 0 la vedremo.”. 
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C^si dicex^, addit6^, coa impero sprezzante, un 
in lolcia a quello por eui drano entrati; 
il padre Cristoforo chind il capo, e so n’and6'\ 
lasciando don Rodrigo a misurare, a passi infuriati, 
il campo di battiiglia. 

Notes. 1. get out of ray way ; 2. you dolt of 
a friar; 3. taraed boor; 4. you are acting your 
natural part ; 5. habit ; 6. your shoulders ; 

7. scoundrel ; 8. you may go away on your own legs 
this time ; 9. pointed; 10. door; 11. went away. 

PROPOSITIONS 

Subjective Propositions. Subjective pro- 
positions are generally constructed with the con- 
junction cAe, and the verb may either bo in the 
indicative or the subjunctive mood. Examples : 

Delle volte awiene che gli udmini pin pactfici 
prdvocano (or provochino) diacordie. It happens 
sometimes that the most peaceful men provoke 
dissensions ; 1C ckiaro che avctc (or abbiate) ragimie 
voit It is clear that you are right. 

But it is a rule to use the subjunctive : 

1. In dependence upon verbs indicating a senti- 
ment or an opinion, as : Mi displace, 1 am sorry; 
Mi dude^ I regret ; Mi pare^ It seems to me ; 

rnvjglio. It is better, etc. Exam pi s : Mi 
pare che von ci aia niente altro da jure, It seems 
to me that there is nothing else to do ; IJ meglio 
che ahbiate parlato cos!. It is better that you 
have spoken so ; Mi dispiace che ahbiate doviito 
aspdtarc, I am sorry that you have been obliged 
to wait. 

2. In dependence upon a negative proposition, or 
a proposition having a negative meaning, as : Non 

v&ro che io fabbia ddto questOf It is not true 
that I have told you this ; Earamente awiene che 
il dditto resti impunito, It seldom happens that crime 
remains unpunished. 

3. When a fact is roprosonted, not ns real or pre- 
sent, but only as possibl* or future, as: Bisogna 
die ognuno lavori, It is necessary that everyone 
should work ; fC giusto che gli scolari diligenti 
siano premiati. It is just that diligent pupils should 
be rewarded. 

Subjective propositions may also be constructed 
with the infinitive, as : Molto spesso acoade di restare 
{che si resti) disillnsi. It very often hapixms that 
one is disappointed ; 1C vietato fuinarc {che si fumi). 
Smoking is prohibited ; E necessario pensare {che 
si penai) alV awenire, It is necessary to think of 
the future. 

Objective Propositions. Objective pro- 
positions, like the subjective, are constructed with 
the conjunction che. We use the indicative when 
a fact is mentioned with certitude or conviction, as: 

Sovo convinto che la cosa e cosi, I am convinced that 
the thing is so ; Dico che U tutto e uguale alia somma 
delle sue parti, I say that the whole is equal to the 
sum of its parts. 

But when a fact is mentioned as only possible — 
t.e., as an opinion, a doubt, a wish, etc. — the sub- 
'junctive or the future of the indicative must be 
used. Example B : Spero che suo padre sia compleia-' 
mente gnarito, I hope that your father is completely 
ci^d ; Mi duguro che tutto vada (or andrd) bene, I 
wish that everthing may go well ; Credo che questa 
volia dhhia detto U vero, I think that this time he 
has spoken the truth ; Credo che pioverd, I think it 
will rain. 

The subjunotive must also be used when an 
dbjective proportion depnds upon a negative 
OF interrogative proi^ition, as .* Non Am gkuro 
^ H mm Mini, I am not sure 


that he executes my orders; Chi crederetibe bhe 
vi fdssero cX movdo ddle petsone similil Who 
would believe that there are such persons in the 
world ? Io non credo che gli abbiate parialo, I do not 
believe that you have spoken to him* 

Note. After the verbs temire, to fear ; sospettafe, 
to suspect; 6adare, to take care ; dubitare, to donht, 
it was a rule to use the conjunction che followed 
by non {che non), but modem usage prefers to omit 
the non, in order to avoid ambiguity. Examples : 
Dikbito the egli {non) arrivi in tempo, I doubt 
about his arriving in time ; Sospettammo che {non) 
ci vclessero ingannare, We suspected that they 
wished to cheat us. 

But it is common to use che von in^he expressions : 
Poco maned che non restassi hrvoiato, 1 came within 
very little of being burned ; Poco maned che non mi 
iagliassi un dito, I very nearly cut my finger. 

Objective propositions are also constructed with 
the infinitive preceded by the preposition di, as : 
Vi prego di continuare, I beg you to continue ; Ho 
paura di prender freddo, I am afraid of catching cold. 

Note. After the verbs volere, pot^re, sapere, 
dovdre, fare, lasciarc, vedere, udire, sentire, the infini- 
tive is used without proposition, as : Voglio dire tutto 
quello che so, I wish to say all I know; Non so 
parlare tede^co, I cannot speak German ; Fdzero 
arrestare il ladro, They had the thief arrested. 

After some verbs, as tornare, cominciare, aivtare, 
mettersi, aspirarc, etc, the objective infinitive is 
governed by the preposition a, as : Torna a scrivere, 
Ho resumes writing ; Aiut itemi a portare questo 
tivolo. Help me to carry this table; Comincio a 
copir meglio, I begin to understand better; Li 
inviiammo a passare uno settimuna con noi. We 
invited them to spend a week with us. 

When the object is expressed by a noun or pro- 
noun it is often repeated by a pronominal particle, 
which gives more strength to the expression, as : 

Questo lo so, I know this ; IjO shdglio Vho fatto io, 
I have made the mistake ; La fard io la giustizia, 
I will do justice. 

The partitive object preceding the verb is rei>eated 
by ne, as : Danari non te nc posso dare, I cannot 
give you any money ; Di codeMi consigli io non ne 
ho hisogno, I have no need of these counsels of yours. 

Note here the meaning of the following expres- 
sions, in which la is used ns an indefinite object : 
Egli se la gode. Ho passes his life in enjoying him- 
self ; Se Ve svignata. He has succeeded in getting out 
of it ; Non la mto'c intendere. He does not want to 
understand the reason ; Chi la dura, la vince, 
Perseverance always gains its end ; Me la pagherd, 
He shall pay for the trick he has played me. 

The verbs ^,sere and stare, followed by the infini- 
tive preceded by the preposition per, indicate a near 
future, as : Egli sta per morire. He is at the point 
of death ; Egli d per uscire, He is on the point of 
going out ; Sta per venire. Ho is just now coming. 

Conversazione 

Il 8110 amico ha parlato con Tawocato 7 

Lui dice di si, ma io non credo che gli kbbia parlato. 

Se d cosi, gli scrivero io direttamente. 

Bisogna che gli scriva subito, perchd la oausa b 
fissata per giovedi pri'msimo. 

Quanto crede ohe gli debba ofirire 7. 

Non saprei (1 do hot know), tutto dipende dairim- 
portanza deiraffare. 

Si tratta di ben poco, ma quando si ha da fare con 
gli avvooati non si sa mai dove si va a fintrei , 

Questo 4 vero; e se yuole un coiis^lip ^ amico, 
oerehi di Vjeniro a ij^i aeootdo; ‘ : v > 
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Key TO Exercise LIV. a grxxl man; I have always heard Inm praised by 

1< They appeared dressed in so strange a manner every one, G, I have not succeeded in under- 

thafwe all began to laugh. 2. We have bought a standing a word of what he has said. 7. If it does 
new sewing-machine. 3. The impression that he not rain we will go out too. 8. I never heard 

received from seeing the man who had died for him, such a thing ! 9. The buttons of my shirts have 

and the man killed by him, was new and un- all come off ; I beg you to sew them better next 

speakable. 4. Give me something to eat, because time. JO. I cannot understand why he has not 
I am dying of hunger. 6. Your servant must be yet come. 

Continued 

SPANISH By Amalia de Alberti & H. S. Duncan 


Commercial Letters— continuod 

London. J.ondrcs. 

Messrs. Sres 

Malaga. Malaga. 

Dear Sirs, Miiy Sres mios, 

I am in receipt of your Ho tenido cl gusto de 

esteemed favour of , rccibir su apb'« del 

and of the samples of asi como tainbien las 
iron ore which you were nniestras do mineral do 
good enough to send me. hierro quo han (onido 
I have taken good note Vds d bien maiKlarme. 
of what you say, and am Entcrado de cuanto so 
quite prepared to be of sirven Vds deeirmo estoy 
service to you on the pronto d servir a Vds 
recommendation of our dada. la recomendacion 
mutual friends Messrs, quese nos haheehode esa 
A.B.C., of Seville. ros;3etable casa por los 

I have had the samples niutiios amigos los Sres 
of iron ore analysed, and, A.B.C., do Sevilla, 
as you will see from the lie hecho analizar las 
enclosed certificate of mucstrus del mineral do 
analysis, the result is the hierro cuyo rcsidtado 
same as that obtained on como veran Vds por cl 
your side. It is good certificado de analisis 
mineral, and of a kind adjunto, ooncuerda con 
well suited to the re- cl practieado on esa. Ks 
quiremonts of the Welsh un mineral bueno y su 
ironfounders. clasc muy a pro})osita para 

1'he cost of the analysis estos fundidores de (iales. 
is £1 Is., which 1 have El costo del analisis 
debited to your account, asciendc a £1 Is. quo lo 
I readily accept the con- dejo cargfido eii cuenta. 
ditions you mention for Son conformes las eon- 
the sale of the consign- dicioiies quo Vd senala 
ments of ore, and, as I para la veiita do carga- 
am in constant touch mentos de su mineral y 
with the principal foun- como estoy en L'ontinuo 
ders of this country, as contacto con los prin(d- 
soon as yoh advise me pales fundidores de cste 
that you are in a position pais, tan pronto me aviso 
to make consignments, Vdqueest^endisposicion 
1 will attend to the neoes- de hacer om barques, me 
sary contracts and char- 0(!upar6 de efcctuar los 
ftTing. contratos y fletamcntos 

Awaiting your reply, necesarios. 

I remain, En la espera do sus 

Yours faithfully, noticias, tengo cl gusto 
John Brown. de ofrecerme de Vds ato. 

S.S, q.8.m,b. 

John Brown. 

Barcelona. Barcelona. 

Don John Brown, Don John Bro^m, 

London. Londres. 

Dear Sir, Muy Soilor ntro, 

, We enclose a letter of Acompafiamosuna carta 
introduction from our de presentacion de nues- 
mends Me^rs. T. P. & tros amigos los Sres T. P. 
to., of this city, with y Cia de esta plaza con 
whom we have had quienes nos unen buenas 
friendly bus^ess rela* relaciones oomcroiales y 


tioiis for many years, amistosas desde hace 
Our object in writing to muobos aftos. Nuestro 
you under the auspices objeto al dirigirnos hoy 
of our said friends is to A Vd bajo los aiispicios 
ask if you would be will- do dichos amigos es 
ing to open a credit for para siiplicarlc tonga 
our account to the extent a bien deciinos si estaria 
of £5,000 for bills at 00 Vd dispuesto A abrirnos 
days in favour of Messrs, un credito hasta la suma 
A. T, & Co., of New Or- de £5,000 y a fa vor de los 
leans, for (‘onsigninents iSres A. T. y (.-ia de Niicva 
of cotton sent to us here. Orleans, mediante giros 
• If you are willing, as A 00 dias vista, contra cm - 
we hope you will be, to barques dealgodon a esta, 
undertake this transac- a miestra consignaciem. 
tion, will you kindly let us Si como esperamos, 
know your conditions, esta Vd disjmesto A 
Wc have the pleasure admitiresta oporacion, lo 
to remain, agradeceremos so sirva 

Yours faithfully, decirnos que concliciones 
habrian de rogir. 

('’on este motive nos e« 
grato susoribirnos de Vd. 
ales S.S. q.s.m.b. 

London. Londres. 

Messrs. , Sres 

Barcelona. Barcelona. 

Gentlemen, Muy Sres mios, 

I beg lo acknowledge (^orrespondo A sn a]>b>® 
receipt of your esteemed did — decu3a)contenidohe 
favour of the — •, which qiicdado bien impucsto. 
I have duly considered. 

Although this firm Aunquo esta su casa 
dot*s not usually under- no se ociqia de esa clase 
take business of this kind, do negocios, rjiic por su 
which, from its nature, is indole son mas propios 
more suited to a bank- do casas bancarias, cs tal 
ing firm, yet Messrs, la rceo mend ac ion ipie 
T\ P. & Co. ’s reeommen- nucstros amigos los Sres 
dation of your esteemed T. P. y Cia me han hecho 
firm is of such a nature de su res|>etable casa, que 
that I have no objection no tengo incon ven iente en 
to opening a credit for abrir un crAdito por 
your account to the cx- cuenta do Vds hasta 
tent of £5,000, in favour £5,0(X), A favor de los 
of Messrs. A. T. A Co. Sres A. T. y Cia. de Nueva 
of New Orleans, upon tiic Orleans, en las condi- 
following conditions : eiones siguientes. 

Messrs. A. T. & Co. Los Sres A. T. y Cia 
will draw on me at 00 giraran a mi cargo A 
days* sight to the extent 00 dias vista hasta dieba 
of the sum mentioned. suma,reiniticndoaeme los 
sending me the bills of conocimientos de em- 
lading for each consign- barque do cada partida 
ment of cotton on the de algodon en la raisma 
same day as they nego- fecha on que so negocien 
tiate the bills. los giros. 

This firm will attend El seguro mnritimo lo 
to the marine insurance cubrirA esta su casa por 
for your account, and cuenta de Vds y 8 dias 
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eight days before Messrs, antes del vencimiento de 
A. T. Si Co.’s bills fall los giros, de los Sres 
due I will draw on you A. T. y Cia do Nueva 
at three months at the Orleans, girar6 k cargo de 
current rate of exchange Vds y A 3 mcaes fecha, 
for the amount, phis the al cambio corriente, por 
insurancie i)remium and su valor mds la prima del 
my commission of 1% segiiro y mi comision de 
(one per cent.). I have 1% (uno por ciento). No 
no doubt that these dudo quo estas condi- 
conditions will meet ciones le scrAn aceptables 
with your approval, and y <!onfiando quo nuestras 
that our business rela- rcdacioncs eomereialea 
tions will be lasting and serAn duraderas y de 
profitable. mueho provecho me rei- 

I remain, tero con esle motivo d sus 

Yours faithfully, ordenes ato 8.S. q.a.m.b. 

John Brown. John Brow'n. 

IDIOMATIC PHRASES 

Ahrir la wanoy to lake bribes 
Alegrar Ins luevSy to snuff the candles 
Amontarsti d juicio, to lose ])resenee of mind 
Andando d tivmpOy in tl.e course of time 
Andar cn coplas, to#be the talk of the town 
A7alar en dimes y din to.s, to wrangle 
Ayorrenrse en la jauhiy to strive in vain 
A pumj cfrrndoy with might and main 
Arnuir ciihnUcro, to dub a kniglit 
Armnr un lazo, to set a tra[) 

Arritmr d homhrn, to lend a hand 
A sus (inchnSy 1o be at one’s ease 
Bailar d pdado, to have no money 
Bailar sin srny to be very eager 
Busear d HentaSy to grope 
Buscar cinco pies nl yatoy (o pick a quarrel 
Cantor de jdano, to make full confession 
Cebar un anzuelo, to bait a fish-hook 
Cenar d osenrasy to be stingy 
Coger la mllvy to run away 
Coger una liihrc, to fall in the mud 
Comer con ganOy to eat with a good appetite 
Contados sus affileres, to be dressed in one’s best 
Contar pnpnrrvchasy to tell incredible tales; to draw 
the long bow 

Castor un ojoy to be very exj)ensive 

Dar d aynoary to introduce people to each other 

Dar d pesame, to condole 

Dar el trastCy to let go to rack and ruin 

Dar en hlando, to succeed easily 

Dar fin y to end 

Dar los diasy to wish “ many hap])y returns ” 

Dar mal rntoy to cause uneasiness 
Dar una carcajadtiy to burst out laughing 
Dar voces y to cry out 
De cuando acd ? since when ? 

De socapOy secretly, under protest 
Dejar entre rengloncSy to forget to say something 
Dcjar d sigloy to become a monk or nun 
Descahezar 4 siienOy to lake a nap; “forty winks” 
iSchar coc/ic, to set up a carriage 
Echar d cuerjyo Ivera, to abscond 
Echor la casa por la ventanay to bo wild with delight 
El me ha pucsto un hie.rroy lie has put me under a 
deep obligation 
En se 'Oy without cause 
Es cuanto cabc, it is the last straw 
Eso ni me va ni me vienCy it is not my business 
Estar con euid-adOy to be anxious 
Estar dc ver, to be worth seeing 
E^r mascando tierruy to be flcad and buried 
Estar sin hablay to be speechless 
ffacet cuerpo presentCy to put in an appearance 
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Hac* r la cuerUa de la viejay to count up on one’s 
fingers 

Hacerse d tontoy not to take notice ^ ‘ 

Hctcerse pedazos, to fall to pieces 
Jr chiticaUandOy to creep on tip- toe 
Uevarse chasco, to be disappointed 
Mas que le pe.se, in spite of him 
Meterse d sabioy to pretend knowledge 
No poder pamr, to bo restless 
No poder tragar d alguno, to hate anyone 
No ser cojo ni mancoy to be neither lame nor one- 
armed (in no way handicapped) 

No teller seso, to have no common-sense 

Pensar en los musaranaSy to go “ wool gathering ’* 

Perdido 'por una pcrsomiy to be deeply in love 

Poner en seen, to change one’s clothes 

Poner gestOy to show anger in one’s face 

Poner pies en pared, to put one’s foot down 

Probnr rnal la tierra, to prove a climate unsuitable 

Quehrarse la coheza, to puzzle one’s head 

Quedar sin novedad, to be well 

Quejarse de view, to complain without cause 

Jtepararen pdi'los, to take ofTonce at trifles 

lietehir las orejas, to grate on the ear 

Pont per la v'z, to train the voice 

Sacar la cara por otro, to defend another 

Ealir d gatas, to have a narrow escape 

Eeis aiios d esta jmrtVy six voars to this time 

Per de corona, to be in holy ord(‘rs 

Eer muy hjtnhre, to be very manly 

Sin ton y sin son, without rhyme or reason 

Son las ocho en punto, it is (*ight ])rccisely 

Tener mu ha mosea, to be very rich 

Tocor la diana, to sound tlie reveille 

To'i ar rabia, to get angry 

Voloer casacfty to become a turncoat 


ABBREVIATIONS 


Admit^"*' 

Administrador 

7’rustee 

Af“> 

Afeetisimo 

Yours truly (literally, 
most affectionate) 

Ag*“ 

Agosto 

August 

Apt’-* 

A])ost61ico 

Apostolic 

Art*' 

Articulo 

Article 

Arzbp* 

Arzobispo 

Archbishop 

H. L. P. 

Besa los pics 

K isscs your feet (jit the 
close of a letter 
addressed to a lady) 

C. M. B. 

Cuyas manos 
beso 

Who kisses your hands 
(addressing a gentle- 
man) 

C. P. ik 

Cuyos pies beso 

Who kisses your feet 

( ^ip*^‘‘*- 

Capitulo 

Chapter 


Capital! 

Captain 

Comp*- 

Conipania 

Company 

Oorr^- 

Corriente 

Current 

Dicb'’« 

Diciembro 

December 


Doctor 

Doctor 

E. A. L. 

Estoy d los 

I am at your disposal 

P. D. 

pies de 

(I am at your feet) 

En*’ 

Encro 

January 

Excm” 

Excelentisimo 

Excellency 

Feb™ 

Febrero 

February 

Gen' 

General 

General 

]gi» 

Tglesia 

Church 

litre 

Ilustro 

Illustrious 

Illmo 

Ilustrisimo 

Most illustrious 

Lbas 

Libras 

Pounds (weight) 

Maj!*** 

Majestad 

Majesty 

Novb™ 

Noviembre 

November 

Ntro 

Nuestro 

Ours 

Obpo 

Obispo 

Bishop 


Oetubre 

October 
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Pag» 

Pdgina 

Page 

P.D.. 

Posdata 

Postscript 

Ppdo 

Proximo pasado 

Ultimo 

proc'ior 

Procurador 

liawyer 

Sept”*-* 

Septiembre 

vSeptember 

Ser**'*" 

Servidor 

Servant 

geriiH. 

Serenisimo 

Most Serene 

Sig^« 

Siguiento 

Following 

Sor 

Sefior 

Sir 

gra 

Senora 

Madam, Ladyship 


Senora Dona 

Mrs 



Sefior Don 

Mr. 

S.S.M.M. 

Sus Majestades 

Yonr Majesties and 

yA. A. 11. II. yAltezas Reales Royal Highiiess:is 

S. S. S. 

Su Seguro Servidor Yours very obediently 

gtdad 

Su Santidad 

Your Holiness 

S’t'- 

Senorita 

Miss 

gilllO 

Santi.simo 

Most Holy 

gu* 

Santo 

Sa int 

Tent« 

Ton lento 

Lieutenant 

V. A. 

Viicstra Alteza 

Your Highness 

V. G. 

Verbigraeia 

For example 
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Participial Adjectives 

(Active Voice) 

From all Esperanto verbs, 
whether transitive or intransitive, 
compound tenses may be formed 
by means of the various forms of 
the auxiliary esti, and tlio par- 
ticiples. 

The auxiliary remains the same 
for each person, the participh; 
alohe agreeing with the subject in 
number. 

The present participle (active 
voice) is anla{?>[n^.),avt(ij (plural). 

The past particii)le (active voice*) 
is inta (sing.), inkij (plural). 

The future partici])le (active 
voice) is onta (sing.), onUij (plural). 

In order to simplify the expla- 
nation of the participles, both ac- 
tive and passive, one pronoun 
{mi) and one verb (lavi) will be used 
throughout. Nine compound tenses 
can be formed by combination of 
the three active participles with the 
three tenses of the auxiliary verb. 
(These participles may also be com- 
bined with esti, eatits and eiitu..) 

Mi cstas lavantn, I am washing ; 
Mi pfitas lavint/j,I]m\e washed (lit. 
I am having washed) ; Mi cfftas 
hwonta, I am about to wasli. 

Mi pstis lavantaf I was washing ; 
Afi estis lavinta^ I had washed 
(lit. I was having washed) ; Mi 
estis lavonhi, I was about to wash. 

Mi est-os lavanta^ I shall be wash- 
ing; Mi estos lavinki, 1 shall have 
washed (lit. I shall be having 
washed) ; Mi estos lavojita, I shall 
be about to wash. 

Mi cstus lavanta, I should bo 
washing ; Mi estus lavinta, I should 
have washed (lit. I should bo 
having washed); Mi estus lavontaf 
1 should be about to wash. 

The present, past and future 
infinitives are expressed by esti 
himnta^ to bo washing ; eMi la- 
funtUf having washed ; esti lavontOy 
to be about to wash. 

The participles are in reality 
adjectives, and when predicated of 
or pronoun must take 
final “j”; estas lamntaj, 
W e are washing. The participles 
oiay also be used to qualify directly 


a noun or pronoun, in which ease 
they accord with such no\m or pro- 
noun botli in number and case. 

h]x ample : La tempo pasinta 
neninmn iH-nos : latemponvenonfnii 
neniu aitkoraa lonas (Zamenhof), 
'J’lie timepaased never will return ; 
the time to comonobody yet knows. 

Careful thought must be used 
in constructing these compound 
tenses, and the exact meaning of 
the participle in reference to tlio 
auxiliary must be fully understood. 

When anta is used it indicates 
that the action is still in ])rogross 
at the time indicated by the aux- 
iliary. 

Wlicn inta is used it indicates that 
the action W'as completed at the 
time indicated by the auxiliary. 

When onta is used it indicates 
that the action is about to take 
place at the time indicated by the 
auxiliary. 

The student should compare 
these remarks with the foregoing 
table of the eomi)Ound tenses, and 
at the same time note that the 
English auxiliary “ to have ” is 
always rendered by esiiy the sole 
auxiliary verb in Esperanto. 

d’ho compound tenses, though 
perhaps appearing a little conij>lcx 
to beginners who have so far re- 
marked tlio extreme simplicity of 
the language, give a ])recisc shade 
to the meaning which one wishes 
to render. In practice, ncvcrtlio- 
less, whenever the compound 
forms can be dispensed witli, the 
simple tenses arc used if they ade- 
quately fulfil the requirements 
of the sense to be conveyed. Thus 
the simple mi lavos may be used 
to signify I wash, I do wash, and 
I am washing. 

Impersonal Verbs 

Thoso Esperanto verbs which 
by their nature aro impersonal do 
not require the use of the indefinite 
Ijronouii as in English. 

Examples ; Pluvos, It will rain ; 
Estas krndrey It is thunde-ry ; 
Mi pensaSf ke ne’jos rnorejau, I 
think it will snow to-morrow. 

The words “it” and “ there ” 
in “ it is,” “ there is,” “ there 


are,” “ there was,” “ there will 
be,” cte., wlien used iiideiinitely, 
arc never translaUid. 

Kxampk's : Estas 7ieces€y It is 
necessary ; Estos sufire da tempo 
poste.y 'i'Jiere -v^all be enough time 
later ; Estis invite da homoj tie, 
'J’liere were many people there. 

Other examples of similar 
usage aro : Hafnas al mi, ke . . . 
It seems to me that . . . . ; 
Okazos kimsidoy There will be a 
meeting (a im^eting wdll be held) ; 
Se pltt'kis al viy If you please (if 
it please you). 

Suffixes 

A.r denotes .something made from, 
or having the quality contained in 
tlic root word. 

Examples: Bona, good; bona- 
Jo, a good thing ; i/rava, im- 
portant ; (jratxijo, an important 
thing; hovo, ox ; hovaJ>, hoof. 

EBL denotes possibility (to be, 
not to do). 

Examples : Kre.di, to bedieve ; 
kredebla, eix'diblo ; le^i, to read ; 
h'jehla, legible. 

INI) denotes worthiness. 

Examplt* : Laiidi, to praise ; 
landimla, praiseworthy ; hgi, 
to read ; lefjinda, readable. 

-Ef 5 denotes an abstract quality. 

Examples : Var7na, warm ; 
mrmeco, Avarmness, warmth ; 
frato, brother, frateco, brother- 
liness. 


Vocabulary 


broa\ brush 
brust'y chest, 
breast 
brut', brute, 
(tattle 

Cagren'y disap- 
point, vex 
vm'y chain 
defemd'y defend 
degel' ^ thaw 
dron', droAvn 
(v. i.) 

escept', e x - 
cept 


faktur'y invoice 
fold', fold 
flam'j flames 
fortik'y strong, 
robust 
frost', frost 
julm', lightning 
gren'y corn, 
haj I' , hail 
(subst.) 
klm'y bend, in- 
cline 

koTisisP, con- 
sist 
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kon8tarU\ con- 
stant 
lan\ wool 
melic\ mjlk(v.) 
merit\ merit, 
deserve 
ofend'y offend 
ombrel'y u m - 
brella 

ordon\ order, 
command 
plac\ public 
square 
pluv\ rain 
poUc\ police 
polv', dust 
postuVf require, 
demand 
pretend^ claim 
pump', pump 
(v.t.) 


regn', realm, 
kingdom 
regul ', T \ i\e (s.) 
rezuUiu', r o - 
suit 

ripoz ', repose, 
rest 

ru^', red 
ruz', trick, ruse 
s(M', sand 
salut ', greet, 
salute 
8 am ', same 

save, rescue 
smt ', feel, per- 
ceive 

soif ', thirst 
8 ol ', only, alone 
spir ', breathe 
fang ', change 
triim', tremble 


Exercise XVI. 

(Note. Translate the com- 
pound tenses as they appear in 
English.) 

It blows strongly outside. When 
he had folded (was having folded) 
the invoice and written his address 
on the envelope, he gave both to mo. 
What strange weather it is to- 
day ! Sometimes it snows, some- 
times hails, sometimes lightens 


and thunders. One can never be 
certain about it. This chain has 
37 links, each one of (out of) gold. 
He docs not like frosty weather, 
and is always happy when it com- 
mences to thaw. Ho was defend- 
ing. They aro about to milk. I 
shall havfi changed (shall be hav- 
ing changed). We are not claim- 
ing. You will have saved. He 
was about to defend. I had offen- 
ded. They will have rested. I 
have ordered. She is breathing. 
Those who are about to die salute 
you. They have offended me. 
They w'cre just going to save her. 
The villager had milked her cows. 
The policeman is peacefully sletq)- 
ing. I feel as though I am about 
to die. If I had had an umbrella, 
I could have visited you in spite 
of the rain. A grain of dust had 
fallen into her eye. She w'as trem- 
bling, and could hardly breathe. 
If they had known the rules, they 
would not have made the same 
error twice. The blind man was 
about to fall into the flames, 
when that courageous person saved 
him. 

Key to Exercise XV. 

Permesu, mi petas, ke mi 
pasiij Kia domago ke vi no 
kaptis la krimulon ! Ciuj bonaj 
urbanoj renkontu min ei tie 

(Jon tinned 


morgaii por ke ni kune portu 
nian poton al la rego. Akveregoj 
ekfalis de la plafono. Iru rekte 
gis kiam vi atingos la arbaron, 
kaj zorgu por eviti 6iujn vojojn 
kiuj kondukas maldekstren kaj 
dekstren. La penso pri tiu 
mizera avarulo kauzas al mi 
multan doloron. Ricevu, sinjoro, 
miajn plej korajn dankojn. 
Rigardu tiun insektaron. Estu 
paco en la mondo kaj senfina 
bonvolo en la koroj de homoj. 
(H estu tiel. Antau dek du 
jaroj mi fondis tiun ci grupon, 
kaj nun la membrare nombras 
tricent d<* kvin. Bone, amiko 
mia, mi vin gratulas. Vi ciam 
sukcesu kiel antaue ! Kiel 
dolce odoras tiuj floroj ! Fajrero 
povas kauzi brulegon. Kvan- 
kam mi ne efektivo konas ion 
inalbonan pri tiu persono, mi 
tamen malkonfidas al li, sed 
])referas konsorvi mian propran 
opinion pri li nuntempe. Jen 
cstas klubano, kiu kolektas 
monerojii. Estas necese ke vi 
lernu parkere la tut an radikaron 
on ci tiuj vortarctoj. La muso 
rampis sur la korpo de la kapro. 
Kolekiu (vi) la pinglojn kaj 
enpaku ilin en la skatoleton. 
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SECTION I. VERBS 

Contracted Verbs. Verbs in aw, ew, and 

ow are contracted in the present and imperfect 
tenses. The following are the contracted tenses 
of Tifiduj, I honour ; (piX4u), 1 love ; and drfKdta, 
I manifest. 

Active Voice 
Present Indicative 


TtyOW (for TlfJLdw) 

01 Aw 

5t]\u> 

Tififs (for ri/<,dei5) 

0iAc(S 

dr/Ao/s 

Tif/^ (for Tijj.d€i) 

0tAe? 

dTjXoi 

rifidrov, etc. 

</}i\elTov 

dr)\ovTOV 

Tifidrov 

(f>i\uToy 

SlfXoVTOV 

TijiCffiev 

<fn\ovfi€v 

drjXovfXiV 

Tt/Actre 

0lX€lTe 

drfXovTC 

rt/iw<r( (v) 

0iAoO(rt (r) 

drjXovffi (v) 

Imperfect Indicative 

irlfjnav (irlfiaov) 

ifjilXovv 

id-^Xovv 

irifiai 

^0(\€lS 

idiiXovi 

irlfia 

^0t\€t 

idiiXov 

irifxaTOv 

^0t\€trov 

idriXovTO 

iTifJijdrr)v 

4<l»i\€iT'riP 

idrfXo&rr,p 

^TifiQjuLey 

i<f>iKovfJi.€V 

iirjXovfjAP 

inpJSLrc 

^0cAf?re 

idyfXovTc 

irlfiMv 

i<f>(\ovv 

iSijXovp 


By G. K. Hibbert, M. 

Present Subjunctive 


Same 

0tAw 

St/Aw 

as 

(piX-rjs 

SrfXois 

Present 

(piXy 

drjXoi 

Indicative 

(fnXrjrop 

SrjXQrop 


fpiXyjTOP 

dijXC^OP 


0tAw/Ufv 

drjXQfiep 


(piXrjTE 

d7)XC0T€ 


0(Aw(ri 

Present Optative 

drjXuxri 

TifKffii {rifidoifjn) 

(plXoiJLLl 

d7}X0llJ.l 

TlfKfS 

<piXoU 

drjXoU 


tpiXoi 

drjXoi 

rifii^Toy 

iplXoiTOP 

SriXoiTOP 

TllJUpTTIP 

(piXoLrTjp 

drfXolrrjp 

Ti/ju^fiep 

<plX0lfl€P 

SijXoiiiep 

TljJKfTe 

tpCKdire 

djfXoire 

Tifi^ev 

^lX0l€P 

drfXoUp 

or 

or 

or 

Tifu^rjp (rifJLaolyjp) 

<fnXoiriP 

SrfXolTjP 

rifjuprfs 

0iAoii;s 

BriXolTfi 


0tAoli7 

dfjiXoLri 

rifK^rjTOP 

<l>i\oL‘qTOP 

driXolriTOP 

TlflipflTlP 

4>iXoi'fyrriP 

diiXoiijTriP 

Tifi^nffieP 

^lXol7f/H€P 

drfXolrjfieP 

rifju^rjTe 

ff>i\olrfTe 

Bi/jXolriTe 


0tXofi:<r«r 

ill^\otr)(rap 



LANdUAQ<8--QRBCK 


Present Imperative 


tI/jxl 

^LXei 

bi)Xov 

Tifidriji 

ipCXelTO) 

b7]Xo&r<a 

TifiaroV 

4»iXeiT0P 

brfXovTOP 

TipAnar 

ifiCXelTtjiP 

b7jXo&r(ap 

rLpdre \ 

ftuXeiTe 

bvjXovre 

rt/xdrw<rav or 

ipiXeiTuxrav or 

b7]Xo\jTb)<rav or 

Tlfl(JI>VTiji}P 

<piXobPTUiP 

briXobPTOfp 


Present Infinitive 

Tifidp (rifideiv) 

<f>iXeiP 

brfXovp 


Present Participle 

Tifiwp, w<ra, Qp 

<piXCbp, ovaa, oup bTjXiap, ovaa, ovp 

Passive and Middle 


Present Indicative 

TLflWjXaL 

<f)CXovp,ai 

bijXoujuai 

ti/4 

<p Xei 

br/Xot 

rt/xarat 

^iXeiTai 

SijXoOrai 

TifxdaOop 

^iXeiodop 

dyXoOoBop 

TijjLaadop 

(fiiXeiodop 

bi^XoioBop 

Tip.dip.e6a 

tjiCXobpLeOa 

brjXobptOcL 

Tip.dcOe 

ipiXeiade 

brfXouaOe 

TipCiPTai 

^iXovPTai 

SriXovPTai 


Imperfect Indicative 

iTipLdjp.7)P 

i<pLXobp.r)P 

ibrjXobpLrjP 

bTip-Ci 

i<l>iXov 

ibrjXov 

(TipaTO 

e</)iX€iTo 

cbrjXoifTO 

iTip-dodop 

i<fiiXtio$op 

ibrfXovcrOoP 

bTLpdffOrjp 

i<f>iXelo‘dT}P 

ebrjXoboOnp 

inpdjpeda 

iipLXobpeOa 

ebrjXobpeda 

irtpaode 

^(piXeloBe 

^brjXovoBe 

eTipCjPTO 

^^iXoOvro 

48nXovpro 


Present Svbjunctive 

Same 

^iXCjpLai 

b7)XC}p,ai 

as 

<piXp 

brfXol 

Present 

ipiXrjTai 

briXOraL 

Indicative 

<f)iXijcr6o^ 

brjfXCjaBop 


(piXnoOop 

brjXuxrBop 


tpiXtbpLeSa 

briKdipeOa 


^iXrjaOe 

brjXCjcrBe 


^iXwpTai 

brjXCiPTai 


Present Optative 

Tipipprjp 

(f>lXolp,7}V 

8tjXoIp.7}p 

Tipipo 

(piXoio 

brjXoio 

TLpdpTO 

tplXoiTO 

brjXoiTO 

TipipoOoP 

ipiXotcrOop 

brjXotcrBop 

TipipcOrju 

(piXolcrOi^p 

byfXoloOnv 

Tipipptda 

<piXolp.t0a 

brjXolpeOa 

TipfffO^ 

<l)i\oia’0€ 

brjXoioBe 

TipipPTO 

tpiXoiPTO 

87)\o1pto 


Present Imperative 

TipC) (Tipdov) 

(fiCKov 

brjXov 

ripdaOo) 

^iXeloBit) 

briXobaBiJ 

TipdaSop 

tfiCKelaBop 

87)Xovff0UP 

Tipdadtap 

(piXelaBiap 

bnXobaBtap 

TipJdffOe 

fptXeTorde 

briXovaBe 

Tiudodioaap or 

4nXei<rdo)Cav or 

brjXobffBoo'av or 

TipLd<r9b)p 

fpiXeloBojv 

brjXobaBu'P 


Present Infinitive 

nfidffSai 4>i\€iffdai SrfXoOaSai 


Present Participle 

TlfLUiflCVOSf Tfl 0*' ^lXoiJ/i£l»0J, IJ, OV 5l/\oi5jU.€l»OJ, TJ, OV 

Note. A few verbs in au take -n for a in their 
contracted forma ; of these the commonest are ; 
4<iw, live ; thirst ; hunger ; Kvdcj, 


scrape ; yf/dv, rub ; give oracles ; anti 

use. Thus, to live ; thou 

thirstest ; xPV<eBai, to use. 

SECTION II, SYNTAX 
The Accusative Case 

The accusative always depends on a verb, or 
on a verbal notion in a noun. It may denote : 

1. External object ; 2. Internal object (in- 
cluding the accusative of result and the cognate 
accusative ; 3. Aim ; 4. Extent ; 5. Relation 
(including the accusative of the pait affected, 
and the limiting accusative). 

1. External Orject. This is the ordinary 
use of the accusative, to limit or direct the 
action of the verb — as : toDto woiovfievy We do this ; 
71 iriffTL^ <Tov aifftaKi <re, Thy faith hath saved thee. 

An intransitive verb — i.c., one whose meaning 
is complete in itself, may be used transitively 
by an extension of its meaning — e.g,^ \avddvuj, 
I lie hid ; 0€i>yw, I flee ; <fiSdvw, 1 am first. 
Thus, XavSdvovo-i rou^ 0i5\aifas, They escape the 
notice of the guards; tfxuyei rbv iraripa, He fiees 
from (shuns) his father ; i(f>Ortaay (from (pOdvu)) 
rbv xciuwya. They anticipated the storm ; 6p.vvixi 
Tovs Oeotjs, I swear by the gods. 

This accusiibive is frecpient in expressions of 
emotion, a verb being understood — as : ptj top 
A la, Yes, by Zeus; /xa rbv Ala, No, by Zeus; 
01 / TOP ijXio No, by the sun (I swear). 

2. Internal ()b.iect. The accusative repeats 
with more or less modification of moaning the 
idea given by the verb. Under this we have : 

(a) Accusative of Result — as : tpetf, 

You will give pain by speaking (lit. you will 
speak piins) ; (ioOpbp C^pv^e, He dug a hole. 
With this may be reckoned the accusative in 
apposition to the whole sentence, denoting the 
result of the action of the verb — as : 
KrdpippLEP, Xb7r7}p TriKpdp, Let US kill H(den, 

(which will be) bitter grief to Menelaus. 

(b) The Cognate Acou-ative, noun and verb 
having a common stem — as : ('iovXds fiovXeijtLP, to 
plan pLans ; dTroan^aeaBai SlttX^p dToardcriP, to 
revolt a double revolt. Under this heading 
comes what is often called the adverbial accu- 
sfitive, where a noun, pronoun, or adjective is 
u ed in the accusative case with an adverbial 
meaning — as : wpotpaaip, ostensibly ; Katpbp, op{)Or- 
tunely ; irdorav Ideap, ill every \4ay; 51 k 7 )p, like; 
xd-p^^t fm* the sake of ; rovrov rbp rpbirop, in this 
way; WXos, finally; tI, in wdiat respect; irpCyrop, 
a*^ first ; rb Xonrdp, for the rest ; obb^p, not at all. 

Under the head of Internal Object must be 
placed the .^lcci4.sa/?'?;e Ahsdvte, usual with the 
participles of certain impersonal verbs — as : 
biop, it being a duty ; bi6p, it being allowed ; 
irpoariKOP, it being fitting ; U^ap, it having 
been decided ; p.ETbp^ Trapbp, vwapxbp, rvxbp, 
deboy fiipov, elprifxlpop (though it had been stated). 
K. T. X. Example : 0i/5ety {^^OP eip'j^prfp dyeip) irdXefiov 
aip'n(r€Tai, No one (when it is possible to have 
peace) will choose war. 

3. Accusative of Aim, or “Terminus ad 

ijuem,” after verbs of motion. In prose this 
is preceded by a preposition, such as Trpbs, eh, 
M, to, towards, against, etc. But in poetry 
it is found without a preposition — as : 0i)/Sos, 
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Thou didst go to Thebes (Sophocles) ; xp^ia rls 
(re Oetra-aXuy “fr^pfrei, Some necessity sends 

thee to the land of the Thessalians. 

4. Accusative of Extent, (a) Extent of 

s{>ace — as : dHx^i S' if II^dra(a tQv (rraSlovs 

e^SofjLi^KOPTa^ Platiea is distant from Thebes 
70 stidos. (h) Duration of time — as : ijfi^pas 
ixovp (— ix^ov, from i^Sofn/iKovraf They 

worked at tlie mound for 70 days. 

5. Ac(jusative of Relation, Respect, Re- 
ferkncp:, or Definition, (a) Of the part 
aftected — as : dXyel roifs dSdpraSy He has a pain in 
his teeth ; v66as cokOs, swift of foot (lit. swift as 
to his feet). (6) Accusative of Limitation, used 
in certain common words, as : fjLiyeOos (in size), 
Spojjlcl (by name), y^jos, (pdtrLP — e.gr., Siatp^pei t^p 
(ftdffiPj He differs in nature ; "EXXi/y^s elai to yipos, 
They are Greeks by race. 

Double Accusative : 1. After verbs of 

making, thinking, finding, naming, appointing, 
etc. — as : (TTpartiySp airrbp dviSti^e (dTrod:lKPVfii), 
He appointed him general. 

2. After verbs of asking, teaching, concealing, 
taking away, clothing, unclothing, reminding, 
depriving, etc. — as: Qrifialovs xp^/^ara ‘^rriaap (from 
alrduf), They asked the TheV)an8 for money ; 
fii^ /if Kpdypx!^ raOro, Do not hide this from me ; 
d.pap.tp.P’ficTK^ip robs *ASripalov s t^p <ri'/i/iaxiav, to 
remind the Athenians of the alliance. 

3. After verbs of doing anything to, or saying 
anything of a person — as : Spdp ripd n, to do 
something to someone ; ciJ touIp tipcl^ to benefit 
someone ; 7rXet<rTa KaKd t^p itoXip TroioOirip, They 
do the most evils to the .state. [Note. eS 
Tpd<r<r(a means : 1 fare well, not I do good to 
someone], 

SECTION III. TRANSLATION. 

The student has now reached a stage when 
he may profitably begin to read sojue of the 
Greek authors. For his guidance a list of the 
most commonly read author.s is here given. 
One or two books of a prose writer should bo 
read before any works of the poets are attempted. 

Prose Writers. 1. Xenophon (b.c. 430- 
354), historian, wrote “ Anaba.sis,” “ Hellenica,” 
“Cyropoedia,” etc. 

2. Thucydides (b.c. 471-4C0), hi.st<irian, wrote 
“History of the War between Athens and 
Sparta,’^ in eight books. 

3. Herodotus, “the father of history” 
(b.c. 484-420), wrote a history of early Greece. 

4. Demosthenes (b.c. 384-322), orator, was the 
author of several magnificent speeches. 

5. Plato (b.c. 429-347), philosopher, disciple of 
Socrates, wrote “The Republic,” “ The Apologia 
of Socrates,” and several philosophical treatises. 

Poets. 1. “ The Works of Homer,” the great 
epic poem of Greece (compiled b.c. 940-850), 
including the “ Iliad” and the “Odyssey.” 

2. .ilSschylus (b.c. 525-456), 1 the great 

3. Sophocles ( ,, 495-405), }• tragedians 

4. Euripides ( ,, 480-406), ) of Greece, 

.^•^chylus wrote “The Seven against Thebes,” 
“The Agamemnon,” “The Perste,” “Pro- 
metheus Bound^” “The Eumenides,” “The 


Choephorce, ” “ The Suppliants,** etc. Sophocles 
wrote ‘ ‘ CEdipus Rex,*^ “ Antigone, ” ‘ ‘ Ajax,’’ 
“Philoctetes,” “CEdipus Coloneus,” etc. 
Euripides wrote “Medea,” “Baochm,” 
“Hippolytus,” “ Hercules Furens,” “Iphigenia 
in Tauris,” “Alcestis,” “Electra,” “ Andro- 
mache,” “The Cyclops,” “Hecuba,” “Ion,” 
etc. 

5. Aristophanes, comic poet, (b.c. 448-380), 
wrote “The Clouds,” “The Frogs,” “The 
Knights,” “Plutus,” “The Wasps.” “The 
Acharnians,” “The Birds,” “TheEcclesiazusae” 
(“Women in Parliament”), etc. 

Xenophon’s “Anabasis” is a good book to 
begin on, and after reading some of it the 
student might try a book of Thucydides. He will 
find Thucydides much harder than Xenophon. 
Not until he has read something of these 
authors should he try poetry. The best of 
the poets to begin on is Euripides (say, “The 
Medea”). 

Herodotus and Homer should bo left till a 
little later, as they are earlier than the classical 
period, and their Greek is not “classical.” 
.^schylus is perhaps the most difficult of the 
poets, and to appreciate the works of Plato 
(except the “Apologia Socratis”) the student 
needs some acquaintance with philosophy. 
A rough working knowledge of Greek history 
is essential, and Abbott’s “History of Greece” 
’ (Rivington), in two volumes, is recommended. 
Also the lato Prof. Jebb’s “Greek Literature” 
(Macmillan, 1/-) sliould be procured. 

Students desirous of studying the New 
Testament in Greek are advised to procure one 
of the Gospels in “ White’s Grammar School 
Texts,” published by Longmans, Is. each. 

With regard to Englisl) translations of Grecjk 
authors, among the finest are Jowett’s “Re- 
public of Plato” and “Thucydides,” Jebb’s 
“Sophocles,” Campbell's “Sophocles” and 
“ .dCschylus” (World’s Classics Series), Butcher 
& Lang’s “Odyssey,”, and Lang, Myers, 
Leaf’s “Iliad.” The translations in Bohn’s 
series are literal, but hardly inspiring. 

Key to Translation (page 6096) 

Indian Rivers 

And at that time all the Indian rivers ♦ were 
flowing both great and turbid aud with a swift 
current: for it was the season of the year. And 
at this season the waters from heaven are carried 
down in heaps to the Indian land,* and the 
snows of the Caucasus (whence are the sources 
of many of the rivers) increase their water. 
But in winter they become small and clear to 
see and all passable, except, at least, the Indus 
and the Ganges. 

♦ For “ the Indian rivers ” Greek says either 
ol "IpSoI irora/iot' (the simple and natural order), 
or ol rrorapLol ol 'Mot' (as here), or even rorafiol ol 
’Mot; but not ol rora/noi 'Mot', for that woul<l 
mean “the rivers (are) Indian.” This latter 
is the predimtive use of the adjective, the former 
being the attributive. 
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DEFORE considering the solar system in detail, 
^ we must glance at the methods by which the 
successors of Copernicus ascertained its real move- 
ments and relations. Even after Copernicus had 
persuaded men — not without much opposition— 
that the earth moved round the sun like the other 
jdancts, nearly two centuries passed before the 
act\ial laws governing planetary motion were clearly 
understood. 

The First Astronomers. Tycho Braho 
(1546 — 1601), who was the first of the great prac- 
tical tostronomors of modern times, made a series 
of wonderful and accurate observations of the stars. 
AVhen wo think that he had not the advantage of 
using a telescope, these observations were remarkably 
exact, and they provided the material on which the 
genius of John Kepler worked. Kepler ( 157 1 — 1630), 
wlio was a pupil of Tycho Brahe, undertook to calcu- 
late from these observations how the planets ought 
to move round the sun in order, at all times, to hold 
the positions in which they were actually found. We 
can hardly realise the many dilficiilties of this task, 
which Kepler carried out by what is known as the 
Method of Trial and Krror. That is to say, he had 
the unwearied patience to work out the conscc|uencc 
of every possible law of motion which his fertile 
imagination could suggest. All that he knew for 
certain was that at certain times the various planets 
occu])ied such and such places in the sky. Ulti- 
mately, by the aid of the perse veraneo which 
amounts to genius, he was successful in dis- 
covering the true orbits and laws under which the 
planets move in them. These laws, known for all 
time by the name of Ke])ler, are three in number. 

Kepler*s Laws of Planetary Motion. 

1. The orbit of each planet is an ellipse, having the 
sun in one focus. 

2. As the l[danet moves round the sun its radius 
vector describes equal areas in Cipial times. 

3. The square of the time in which each planet 
completes its orbit is proportional to the cube of its 
mean distance from the sun. 

These laws cannot bo fully understood without 
some acquaintance with inathemati<s, w'hich, of 
course, is a necessary prelude to all but the most 
elementary astronomical wmrk. They may, how^ever, 
he briefly explained for the comprehension of the 
non-mathematical reader. The figure in the dia- 
gram [ 7 ] is an ellipse — what is known in po]mIar 
language ns an oval — wliicli is symmetrical about 
the line AB, known as its major axis. It has two 
foci, S and Si, The fundamental law of the 
ellipse is that if we take any point P on it, and join 
this point by a straight lino to the two foci, then the 
•^um of these two lines SP and S,P is always the 
same— SP + Sj? = C. This enables us to draw 
fn ellipse in practice by fastening a piece of string 
to tS and Sj with drawing pins, placing a pencil in 
the angle SPS^, and running it round, so as to 
keep the string taut. Kepler’s first law means that 

planet always moves in an orbit of this sha|>e, 
oach planet describing a different ellipse. 


The second law is rather less easy to under- 
stand. The radius rcc/or is the line joining the 
sun to the planet at any moment ; if we suppose 
the sun to be at the focus kS, and P to bo the planet, 
the radius vector at various positions of the planet 
will be represented by the linos SP, SPj, SPo, 
etc. If (he positions P, P,, Pg, etc., represent 
those which the jJanet occupies after equal periods 
of time— say, once a month — then the soctois of the 
ellipse bounded by each pair of lines, SP and SPj, 
SP| and SP._,, will be equal. If a planet were to 
move in a circle round the sun, it is obvicus that this 
law would imply that it moved with a uniform speed, 
but since the curvature of the ellipse varies in every 
part of its course, so must the sf>eed of the planet 
in order that its radius vector may describe equal 
areas in equal times. The planet will, in fact, be 
moving faster when it is near the sun, as at P, than 
when it is far off from the sun, as at P„. 

Kepler’s third law shows that there is a definite 
numerical relation between the motions of all the 
planets, and that the time which each of them 
takes to complete its orbit depends upon its 
dwiance from the sun. Wo cannot explain in 
an elementary course why this relation should 
assume the ])arti( ular form given to it iii Kepler’s 
law, but the reader must take it for granted 
that this is a necessary consequence of the 
physical laws undv'r which the planets move. 

The Discovery of the Telescope. The 

next great step in the liistory of astronomy was 
taken when the Italian Galileo (1564 — 1642) dis- 
covered flic telescope about the year 1609. There 
is some dispute as to how far the discovery of the 
fact that two lenses placed in a certain relation to 
one another [see Piivsu’s, page 2901] would magnify 
distant objects, or bring them a])parently nearer to 
the observer, was Galileo’s, but there, is no doubt that 
Galileo was the first to ap]>ly this discovery to the 
study of the stars. His first tclescof)e [ 8 ], which was 
about equal in power to the instrument which can 
nowadays bo bought at a toy sliop for two or three 
shillings, showed him that the moon was another 
world like our own, with mountains and valleys, 
rocks and volcanoes, ])lains, and apparently seas 
and rivers - -though we now know that this was a 
misbike. (Jalileo’s next discovery with a more 
]>owerful telesco])e was the existence of countless 
stars which were invisible to the naked eye. The 
Milky Way, for instance, proved to bo no mere 
luminous haze, but an assemblage of myriads of 
small stars. The next fruit of the telescope was the 
discovery that the planet Jupiter had sjitc Hites ~ 
four little moons, which w^ere to become important 
as being the first addition made since history began 
to the numbers of the solar *system. Lastly, Galileo 
discovered the wonderful rings which girdle the 
planet Saturn, and the exisletice of spots on the 
sun. The truth of these discoveries was fiercely 
assailed, and every schoolboy is familiar with the 
story of how Galileo was imprisoned by the Inquisi- 
tion, and forced to recant his belief in the new 
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Bciencc of astronomy. But tlio propficss of trutli 
has novor hetui seriously elu'eked by obstaolos of 
Ibis kind, and (inlilco's work served as tho solid 
foundation of the vast and splendid fabric wbieh 
has been reared by the labours of his followers. In 
additio?! to liis purely astronomical work, he did a. 
vital sei vre to science by the discovery of the laws 
<»f motion, for which the student must consult the: 
course on I’uvsTfs [pages .‘ 1 ") and 422]. 

Newton and the Law of Gravitation. 
The discovery of the telesco])e, in spite of the theo- 
logian.s, wlio wantinl mankind to ])ut it to their 
blind eye, like Nelson at Coi»enhagcn, soon elimi- 
nated the objct'tions which were still urged to the 
tluuu’ics of (’o})cruicus and his successors. 'riie 
bounds of the solar system had been enlargefl, 
the other planets had been (liscovered to be worlds 
lik<' our own in miniature, their motions had been 
cl(‘a/ly established, and astronomy had now got the 
k'Ugth of forming a conception of the whol(‘ .solar 
system, much as we see it to-day, 
with the earth taking its ])lace as a ^ / 

minor ])lanet and sharing the motions , t 
of its fellows. But then' was still no / - 

ap)>arent- reason in Nature for all ' 
tlii'se wonderful and com))l(‘X move- ® 
meuts. Kepler had determined the \ 
hou' of the planetary motions, and it 
n'maim'd forSir Isaac N(‘vv ton ( 1(142 ' 

1727), one of the greatest, namts it 7 KKlUJi 

modern science, to ferret out the n'hij. 

Newton, who was born in 1()42 in a Lincolnshire 
villag«*, showx'd an early genius for mathematics, 
and was sent to f'ambi idge, where he dcvo(<‘d his 
life to this study. ]\ruch of his work, which prac- 
tically resulted in the foundation of nioderti malhe- 
maties, will bo found described elsewhere. \V<‘ have 
hero to deal only with the gnvit service that he did 
to astronomy. The problem of what should make 
the planets move, as Kepler liad shown that they 
did, in ellipliool oihits round the sun, and Imld 
their steady motion without variableness or shadow 
of turning, soon presented itself to his wonderful 
mind as worthy of deep thought. In his owm words, 
he *’ inKmded his mind upon tliis jaoblem for many 
years,” and at last lu' hit 111*011 th(‘ solution. The 
common story is that it was the sudden fall of an 
apjile from one of tlu^ trees in the orchard where he 
was sitting one summer day, revolving this great 
]*roblem in his mind, that led the truth to flash 
u])on Newton, and it is 
ipiitc possible that this 
may be .so. It is often a, 
seemingly trivial accident 
that leads to a groat dis- 
<*overy, just- as a solid 
fragment dropped into a 
.'iatnrated solution makes it suddenly llasli into 
crystals throughout. 

The Action of Gravity. It had long been 
knowni, of course, that the falling of bodies wms (lue to 
their w'eigbt or gntrity, and that this simply meant 
that they were attracted by the earth. Newton did 
not discover tho e.xistence of gravitation, as is some- 
times <‘rroneously said. What he did W'as to apply 
the w'ell-knowii force of gravitation to the w’ork of 
keeping the ])lanets in their orbits. The first law' 
of motion, which Galileo discovered and Newton 
enunciated as the basis of physical science, asserts 
that a body I’ontuiuc's to move ahvays in tho same 
straight line unless it is deticeted by some exteriic'il 
force. All bodies which, like the planets, move in 
closed orbits must be continually dellccied from a 
straight line by some constantly acting force, 
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roinpetent to kee}> them moving obediently rotind 
the centre, or they would tly away for ever into the 
remote abys.ses of space. Newton was the first to 
]K‘reeive that tlie familiar force of gravitation, 
which brings a stone baek to tho earth after we have 
Hung it away into the air, was also adecpiato to keep 
the planets from travelling on in straight liiu's. 

'The rate at wbieh a body falls towards the earth 
i.s always the same at the same part of the earth's 
.surface, though it varies slightly as we go toward." 
tho poles from the ecpiator Consequently we can 
cjdculatc tin* distance which a projectile, starting 
with a given velocity from llie earth’s surfac<*, 
will travel before it falls to the ground fstM- 
Physics j. Such a projectile wall roach the cartli 
from the highest i)oint of its llight in exactly 
the same time as if it wane allow'ed to f.il! 
from that j)oint. But we know' that the earth 
a sphen*, nrl its surface is everywlicfe ciirv*‘(J 
downwards from the straight liru* which is drawn 
tangentially to it. Suppose, now, that 
our projectile is tired along thi" 
straight line with such a velocityth.it 
by lii(' time it has falk'U down B) ft. 
towards the earth it has ri'achcd a 
])oiul wdicr(‘ the cjirlh's surfa<c 
curved JO ft. dowanvard from tin 
direction from which the project ilc 
W’as started, ('learly, although it h.i- 
fallen frei'ly uiuh'r tlu' alli-actiou (»f 
gravitation, it w’ill Ix^ no ni'an'r tin 
earth's surface than when it started. By th(‘ tim*' 
it has fallen another 10 ft. the earth's surface will 
still hav<‘ cuiwed as far away from it, since tlic 
('urvatun' of the sphei'e iucrcast's (‘xaclly at the 
same rate as tlu' speed wit li wliich tho hofly falL 
to the ground. 

Thus our imaginary projcidilc, preserving iL 
initial velocity, as it would do if tliere were iic 
atmospheric ri'sist.ance to (‘lu'ck it, will also pre- 
serve its original distance from the earth, and will 
ultimately come hack to the same ])la(^e fromwliicli 
it .started, after eofupleting the circuit of the earth. 
If it is lircfl with a velocity less than we have 
sup])o.sed, it w ill reach the earth sooner or laO'r : 
if with a vc'locity somewhat greater, it will travel 
away from tlie (‘arth in a graclually w idening spiral. 
But if (he velocity is rightly eho.sen, our inoject ih 
will bcHome a sat«*llitc per])etually circling the earth 
at the same distance. It i.s, of course, impo.ssihic tn 
liy such an ex])eriment. 
(‘ven if we coukl imprc".- 
the necessary velocity 
upon c^Tir iwojeetile — . 1 -. 
indeed, in days of modem 
artillery is not outside the 
range of pos-sibility. Tli'‘ 
le.sislanee of the air would c'litirely upset tli'* 
w'holc ex})erim(‘nt. But tho planets, and even our 
.satellite, the moon, arc far outside the reach ot 
such a minor consideration ; they move through 
tho void of spare, whicdi is practically an ah.soluic 
vaeuuin and presents no resistance whatever !<• 
(heir movement. Newtem was led by some such 
train of thought to ask himself whether the f.c t 
that the moon was constantly falling towards llu' 
earth and at the same time moving alw’ays forw’aid 
with a delinite velocity, might not suflice to account 
for its continuance in its orbit. 

The Law of the Inverse Square. ILv 

matheimifcically w'orking out the consequence." 
Kepler's laws of planetary motion Newtou di-- 
eovered that these laws implied that the force 
which hold all the planets moving round the sun 
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must be a force eniariHting from the sun and varying 
inversely witli the s<]uaro of the planet’s distance 
from that body. Ifaving made this discovery, he 
looked round for a force which acted under these 
conditions, and was capable of ])roducing the 
observed results. It struck him, as we have seen, 
that the well-known force of gravitation might bo 
the force required, and he saw that this force would 
bo (piite able to keep a projcctilo circling the earth 
if it started with the proper velocity, and the resist- 
ance of the atmosphere could be removed. He then 
proceeded to extend this calculation to the moon. 

Why the Moon Circles the Earth. 
The moon is roughly distant from the earth by 
sixty radii of our ])lanet. Therefore, if the law of 
gravitation is subject to the condition of varying as 
the inverse square of the distance, its intensity at the 
moon would be ...V.o of its intensity at the surface 
of the earth. Now experiment has shown that a 
body falling freely on the surface of the earth falls 
about 10 ft. in the first second. Therefore the moon 
ought to fall towards the earth at the rate of ^ JtItv ft. 
per second. Newton then calculated whether, if the 


moon fell constantly towards the earth at this rate, 
its known velocity would keep it in movement, and 
always at the same distance from the earth, like the 
projectile which we have been considering. IliN 
t:\lcula lion a]i]iarcntly came out wrong, and he 
laid the whole question aside for sixteen years. 

At the end of that time he discovered that his 
calculation had been based on an uiidor-cstimate of 
tile size of the earth. He worked it out again with 
tlie imjMOVcd data which wore supplied by a luwv 
tr€*neh measurement of the (‘arth’s e iron inference, 
and he thus found that the great question was 
solved. The fall of the moon towards the earth 
under the influence of gravitation was exactly 
sufficient, when eom])ouiided with its ow'u velocity, 
to keep it moving for ever in its orbit. Newton at 
oiiee devoted himself to this investigation, and 
'iiially produced the first coherent explanation of 
Hie planetary motions. They are all subject to the 
law of gravitition, which is thus enunciated : 

Kvery particle of matter in the universe atfracts 
every otlier particle of matter w'ith a force ])ro- 
portional directly to the mass of each and inversely 
to the square of the distance betw^een them. 


Universal Gravitation. Ho far as astro- 
nomers have been able to observe the behaviour 
of matter in the laboratory, in our own solar 
system, or in stellar systems situated so incredibly 
far away that the most jwwerful telescope is unable 
to show their eompoiients and light itself takes 
many years to bridge the abyss by which they are 
divided from the earth, this law'^ has always been 
found to dominate material motions, and it is now 
the fundamental law of mathematical astronomy. 
It enables us to calculate the motions of all the 
bodies in the heavens, w'ith the aid of a few' observa- 
tions of their positions at different times. In this 
manner tables of the movements of the moon and 
planets can he prepared for any length of time in 
advance. The “ Nautical Almanac,” which is iudis- 
]iensable to the navigator, contains such a set of 
tables for the whole year, and the chief business of 
(ireenw'ich Observatory is to prepare this almanac 
for ]»ublication years in advance. We shall see else- 
where how these tables enable the sailor to find 
his way across the seas [see Navigation The 
mcthotl by which tlii'y an* calculated is very much 


mure eoniplieutcd than any wo can explain lM‘n\ 
Miicc noiuiof the ])lancls moves inuh'r tlie simple 
inllncnee of tlic sun's gravitation and its own 
\ckx-i(y, but they arc all itrrtmind by their mutual 
attract ion, and coiujilicatcd elements are tluis 
introdiu'cd into the calculation of their future 
])laees. 

Celestial Measurements. The chicr 
mination of the ])laccs hold at any particular time 
hy the planets and tin* calculalioii of their orbit, 
fall within the scope of mat lu'inatical astronomy. 
This it is ipiite impossible to teach in a brief course 
like the present, which merely aims at giving the 
student a rational idea of the mechanism of tin* 
heavens. But w'ithoiit any hut the most ele- 
mentary mathematics it is (piilc possihli*. to give 
an outline of the princi}ilcs which are involved in 
celestial measurements and eonqnitalions. 

In the first place it must be miderstood that, 
the astronomer begins by dealing, not with real 
])lares of the jdanets and stars, but wutli tlicii 
apparent projections on the celestial sphere. \\c 
are accustomed to talk in popular language of 
the “ vault ” of the heavens, the ” arch ol 
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the sky, and so foith. From the earliest times 
man has had a notion tliat the earth was sur- 
rounded by a vast sphere on whieli the stars 
were fixed for liis deliglit. The erystalline spheres 
of tlie early astronomeis were but the develop- 
ment of this notion, whi<‘h seems to eome naturally 
to us as we look at the iiijLiht sky. 

As a matter of fact, we know now’a- 
flays that the stars are very far from 
l)cinfr symmelrieally arranired on the sur- 
face of a sjdiere whi< h lias the earth, or 
<‘ven the. smi, in its <-entr(‘. Instead of 
being ecjuidistant from us, as tliat hy]>o- 
thesis would involve, some of them are 
hundieds of times farth(‘r away than 
others, and they are arianged in what, so 
far as we know' at ])reseMt, is an entij-ely 
irregular order. Hut ev(‘r since the 
dawn of astronomy it has been the 
custom to lix the ]»la<(‘s of both stars 
and ]jlanels witli rcfereiKC to this 
imaginary sphere. A little thought will 
make it clear that, if we ignori* the 
((uestion of the distances of the planets 
and stars from the earth, we can (ix their 
plac(‘s and trace their motions just as 
well if we d(‘al with tlu'ir projections on 
;i vast imaginary sphere as if w'c dealt 
with the actual liodies lhcms(‘l\(‘s. 'I'his 
imaginary s])hcr(‘ is supyaised to have the 
earth in its centre, and the regions into 
which it is mapped out for convenience 
of reference coiresjaaid with the ilivisioiis 
of terrestrial geography [lOJ. 

Measurements on the Celestial 
Sphere* The pair of globes which used 
to form ])art of the furniture of every 
girls’ boarding school have unfortunately gone out 
of u^e, and it is very rarely that an astronomieal 
globe is now'adays seen. Yet a great deal of this 
])art of a.stroiiomv can lie learnt in live minutes by 
studying sueli a globe, whkh otherwise la ke.s a long 
while to describe, 'the sludenl may, however, take 
(he ordinary g<*()gra])hical globe and a])ply to it all 
(hat we are saying about the imaginary sphere of 
the liea veils. Jt is well known 
that the po>ilion of any 
))laee on the earth can be 
iixed ab.'^olntely by means of 
( W'o, and only two, measniv- 
ments. 'I’liese are ealled in 
geography hiitude and loniji’ 
fade. The former gives the 
angular distance of a town 
from the (‘ijuator, aiul the 
latter its distance from a 
Iixed meridian, whi<‘h in 
Fngli.sh geography is that of 
the Royal Observatoiy at 
tlrecnw'ieh. A moment's 
thought will make it clear 
that there ran only be one 
])lacc eorres])onding to any 
given latitude and Jongiliide. 

Measurements of the ap]»a- 
rent ])laee of a star or ]>laiiet 
are made in exactly the 
same way. 

The imaginary celestial s]>here [10] is divided, 
like the geograjihical globe, by great cirrlvn or mcri- 
(liaufty each of which passes through its two poles, 
'riiesc poles are situated where the axis of the earth, 
if iiidefinitoly jirolonged in both directions, would 
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the zenith of the terrestrial poles — “zenith” being 
the astronomieal term for the ])oint vertically above 
the observer's standpoint. Every circle drawn 
on the eele.stial sphere which ])asses through its 
poles must be a. great eirele [see .Mathemati<\s |, 
w’bieh is tli(‘ large.st circle that can ])Ossibly be drawn 
on the surface of such a sjiliere ; and all 
great circles are ctiual to one another. 
1’he celestial equator ]^ a great circle drawn 
round the imaginary s])here midway 
betw'een the ])oles, and it, of course, is 
situated where the plane of the earth’s 
e(piator, if iiidetinitely prolonged, would 
interseet the celestial s])here [9J. 

The Meridian. All these imaginary 
])oints and lines are definitely iixed in the 
sky with relation to the earth. Hut every 
place on the surface of the earth has its 
own celestial meridian, wliieh is a great 
<‘ircle<lra wii on the relestial s])herc through 
the poles and the horizontal points which 
lie due north and south of the observing 
station. 'Phe rotation of the earth causes 
tliis meridian to make a comjilete revolu- 
tion of the sky in twenty-four hours. 
In th(‘ course of this revolution it jiasses 
over every visible .star ; but for convenience 
we usually S])oak of these stars as cross- 
ing the m(M*idian. w'liicli we consider to be 
fixed as it ajjpoars to our senses, though, 
of rours(‘. this is only a w^ay of speaking, 
and no astronomer forgets for a moment 
tliat the reality is just the reverse of the 
apparent f.'iet. Tf we are going to .set iij) 
an avti'onomical oh.servatory, the first 
thing that we hav(‘ to <lo is to determine 
the exact position of its ])ro]K'r meridian 
other words, to mark the point due .south 
The next thing is to dcdia iuiue its terrestrial 
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sphere, and .so they occupy 


'-or, 

of it. '\ 
latitude. 

'Phe latitude of a ]>la(“e on the earth is measured 
hy (he number of degrees hetw’ocn it and th»‘ 
equator. .\s the qiiudrautf or (juartev of the great 
circle or nieridiin intorcejited between the poles arul 
the ofpiator, mea.siires tM)'\ we (‘an, if we lik(‘, 
ex])r('ss the jiositicm of our 
station w'ith erpial aoeurac'y 
I)}’ measuring its fxdar dis- 
tanre, which is obtained by 
subtracting the latitude, 
from 1)0° ; it is merely a 
(j nest ion of convenience 
which mea.su remeiit we use 
|9|. Hearing in mind that the 
celestial sphere is sim])ly a 
reprod\iction of the terres- 
trial sphere on a larger scale, 
wo .shall see that the point 
on the celestial sphere whk^h 
is the zenith of oiir stand- 
point has the same relation 
to the celestial pole and 
e(|uator as the observing 
.station ha.s to the terrestrial 
f)iics. Talking of the zenith 
iiitrodnees ns to another 
very important groat circle 
on the eele.stial sphere- -that 
of the horizon. The liorizon, in ]) 0 ])nlar language, 
is the limit of our vision at any particular yilace. 
Hut the astronomical horizon is more exactly 
defined as a great circle distant 1)0° from the zenith. 
If we are at sea, or on one of the fiats of the 
Fen district, or a similar plain, the apparent 
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horizon and the astronomical horizon practically 
coincide. 

Determining Celestial Altitudes. A 

glance at the diagram [9] will now bring out 
some interesting relations between these various 
points and circles on the celestial sphere, 'fhe 
altitude of any point in the heavens is measured by 
its distance in degrees from tlie horizon, and its 
zenith distance by the number of degrees between 
it and the zenith; the altitude, of course, can always 
be obtained by subtracting the zenith distance from 
tK)®. When wc are observing the altitude of any 
star, wc usually find that it varies according to the 
time when wo look at it. There is one cxee])tion to 
this rule, and that is the Polo Star, which seems to 
the naked eye always to bo at the same 
altitude. As a matter of fact, its altitude does 
vary slightly, simte it docs not occupy the exact 
celestial pole, but makes a very small circle 
round it. The celestial polo is the one point ^ ® 
in the sky which always remains at the same I . 1 
altitude. Evidently it must do so, because it | I 
is the end of the axis on which the real rota- it i 
tion of the earth and the ap])arent revolution | ? 

of the celest ial sphere are pci-formed. T; 

The actual north celestial pole is not marked g’, 
by any star, but it is easy to find, because it is ^ ' 

tice by ineasuring the 
venientcircum polar star 

average or ?neau of these 

tw'O altitudes will ob- ^ 

viously give the altitude ft 

of the pole. A glance at ip| 

the diagram will make ' 

the horizon. As wo go 

north from the iKjuator 13 . poutaut.e ti 

tlio north CfdeslJal pole 

gradually comes into siglit, and rises higher in 
the sky ; at London its altitude is about 51 

Stellar Measurements. Two measures, as 
we have seen, a re enough to fix a place on the earth’s 
surface, and they will similarly fix the ^msition of a 
star in the sky. There are various ways in which 
those measures may be taken. Wc might measure 
^he altitude of a star at the moment when it crosses 
the meridian to the south of the pole, and the time 
at which it crosses the meridian. We might 
moasuro the distance of the star from the celestial 
equator, and its distance from any tixed point on 
that equator, and thus determine its celestial 
latitude and longitude. We might measure its 
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distance from the zenith, or its altitude, and its 
distance from a tixe<l ])oint on the horizon, which 
is known as its azimuth when measured from the 
south point. 

This would be an inconvenient system, because 
such measurements would be continually chang- 
ing with the dinrnal rotation, whereas the angular 
distances of an object from the celestial pole 
and from a fixed point on the celestial equator 
are constant. 

Right Ascension and Declination. 

The measurements by w'hich an astronomer usually 
fixes tim place of any star are known as its declina- 
/foyi and i\n right ascnisirm [ 12 ]. The declination of 
a star is its distance in degrees north or south of 
the celestial equator ; for convenience it is 
always written with the sign + if north, and 
k — if south of the equator. Declination cor- 
IP responfls precisely with the latitude of a place 
b on the earth, as right ascension cloes with its 
t longitude, but the words latitude and lougitvdf 

H in astronomy arc applied to entirely dificrent 

B sets of measurements —which is rather iiieon- 

The right asetuision of a star is the angular 
distance between the great circle passing 
HR through that star and the ])ole, and another 

]>ivsscd in symbols: 
1 hr. -15°, I min. 

VNsiT TEi.EsropE 1 s(‘e. -15''. As the posi- 

lion of a place on the 
earth is given 1)V saying that it is situated in 
latiludo 51^^ 30', longitiuie 0"^, so the position of 
a star like Sirius is given by saying that its right 
ascension is 0 h. 40 m. t2 sec., and its declination is 
35'. 

There is used in praelico a very convenient 
method of detenuining the right ascension of anv 
star. If we know the time at which the imaginary 
point on the celestial equator known as the vernal 
equinox crosses the iiioridian of our observing 
station, and then observe the time at which the 
given star crosses that meridian, the interval of 
time between these two events wdll always give the 
right ascension of the star. Similarly the dechnat ion 
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of a st.ir ran easily bo found by measuring its 
north polar distance, or the number of degrees 
which divide it from the north celestial pole. If 
this distance bo less than {K)^\ the declination of 
the star is got by siibtraeting it from 9(1^; if it be 
greater, the declination is obtained by subtracting 
9(1” from the north polar distance an<l ])retixing a 
minus sign. 

The Measure* 
mentofTime. Astro- 
nomy, as we have s(‘en, in- 

troduecs us to a measure- Vq 

ment of time which dilTers 

hours issimplythe ])eriod ,V 

ill which the earth com- 

jiletes one revolution, as .J/j j 

measured by the a])pa- j hi 

rent movement of the J J 8, tIMS 

sun. But since this motion ] j 

is not (juite uniform, the S- | 

real solar (lay di tiers in [, 

length by nearly a minute 

at dill’ercnt times of the 

(lilTcicnci* in the period of S|. • ff fSIn^l 

the cart h’s rotat’on, wiiich RWg \ ^ 

is the most ahsoIiit('ly ' f Iff . V'fe r 

uniform measure of tinu* i Bjl'', 

that vve know. We use ' 

called ///((fn solar lime, ;|gUwjLLq^ 

which is a measure of 

this rotation. Hut we 

have aln'ady .seen that u 

the earth comiileb's its ^ 

ap])arent r(‘Volution in ' ■■ 

rather less t han a day — to i 

be exact, in 211 iiours dti ' ’ " - . ‘ 

minutes 4*09 seconds. This 

sidereal day is tlu’! interval 14. M()T)KKN KQl 

of time which cla])ses 

hotweeu two successive ])assagcs of the same star 
across the meridian of a place. It is easy to under- 
stand the difference between the solar aiitt the 
sidereal day when wo notice that it amounts to 
exactly one day in a year. 'Flie sidercad day is 
measured by the rotation ])erio<l of the earth. But 
the earth not merely rotates, it also rc\olves round 
the sun in a yi'arlv orbit, hi (he course of this 
revolution it completes one additional rotation 
on its own axis. Tliei-cfore (he earth 
makes only about ,‘h5r>j rotations in a 
year with regard to the sun, whilst it 
mak('s :h)(){ with regard to the stars. / 

This is why the sidereal day is shorter / 

than the solar day by about part. L 

The Astronomer’s Clock. \ 

One of the most essenti.'il ]iieces of \ 
a])paratus in an observatory is a (dock \ 
set to kee]) sidereal — not solar — time, 
and so regulated that it points to ^ 

0 b. 0 in. 0 sees, at the moment when 15, ,v ^ 
the vernal e((iiinox crosses the meridian. jq 

d'his (dock [11] is always divided into 
twenty-four hours, to avoid the inoonvrni('nco of 
having to say morning or afternoon. For the same 
)'ea.son astronomers divide the solar day into twenty- 
four hours, beginning at noon so that the horns after 
midnight arc known ns 13, 14 etc. With the aid 
of this clock the right ascension of any star can be 
immediately found by observing the instant at 
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wbi( h it crosses the meridian ; the hour then shown 
on the sidereal clock will give its right ascension. 

The Ecliptic. "I rhen' is one other gi’cat ciivdc 
of the cclc.'itial sjihere which is of importance. Tliis 
is the e(di])tic., or great circle in which the sun a])pears 
to travel [see 10]. It is really, of course, the circle 
in wbi(di the. plane of the earth’s orliit intersects 
the celestial sphere. The 

the two points 90” di.stant 

3 The Transit 

Telescope. We now^ 

' f" ‘T' (‘omo to consider tin* 

I A A ■ inslnimcnts b,v means of 

.£ ^1-^ g W'hicdi astronomers mc.i- 

I ^ kbit’s and planets. The 

I ! iJB|bR\ ^ telescope is an essential 

^ adjunct to this wajrk. but 

it is not used in tliis 
instance to magnify tlu^ 
^ celestial object, as is the 

L ^^ber branches of 

astronomical work, but' 
Nim])Iy to dtdinf' its po.si- 
nl ' yi I lion with the greatest. 

" ' ' ■ possible accuracy. Before 

PORTAL TETjESCOPE the teles(‘opo was in- 

vented astronomers could 
only determine the apparent position of a star by 
pointing a straightedge to it as nearly as possible. 
They achicv(‘d a wonderful d('gn‘c of accuracy w illi 
the instruments made on this princi[)lc, hut it was 
only the in wait ion of the t(descope wdikdi rendered 
])()ssible (h(^ achievements of modern astronomy. 
The telescope is now' used by astrejnomers in exactly 
(he same way as the smveyor uses the theodo- 
lite — in order to give precision in getting tlic exact 
direction of the object. 'Hie lield of the 
telescope used for this ]uirposc is 
\ dividecl into a number of ])aris by the 
\ tiiH'st possibk* threads of spider’s web, 
\ wlikih are arranged so that two of 

] them intersect in the exact centre of 

I the lield [15]. When the image of llic 
/ star or plan^'t is made exactly to eoincide 
/ with tins intersection, wc! are sure that 
y' the telesoope is pointing absolut(?ly to 
^ its a. pparen 1/ [)lacc. 

A TELESCOPIC transit instrument [13], which is 

FIELD the one chiefly used for the determina- 

tion of stellar jilaces, consists of such a 
telescope with a lens 10 in. or 12 in. in diameter. 
It is fixed up on the diameter of a large circle, 
known as the transit circle, whose circumference 
is divided into 360” and their fractions. This transit 
instrument is set up in the observatory so that the 
))laiie of its circle coincides with the plane of the meri- 
dian. The telescope is mounted on a horizontal 
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axis, so that it is free to swing \ip and down in 
this vortical plane, but cannot move out of it. The 
central thread in its field is so adjusted that it 
precisely coincides with the meridian, however the 
instrument may be turned on its axis. The greatest 
precautions arc taken to insure absolute rigidity 
in the mounting of a transit instrument, which 
is usually placed on a very massive block of 
masonry so as not to be affected by local tremors 
of the earth. 

Finding Stellar Places. When it is 

desired to observe the meridian passag(‘- of a star, 
the telescope is turned by means of the graduated 
(urcle to the known altitude at which the star 
culminates. The sidereal clock stands also beside 
the transit instrument, beating seconds very 
audibly. When the star is almost due, the observer 
begins to count the seconds from the beginning of the 
last minute. As it flashes into the field of his tele- 
scope, and hastens across tlie threads, he estimates the 
exact moment at which it crosses each of them, 
usually five or seven in number, and by taking the, 
average of all these readings he gets the i)reeise instant 
at which the star has crossccl the central thread, 
or the meridian. Tn modern practice the electric 
elironograpli is called to the astronomer’s assistaiKT, 
and by merely ])ressing a button as llie star crosses 
each wire the time is registered witli greater accuracy 
than was possible under the old method, '.riie time 
of meridian j)assage, when various minute eorretdions 
for tli<‘ error of the clock, the observer’s y)ers(m:d 
e(|uation, and so forth have been applied to it, 
gives the right ascension 
of that star. 

The transit instrument 
can also he used to mea- 
sure the declination of a 
star. As a matter of 
convenience, what is 
measured is not the star’s 
actual declination, but its 
zenith distanee. The field 
of the teleseo])C contains 
n horizontal spider line 
jl5 ABJ as well as the 
vertical ones used in re- 
cording transits. This line 
is movable by a screw. 

When the star whoso 
declination it is desired to 
observe is approae,hing 
the meridian, the tek'- 
sco])c of the transit 
instrument is pointed as 
nearly as possible to its 
place, and as the star 
rushes across the field of 
the telescope this Iiorizon- 
tal line is adjusted so that 
it bisects the image of the 
star just as it crosses the 
meridian. By means of the graduated circle attached 
to the telescope the angular distance between the 
star and the zenith can then be measured 
accurately, and if we know the latitude of the. 
observing place it is a simple calculation to find 
the star’s declination [15J. There are many other 
forms of instrument, all consisting of a telescope in 
conjunction with some means of measuring its 
changes in direction, which will be found fully 
described in such a textbook os Mr. G. F. 
Chambers’s “ Astronomy.” 

The Telescope. The tcloseopo is an essential 
part of most astronomical instruments, and must be 


briefly described, though for fuller details the student 
is recommended to consult the course on Optics and 
yiage 612(5. Tlie telescope has two fuuetioiis in astro- 
nomy. One is to enlarge celestial objects by collect- 
ing into one focus the rays received on its lens or 
mirror. The other is to ascertain the exact y>lace 
of a stellar object by enabling us to be sure that 
our instrument is pointe<l exactly towards it. The 
former function of the teles(‘ope is ehi(‘fly employed 
in studying the moon, sun, and planets, and the 
latter in studying the stars. Telescopes arc of two 
kinds, and refracting. 'I’he former brings the 

rays of light to a focus by means of a concave mirror, 
the latter by means of a convex lens. Galileo's 
original telescope was a refractor, and the most 
powerful modern telescopes are built on these lines. 

The Achromatic Refracting Tele^ 
scope. The reflecting telescope was introduced by 
Sir Isaac Newton on account of the great diflkailty 
which existed in liis day in obtaining large discs 
of glass sufticiently pure and homogcrieons to 
form the lenses of large teleseopcs. This difliculty 
has now betm })ractically overcome, and lenses 
as large as 4 ft. in diameter can be constructed 
witli great accuracy. The lens. how<'V(?r, has an 
essential imperfection from which the coneav'e mirror 
is free. Ordinary liglit consists of a great many 
rays of different colours and of ditferent degrees of 
refrangihility. 'I'he concave mirror brings these 
all to a focus at tlic same point, whereas (ho glass 
lens does not, and eonsecpieiitly the early refracting 
tele.scopes gave blurred images, which became 
less distinct as the lenses 
wt'ie made larger, and fh^ 
distances through wliicli 
the difTtu’cnl rays were 
deflected increased. 

’’J'h is difficulty has been 
largely obviated sinc<; 
Dollorid’s discovery of 
the (icJirotnntic itns, which 
is made up of two h*nst!s 
of ditferent kinds of glass, 
’i'hc modern refracting 
telescopes give images 
almost as clear as the 
ndiecting tele.scopes, and 
they have yaactically 
su])er.'-eded the, latter. 
For all pur])Oses of 
juatlicmatical astronomy, 
vvhi<di deals with the 
motion of the planets 
and stars, Iittl(M)r nolhirig 
is gained by increasing 
tlie, si7,(‘ of the tele.scopt^ 
beyond 10 in. or 12 in. in 
aperture, 4'he gigantic^ 
tele.scopcs ( 14 ] whicli an‘ 
made nowadays for such 
observatories as can a (Ford 
them — generally through the munilieeiico of 
millionaires like Mr. Lick and Mr. Yerkos — are 
designed for the u.so of the physical astronomer, who 
endeavours to find out the conditions wliadi exist 
on the surface of the various planets, and to 
di.scover the con.stitution of the sun and its 
brother stars. 

Photography and the Telescope. 

Now'adays the photogra])hic camera is largely used 
in conjunction with the telescope as a supplement to 
the eye of an observer. The yiliotograjfliie yihite 
is capable of recording impre.ssions which are fur 
too faint and illusive to be recorded by the human 
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rvo. Tf ono n;azos voi y loiii' nt» tho Raino objrcfc 
the eye grows fatigued, wlierea.s the photogra]>hic 
plate never vvearic'S and eontiniies to aceninulate 
information from tlie sueeessivc rays of liglit which 
arc allowed to reach it, often for many hours 
at a time. In this way a great many new celestial 
facts have been discovered, sneh as the existence 
of the vast nebula which envelops the Pleia<l(‘s, and 
is (|uitc beyond the reach of the most ])owerfiil 
telescope in the hands of a Innnan observer. Tho 
light rays which have most efTect upon tho 
photographic plate arc almost iinisihle to the eye, 
and, consecpiently, sptM'ial ]*hotogrnphic telescopes 
arc now made with the lenses so curved that these 
actinic rays are brought by them to an exact 
focus in preference to the rays of longer wave length 
by which normal A’ision is conducted, 'rhe latest 
survey of tln^ heavens has been 
made by means of a ininiher <»f 
similar photographic telescopes 
1161, erected at observatories in 
all ])arts of the world, which have 
Mieeoeded in charting something 
like thirty million stars. 

The Spectroscope. After 
the telescope, the instrument which 
is of greatest value to the imxlern 
astronomer is the spectroscope. Tt 
is by means of this marvellous 
instrument that wo have been 
enabled to analyse the constitution 
of the sun and the far-off stars, 
and to satisfy ojirselves that the? 
universe is everywhere composed 
mainly of the same ehcmieal 
elements which ai e found upon the 
earth. In its sim])lest form it 
consists merely of a teleseo])e and 
a prism. Newton discovered more 
than 200 years ago that when ordi- 
nary sunlight was passed through a 
glass prism it was sjdit up into a banti of colours 
I see Frontispiece opposite pige 00071, g>*a<lnally 
shading off from red at one end through orange and 
yellow and green to violet at the other. For a fuller 
explanation of this fact the course on Optics must 
be consulted ; it is enough to say here that it means 
that light consists of vibrations or waves in the 
rv248 


nbi(piitoiis el her, which vary merely in length. Light 
of on(‘ parlieular wave-lenglli is always associated 
with the sensation of a particular colour when it 
f.dls u])on our eyes, .and white light is a mixture of 
a great numlxu’ of rays of all possible wave-lengths. 
1’lie action of the spectroscope is simply to analyse 
tlu* light which falls upon it from a distant object 
into a regular series of wave-lengths, each of which 
is recognisable by its particular colour and also 
by its place in the speefnmy as tho colour band 
shown by tho prism is called. 

Spectrum Analysis. I'bc first great step 
in s|x*etroscopic analysis was taken when Kirchholl 
and Ibmsen discovered, in the early ])art of the last 
century, that a heated gas gave out light rays of the 
same wave length as those which it absorbed when 
Oldinary white light was passed through it. White or 
solar liglit. is made up of rays of 
very variiius wave-lengths. Ibit 
these do not form a continuous 
series. When we examine this 
solar light with the aid of a 
spectroscope, we see that the long 
band of variously coloured light, 
info which it is drawn out by the 
train of ]n*isms, is crossed from end 
to cn<l by a series of dark lines, 
varying in width. Fach of these 
dark lines, of course, is simply tli(^ 
negation of light at this particular 
])lacc in the s])ectrum. Something 
between ns and the Inininous body 
of the sun has stopped the ray of 
light whos(‘ wave length would 
make it visible at the yiarticular 
spot in the spec t rum where a dark 
line occurs. 

If we apply the s]->ectroscope to 
analyse the kind of light which we 
produce in tho laboratory by heat- 
ing some element until it becomes 
incandescent, wo find that we get an entirely 
different kind of spectrum, which consists of a few 
bright lines. If a piece of sodium is held in the 
flame of a Bunsen burner, and looked at through 
the syiectroscope, we see a few bright yellow 
lines, whereas, when iron is similarly treated, the 
six'ctrum consists of several hundred bright linos. 



18. THE PRECESSION OF THE 
EQUINOXES 




ASTRONOMY 


It is furtlicr found by cxi>eriinrnt that tlio 
sinie eloinent, when rcdiiecd to tlie eondition 
of incandescent gas, invariably makes its pi-o- 
scnco known by the appearance of the same 
scries of briglit lines. Consecpiently, the s])ee- 
Iroscojx? affords a simple and conclusive tost of 
the presence of any particular element in a bj)dy 
which is hot enough to be reduced to the eon- 
<1 it ion of an incandescent gas. 

This is the physical state of all 
the visible stars, and llie reader 
will now begin to sec how it is 
possible for us to detect the 
chemical constitution of such 
stars. When we turn the 
spectroseope u])on a star, 
though it be so far away that 
its light may have taken 
hundreds of years to reach 
us, and see the bright lines 
w'hich characterise the s])cc- 
truin of hydrogen bla/ing out 
in their unmistakabh' posi- 
tions, wc say at oiK’C that the 
atmosphere of that star must 
consist of white-hot hydrogen, 
and so on with all the other elements which have 
been discovered as existing in stars. 

Selective Absorption. Hut the dis- 
covery of what is eall(‘d ,s<hrtin- (ibsnrftHon by Kireli- 
lioff and Bunsen carries us a stc)) further. When a 
white-hot solid body is examined witli the spectro- 
scope, it invariably gives what is known .is a con- 
tinuous sjM'ctrum, in which there are no dark lines, 
Imt the colour shades 
off uniformly from 
t>ne end to the other. 

'the spectrum of the 
sun and many of the 
stars is of this 
character, with the 
addition of the 
numerous djirk lines 
which have already 
lieen mentioned. 

Kirchhoff and Bun- 
sen discovered by 
experiment that if 
lights from an incan- 
descent solid body 
were passed through 
a, volume of gas, 
that gas ab.sorbed 
exactly llie same 
kind of light which 
it w^ould emit if it 
were hot enough to 
sliine l)y its own 
1 ight. i !onseq uent ly, 
if we find that the 
s])eetrum of a par- 
ticular star is a 
continuous spectrum 
crossed by a series of 
dark lines w'hich cor- 
respond in nil 111 her 
and position to the bright lines which form the 
sjxjctruin of incandescent h^^drogen, we can say 
at once that the star consists of a glowing solid 
body encompassed by an atmosphere of hydrogen. 

As a rule, stellar spectra are much more compli- 
cated than this simple example, and w e tind in such 
siiectra dark lines which prove the existence of .» 
large number of elements in the atmospheres of 


these remote orbs. It will now' he seen how’ the 
s|)eetroseope is able to tell us of what elements 
the stars are composed. Its use affords tlu* liasis 
for a very important hraneh of astronomy known as 
astrojihysies, and some of the facts deduced from it 
will 1)0 explained later. 

The Equatorial Telescope, rhe large 
teleseo])es which are used for studying the physical 
eomlition of the stars and 
])lan(‘tM are mounted in a. 
IH'culiar fashion wliieh must 
here he exfilained. We have 
semi that the teli‘seopes list'd 
for measuring tlu* iwisition of 
the stars are niounti'd in such 
a w'ay that tlie >tar to which 
they are pointed ap)M'.irs to 
rush ra])idly across their licld, 
and only a fleeting iriimpsc 
c.iM he had of it. 'Fliis, of 
course, is duo to the fact tliat 
the tf'Icscojic shares the earth's 
rotation. But when it is 
desired to watch a star or 
plaiu'l through thi' greater 
jiarl of anight, it is necessary 
to have some method of Ui'cping it constantly in 
the field of the teles(‘ope. The larger the telescope 
the more does it exaugerate the apjiareiit motion 
of the star, and to continue to mose it by h.ind 
SI as to keep till' star In its field of \ islon W'ould 
he iiuito im])ossihl(‘ in the ease of the huge 
ti'h'seopos w’itli which the most imjiortaut work of 
this kind is done. This dillieulty is ob\ iati'd hy 
what is eahed an 
eqKdl .rifd mounting 
(141. The essential 
pari of this is an axis 
])oiuling with great 
aeeuraey towards 
the celestial north 
pole, and lioriii' on 
the top of a solid 
pier of masonry : 
this is known as 
the ])olar axis. 
Through a socket on 
the end of this axis 
] lasses .another axis 
at right aiigh'S to it. 
known as the de- 
clination axis. 

'^I'hc telesi'ope is 
rigidly attached to 
the u])])er end of 
the declination axis, 
and balanced by a 
weight at its other 
end, so that- it has 
no tendency to turn 
round on tlie polar 
axis. The polar axis 
is attached to a 
systi'iu of clockwork 
wliieh makes it turn 
slowly round from 
east to w'cst at tlio rate of one revolution in twenty- 
four liours. As the earth completes a revol ut ion from 
west to east in the same period, the one movement 
exactly neutralises the other, and if the tej('.<('ope he 
])ointe<l at any celestial object, by turning it on 
the declination axis it w'ill continue to follow 
that object so long as the clockwork is ke])t in 
motion. 
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All that the observer has to do, when ho has 
once fixed his telescope in the proper direction, is 
to move from time to time so as to keep his eye 
at the eyepiece of the teleacojK), wliieh appears, of 
course, to do revolving with regard to him. Tt is 
with these two instruments— -the transit circle and 
the equatorial telescope, supplemented by the sj^c- 
troscope and the camera when necessary — that by 
far the greater part of modern astronomical research 
is carried out. The transit circle provides the data 
for mathematical or descriptive astronomy, and 
the equatorial, with the spe{!trosco])e and camera, 
provide the data for ))hysical astronomy. 

We shall now pass on to a general account of the 
solar system, as its mechanism and constitution 
have been revealed by the use of such instruments. 

The Solar- System. The solar system 
consists of a central star, the sun, round which 
there revolve eight major ]danets with their satel- 
lites, a swarm of nearly six hundred minor planets 
or asteroids, and an unknown number of comets 
and meteorites, 'riie planets are divided for con- 
venience into two groups of four each. 'The inner 
]3laLcts in order are MtxCury, Venus, Earth, and 
Mars ; the outer planets are Ju])iter, Saturn, 
Uranus, and Neptune. The minor planets, with only 
one exception yet known, occupy the space between 
Mars an(i Jupiter. 'The. only planets which have no 
known satellites are Mercury and Venus ; Earth 
has one — familiar to us all as the moon; Mars 
has two ; Jupiter, seven ; Saturn, ten ; Uranus, 
four; and Neptune, one. All the planets move 
round the sun in elli])tical orbits, which are not very 
far from being circular, whereas the comets and 
meteorites move in extremely eccentric orbits, 
some of which arc strongly suspected not to be 
ellipses at nil, but hyperbolic curves which carry 
tliem away for ever into space after a visit to the 
sun. 'riie following t.ible shows the diameters, 
masses, distances from the sun, and periodical 
times of the eight major planets. 
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The Immensity of the Sun. Tlic great 
luminary which warms, lights and rules the solar 
system is, like the majority of its fellow stars, a 
gigantic bubble. In other words, it is a globe 
of glowing gas, which is nowhere solid, though the 
immense pressure whitdi must exist in its interior 
probably causes this gas to assume there a density 
greater than that of any solid which we know. Tho 
sun appears to human vision as a brilliant globe 
of a little more than half a degree in diameter. 

^ It is about the simo appare?it size ns the moon, 
since the size of tho sun is to that of the moon very 
nearly in tho same proportion as their relative 
distances from the earth. In reality, however, 
the sun is a gigantic orb, so huge that if the earth 
were at its centre tho whole orbit of the moon would 
He well within its circumference. The diameter 
of the sun is about 8(3(),.')00 miles. If the sun 
were represented by a globe 2 ft. in diameter, 
the earth on the same scale would be the size of a 
large pen, less than a quarter of an inch in diameter, 
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The mass of the sun is about 332,000 times that 
of the earth, but its specific gravity is only about 
a quarter that of the earth — 1*41 if that of water 
be taken as unity. The mean distance of the sun 
from the earth is about 92,900,000 miles ; but as 
the earth’s orbit is not ciicular but elliptic, this 
distance varies by about 3,000,000 miles, being 
smallest in January, and greatest in July. 

Solar Movements. The sun rotates on 
its own axis ju.st like the earth, as has been dis- 
covered from the fact that the spots on its surface 
invariably cross its disc from cast to west. It 
completes a rotation in 251 days. Tho apparent 
])criod of tho sun’s rotation ns seen from the earth, 
however, is 27^ days — the difference being due to 
tho fact that the earth is constantly moving 
round the sun in the same direction in which the 
latter rotates. 

Tho sun appears to move round tho earth in a 
plane whioh is inclined to the plane of tho earth’s 
equator at an angle of about 231°. This plane is 
known as the plane of the cdiplicy from the fact that 
eclipses only happen when the moon is crossing it, 
and the angle whioh it makes with the plane of 
tho equator is called the ohliquHy of the ecliptic. 
This angle is obviously ec^ual to the sun’s maximum 
declination, or distance from tho celestial equator 
in June and December, at which times tho sun is 
respectively north and south of that equator 
as viewed from our latitudes. The two opposite 
points in which the great circle of the ecliptic crosses 
th.at of the celestial ecpiator are kno\vn as the 
equinoxes, because when the sun ])asscs these points 
on March 21st and September 2Ist, day and 
night arc equal in lengt i. The two points in tho 
ecliptic which are e(|i idistant from the equinoxes 
are called the solstice. l)eeaiisc when it reaches 
them on June 21st a d December 21st, the sun 
api)ears momentarily t stand still, and thereafter 
r(5 verses its motion in d ( lination fl7j. Tho ]>lane of 
tho ecliptic is really the })lane of the earth’s orbit. 

Precession of the Equinoxes, it has 
l)een known for more than two thousand years 
that tho equinoxes do not remain constantly at tho 
same point in the ecliptic, but that they are slowly 
moving westward along it. T’hey complete tho 
circle in about 25,800 years, so that since Hiy)]3archns 
discovered this movement in 125 n.c., about one- 
twelfth of it has been deseribed. Consequently, 
as wo shall see directly, the Zodiacal signs no longer 
correspond to the constellations after which they 
were named three thousand years ago, but each of 
tlumi has drifted into the next constellation. This 
movement, knov^Ti as the precession of the equinoxes, 
is due to tho fact that the earth’s axis does not 
remain strictly parallel to itself, but travels round 
the outside of a cone, just like the axis of (i sleeping 
top [18]. ConscMjUcntly the plane of the earth’s 
equator, and of the celestial equator, is continually 
changing ; and, as tho equinoxes are simply the 
points at which tlic equator intersects the ecliptic, 
they must change too. One result of this is that 
tho celestial i:)olcs arc also changing ; they move 
in small circles round the poles of the ecliptic. 

The present Polo Star happens to be close to tho 
celestial north pole ; but in the lapse of many 
centuries tlie latter will move away from it, and 
other stars will be known as Pole Star.s. About 
14,800 A.D., tho brilliant Vega will be sufficiently 
near the Pole to become the Pole Star. 

The Zodiac* The belt of the sky which occu- 
pies 8° on each side of tho ecliptic is called the 
zodiac, and it is within this belt that the moon and 
the chief planets confine their movements, since none 
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of thoir orbits is inclined to that of llu* earth by 
niore than 8”. The Zodiac, whicli circles tlie 
celestial sphere, is divided into twcdvo signs, each 
t)f which occupies and roughly coincides with 
a constellation. The following lists give the siffns 
of the. Zodiac^ with the seasons in which the sun 
passes through each of them : 

(Spring; Aries the Ham ; Taurus the Hull ; Gemini 
the Twins. 

Summer: Cancer the (Vab; Leo the Lion; 
Virgo the Virgin. 

-\utnmn : Libra the Balance; Scorpio the 

Scorpion ; Sagittarius tlie Ar<’hcr. 

Winter: (^apricornus the (ioat ; Aquarius the 
Water-bearer ; Pisces the Fishes. 

Owing to the ])recession of the eipiinoxes, the signs 
of the Zo<liae do not now corres])ond with the con- 
stt'llations of which they hear the names. Thus the 
sign Aries, in which the sun is seen on March 21st 
us it passes the vernal e(piinox, with which the 
solar year begins, is now in the eoiistellation of 
Pisees, and in the course of the next 213,000 years 
it will move steadily backward througli the con- 
stellations until it returns to the Ham, where it 
stood when its name was first given to it. 

The Sun's Photosphere. The bright 
visible surface of the sun is knowTi as the photo- 
'iphere 120], or sphere of light. It probably consists 
of a vast sheet of incandescent clouds floating in 
a le.ss luminous atmosphere, and it is intensely 
brilliant for the same reason as the mantle of .nn 
incandescent gas burner, because of the intense 
tenn^raturc to which it is raised. It is not easy 
to estimate the actual brightness of this jdioto- 
sphere, but the most powerful electric light which we 
are able to produce looks absolutely black wlien 
projected against it. The temperature of the 
photosphere cannot be measured with any exatd- 
neas, but it is certainly greater than any wliicli we 
can attain on the earth, being at least 0,000° C. The 
temperature of the sun's interior must undoubtedly 
he very much higher than that of its surface. The 


pluiiosphcn* examined through a t('lc‘<f'opc is not 
homogeneous, ))iit consists of a darker background, 
sprinkled over uith rice (jroinH or (p’ttnuU'i, which 
aH^ much mor(‘ brilliant | 19 |. Tin* ric(^ grains are 
Usually about oOO miles in length, hut. here and 
tliere are. rlrawn out into long stn'aks known as 
fitainnits or \nlf(nr leaiys. The surface of the sun 
is mottled licr(‘ and tluTO with hriglifer specks iuid 
patches calhal jocuhv. 

Sun>spots. 'riie riiost interesting fuel /(bout 
the ])hotosphen; is the existence in if »)f .<iun-spt)f.‘t^ 
which V iry greatly in sr/.e, number, and duration [19, 
20, and 21 ]. Somotinu's these spots are exce<‘(liiigly 
mnnerous, so that baldly any part of the e(piatorial 
belt of tlie sun is fiec' from theni ; at other times, 
liatxlly one is (o f>e s<*cn. Some of them seem to 
appi'ar ami disappear again vvitliin the s])ae.e of two 
or three days; otluMs ptusist for montlis at a time, 
and it is by nu*an.s of these persistent spots that the 
])eriod.s of the sun's rotation has been measured, 
'rhe smallest spots visible through our telescopes are 
only about odO miles in diameter, whilst the largest 
may be seven or eight limes as big as the earth. A 
typical s})ot consists of a central part, called tlu‘ 
oHch’Hs, surrounded by a border, the prnumhnf, 
wbieh is intermediate between tlie dark centre and 
the surroiimling brilliance of the ])hotosplicre. [211. 
'I'ho ]>enuml)ra surrounding a grow]) of spots has 
been known to he as much ns loO.OOd mik’s in 
diameter, and spots of this size can be seen w'ilh the 
naked eye, wlion the sun is viewa^d through a cloud 
or piece of smoked glass. 

The real nature of sun-spots is st ill disjaited, but 
there is little doubt that they are something of the 
nature of whirlpools or storms in the ])hotos[)here. 
ft has been discovered from a long series of observa- 
tions (bat the number of spo s visible on the 
surface of the sun varies through a perioii of about 
1 1 years. 1905 was a year of si n-s)»o( inaxiinuin, 
and in 11)12 the number of sun-spots will probably 
have sunk to a minimum, ri.sing again to a 
maxiinmn about 1 910. 
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Various attempts have been made to trace the from the solar surface. It varies greatly in form 

inlluence of the spot cycle on terrestrial meteor- from eclipse to eclipse, and its changes appear to be 

ology. There is little doubt that it has some in some way connected with the number of spots 

influence of this kind, because the development of a visible on the sun. The spectroscope shows that 

largo sun-spot is inv^ariably accompanied by elec- it consists of glowing gas, chiefly emonium, but its 

trical disturbances on the earth. It is practically extreme rarity is proved by the fact that comets 

certain that the ap])carance of a large number of have passed right through it, as in 1882, without 

sim-Bpots on tlio sun’s ])hotosphere indicates that any apparent checking of their motion. There is 

the sun is in a comlilion of abnormal activity, but good rea.son to suppose that its luminosity may be 

we can hardly go further than that yet. an electrical phenomenon, somewhat analogous to 

The Chromosphere and Prominences. the Aurora Borealis. 

Above the photosphere of the sun lies an atmosphere The Heat and Energy of the Sun. 
called the chromosphere, which is ])robably about The sun has two great functions in our system. 

10,000 or 12,000 miles in thickness. This “sphere of The first is, as we have seen, to keep the planets 

colour*’ is so called because it is of a brilliant scarlet moving in their orbits by the ])ower of its gravita- 

hue. We do not usually perceive it, because its tional pull. The second is to supply heat and light 

light is usually drowned in the intense rndiance of to tlio.se planets. As far as the earth is concerned, 
the photosphere. But on the rare oc'casions when there can be no question that the existence of life is 

the sun is eclipsed by the passage of the moon made pos.sible entirely by the radiations which reach 

between it and the eartb, this scarlet chromos])here us from the sun. If it wore not for them, the 

suddenly flashes into sight when the photosphere is earth would bo a sterile globe, with a temperature 

hidden. The spectroscope shows that it is chiefly approaching absolute zero, on which not only the 

compo.sed of ineandes(‘cnt hydrogen, mingled with water, but even fhe air would be frozen solid. The 

helium and calcium vai)our. quantity of heat which the earth receives from 

The lower ])ortion of the chromosxdiere is known the sun in a year is suflicient to melt a sheet 

as the reversing layer, because when the spectro- of ice 200 ft. thick over the earth’s whole sur- 

.scope is turno(l upon it during an eclipse at the face. Every sejuare foot of the earth receive.? 

moment of totality, all the dark lines which usually annually eriotigh energy from the sun to raise a 

cross the solar spectrum suddenly flash out in weight of 100 tons to the height of a mile. As 

brilliant (‘olour again.st a dark background. 'J'his the sun is radiating heat in all directions alike, it 

means, as u’e have already seen, that those dark is calculated that it must be giving out continuous 

lines arc due to the absorption of light, of the wave energy equal to nearly r20-horse power for every 

lengths corresponding to each of them, by the S(iuarc yard of its surface. How is this immense 

lower portion of the cliromos])here. Itisfrointhe.se output of tmergy ke])t up? VVe know from the 

line.s that we deduce the existence of a largo geological record that it has been going on, at the 

number of terrestrial elements in the sun, of which very least, for 10, 000, 000 years, and there is no 

the most important arc hydrogen, helium, oarhon, visible sign of its diminution. The old notions that 

iron, copper, sih or, tin, lead, soclium, ])otassium, the sun derived its heat from any form of combus- 

silicon. zinc, ealcium, magnesium, aluminium, tion, or that it was merely an intensely hot body 

possibly oxygen, and a number of less common which was gradually cooling off, arc quite inadequate 

metals. Tliere is good reason to sup])ose that all to account for this marvellous expenditure of energy, 

the other terrestrial elements are present in the When the Sun will Solidify. ’J’he 
sun, but as yet their existence has not been estab- true explanation is undoubtedly that given by 

lished. It is possil)le that some of them are not Hclmlioltz and Lord Kelvin, that the sun is a 

really elements, and are dissociated by the intense gaseou.s globe which is continually .shrinking as it 
heat of the solar atinos])here. loses heat. It is not possible to explain within our 

When the sun is obscured during an ecli]).se, a limits why this shrinkage should keep up the sun’s 

number of fiery .scarlet clouds or prominences [see temperature, but it is physically certain that it 

Frontispiece opposite page G241 1 are scon j>rojecting w'ould do so, just as the fall of a clock weight or the 

from its edge. 8incc lS(i8, when the s])(‘( trosco|>e head of water in a reservoir has the power of doing 

was first turned upon thc.se objects, it lias been work (see page 315]. The shrinkage of the sun 

known that they are clouds or jets of incandescent means that its outer parts are .steadily falling 

gas, chiefly h 3 '^drogcn and helium. They have been towards the centre, and in this process they give 

known to rise as much as 100,000 miles from the out suffieient energy to keep up the solar radiation, 

sun’s surface, with voloc-c^' which maybe as great An annual shrinkage of 300 ft. in the solar diameter 

as 250 miles per second. These prominences can bo is amply suflicient to supply this energy which the 

seen actually springing iiji and cbaiiging form, and a sun gives out as heat and light. There is no doubt 

very ingenious adaptation of the sjiectroscope, which that such a shrinkage is actually taking place. As 

w'e owe to Lockyer and .Janssen, enables us to study yet, it is impossible to apply the test of measure- 

them even when they are (juite invisible to the eye. inent, since it would need about 10,000 years for 

The Corona. The outermost appendage of the resultant change in the sun’s diameter to be 

the sun is the corona. It ha.s been known from very perceptiblcHo our most accurate micrometer, 

remote antiquity as a wfinderful halo or crown of The time will undoubtedly come in the history of 
light which surrounds the sun at the moment of the sun, ns it has already come in that of the inner 

eclipse but is (piite invisible at other times, even planets, at which its surface will begin to solidify, 

to the eyes of science, tliough tlicrc is reason and from that moment its emission of heat and 

to lielieve that before v('ry long wc may be able to light will begin very seriously to diminish. But at 

study it also at an\»’ time that we ehooso. Its the most moderate computation that time is at 

nature is not yet fnll^^ understood, though we least 6,(KX),000 years ahead of us, and we need 

believe that it is some kind of extremely tenuous not be seriously alarmed about this particular form 

atmosphere which stretches out for millions of miles of the Day of Judgment. 

Continued* 
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PHILOSOPHY 

The Desire of Philosophy is to get “ to the bottom of things.” Truth and Know- 

1 

ledge. Scepticism. Agnosticism. Materialism. Is Mind an Accident of Matter ? 
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PHILOSOPHY isagmit 
^ means tlie love, of wm 


(*at and noble word, vvlneh 
{.sdoin. In the primitive 
sense there are none hut the basest few who 
may not luimbly eall themselves philosophers. 

But, of course, we know that tlic term philo- 
sophy is now employed in a speeial sense. It is 
used in ohUt to indicate a special d(‘parlment 
of knowledge or impiiry, and it is this depart- 
ment wbieh we must first of all seek to define. 
Biology is concewned with life, astronomy uith 
the stars. What is philosophy concerned with ? 

Now, it is certainly true tliat then^ Jiave been 
professional ])hil()SO])h(as whose works from first 
to last liave amounted to nothing more than 


mere uord-jueglery or verbal gymnastics. Tlunr 
books may have an elegant ap])(‘arancc, th(‘y 
may be apparently intelligible or ap])ar(‘ntly 
uninfelligible ; but in tbe upshot, as other 
writers soon show, there has been nothing said 
about anything whatever, exce])t m(‘r(‘ly avav/.s*. 
It is not by the word -jugglers however, that 
philosoi)hy must be judg(‘d. Its proper subject- 
matter is not words but realities of some kind : 
and the business of man's mind is with realitii'S 


— urgently and necessarily. 

The Problem of Philosophy is the 
Nature of Reality. Indeed it is just ])re(‘isely 
the nature of reality that ])hilosopby is concerned 
with. Phrased in popular language, its d(‘sire is 
to get to the bottom of things. Looking around 
liim, man linds many ap])earanees --“stars and 
street mud, ' plants and ehildreii —whilst he is, 
at th(^ same time, eonscious of his own self, to 
w'hieh all that is outside it appears. W hat, then, 
he asks himself, amidst all tins diversity and 
ehange and magnitude - what is the inner nature 
of all these things, or of Avhatever they represent 
or are produced by ? Tlie problem of philosophy, 
then, is the nature of reality or the nature of heimj. 

Tn comparatively recent times a speeial word, 
which may he nov('i but is not difficult, has he(*n 
inv(‘nted in ordin- to do away with the former 
confusion of names, and tiuil word is ontoloffj/ - 
which sim))ly moans the science of being. It 
was high time fo introduce such a Avord, heeaiisc' 
what Avith such terms as philosophy, nu'ta- 
physics, logic, epistemology, and a liost besides, 
confusion was bt'eoining avotso confounded ; and 
it is confusion that is the pre-eminent danger 
of the pbilosoplier. At least one of these words 
must, hoAveA^er, bo noted here, and tliat is the 
Avord met a physics. Hetaphysies is a famous 
old name of scarcely less antiquity than 
philosophy itself. It Avas apparently coined 
by the folloAvers of Aristotle, the greatest 
])upil of Plato, Avho was the grcralcst 
])upil of Socrates, as a general term for the 
subject-matter of the treatise which their 
master composed after his “Physics. ’ Meta- 


physics simply means after Evidently 

there is no parfieular virtue in the term, A\hieh 
explains nothing, and may he and lias h(‘en 
d<‘fined in many veiy vaiying senses- including, 
for instance. Avhat wo noAV mean by “ logic. " 
At the ])resent day, hoAveviM*, fho best rule to 
make is to leaA^c the Avord out of one's 
voe.ahulary altogetlier. So far as th(‘ search for 
truth is eoneerned, it is of much Ic^s than no 
use at all. 

The Question at the Root of all Philo* 
Sophies. We shall content ourseIv(‘S for (lie pre- 
sent, then, Avith the use of the famous old Avord, 
in its best recognised uu'aning of tlie search for 
reality, or aa’o may define it as the quest of truth - 
iiK'aning by that not merely th(‘ practical truth 
eoneerning the facts around us, hut thoultimat(‘or 
lirial truth of tliose facts and of thefaetsof mind. 
But. ])ray, Avhat is the distinction helAvoon the 
practical kind of truths on which avc daily act. and 
ultimate truth or absolute truth ? In Avhat sense 
can iinything be more true, mon^ thoroughly 
fru(‘, than the ordinary facts wlueli mv observe 
in tbe behaAuoiir of matter around us V This 
siinpl (3 and very pertinent question is at the 
root of all philosophies whatcA’cr, and av(* must 
do our best to answer it. 1'here is a aa'oII- 
reeognised name, indexed, tor tin* doctrine Avhich 
asserts that truth, as av(‘ think avc knoAv it, is 
absolute truth, and that things are what they 
seem. We may ( all this doetrin(‘ crude re.'dism. 

B{*yoTidall (juestioii this is the ()ld(‘st (»f all philo- 
sophies. It is tlui uuformulated ])hilosophy of a 
child, and, indeed, of anyone who has ncA^er 
thought about the suhj(‘ct. To a. child, or to such 
a man, then^ can be nothing more i-eal than the 
reality (^f - let us say— a chair. It is a thing that 
can ho seen and felt, and “sei'ing is believing.'’ 
A chair is plainly a chunk of reality. Things are 
as they a])p(‘ar*to us; there is no more of them 
than appears to us ; and what avo sec is simply 
Avhat is tlu'.n* to see. Mind is conceived as a tlun 
sort of matter, and the (jiu'stioii of the relation 
b('tAvecu mind and niatt(‘r is m‘V(T asked. 

“Chaotism.” On this view in its earliest 
form man liv('S in a chaos ; all around him is 
infinite multiidieity and variety. Avhieh cannot he 
resolved into anything more simple. As to any 
relations that may exist Ixdwc^en the mind or 
minds t(A Avhieh tlu'sc nl)j(‘efs are presented and 
the objects themselv('s, crude realism asks no 
qm‘stions. 

But, as Ave may readily belicwe, this earliest 
of stages is very stxm passed. llowcAtT 
various the facts of Nature, it very soon becomes 
(‘vident that there is at least some degree of 
relation betAveen them. An unsupported sbmo 
falls not once or twdee only, but always. 'J bo 
sequence of day and night and of the scsas(ins, 
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the apparent movement of the sun, the growth 

crops — these all display some degree of order 
and hints of interdependence. So unmistakable 
is this that it h<ad to be recognised long before 
the birtli of science, the business of which is to 
discuss the relations between the phenomena 
of Nature ; so salient are these relations that 
the mind must recognise them directly it Ixigins 
to think at all. Thus, whilst all other con- 
ceivable philosophies, one may suppose, have 
been held by men, there is at least no record 
of any j)hilosophy that might go by the name 
of Chiwtism. Whatever else is uncertain, the fact 
of order around us cannot bo gainsaid. 

The Idea of Order. Now surely we 
have already made a discovery of capital im- 
portance. Here, at any rate, is something 
which is so palpable that, however various men's 
minds or temperaments, their age or place or 
training, they must light upon it the very 
moment that they begin to think at all. There 
have been many philosophers who declared 
that there is no external world, many to say 
that if there is an external world we can know^ 
nothing of it, some to say that mind is only an 
accident, looking on at the matter which pro- 
duces it — but never yet was there any philosophy 
that did not admit, to some extent at any rate, 
this idea of order. The order is outside us, 
say some thinkers ; there is nothing whatever 
outside us and the order is within us, say others ; 
the order only ap])lies to some things, say the 
savage and the superstitious ; order is universal, 
says the thinker — but none of them will deny 
the existence of order at all. Men have sub- 
scribed to every philosophy but (liaotism. 

Now, once the mind has bi'gun to recognise 
traces of order h(‘n^ or there, it has a wriy of 
going a little further afield, in order to sec how' 
far this principle may be traet‘d. The whole 
history of science is a liistory of the ever 
widening demonstration of the existence of 
order, and it is the profound helief of all men 
of science to-day that order is universal. As a 
matter of fa<*t, liowcwtM’, ])hilosophcrs have not 
waited for, let us say, the perfecting of meteor- 
ology in order to assent to the proposition that 
order is universal. Those who have contributed 
anything at all to the history of thought have 
always l)clicved that tlic f)rdcr Avhich wc (ran 
recognise is indicative of order everywhere. 
Some liave said that the order is without the 
mind, some that it is within the mind, but at 
any rate, it must be a general truth. 

The Simplification of Things. Now, 
philosophy is a most difficult and arduous study, 
yet we may at least credit it with having 
simplilied our ideas of the world. Let us take, 
for instance, what we commonly call matter. 
As we know, science has lately simplified our 
varying notions of varying kinds of matter, 
and has presenkd matter to us as one thing — 
whatever its real nature be — which presents 
itself to us under various forms. Later still, 
science has told us that this om^ thing may be 
expressed in terms of yet another thing, still 
more general, which we call energy. But 
philosophy has not had to wait for these con- 
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elusions of science. Recognising signs of ordti , 
and believing them to be indicative of universal 
order, philosophy has long anticipated science 
by regarding the external w^orld as essentially 
a unit. Now', this is a great and most desirable 
simplification. It w^ould be long ere we reached 
our goal, which is the heart of things, if we had 
first to make a specific examination of every 
object without us, every object that w'e can lay 
our hands upon, and every object that no hands 
can be laid upon. But philosoifiiy hfis long ago 
agreed upon this, at least — that the exterior 
world, despite its apparent multiifiicity, may 
be looked upon as a unit. The world we live in — 
whatever that phrase really means — is not a 
chaos but a cosmos. Science is every day more 
clearly proving that this is true, demonstrating, 
or beginning to diunonstrate, its truth, where 
hitherto it had to be taken on trust. Hence, 
W'hat was a most warrantable infercnco even 
for the first philosophers is a still more w'arrant- 
ablc inference for us. We proceed, tlien, in all 
further diseussicui, to speak of what is without 
us — the “ universe,” the ‘‘ cosmos,” the “ ex- 
ternal wwld ” — as one tliinq ; w e may speak of it 
as “it” and not as “them.” Now', this is really 
a magnificent simplification of things ; and, from 
the point of view' of philosophy, the grccat service of 
science is that the more she advances the more does 
she afford w’arrant for this great simplification. 

The External World. But though this 
constitutes an in(*aleulable advance upon any 
supposition lhal wc live in a liiggledy-piggltHly, 
it leaves us with abundance still to think 
about. It still affords r(X)m for differen(;es of 
opinion which are i)rof()un(l and iiTtnioricilable. 
TiCt us see, if possible, what forms these differ- 
ences may take. The first opinion (iS to the 
external world is that which the iffirase itself 
expresses. It is the opinion of common-sense 
and of crude realism. It is also the opinion of 
j)liil()Sophers more {vlvanei^d than these, but 
it is denied totally by a scJiool of thinkers who, 
in their variems forms, may be called idealists, 
and who regard what we call the external w'orld 
as having no existence a2)art from mind. 

But let us agree, for the present, at any raU‘, 
that there is this external world, whether it 
be the wlioli* fact or only an aspect of the fact. 
The doctrine which denies its existence may 
here bo left out cjf account. There still remains 
a groat issue which goes light di^wn to the 
depths of our subject. This is the issue between 
(Tud(' realism, which boldly assc^rts that things 
arc what they seem, and the doctrine or doctrines 
which assert that the external world, as we 
know" it, is not wholly known to us. And here 
there may occur to the reader the question which 
really docs begin at the beginning : What do 
wc mean by knowing ? 

The Criticism of Knowledge. For, 
after all, before we assert anything wo should 
begin by ascertaining how' w'e come to know 
it, in what sense we know" it, what are the 
condition.s and the limits, if any, of our know- 
ledge. Certainly, know"ing cannot be an absolute 
and perfect process as practised by us, since the 
results differ in every case, and furthermore, 
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we are each of us well aware of facts within our- 
Belves that affect the measure and the qxiality 
of our knowledge. Plainly, therefore, all kimls 
of philosopliising are premature until we have 
Ascertained something about the instrument 
which w^e mean to employ. In what sense do 
we know anything, and to what extent ? 

The Great Work of Kant. Now, this was 
the great work of Immanuel Kant (1724-1804), 
and it is one of the most amazing facts in the 
Iiistoiy of thought that the doing of bis work 
should have been left for so long. It is because the 
great w ork of Kant constitutes a criticism of men's 
thoughts and of the conditions of their thinking 
that it is generally described as the “ critical 
philosophy.” A somewhat uncouth w ord has also 
been employed — and is, indeed, now found in- 
dispensable — in order to indicate the study with 
which Kant chiefly eoneerned himself. This w'ord 
is fpistemoloijy, from the Oeek w^ord epideme 
(knowledge). Just as biology, then, is the scnence 
of life, so epistemology is the science of kiiow^- 
Icdgc, the science or the department of philosophy 
wliieli concerns itself with tlu' knowing proc(\ss, 
the conditions, tlio limits, and the. validity of 
all that we know^ or think that w'e know. 

Now', there is one school of philoso])hers who 
liave no use, so to speak, for any theory of know - 
ledge. Epistemology offers them no diffieuilties and 
no problems. I'hese? are those who r(‘gard the ex- 
ternal w'orld as the creation of our minds. But for 
(he rest of mankind this question of the validity 
of our knowledge is supreim^Iy important in its 
]>hilosophie implications. Certainly we^ know 
something of, or concerning, the external world. 
Daily life demonstrates that. Whatever a man 
may call himst;lf or wish to bo called, he cannot 
bt* an absolute sceptic. Absolute s(!epticism is 
not to be found (wen wffthin the w'alls of a lunatic 
^^sylum. A man may have many delusions, and 
they may all be ridiculous, but he will still retain 
a practical belief in gravitation. 

The Value of Empirical Truth. There 
is, tht'n, at any rate, some kind of validit y in our 
kuowledg(\ We act on the assumption that an 
nnsupporled object will fall, and we are found to 
bo right. So far, very well. Then^ is at l(‘ast oj)en 
to man some proximate, practical, working kind 
of truth. There may be more, but, at any rate, 
there is empirical truth, the word empirical 
meaning experimental or dependent upon experi- 
ence. You know that under the present con- 
dition of things the sun will rise to-morrow'. 
That is an empirical truth, demonstrated to be 
true by experience. Now, bcfoie we go any 
further, let us at least attempt to do justice to 
empirical truth, for it is too much scorned, 
}Hnha])8, by professional philosophers. 

The physical life is not the whole of life nor the 
most of it, nor tlic best of it ; but for the most 
and best of life the physical life is at ItJsist neces- 
sary. Contempt of the body can evidently bo 
pushed too far. Now, so far as this physical or 
bodily life is concerned, in point of fact, wc Iwe 
by empirical truth. As we look at it, it may be a 
most grotesque parody of the real truth. (>itic- 
ally considered, it may be worth very little or 
nothing for the purposes of philosophy ; very 


often it may have led mt‘U liidi(*rously astray in 
their search for reality— but what(^ver defects 
it may hav(\ whatever charges may be levelled 
against it, yet, at any rate, it is in virtue of our 
practical recognition of (*mpirical tiuth that we 
men and women live. Even the philosopher who 
decries it is daily dependent iqion his daily recog- 
nition of it ; otherwise, any one of a hundred 
occasions in the (•oiirse of a single day would put 
an end to his life. Empiri(’al truth may not be — 
indefid. it certainly is not — the whole truth, but by 
it we live our physical life. ]Many men have lived 
and died and worked and suffered and achievt'd 
and sung with the aid of empirical trutli alone. 

We Have Enough Truth to Live by. 
The great fact of human life, indeed, is that. 
7n(‘n eauanddo live by empirical truth, juoximnte 

truth, relative truth call it what you will. It 

is much more than doubtful whether Shakespean' 
luul what thctJci’inans call a W (‘lt(in.'<vhantnuj^ or a 
consistent view of the world. It would Ix' quite 
impossible to ascrilu' a!iy jidiilosopliy to the 
greatest men Jiiid women in history. Even the 
kings of thought, after devoting all th(*ir lives 
to this study, have commonly confessed them- 
selves baffled. Absolute truth may or may not 
be beyond the ken of man ; it may or may not 
have been attained by any in the past ; wc may 
ju’ot^st. if we please, against the nalurt^ of things 
for hiding itself from ns— hut most certainly it 
might retort that wp have enomjh to live. hy. If 
human history demonstrates any tiling at all, it 
certainly is that even such light- as is afforded to 
the simple-hearted is alnnidant for the living of 
Avorthy and oven of glorious lives. 

This is not, of (*ourso, to deny the truth of th<‘ 
great saying that ‘‘ man cannot live hy brea.<l 
alone,” hut it is to deny totally that what is 
technically called philosopliy is in any stmse 
whatever a human n(‘cessity. The seareli for 
the deep(‘sl dt‘ep may he, and is, both valuable 
and fascinating, and well worthy of the tine striv- 
ing that distinguishes the human mind, but it 
is not required to revi'al tlu' vital n'alities, as, for 
instance, that vital reality which St. Paul called 
the greatest thing in the world. 

Truth and the Search for Truth. 
These are the realities by which we live, and tliey 
can be no more real to the iirofoiindeat philo- 
.sopher than to the child on its mother’s knee — 
though truly they may be less so. (lertainly the 
man who neglected love and duty in order to 
.search for remote truth would be convicted as no 
lover of wisdom and as blind to ht‘r. oven wlien 
face to face. It is .such considerations, al.S(^ that- 
cnablc us to understand tli(‘ full moaning of the 
famous {Assertion made by another great (Icrman 
philosopher, Lessing. He said that if (Jod offered 
him truth in one hand and the search for truth in 
the other hand, it was the search that he would 
choo.so. .\t first, sight this seems mcaninglcs.s 
and monstrous, for piay what should give the 
.search for truth its meaning or pur})ose but the 
possibility of finding her ? Vet Lessing wiis 
profoundly right. He knew that the truths by 
which we live have already bceiigivi'ii to us ; he 
knew that one of these vital truths is the nc(*e.ssity 
to strive. That is why he desired to be given the 
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search for truth. He knew also that that abso- 
lute truth which philosopliers seek, whatever 
her attractions, is assuredly not necessary to 
salvation. Human history denies on every page 
the doctrine that no one but a metaphysician is 
entitled to a religion ; and all the philosophers of 
the past arc but humble scholars at the feet of 
the child who risks its life in order to save 
another from the flames. 

The Truth that is Essential. In a 
word, empirical truth — as, for instance, gravi- 
tation — suffices for the physical life, and 
the super-physical life is nourished by truths 
which may be hidden from the wise by 
their own vain imaginings, and yet revealed to 
babes and sucklings. ( Compared with either of 
thes(\ philosophical truth is a thing of little 
moment. If, some day, there were revealed 
to us the nature of ultimate reality, the know- 
ledge would not affect in one jot or tittle the 
ordering of our daily lives. The philosopher of 
that date would have the same difficulty as all 
philosophers of the past in bearing toothache 
patiently — as Shakespeare hinted. Nor, on the 
other hand, would this revelation be of tlie 
smallest moment for the moral ordering of life. 
Such words jvs justice, love, and duty w'ould find 
nothing added by it to their significance. 

So much, then, for the value of orders of truth 
other than philosophic truth. We must remember 
that the realities whicli vitally concern us arc the 
realities of life and experi(jnco, and not the realities 
with which Ontology seeks to deal ; otherwise, 
where, after so many failures, should we be, and 
Avliither would there be any prospexd of our going ? 

Having said so much, hit us return to Kant’s 
criticism of knowledge, and let us obstirve the con- 
clusions to which he was led. They wa^re briefly 
these : Our knowledge of the external world is 
limited and conditioned by the limits and con- 
ditions of our own minds; it is knowledge, not 
of reality but of aj>pearanees. The reality wdiich 
lies behind those appearances must be in its essence 
not dis.similar to the perceiving mind itself. 

What is a Phenomenon ? The opposed 
w’ords which Kant employed were 'phenomenon 
and nonmenon. 'J’his word phenomenon, which 
is so familiar to us, is one of the most valuable 
and important words in philosopliy, since it 
expresses for all thos(3 who know its meaning 
one of the most important ideas in philosophy. 
In vulgar use the word means anything that 
is out of the way or wondeiful, and we apply 
the adjective phenomenal to anything wffiich 
we wish to signalise as extraf)rdinary. But 
these employments of the w'ord are most un- 
^vise and unfortunate. The adjective pheno- 
menal should be absolutely confined to its proper 
philo.sophic use of describing anything that has 
the character of a phenomenon. We shall see 
in a moment how convenient the word may be. 
A phenomenon, then, is literally an appearance 
or something that appears, and whenever we use 
the w'^ord we are to associate with it in our minds 
the idea of a something which, though hidden 
from us, and not apparent, is yet the reality, 
the self, or the thing -in-itself, lying behind the 
appearance or phenomenon, which is all that 
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w^c can directly know. There is, then, on this 
terminology the real or the noumenal, and the 
apparent or the phenomenal. Our knowledge 
is only of what appears to us, and is therefore 
only phenomenal knowledge. (The reader will 
contrast this proper use of the word with the 
ordinary misuse of it.) Nothing is further from 
Ixung suggested than that there is any opposition 
or contradiction between the real and the 
apparent— between the thing-in-itself and the 
thing as it appears to us. Wo are freely entitled 
to argue, in so far as we may, from phenomenon 
to reality. Merely it is asserted that our know- 
ledge of reality must always be inferential, and 
can never be immediate or direct. 

The Limitations of Knowledge. Now 
if the Kantian criticism of knowledge be valid 
— and we are about to see reasons for thinking it 
so — if it be true that our knowledge of the external 
world is only relative, the most serious conclu- 
sions must be faced. Here, again, is a case where 
the idealist escapes all our difficulties. To him 
the external world is just “ such stuff as dreams 
are made off,” and there is nothing behind 
phenomena, whicli are of the mind's own making. 
But if we class ourselves as realists, believing 
that something corresponding to what we call 
matter really exists, then observe what the 
Kantian criticism involves. We can know matter 
only by its appearances or attributes. That 
which stands under matter — the mbstance of 
matter (a great philosophic word being used in 
its great sense), we can never know ; for wo are 
aware only of the changes which its attributes 
produce in us. What wc understand by science, 
then, is all phenomenal knowledge, and no more. 
It is a science of appearances, of the “ co- 
existences and sequences between phenomena ” ; 
it is not knowledge of being or reality. This is 
by no means to say that phenomena are incon- 
sistent with that which underlies them, or that 
if immediate knowledge of reality were vouch- 
safed to us it would be found to give the lie to 
our phenomenal loiowledge. 

The Limitations of Science. Ever 
since the publication of the critical philosophy, 
all but very shallow and soon-forgotten thinkers 
have found themselves compelled to admit that 
in positive science, as it is called, there can be 
found no final answer to the world riddle. This 
is by no means to decry science or to question 
the immense i)ractical value of science — its 
services as a source of intellectual interest, and 
its facts as directly related to human life ; it is 
merely to recognise the basis on which science 
rests and to which slio is confined. Positive 
science cannot give a positive answer to any 
ultimate (|uestions, but only to phenomenal 
questioas or questions regarding phenomena. 
It was John Locke, one of the greatest of Kant’s 
predecessors, who, in his “ Essay Concerning the 
Human Understanding,” defined the impassable 
barrier to our scientific knowledge. He showed 
that M'e have no innate ideas, and that we are 
dependent for all our knowledge and all our ideas 
upon sensation, in the first place, and, in the 
second place, reflection on previously gained 
sensations. His famous conclusion was ; 



“ Nothing is in the mind that was not first in the 
senses.” Now, this assertion in itself is not 
equivalent to the assertion that all our knowledge 
is only phenomenal. It might be that, an some 
of the Greeks supposed, sensations were due to 
faint copies of objects — ghosts or emanations — 
which were given off by them and entered our eyes 
But, as we all know, that very naive idea has long 
ago been superseded, and the nature of sensation 
has been, in some measure, elucidated. 

We Know Only Ourselves. The 
question, observe, is as to the nature of sensation, 
not as to its range. Our knowedge, of course, 
is imperfect so far as the range of sensation is 
concerned ; our eyes appreciate only a narrow 
portion of the compass of a certain type of 
ethereal waves, our ears only a few octaves of 
those waves which, if audible, we term sound, 
and so on. But the really vital matter is not the 
range or extent of sensation, but the kind and 
degree of validity that must be attached to such 
sensations m wo do obtain. I'he beginning of 
all that we know and all that wc can conceivt; 
consists of changes in our own consciousness. 
Wo may make many inferenc;es from these 
changes, and undoubtedly these inferences 
may be commonly justified by results. Never- 
theless, at bottom, wo know nothing more or less 
than changes in ourselves. When you look at 
this page you arc aware of a change in yourself, 
a change in your consciousness, and nothing 
more. At first sight this may seem a somewhat 
startling way of stating the facts, and yet it will 
hear continuous thought, and only seem more and 
more valid. Here, in the admirably clear words 
of fjewes, is the reply of Kant and Locke to the 
dogmatist, after they have investigated the 
elements of thought : 

“ But this Understanding can never know 
Things per se. It is occupied solely with its own 
Ideas, ft perceives only tho Appearances of 
Things. How would it be possible to know 
Noumena ? By stripping them of the forms 
which our Sensibility and Understanding have 
impressed upon them — i.c., by making them cease 
to bo Appearances. But to strip them of these 
forms wo must annihilate Consciousness ; we 
must substitute for our present 8ensibility and 
Understanding a faculty or faculties capable of 
perceiving Things per se. This, it is obvious, we 
cannot do. Our only means of communication 
with Objects are precisely this Sensibility and 
this Understanding which give to Objects the 
forms under which wo know them.” 

ThePhilosophy of Idealism. The philo- 
sophy called idealism may seem to each of us to 
be the very last thing that he could conceivably 
believe, yet it is interesting to observe how% again 
and again, tho idealist thrusts his voice into our 
argument. At the stage which we have now 
reached, for instance, we have the voice of 
Berkeley, who overhears us saying that “ all wc 
are aware of are changes in our own conscious 
ness.’* “ Can you not see, then,” he w ould say, 
‘ that what you are aware of and what you havti 
admitted that you are alone aware of, is all that 
«« Material things have no objective existence 
—no existence outside yourselves ; the external 
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world which you persist in postulating as tho 
noumenon or substance, the attributes of which 
cause changes in your consciousness, is a figment 
of your imagination. You put together in yo\ir 
mind certain attributes, such as form and colour 
and extension, shall w'c say, and then you 
invent something in which they subsist and 
w'hich you call matter. Jhit this is a creation 
of your mental act, and nothing more.” 
“ Verily,” as David Hume remarked, “ these 
are argiinumts -which admit f>f no answer and 
produce no conviction.” But at least let us try 
to understand them, and to respect them. They 
cannot be answered, as Dr. Johnson foolishly 
thought, by kicking a stone. Their conclusion 
is alisolutely incredible, but they have never yet 
been answered at all. 

Scepticism. So much for one solution of 
our difficulties when wc come to criticise tho 
conditions of knowledge. Apart from it, how- 
ever, we seem to find ourselves landed in 
sceptieism. Here, again, is a philosophic term 
which, like all the rest, has l^een used in 
many senses, and, as in the other cases, we 
must try to get from tlu* word its full value. 
The doctrine of Kant, that our knowledge can 
only \yo phenomenal, is, of course, a fonn of 
scepticism. That is evidently a proper use of 
the word. There is happily passing from currency 
its employment to indicate someone who, for 
instance, doubted the truth of the* story of tho 
manufacture of Eve. Whatever wc do, kit us 
at least see in this word a purely philosophic 
term without any moral or theological implica- 
tions of any kind. 

The Kantian doctrine, then, wc have said, is a 
form of scepticism, hut we must clearly dis- 
tinguish it from, for instance, tho classical 
scepticism, oi* even from that of Hume. Tho 
sceptics of the antique world did not distinguish 
l)etween the possibility of a science of j)henonicna 
and the possibility of a science of noumena 
or a science of being. Reflecting upon the 
limitations and conditions of our knowledge, 
and especially on the impossibility of discovering 
any absolute lest of truth, they felt themselves 
compelled to deny the validity of all our know- 
ledge whatsoever. 

The Absurdities of Absolute Scep- 
ticism. But some indication of the absurdity 
to which such an attitude leads iis may be 
found in such a remark of the sceptics as this ; 
‘‘We assert nothing— no, not even that wc 
jissert nothing.” Such must be tho absurdities 
in which absolute scepticism lands itself, and 
tlu^re is a world of difference hetw'cen it and the 
pasition of Kaiit who said that “ the under- 
standing was not treacherous, but limited ; it 
was to be trusted as far as it went, but it could 
not go far enough : it was so circumscribed 
that philosophy was impossible.” 

It is this relative scepticism, or this renuncia- 
tion of scientific dogmatism, this formal assertion 
that science deals only with proximates, appear- 
ances, or phenomena, that characterises the 
greatest thinkers of to-day. It is, of course, a 
form of agnosticism, or, rather, agnosticism is a 
form of it Here, again, is a word to which 
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moral implications have been aitaclied, but these 
we must here ignore. Now let as recognise at 
once that this renunciation of the right to dog- 
matise works out in more ways than one. 

Agnosticism. For the moment let us a.ssumc 
that the preceding arguments are all valid, and 
let us see what follows on this assumption. First 
of all, certainly, there follows the explicit 
limitation of the range and rights of science. 
That limitation is extremely unwelcome to 
certain students of science, and is very com- 
monly ignored by those who confine their study 
to the material sciences alone. On the other 
hand, this agnostic assertion of science regard- 
ing her own powers is extremely welcome to 
those who w^erc distressed or disgusted at the 
claims which certain people used to make for 
science not so very many years ago. Everything 
pure and lovely and of good report, every Ijelief 
that contained a vestige of beauty or of hope, 
the basis for everything and anything that made 
life worth living at all — these, Ave were told, 
must be abandoned. They wore condemned by 
science, the all-knowing, and must away. This 
dogmatic position was held for some decades 
of the nineteenth century, though not by its most 
illustrious men of science. The complete renun- 
ciation of any right to dogmatise on ultimates 
has naturally enough brought great relief to 
those in w^hose eyes it seemed as if the dry light 
of science, claiming to illuminate human life, 
would succijod only in charring and blackening it. 

But this is by no means all. It might well have 
been foretold that when, of two rival schools of 
dogma, one was found to declare that, after 
all, its knowledge was only relative, and its l)est 
dogmas were symbols, the opposing school should 
(jouut the recantation as almost equivalent to an 
admission of ita set of dogmas. 

Dogmatism. It would be idle on a serious 
page to ignore the all-important historic fact of 
the controversy between scientific and theo- 
logical dogma — a controversy which became 
so acute in the second half of the nineteenth 
century. But if we are to endeavour to be 
impartial wc must bo consistent with our 
cTiticism of knowdedge. The honest man of 
science, for instance, will candidly admit that, 
owing to the fundamental structure and cir- 
(jumstances of the human mind, his knowledge 
is not ultimate, but relative, his dogmas are not 
literally true, but merely tentative symbols— 
all his knowledge, in sliort, only of the relative, 
only of phenomena, only of the surface. “ But,” 
he will go on to say to his advorsaiy, “ you, my 
friend, arc in the same boat ; you cannot have it 
both ways. You make many assertions of a 
striking character, not merely as regards the 
spiritual world of love and duty which you and I 
alike can know directly, but also regarding the 
world of sense and phenomena. The conditions of 
knowledge for me, so far as tlie world of 
phenomena is concerned, are also the conditions 
of knowledge for you.” 

In the light of such imbecile phrases as the 
“ bankruptcy of science,” it is well, perhaps, for 
us to state this aspect of the question. Having 
done so, let us go on to observe the consequences 
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which have followed the «ipplication of the critical 
method to that which is by far the oldest, the 
most popular, and the most plausible of all philo- 
sophic systems — the system called materialism. 

As 1ms happened so often before in our 
reading, here we come upon a word to w^hich 
improper meanings and innuendoes have been 
attached, more especially by those whose own 
philosophy, if it were to be examined, would 
be found ludicrously materialistic. By some 
curious set of sequences, the w’^ord materialism, 
which is properly a technical term of pliilo- 
sophy, has come to signify, in popular usage, 
nothing more nor less than Mammon worship. 
How' this should have come about really does not 
matter at all, except that in part it has un- 
doubtedly been due to the odium thedofjkuw . 
At this late day, perhaps the best that wc can 
do is to employ qualifying adjectives which will 
enable us to distinguish between two totally 
unconnected things —practical materialism and 
the philosojihic doctrine called materialism. 

Materialism. The confusion of terms is 
l)erhaps of lessening consequence since material- 
ism as the name of a philosophic doctrine is no 
longer of any current value. The doctrine w hich 
wms formerly called materialism requires to be 
renamed energism in its new' form, as w'c shall 
see. ^Icanwhile, let ns ask what the doctrine is. 
The philosophic doctrine known as materialism 
asserts that all reality, everything that exists, may 
be hnally and completely expressed in terms of 
matter or “ matter and force ” or “ matter and 
energy ” or “ matter and motion.” As a w orking 
hypothesis this doctrine has never been so 
widespread and so generally accepted as it is to- 
day. It is interesting to note, however, that it is 
((uitc definitely, in these days at any rate, the 
philosophy of the half-educated. It would be 
veiy difficult to name any great living thinker 
who is a materialist, and it would be impossible' 
to name any professed student of psycholog}^ 
w'ho subscribed to this doctrine. Nevertheless, 
its importance as a system of thought cannot 
lie over-estimated, and wc must study it most 
carefully. Wc shall have to note, also, that 
materialism is now taking a somewhat more 
relincd and subtle form in consequence of recent 
advances in the physical sciences, and that in this 
form it certainly gains both in plausibility and 
in importance, for it will now be found to make 
an appeal to many people whom the cruder 
materialism W’ould have repelled. On the other 
hand, it loses w’cight with people of less mental 
calibre. Let us look at the history of this subject. 

The Father of Materialism. Material- 
ism may claim as its first parent one of the 
most illustrious men of the antique world. 
Democritus of Abdera (about 460-360 b.c.). 

Beyond a doubt his was one of the greatest 
minc^ in history, not only in its actual con- 
structiveness but also in its seminal or seed- 
bearing quality. His ideas, taken up by other 
men, have made a dozen great reputations that 
have lasted from antiquity until to-day. Ypt 
of all his great sayings there is, perhaps, none 
greater than this, “ We know nothing rc'^lly» 
for the truth lies in the depths.” This is a 
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profound epigrain which his followers, as is 
the manner of followers, have too often for- 
gotten. The • vaguest part of his philosophy 
was certainly that which concerned itself with 
mind, and he does not seem to have been con- 
sistent in this respect. This is a characteristic 
(jf all materialists — if, indeed, wc are absolutely 
warranted in calling Democritus such. At onti 
time he certainly taught that “ the body was 
made up of material atoms, the brain as well ; 
the mind is a function of the brain, and for him 
the soul was the mind. It was made up of fine 
smooth, round atoms, similar to the atoms of fire ; 
these are the most mobile of all; penetrating the 
body, they give rise to the phenomena of life.” 

The Essence cf Materialism. Among 
his fellow countr 3 rmen Democritus found suc- 
cessors. Emi)edoclcs, for instance, working 
upon the idea of what his master was the 
first to call “atoms,” wrote of the “loves and 
hates of the atoms,” a doctrine Avhich, as wo 
must see, regards the atoms — that is to say, 
the physical — as the ultimate reality, and the 
psychical as a mere attribute or function or 
property of it. This is the essence of materialism ; 
that mind is an attribute or property of not- 
mind, or, to phrase it in the older terms, that 
mind is a function of matter. 

The most illustrious of the materialists after 
Democritus himself is the Roman poet Lucretius 
(about 95-52 b.(%). His great work was a long 
poem, “ Concerning the Nature of Things,” in 
which he expounds the principles of Democritus, 
transmitted to him through the ^vTitings of 
Epicurus. The poem is absolutely uni(juc in litera- 
ture : it is a poem not merely in form but also in 
substance, one of tine most truly poetic, elevated, 
and beautiful poems that have ever been written. 
A line in it— directly due to Democritus — was des- 
t ined, after some 1800 years, to gen(*rate the idea 
of the nebular origin of the solar system in the 
mind of a Teuton-lScot named Immanuel Kant — 
himself one of the greatest but one of the least 
poetic of men, desi ined also in later years by his 
criticism of knowledge to destroy the whole edifice 
of materialism at its very foundations. 

Truth in the Dark Ages, ifot long after 
the time of Lucretius, the life and thought of 
Europe were obscured in the thousand years of 
darkness. There were no great thinkei’s: truth, 
or even error seeking for the truth, had ceased to 
grow ; nothing was achieved, nothing was learnt ; 
materialism and all other philosophies might 
never have come into being. Then at last 
inen awoke from their horrible sleep, and the 
breath of life was found to be not wholly extinct 
in the mind of man. It was not until the 
nineteenth century, however, with its wonderful 
unifications of scientific know^ledge, that material- 
ism really came to the fore again as a philosophic 
<loctrine. It is fair to say, how'ever, of the great 
materialists of the generation that is gone, as it i.s 
probably fair to say of Democritus himself, that 
they did not really regard materialism as the 
whole truth. They also realised that “ truth lies in 
Ihe depths ’’ even though, short of that, cvery- 
Ihing, including even the facts of mind, .seemed 


to be explicable in terms of matter and motion. 
The most notorious materialists of the nine- 
teenth century were very far from being the 
greatest, and they certainly renounced any such 
doctrine as that truth lies in the depths. Some 
of their names may bo noted. 

Some Materialist Ideas. The first of them 
w'as Feuerbach, who w ill long bo remembered as 
the author of the saying, “ Man is w hat ho eats.” 
Closely following him was Carl ^'ogt, whoso 
name in its turn will bo remembered for his 
saying, “ Thought stands in the same relation 
to the brain as the bilo to the liver or the urine 
to the kidneys.” Then Molcschott coined the 
famous phrase, “ Without i>hosp]ioru3 no 
thought,” leading him on to the conclusions 
that thought is a movement of the matter of 
the brain and that “ without matter there is 
no force, without force no matter.” Then there 
came the exceedingly celebrated work of 
Biichner called “ Force and Matter ” (Kraji 
und Stoff), It is the most famous of all material- 
istic treatises, and its date of publication, 1855, 
is worth noting. Many of the so-called material- 
istic assertions of that book aro now commonly 
admitted. Our concern here, however, is not 
with them, historically important though they 
were, but with his assertion that mind, “ like 
light or heat, ek'ctricity or magnetism or any 
other physical fact, is a movement of matter.** 
His own words are that psychical activity is 
“nothing but a radiation through the cells of 
the grey .substance of the brain of a motion 
set up by external stimuli.” This involves the 
doctrine that your consciousness of yourself, 
your self -consciousness, is a material motion. 

This is evidently the most ludicrous ass(ir- 
tion that cau be mad(‘ ; but that is materialism — 
which we are about to analyse more closely. 

The Newer Materialism. There are 
really good rea.sons why llic word “malerialism ” 
is ceasing to hav(^ any but liistorical interest. 
One such reason, certainly, is tlio confusion of 
the w^ord with certain moral issues in a 'wholly 
irrelevant manner. Y(‘t another, and a still 
more important, reason is that in the present 
state of science the w ord dw^s not at all <?xpre.ss 
any form which can hv assumed by the docj trine 
for w'hicli the w ord stands. What materialism 
really means is that the external ■world is the? 
only reality, and that the p.sychical is a more 
or iess accidental property of it. But the word 
as it stands says more than thi.s, for it suggests 
a purely scientific proposition— namely, that 
the external world can l)c rc'solved into matter. 
Buchner himself, at the last, be.sought his followers 
to abandon the word ‘•materialism” and to sub- 
stitute “ monism ” for it, his rea.son being the very 
proper one that “ a ])hilosophy not of matter as 
such, but of the unity of fono and matter, is not 
materialism.” Nowadays we substitute the word 
“energy” for “force,” and then the criticism 
holds— indeed, it much more than hold.s, a.s 
we shall see. Biiehner’s advice has, indeed, been 
followed, and the word “ monism ” has come to 
succeed very largely the older term. The worrl 
is important, and we must examine its uses. 


Continued 
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INFECTIOUS ILL-HEALTH 

'THE subject of infectious ill-liealth has been 
* treated from a hygienic ])oiiit of view in some 
detail. What is said liere will be siip^demeiitarv 
to tlie consideration aheady given to the subject 
in the Health articles. 

Typhoid Fever. Cholera and smallpox have 
been fully treated. In tyjdioid fever, we have a 
disease that runs for three to four weeks or more. 
It is generally precederl by a fortnight of weakness 
and de])rcssion, and then the temperature rises to 
103^, and the diarrhoia begins, 'rherc is often a 
slight rash on the stomach. The third w'eek is the 
most critical. The ulcers in the intestines are then 
at their worst, and if they perforate thiough the 
walls, death ensues. There is often delirium and 
extreme weakness, 'riiere may be hemorrhage. 
About one in six dies of exhaustion. In this <lise.as(‘ 
skilled mirsiiig is essential, as well as mcdieal care, 
and nothing hut lirpiid food must be given until the 
temperature has been normal for one week, (treat 
care is needed in convalescence, as the heart is 
always much weakened, and for a month or two 
after there should ))e no violent exercise or strain 
of any kind. 

Diphtheria. Diphtheria has also been S])okcn 
of as regards its causes. Jt is an epidemic and 
I)oisonons sore throat that starts gradually. The 
local inllammation is severe, and the temperatun* 
rises to 102‘\ The momhraiic, that forms like w.i.sli- 
leather, may extend down the throat or up the nose, 
and produces great ditliculty of breathing and 
sw'allowing. 'rhero is great weakness, and death 
often occurs from exhaustion as from suffocation. 
Recovery is very slow. The great princi^de is to 
siip]mrt the strength in every possible way, so as to 
enable the body to fight a victorious battle. Of 
course, the ])aticnt is kept in bed, and the air must 
be kept warm and moist. A skilled doctor and good 
nurse are needed, and in bad cases the injection of 
antitoxin is the most oflicaoious remedy. In 
convaleseence, very generous diet and bracing air 
is needed. 

Measles. Measles is an infoctiou.s eatarrhal 
fov^er, with a crimson spotty rash. In the (German 
variety there is more sore throat and less rash. 
All the mueons membranes are inflamed, and the 
sneezing and coughing distribute the infe(rtion 
through the air. It is most contagious at the 
beginning of the disease, when the catarrh is acute : 
the eyelids are red and swollen. The eruption 
appears on the fourth day, and lasts four days, and 
is in the form of red dots arranged in crescents. 
It often affects the eyes and ears ijcrinanently, and 
hence care is recpiired in all had ca.ses to avoid this. 
Mexliciiic is not much needed ; a bed in a warm 
room, well isolated, with mild milk diet, is required. 

Ty^phus and Scarlet Fever. Typhus 
fever is so rare now in this country that it need not 
be descrilied, nor must it be confounded with 
typhoid fever, which is still common. Scarlet 
fever or scarlatina is an infections fever in which 
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the skin becomes scarlet from a very minute erup- 
tion, wljich starts about the second day and 
subsides about the fifth. The throat is inflamed 
and very sore. Like measles, it is common in 
childhood, but is more dangerous and leaves worse 
results bobind it. The fever rises higher, and there 
is special danger of inflammation of the heart and 
kidneys. After the rash has subsided the old 
skin begins to peel otT, either in fine rbist, like bran, 
or in larger pieces. This is a slow process, and 
sometimes takes six weeks, as the hits of skin spread 
tlie infeefion evciywhero ; the patient has to bo 
most strictly isolated until it is quite completed, the 
toes being always the last to be affected. 

In sim])lo cases, a warm room, light food and 
free action of the skin by warm drinks is sutti- 
ei<*nt. When the peeling begins, the skin should 
be <iiled to prevent the particles from flying about. 
;\s soon as the tem])eralure is normal good nmirisli- 
ing food is recpiired, ami after all is over a jnonth 
or so of convalescence is noc<led. A doctor should 
always he called in to watch the heart and kidneys. 

Chicken-pox. Chieken-pox would be a trifling 
complaint were it not that the rash, which consists 
of large scattcTcd vesicles, few in number, tend to 
form large and unsightly scars which, when they 
occur on the face, are most disfiguring. Every care 
should be taken to prevent the face being marked, 
but little other treatment is recpiired. 

Influenza. Jiiffuenza has been spoken of 
])retty fully in the section on Eb.^lth. It is 
enough here to impress the fact that the weakness 
caused by the disease is out of all ])roportion to tli(‘ 
apparent severity of the attack. Every care should 
be taken to avoid chill, esyieeially after the attack is 
over. This is tlie time when fatal pneumonia may 
readily bo set u]) and death ensue. Ilie nervous 
system often .suffers severely after this disease. 

Erysipelas. Erysipelas is a contagious 
di.siMse that, as a rule, attacks some wound or 
sore in the skin. It produces great rcdne.s.s and 
swelling, and in the head it is very dangerous, 
'riie parts affetded should be either treated with 
yioultiee.s or iee cloths, and the strength kept up 
and all chills avoided. 

Relapsing and Remittent Fevers. ^ 

lapsing fever nm.s very high, np to 107°, with 
remission caused by yiiofuse persyiiiation, which 
lowers the temperature. This generally occurs on 
the fifth or seventh day, and then for an equal 
length of time the patient appears quite well, when 
the fever returns as before, but for a shorter 
period. There is no s|>eeial treatment. 

Remittent fever is a malarial one due to the bite 
of a gnat, and is somewliat like relapsing fever, hut 
the fever does not wholly abate, but only lessens, 
and that only for a few hours. Quinine is of great 
efficacy hero. 

Mumps. Mumps is a highly infectious disease 
that attacks the glands at the angles of the jaw, 
with acute pain and sw’elling. There is fever, and 
a diflfinulty in taking any solid food. It is common 
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in children, and lasts about a fortnight. Poiiltk-o», 
warmth, and light diet are needed. 

Whoopltigitcough. Whooping-cough is an 
infectious disease of childhood consisting of violent 
paroxysms of coughing. It lasts about six weeks. 
The e is a spasm of the bronchial tube and a feeling 
of suffocation. Fi’esh air is good. In severe oases 
a doctor should be seen. It lasts from four to eight 
weeks, as a rnle, and causes great weakness. 

The other infectious diseases, such as ))lague, 
yellow fever, anthrax, glanders, tetanus, etc., are. 
fortunately, sufficiently rare in this country not to 
require special mention. 

Finally, one may say that the infectious diseases 
are theoretically all preventable, and most of tbeni 
are so, practically; and while with regard to treat- 
ment, if the case be mild, simple rest in bod till well 
is the main thing. In the severe cases, and those 
witli complications, medical care is essential. 

l<iERV£ DISEASES 

We now reach a class of disease that is of unusual 
inteios^t, as with the increasing coinjilexity and 
pressure of life it is getting more and more common : 
so common, indeed, that it is probalile that there is 
no one who reads these pages whose family is 
wholly free from it. 

The worst is that there are not only a large 
variety of nervous diseases, but, as the nervous 
energy is really the driving power of all the complex 
organic machinery of the various systems of the 
body, when it is deficient in force it is ([uite possible 
there may bo no definite disease. And yet there is 
such a general loweimg of the activity and force 
of all parts of the organism that it amounts to a 
condition far more distressing than many diseases. 
This nervous debility is very common in minor 
degrees amongst many who 'work hard, all who 
worry, and moii’frwho idle ; and yet it is only when 
it is very severe that it is recognised ns a disease 
and called neurasthenia. 

Wo will briefly glance at the leading organic 
diseases, and then at those which aiv functional. 

Neuritis. This is a jare disease wJieii it 
consists of inflanirnation of the nerve trunks, but 
as an affection of the minute nerve endings (j)eri- 
])horal neuritis) it is fairly common, 'riiere is a- 
great feeling of numbness, together with i)ain in the 
]>art alTectw, which may be a. limb or some part of 
the body. When it affects the body it is often 
called Herpes. It throws out a cii]> of small pearly 
vesicles over tlio course of the inflamed nerve often 
like a girdle halfway round the body. These are 
intensely painful, and last a week or more. Tn 
neuritis w^e get little or no general fever, but tlu* 
affected parts must be ])rotected and the patient 
got into good general health. N(*uritis often arises 
from some form of nerve jioison, particularly 
arsenic. Hot fomentations and water dressings 
are often needed, and some faradic electrieity is 
useful in resting the sensation of tlie affected part. 

Apoplexy. Apoplexy is a sudden state of 
insensibility brought on by a clot of blood in the 
brain or the rupture of some blood-vessel. is 
tliercfore common in elderly or plethoric people, 
where the blood pressure is too great, or the arteries 
too weak. High living, sedentary habits, short 
necks, and obesity also predispose to it. The 
patient becomes suddenly imconscioii'^, and paraly- 
sis of one side (the opposite to the part of the brain 
affected) often follows ; or death may ensue at 
once. The respiration is slow, the body clammy, and 
froth appears at the mouth. All clothing should 
be loosened, and cold w^ater applied to the head ; 


great care is needed in giving anything by the 
mouth, and eneinata are often useful. It is, of 
course, necessary for a doctor to deal with the case. 

Meningitis. Meningitis is an inllamniatiou 
of the membrane covering the brain. It is most, 
dangerous, and when tubercular, ns in consumptive 
l»eople, rapidly fatal. It is common in children, 
and may arise in its simple form from a blow or 
fall, or car disease or sunstroke. Tlio symptoms 
are fever, great i)ain, Iwitchings, delirium, squint, 
and, when it extends to the u]>pcr part of the 
R]Mfial cord, retraction of the head. Medi<-al advice 
should ho sought at once. The brain itself may be 
infianiod. 

Encephalitis. The symptoms are similar to 
meningitis, wdth vomiting ami convulsions. The 
disease is fatal. 

Chorea or St. Vitus Dance. This is a 
disease of cliildliood, with irregular movements 
and twitel)ings due to some l)rain disturbances. 
The child should be isolated, well fed, and kept 
qnict and restful until the disease is cured, which 
generally takes several weeks. A doctor is needed. 

Insanity. Insanity may spring from a variety 
of causes, the chitff of which is hereditary. If acute, 
it is called mania ; if partial, monomania : it nerve 
weakness, dementia ; if the intellect is absent, 
idiocy. The best treatment is removal from all 
exciting causes with plenty of distraction or occii- 
])ation, healthy surroundings, good plain food, and 
plenty of sleep. 

Diseases of the Spinal Cord. Diseases 
of the s])inal c-ord are either paralysis or spasms of 
various ])ar(s of the body, according to the region 
of the cord affected, or the inflammation of the cord. 
Avil h agonising ])ain over the spine. As a rule, spinal 
diseases are incurable, and though they do not 
threaten life like diseases of the brain, they often 
cause lifi'long misery. 

We now turn to lh(‘ functional nerve diseases, 
which we will consider in more detail, inasmuoii 
as they are more conimon and easier to understand 
and treat than the organic diseases of which we 
have been speaking. 

Headache. Headaches fall naturally into two 
groat classes, those inside and tliose outside the 
skull. We will first of all consider the causes and 
varieties of “ external headaches ” — headaches due 
to something wrong between the skull and the skin. 
In every case this “ soJiiething wrong” is a nerve 
or nerves; all cxtcriiid headaches are, Tliercfore, 
essentially neuralgias, or nerve-pains. Frequently 
they arc across the forehead, less often they arc at 
the' back of tlie head ; sometimes, again, they may 
include “ tie ” or fueeaehe, and involve the nerves 
of the face. Sometimes, again, they seem to start 
from tlie ear as a centre, and play more round the 
side of the head. 

'rhesc headaches are not generally caused directly 
through study, but are duo either to general ill- 
health, or to some local chill or iiitlarumation, A 
tight hat, pressing as it does severely on all those 
sealp-norvos, is often the cause ; great bunches of 
hair coiled u]) behind is another. A cold east wind 
blowing on the forehead is another. They may 
spread from other nerves ; toothache or earache, 
for instance, may cause this headache. 

Those are tlie headaches where local a])plioatioiis 
are very good, such as mciitliol, crystal and 
ointment, cold and heat, many liniments, and, if 
the ear be affected, a single drop of chloroform on 
cotton-wool. 

One particular form of this headache sceni.s to 
take exactly half of tlio head or face, beginning 
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with a disirirbanoe of the eyosight, ami going on 
to violent siekness, often aeconipanied witli a 
terrible ]>res.siirc. 

In headaehes of this inteiisif sleep is a panacea, 
and it can generally be obtained naturally or 
artificially, the former l^ing of course the best. 

will consider means of best ])roducing this 
Infer on. 

Neuralgic Headache, bet us always 
roneniber (hat in (hose neuralgic headaches, heat, 
])ro])crly a])plied, will always subdue surface pain. 
For instance, for a neuralgic headache that will 
not yield to oilier remedies, pnt (lie kettle on the 
fire, and a basin on (he table, with two squares 
of flannel. Pour boiling water on them, and then 
nip one up by the corner, and drop it in a towel fixed 
by one corner round the leg of the (able, or anything 
else, and then twist away at the. other, wringing 
(he flannel dry. Put this on the head, and imme- 
diately seize the second ])iece, wring it, and now 
taking oflf the first piece, and dropping it in the water 
(kept boiling) put it on the head. Now fake (he 
first piece out of the water again, wring it, and place 
it on instead of No. 2, and so on without ceasing, 
and in a few minutes the pain will be subdued. 

Let us now think of the larger subject of true 
internal headaches, commonly arising from too 
little or too much blood circulating in the brain. 

Internal Headaches. Some jicoplo have 
very little and very poor blood in the body- -not 
enough to be everywhere at once ; so if they study, 
it goes to the head and leaves the foot cold, while if 
they eat, it. goes to the stomacli and leaves the brain 
bare, and brings on a headache. It is indeed difficult 
for anyone effectually to use body and brain at the 
same time. 

Headache from deliciencv of blood in the brain 
may be recognised by its being at the top of the 
head, by jjallor, bj’ dizziness, and freipiently by 
noises in the ears. Tlicse arc the headaches beiies- 
iited by slight stimulants — strong tea or coffee, 
hot SOU]) — anything, in short, wliich increases 
the circulation ; also by lying down with the head 
low. Such people should also sleej) with the head 
low. 

The opposite state is when the heml is too full of 
blood, the face flushed, the temples throbbing, the 
])aiii excruciating, and the patient unable to bear 
a strong light or much noise. This is a “ s])Jitting 
headache,” and seems to ho all over the head. 
It is brought on in those who have plenty of blood 
by worry, by too much study, by irregular or too 
rich living, by gout, and is often acconqianicd by 
])alpitation of the heart and dyspepsia. Mustard 
foot-baths are very good in these cases. 

Bilious Headaches. M'e all recognise a 
bilious headache with its weight across the forehead, 
its spots before (he eyes, its feeling of nausea, and 
the intense and instant relief when at length 
sickness comes on. Of course, such a headache in 
a. weak or sickly person is much intensified. 

A fourth variety arises from pressure or disturb- 
ance of the nerve substance of the brain itself. 
It is a dull, heavy pain, sometimes splitting in 
character, and sometimes with dim sight. It 
generally reaches from the forehead riglit on to the 
top of the head. Here again, strong light and noise 
are much disliked. 

Amongst other causes, it is brought on by a 
long railway journey, the vibration of which has 
prcduced innumerable slight concussions of the 
brain, and altogether shaken it pretty considerably. 
A good meal will sometimes relieve it, sleep at 
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other times, or the mustard footbath again ; but 
in many cases nothing will do but medical advice. 

Yet another headache seems to spring from sheer 
exhaustion. It is a headache all over the head, 
and is relieved by a good meal and cessation of ail 
bra inwork. Strong coffee with a biscuit will relieve it. 

In the aged headaches are common from defective 
circulation in the brain arising from changes in the 
blood-vessels consequent on age. They are hard to 
cure, and hard to bear. Sleep also is not easy 
to obtain in advanced ago, and probably the best 
remedies are gentle stimulants ; if too strong they 
become dangerous. 

How to Prevent Sleeplessness. Hleep 
is such a cure for most head troubles that one or 
two hints as to how to best obtain it may fittingly 
close our remarks on this painful subject. 

A cold bed is often ti great hindrance to sleeji. 
Fotton sheets instead of linen, and in cold weather 
a wanning pan, will frequently make all the differ- 
enee lietweeii a good and a hail night. 

Hold feet, again, are another fertile cause. These 
can be best cured by having, just before going to 
bed, two basins, one of very hot, and the other of 
cold water, and putting a foot in each, then erossing 
them and putting the warm foot into the cold water 
and vice versL 'I'be constant change violently 
stimulates the einnilation. If, then, a pfiir of 
fleecy slee])ing socks be drawn on, no slec]>ing 
draught wmII probably ho needed. 

If you wake in tlie niglil, and lie awake, getting 
up in (be cold and takinga turn, and then returning 
to the warm bed will often produce sleep. 

If (he body is too hot, an arm or a leg left outside 
the clothes will lower the temperature. 

Fresh air is a truer and better soporific than 
])oisoning with carbonic acid gas. Therefore sleep 
w'ith the window open and the door shut. 

If the head be hot or tlirobhing, lie with the hearl 
high, and, if necessary, wrap the legs round with 
wet e-lothes covered with waterproof. 'J’his is an 
excellent plan. 

Hunger and Sleeplessness. Hunger is 
a common and unsnsjiected cause of sleeplessness 
and also of headache. Peojile dine at six or seven, 
and Imve nothing more till nine next morning. 
Others dine at one or tw^o, and have a cu]) of tea 
and a slice of bread -a ml -butter at seven, and 
iiotliing till next morning, lliese jieojilc go to bed 
Jnmgry and lie aw'ake. A sufficient supper at a 
reasonable hour — a chop, or a bowl of hot bread- 
and-inilk, or a plate of oatmeal porridge — will make 
all the difference, and in drawing the blood to the 
stomach will enable the brain to rest. 

Another onuse of slee^ilessness is brain excitement 
late at night. The brain gets so full of blood that 
it cannot rest. Here the remedy is obvious. 

Functional nerve diseases generally are, as a rule, 
little understood, and meet w'itli little sympathy. 

Listen to the usual treatment of a nervous case. 
When one of these victims to hypochondria, w'ho 
are commonly called mo/odcs inmginaircs, has 
recourse to medicine for the relief of pain, or some 
other disturbance, he is usually told it is of no 
importance ; that he is fanciful, and some anodyne 
is carelessly pre.scribod. The patient, who is really 
suffering the pain he has suggested to himself, feels 
convinced that his malady is not known, and tha< 
nothing can be done for him. The idea that his 
complaint is incurable becomes intense in proportion 
to his hij^h opinion of the physician’s skill ; and thus 
the patient, who was suffering from the painful 
affection suggested by his mind, often goes away 
not only uncured, but incurable. 



ILL-HBALTH 


A disease due to tfie imagination %s not necessarily 
an imaginary disease^ but may produce various 
functional and even organic disturbances. A wise 
physician once said : “ If a man is so ill as to say he 
is ill when he is not ill, he must be very ill indeed.’’ 
The diseases grouped under the heads of neuras- 
thenia, hysteria, and so on, are real in origin and 
effects, and formidable in their nature ; and it is 
high time that the ridicule, the offspring of ignorance, 
with which they have been so long surrounded, be 
entirely done away wdth. A nervous invalid is a far 
greater sufferer than a man with a broken leg ; 
but we are content to dismiss the former as “ only 
hysterical,” and more sympathy and less contem])t 
is often felt for a drunkard than for a neurastheme. 

Nervous j^ople are the very salt of the earth, 
and the leading in every profession are drawn from 
their ranks. They are men with brains that thrill, 
that feel, that are cpiick in action, lirm, clear, and of 
high organisation. It is the nervous men that rule 
the world, and it is the children of these people who, 
inheriting the nervous organisation of their parents 
without having their safety-valve of hard work, 
form the bulk of our nervous sufferers. At the same 
time, just as a man can get gout from too little food 
as well as too much, so wo have a large class who arc 
ill from too much work and worry, instead of too 
little. The nervous disease's among this class far 
outiiuTnber all others. 

A Disease that is on the Increase. 

Neurasthenia is the general result of overstrain of 
the nervous temperament, and is said to !>e on the 
increase, the growung tension of life being cpiite a 
sufficient cause, (.'onstant brain irritants in the 
ideal centres, in the shape of small but j-jerpetual 
w'orrics, render the other nerve centres as morbidly 
sensitive as a constant succession of slight needle- 
pricks all over the body w’ould the terminal sensory 
nei*ves. The manifestations of tlic early irritant 
stages of neurasthenia, are nuiiierous. Physically 
they may include constant movement of the body 
and face, sharp cough, hoai-seiiess, quick breath, 
starting and ])al])itation, timidity, irritability, 
melancholy, and a dread of being alone or in a crowd. 
Tf neglected, it may end in hysteria or organic 
disease. 

Referring to the three divisions of the brain, the 
cause may be said to bo largely the result of want of 
control bv the upper over the middle district, which 
may be due to inherent weakness or to exhaustion 
from overwork or worry. The constant movement 
characteristic of this condition is in itself a sign of 
weakness in the higher centres. A baby is always 
in motion. As W'c grow older we get (piieter, and 
the man with the strong brain only moves for a 
definite purpose. Repose, not movement, is a 
sign of brain power. 

The further stage of nervous debility is a still 
worse disorder, ft is the manifestation of nerve 
exhaustion rather than irritation. It is the frequent 
result of excesses of all kinds. It is characterised by 
physical weakness, mental lassitude and apathy, 
occasionally varied by a false and capricious, but 
evanescent, energy. It is often combined in varying 
degrees, as would naturally be sup])osed, with ner- 
vousness. In both of these disoreWrs the first step 
in treatment is to seek out, and, if possible, remove 
the cause. Skilled treatment of a special character 
is, as a rule, needed. 

Hysteria. Hysteria is a nerve disease of a 
different nature altogether, though it may be the 
result of the preceding disease, or may arise from 
any sudden mental or physical shock; or it may 
spring from hereditary causes, as we have already 


seen. The disease is most common in the spring, 
when the nerve system is least balanced. It often 
consists in the distinct manifestation, or perfect 
simulation, of disease not merely in irregula?’ bodily 
or mental action. In hysteria proper there is no 
intent whatever to deceive, and it must carefully be 
distinguished from malingering, which is a direct 
attempt nt fraud, and for which no contempt and 
ridicule can be too severe. 

Hysteria is, on the contrary, a real and most dis- 
tressing disease. If is common in the under and 
overworked, in the badly trained and imperfectly 
educated ; in boys from ten to fourteen, in girls 
from sixteen to twenty-live. Over-education and 
subsequent idleness combined arc fertile causes. 
It is often found in people otherwise strong-minded 
and clover. 

Hysteria is so common that in many classes f)f 
ailments it is the general cause, organic disease being 
the exception. 8ir H. Rrodie states that four- 
fifths of joint disease among the upper classes are 
hysterical, and one-fifth amongst the lower. 

Hysterical Symptoms. Amongst other 
symptoms of hysteria may bo included sliarf) cough, 
spasms, convulsions, and choking from a ball rising 
in the throat. The spasms may he of any muscle, 
as of the ch(‘st, producing difficulty of breathing ; 
or of the arm, or leg, or finger, or toe, producing 
temporary or permanent contract ion of the part. 
The convulsions or hysteiical fits an^ violent, and 
are greatly aggravated by any notice or sympathy. 
The patient falls without hurting herself, and the 
fit rarely occurs when there are no bystanders. 
Nevertheless, the hysterical convulsion is not a 
sham. It is generally ]>recede(l by the feeling of a 
swelling in the throat. 

Hysteria also simulates every known disease, 
including tninonrs, deafness, blindness, dumbness, 
paralysis, St. Vitus dance, and so on, and is capable 
of producing, curiously enough, the highest tempera- 
tures of fever. 

The first thing in treatment, of course, is to 
ascertain that the disease is lusteria only. I’his is a 
most difficult thing to verify in such patients, and 
nothing is more (‘ommon than to find a, disorder of 
the mind treated as a disease of the body. If there 
is, however, (‘Icarly no organic disease at the 
bottom, then the case must be one arising from 
nerve disorder, the cause of the nerve disorder being 
either physical or mental, or often a combination of 
both, the brain being, of course, wdiolly dependent 
for healthy action on good blood. 

The Course of the Disease. A vicious 
circle is often kept u]) in those cases which it is 
absolutely essential to break. They begin, it may 
l»e, with loss of a])pctitc from some slight cause. 
This, in these cases, leads to disordered thoughts, 
and the idea of disease begins. This, again, makes 
the appetite still more capricious ; the thoughts, 
therefore, get still w'orse, and so the body starves 
the brain, and the brain the body, and the emaciated 
patient having, probably enough, first of all worn 
out her friends, sinks at last into her grave from 
sheer exhaust ion. 

The first thing, obviously, is to remake, as far as 
possible, the vitiated body and brain with fresh flesh 
and blood and nerve ; and then, when wc have put 
the patient into the best possible bodily health, 
we shall have cured the physical cause of the 
nerve disorder, at any rate. Then, or even simul- 
taneously, any mental and possibly moral, cause 
must be deliberately, scientifically, and syste- 
matically attacked by the careful substitution, of 
good habits of thought and action for bad. This 
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fs done mainly by siigj^estion, but without any of 
the doubtful and unpleasant «acoonipaninicnt3 of 
hypnotism. 

Cure by Suggestion. It is important to 
remember that when the brain is restored to health 
by good nerve tissue and healtliy blood, it can bo 
made by suggestion to exercise as liealthy an influ- 
ence over the body as j^reviously it exercised a 
harmful one. If ideal centres can produce ideal 
diseases, surely the rational cure is by first bringing 
these ideal centres into a healthy condition, and then 
making them the means of curing the ideal disease. 
Mental disease requires and can ultimately be cured 
by, mental medicine. Tonics, in hel])ing to build 
up the new flesh and blood, arc, of course, valuable. 

Electricity, properly applied, is also a therapeutic 
we can seldom wholly dispense witli ; and the 
reason of its value is obvious when we consider it 
is the most powerful agent that we possess for 
direct action on the nerves. 

If the case be a severe one, it must he withdrawn 
from all its surroundings during the cure ; and 
afterwards, if these were bad, it must never return 
to them again. 

DISEASES OF SPECIAL SENSES 

In considering, as we will now do briefly, diseases 
of the special senses, we will at first confine our 
•ittention to diseases of the eye. 

Squinting. Squinting is often caused in 
children by short sight, and sometimes by over 
brain pressure. Iteaii often be remedied if treated 
early enough. If allowed to persisf, the sight soon 
deteriorates in the squinting eye. If an operation is 
required, it is a safe one, and, as a rule, successful 

Styes. A stye is an inflammation of the root of 
the eyelashes. It can sometimes be cut short by 
pulling ont the inflamed e^’elash and touching the 
part with caustic or carbolic. Hot fomentations are 
also good. An ingrowing eyelash should he pulled out. 

Cold in the Eye. If the cold, or conjunctiv’ 
iiia is severe a doctor should be consulted. In any 
case, the patient should remain indoors, and bathe 
the eye with w'arni water in which alum has been 
dissolved in the ])roportion of lialf a toaspoonful to 
a large jugful. It is very dangerous in these cases 
to use any old eye lotion, as incurable blindness 
may result. 

The ophthalniia in inflamed eyes of ehiklren is 
contagious, and should be cured at once, 
black ” eye, hot fomentations, or bathing 
with spirit and water, tincture of arnica or hazeliuc, 
is best. 

If anything gets in tlie ej^e, nib the sound eye 
well, and the dust will often fall out of the other. 
Never rub the injured eye. Drawing the upper 
eyelashes over the lower often wi|)e.s the dust out. 

Myopia. Myopia is short sight, resulting from 
the eyeball being too long, so that the rays of light, 
instep of coming to a focus or point at the retina, or 
back of the eye, come to a focus in front of it, and 
by the time they reach the retina have separated 
again and produced a blurred image. 

This is corrected by concave glasses, which, 
by separating Uio rays of light, jircvent their 
converging so soon and bring them to a point 
on the retina, giving a sharp, clear image. 


extremely 
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Hypermetropia. This is short sight from 
exactly the opposite confli,tion. It is very common 
among children, and leads to bad squinting. In 
tins case the eyeball is too short, and the rays of 
light have not time to get to a focus on the retina, 
but would come to a focus behind it. The image 
in this case is also bhuTcd. 

Owing to the power we have of making the lens 
in the eye rounder, we can make the focus the right 
length by a strong muscular effort. This, however, 
not only tires us, but as the saiiu? nerve that supplies 
the muscle of the lens also supplies the muscle that 
moves the eyeball inwards, this gels contracted too, 
and thus, in the effort to obtain clear sight, children 
produce an internal squint. 

The proper way to treat this condition is evidently 
to wear convex glasses, which, by bringing the rays 
of light together more (juickly, enable them to get 
to a foeiis in the short eyeball without any strain. 

Cataract. Cataract is an opacity of the lens 
of the eye. It is one of the most curable of serious 
eye diseases, anti in China and India, the o])oration 
is often performed successfully many times each week 
by young English lady students and others. It 
consists in making a small slit in the side of the 
cornea, through whicli the opaque lens is slipped 
out. Of course, to see propci'ly afterwards, glasses 
of }>ro]>cr convexity must b<^ ivorn to take the place 
of the missing lens. 

Presbyopia. This is a liardcning of the lens 
from old age, and generally begiu.s to come on at 
45 or 50. For reading, and any use of the eyes that 
make it nece.ssary for us to alter the slia])e of the 
Ions, which has become difiicult, great relief is found 
in wearing slightly convex glasses. 

VVe must now turn to rliscases of tlie ear and voice. 

Deafness- Deafness is generally the result of 
refloated and neglected colds. Hewarc of putting 
drops in the ear without medical advice, or of using 
shar]) instruments. Medical advice is always 
recjuircd in these cases, and also in all discharges 
from the ear, which, however, niiay be gently 
washed away with a syringe and a little Condy’s 
Fluid. 

In eases of abscesses in o: behind the car early 
advice should bo sought, as in neglected cases the 
inflammation may extend to tlio membranes of the 
brain and produce fatal meningitis. 

Vertigo. Vertigo may almo.st be called a 
disease of the car, as it is dependent on a disturbance 
in the .semicircular canals. 

Noises in the ear are most- distressing. They may 
be caused by the pressure of wax on the drum of 
the ear, but as a ru'e aie the ie.>iult of same chronic 
trouble tlie in internal ear, and are incurable. Th:* 
best plan is so to improve the general health that 
the noise.s nan be endured. 

The Voice. The voice, too, is often in trouble. 
In sore throats and laryngiti.s it is reduced to a 
whisper, and the loss of voice often jiersists long 
after the cause has disappeared, particularly in 
nervous people. 

Sometimes the loss of voice is not from any such 
cause, but is due to paraly.sis of one of the vocal 
cords, or .some pressure on them from a new growth. 
Persistent loss of voice not due to colds or soic 
throats should at once be seen to by a medical man. 


Continued 
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T^ILITARY ongineering differs from in <li.it 
time is the governing f.icfor. 'Dio military 
engineer should be trained to have a thorough 
knowledge of eivil practice, of labour ami trade 
methods, of all mechanical engineering, of 
machinery, locomotives, rolling-stock and niolor 
transport, of electrical engineering, of power, light- 
ing, tolegra])hs and telephones, and of all railway 
work, including both traffic .ind permanent-way 
departments. It is his business to ada])t all this 
knowledge to the furtherance of the wishes of (he 
commander- In-chief in war. To this end ho must 
also be thoroughly trained in all branches of the 
art of war, including strategy, tactics, military 
history, in the organisation an<l composition of all 
branches of the service, and must have a complete 


knowledge of all armaments, with the effective 
ranges of all arms and the penetration and explosive 
radius of their shell. These duties in the British 


Army are carried out by the corj».N of Roy.d 
Kngineers. 

Engineering on Active Service. On 

active service, military engineering roughly divides 
itself into the following heads : 

Passing rivers; bridges of the floating, trestle, 
frame, tension, suspension, or cantilever type; 
aerial tramways, railway eonstrnclion and adminis- 
tration along the lines of communication ; the re^iair 
of steel bridges, roadmaking, water supply, held 
fortifieation, including treiudies, reiloubts, block- 
houses, defensible posts, siege works, sap}>ing and 
mining, telegraphs, field telephones, aiul search- 
lights; halboons, housing of hospit.als on the lines 
of communication, and housing of troops. 

In peace time only the following can 1 m.' c;illed 
military engiiieering~-nnmcly, the construction of 
magazines, (!oast defence, and permanent fortifica- 
tion generally. 

Passing rivers may be accomplished by fords, 
or on rafts and boats, or by bridges : floating bridges 
are the quickest to make when suitable materials 
are at hand. 

Fords (or drifts) should he marked by stakes 
driven in the river-bed. A ford, to be y)assable for 
infantry, should not exceed 3 ft dec]); for cavalry, 
4ft. ; and for carta containing ammunition, '2 ft. -1 in. 
Large atones should be removed from the river 
bottom, if possible. If the river is swift, a life-line 
stretched tightly across on strong stakes is of gi’eat 
value. Approaches must be prepared on both 
hanks ; the exit should have a good straight pull 
for teams of animals, and should l>e made up as 
described later under Roads. 

Floating Bridges. The site will most often 
be roughly fixed by the military requirements of the 
case, but for convenience of construction the banks 
should be low, with good, firm ground to furnish 
approaches ; and the bed of the river at (he banks, 
in tidal waters, should have a gentle slope on which 
the barrels or piers used in the bridge can rest 
ns the tide falls, thus obviating complicated rise and 
fall of tide arrangements. 

After selecting a site, measure the width of the 
river. If direct measurement is difficult, the far side 
of the river being inaccessible, the following device 


will serve. Selei*! some eorivu'nient point, A, on the 
o])pov:ite hank [9], and mark th^ point B on the near 

h. aiik, wliere the (uid of the bridge is going to rest ; 
then ]>eg out any ]>oini-, C, in line with A and B. 
Laj" off a line, cb, at any eonvenieiit angle. Take 
any yioint, F, in thi.s line ; lay off the angle DFF 
equal to the angle T)CA ; mark the point F in a 
'Straight line between D and A ; measure DR, DO, 
and KF: then AC : CD :: FE : KD. Hence, AC 
and AB are known. 

Floating bridges consist of a continuous roadway 
on piers of pontoons, boats or casks. The niiniinmn 
width of roadway required in the eloar is as follows : 
I J ft. to 3 ft. for infantry in single file ; (5 ft. for 
infantry in tile, cavalry in single file, or military 
carriages man-handled over ; .S ft. for infantry in 
fours, cavalry in sections, or military carriages fully 
horsed: t> ft. i.s the normal width allowed, and 
10 ft. allows a single man to pass over in the opposite 
direclioii to the stream of traffic. If hand-rails are 
given, allowance must he made for projection of 
a xles. 

'Phe following w’eights per lineal foot of roadw^ay 
must be allowed for in all bridge calculations (they 
ineludc an jillow’ance for shock or “live-load’'): 
Infantry in single file, 140 lb. ; in file, 280 Ih. ; in 
fours, 500 lb. Cavalry in single file, 100 lb. ; in 
half-sections, 300 lb. 

Infantry ncifinlfff weigh 100 Ih. “dead, ’ when un- 
armed, and 200 lb. armed per man ; 1 ton per axle 
w'ill cover the weight of field and horse artillery, 
and axles average 8 ft. apart. Weights of other 
carriages may he got from service manuals. 

Pontoon Bridges. The sim])lest floating 
bri<lgcs are made with pontoons. They arc of three 
hinds — for infantry in single file ; wvdivm, for 
infantry in fours, and guns ; ami heavy, for cavalry in 
half-sections or a O-ton steam sapper, elephants, etc. 

Pontoon Avaggons each carry one bi-parioid 
]iontoon, and one 15-ft. bay of superstructure 
10 ft. wide. This sux)erstTUcture consists of five 
baulks, 15 chesses (or flooring planks), two ribands, 
and various small lashings. Each pontoon is fitted 
lengthwise with a saildlc, on whi(*h the banlks 
(3.rin. by (> in.) rest, being secured by iron claw 
ends. Tlie chesses (lA in. by 12 in.) are laid across 
the.se baulks, and are scoured by lashing ribands 

(3.1 in. by (1 in. timber) over their ends. Figure 23 

i. s illustrative. 

For medium bridges, five baulks are normally 
u.sed, spanning from one pontoon to the next, and 
each whole ])ontoon with its set of siiperstriietiirc 
will provide 15 ft. of bridge. 

For light bridges, the half-pontoons are used 
separately wu’tli three baulks from one to the next. 
Tho chesses arc ])Ioced longwise on toj). For heaty 
bridges three ha If- lion toons are joined together, 
and nine baulks are used to each bay. Two saddles 
must hero be used to each pier of pontoons, and 
Iho roadway will be made no wider than for tho 
medium bridge [see 1 , 2 , and 4 ]. 

A bridging company, Royal Engineers, can luako 
1(15 yd. of light, 85 yd. of medium, and 55 yd. of 
heavy bridge; a field company Royal Engineers 
can make 25 yd., 15 y<l. or 10 yd. re.spectively. 
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l^Ykehuoyancy of each half of a pontoon is 7,0001b., 
immersed up to the gunwale, of which 1,000 lb., 
2,d00 lb., or 3.500 Ib. (light, medium, or heavy) is 
taken up by the weight of the bridge itself. 

Bridges with Boats or Barrels. HoaU 
can bo used instead of pontoons. The best way to 
test their buoyancy is to load them with men 
down to the safe limit ; the weight of men, and 
hence the buoyancy, is then known. 

A rule of thumb for infantry in fours is given. 
The number of unarmed men that the boat will 
safely hold (with 1 ft. of gunwale above water) 
divided by 4 e(piais the central interval between the 
boats. At the same time, the width of waterway 
between piers must never be less than the width of 
one pier. 

In other respects, boats are treated just like 
pontoons, the only difficulty being the fixing of 
saddles to transmit the weight of the bridge to the 
boat. This should be done by upright struts to the 
keel, or eross-pieces across the gunwales. If two 
boats arc to be joined together in one pier, place 
them stern to stern [5]. 

Barrels or casks can be used, lashed to long spars 
to form piers ; good watertight barrels will rarely 
be found in sufficient quantities to be of any prac- 
tical use, except for shore ends. 

The buoyancy of a barrel ~ 5 C-L - tt’, where C 
is the mean circumference of the barrel in feet, L is 
the length in feet along a stave, exclusive of the end 
projections, and w is the \veight of the barrel in 
lb. (usually ncglectedj. Only nine-tenths of this 
result should be taken in practice. Another rulo 
of thumb is buoyancy in lb. = contents of the 
barrel in gallons x 10. 

Barrels are made up into piers by lashing, bung 
upwards, to spars, as shown in 3 and 6. These 
piers are treated in the same way as pontoons. 
The lashings must be made tight. 

Shore Ends. If the water-level be fairly con- 
stant and the banks be quite low, the baulks of the 
inshore bay may rest on a timber sill bedded in tho 
ground ; if tho banks are high, an approach road 
will have to be cut through. The slope of this 
and the end bay must never exceed I in 7. 

In tidal w aters, sliallow near the banks, the inshore 
piers may be allowed to ground, provided that the 
1 in 7 slope is not thereby exceeded, and that the 
bottom will not injure the pontoons. For this pur]>ose 
barrels are preferable, and should always be placed 
near the shore if there are both barrel piers and 
pontoons in wac in one bridge. If tho 1 in 7 
slo]^ would be exceeded by this method, owing to 
the steep slope of the river-bed, a long gangway 
may be used. The bridge w'ould thus be available 
for infantry, although impassable for animals except 
at high tide. A better arrangement is got by the 
use of trestle-piers, which float at high water, and 
have their length arranged so that w’hen the tide 
falls they ground in succession, taking the weight 
of tJie bridge off the boats on to themselves [11]. 

These trestles can be imi)rovised. The service 
Weldon trestle is carried for shore ends, having a 
transom whicli can bo raised or lowered by a 
differential chain tackle as the tide varies. The 
superstructure is the same as for pontoons. If 
the river is too deep for the use of trestles at all, 
tho question becomes very difficult. No definite 
suggestions can be given, but the site should bo 
avoided if possible. 

A very rapid method for forming a two-plank 
bridge for infantry in single file is shown in 7 and 8 ; 
ancl^rs ore required as for all other floating bridges, 


or each barrel may be secured by lashings to n 
cable stretched across the river. 

Pier heads can be made with service pontoons, 
one to two bays being pushed out from the shore, 
and properly moored. 

A ftying bridge consists of a large boat, or pontoon, 
or barrel raft set at an angle to the current, made 
fast with a long cable to some fixed point, such as 
another boat, moored in the middle of the stream 
w'cll above the [)roposed point of crossing. By 
attaching the cable to the raft by a sling in a 
suitable place, the current will force the raft across 
the river [10]. 

Strength of Spars. The strength of rectan- 
gular spars may be calculated thus for cross breaking : 
Ijct w be the weight per foot run on tho spar, I bo 
the distance in inches between the points of support, 
and h and d the breadth and depth of the baulk 
available for use (timber, ordinary fir), then : 


wl‘^ 

'~h' 


^ X 1200 X hd- 
u 


For example, to test a timber baulk 3J in. x 
in. ; how much will it carry across a gap of 
15 ft. 9 in. ? 

Substituting in the formula, we have : 


8 


12 

0 


X 


1200 X ~ X 0 “' 


iv - 70 lb. per foot run. 

Therefore, if required to carry infantry in fours 
at 500 lb. per foot run, e ght baulks will be used, 
('ompare tlio fact that five of the proper Kauri 
pine pontoon baulks will suffice. 

For round spars, let I) = tho mean diameter ; 
(;alculato as for a rectangular beam, taking b and d 
AS equal to D, and multiply tho result by 

Trestle Bridges. The simplest form of 
bridge in most cases, and tho only one for railway 
w ork, is the trestle bridge. The river must necessarily 
not be too deep. Figure 12 shows a simple framed 
trestle for railw'ay work ; modifications of this, 
subject to loads given above, will do for road 
bridges. 

The governing factors in design are the need for 
rapid construction and the nature and paucity of 
materials and labour available. 

Sleepers on the bridge should be placed 1 ft. to 
2 ft. apart, or closer, so as to distribute tho weight. 

Stringers, or rail-bearers, extend from one trestle 
to the next; the length of timber available for 
these will usually determine the spacing of trestles. 
Timber baulks, rails, rolled steel beams, or trussed 
timber beams may be used ; any number of stringers 
arc permissible ; for timber baulks, the number i'* 
u.suaJly four placed two \indor each rail. Try to 
get stringers long enough to span over two trestles, 
and let them break joint on alternate trestles. If 
there is only a single stringer under each rail, use 
a bolster to get a bearing [14]. 

Stringers should be given a 1-in. check over 
trestle cap, and bo spiked, bolted, or dogged to it. 
Timber baulks are suiteblc up to spans of 15 ft. 
to 20 ft. Four 12 in. x 12 in. baulks will do for a 
15 ft. spacing of trestles for all locomotives at low 
speeds. The sleepers are spiked to tho stringers. 

Rails are good for short spans (such as broken 
culverts), laid close together side by side ; the ends 
of the rails should to embedded in the ground 
under the permanent way, if possible, at each sid(^ 
of the gap. Five rails (steel, 66 lb. per yard) under 
each rail wilVcarry all engines over an 8*ft. gap. 

To calculate timber stringers, consider the heavies i 
pair of engine wheels as placed at their centre, and 
let their weight be W on each wheel in lb. 




MILITARY ENGINEERING 

1. URhtbridse 2. Medium bridge 3. Method of lashing 4. Heavy bridge 5. Pier of iwats 6. Barrel pier 7. Section 
hght infantry bridge Plan of light infantry bridge 9. Method of measuring a river 10. Flying bridge 11. Tidal 
amp 12, Simple trestle 13, Single lock bridge 14. Bolster 16. Trench whore no t?oinirinnd is reqiiireil 16. Shore 
name for tension bridge 1 7. Single sling bridge 18. Fire trench 19. Fire trench with head cover 20. Strutted tension 
bridge 21. Tension bridge without struts 22. Section throngli parai)et, showing reliefs 


mcin 








23. MEDIUM PONTOON BRIDt^E 

Ihen, using same symbols as pfivcn above, 

I ^ 1200 hd'^ 

4 6 

For example, let the span be 15 ft. Let 7 tons 
bo the heaviest wheel load. Then, substituting 
7 X 2240 X 15 X 12 1200 hd - 

4 ~ ’ b 

hd‘ 3428. 

Assuming that two baulks w'ill be used, then 
for each == 1714 = 12® (nearly). Therefore, two 
baulks 12 in. X 12 in. will do imdet eac^h wheel. 

Trestles. Framed trestles are made in one 
panel up to 20 ft. to 30 ft. high [12]. Above this, 
make them in two panels — that is, with a horizontal 
iiiomber half way up, and a double set of cross- 
bracing. A convenient spacing for trestles is 15 ft. 
Thei)Osts may bo 12 in. x 12 in. or 10 in. x 12 in., 
the cap 12 in. x 12 in., and the sway bracing 0 in. 
X 3 in. or 12 in. x 3 in. The cap is drift-bolted, or 
(logged or spiked to the po-^ts. Dogs arc bars of 
iron 18 in. long pointed at the ends, and bent round 
into a flat shape ; they arc driven into adjoin- 
ing baulks of timber to hold them together. 

For trestles up to 0 ft. high, use four vertical 
posts ; above C ft. the outer two should slope ; 
the inner two should be underneath the rails. 
There is no need for sway bracing for ties ties 
under 12 ft. high. Place the trestles in jmsition 
with their tops as nearly level as possible; the 
exact levelling up should be done by wedging after 
the stringers are in position. The base of trestles 
must l>e anchored against a seiious ru.sh of water. 
When the bottom is soft, trestles are suinetimes 
built on j)il(’!S ; these would be cut off level after 
driving. They arc slow and rarely used. Figure 
24 show's a trestle pier bridge over the Zand River, 
South Africa. 

Crib Piers. A substitute for a trestle is a 
crib pieVt made by piling sleepers crosswise on toyi 
of each other. These crib piers are very wasteful 
of sleepers, but are (piickly erected by a party of 
infantry ; a very large number of men can bo 
employed at once c.arrying the slee])ers. 3 hey 
block up a lot of waterway and must be filled with 
stones and spiked if reciuired to resist a serious flow 
of w ater. For erection in water, construct the lower 
portion on shore, spike it together and floor in the 
bottom ; float it off to the right place and sink it 
by filling with stones. The maximum height for 
crib piers is 25 ft., and they are most useful for 
crossing dry gaps on land. 

All bolts should be about -J in. diameter ; drift 
bolts are J in. square or round iron with a head 
at one end ; they can be made on the spot with 
a field forge. 

Smooth bolts hold better than jagged in timber, 
and round have 25 per cent, more holding power 


than square. The holding pull of a round bolt in 
fir is 300 lb. per square inch of surface of the bolt. 

All bolt holes should bo bored J in. smaller than 
the bolt. 

The best foundation for a trestle on rock is got 
by cutting the rock level, or making it up with 
concrete. 

On ordinary soil, rest the sill of the trestle on a 
platform of sleepers cut in half. 

On sand, put in a long, low crib pier of sleepers, 
floored unclcrneath. For mud, piles are necessary. 
Where the water may cause scour, surround the 
base of all trestles or piers with piles of large, 
loose stones. 

Frame Bridges. For ri span where the 
water is too deep for a trestle bridge frame bridges 
may be convenient. 

Figure 13 show's the remains of a demolished arch 
and a. single lock bridge in position. Two heavy 
frames are made, one on each bank, and when 
good footings have been obtained, they are lowered 
forward until they meet and lock as shown. The 
trestle on the right is slightly narrower than that 
on the left, so as to look inside it. A transom is 
placed across and road- bearers are laid with chesses 
or planks on top in the usual way. Calculations 
for road-bear(TH are the same as for pontoon 
baulks, e.xccpt that they are iistially round. Such 
a bridge is suitable for a 30-ft. gap and Is very 
rayhd if made by skilled labour. 

For bigger spans up to 50 ft., a single sling bridge 
can bo tised, as shown in 17. There are four 
gaps of 12 ft. 0 in. for the road-bearors to span. 
The great difficulty with these bridges is to get 
good footings for the base of the trestles, and they 
rc({uirc very large spars of good quality. 

Tension Bridges. For spans of 00 ft. and 

upwards, a tension bridge is more suitable ; its 
strength largely d(*pends on cables, which are easy 
to trails pv>rt. 

A strutted tension bridge is shown in 20 for 
100 ft. .span and a roadw ay (> ft. wide in the clear ; 
if required for a smaller span oru* set of ties on cadi 
side of the centre can bo omitted, which will reduce 
the span 1o 78 ft. The loads on all tran.som.s except 
that at the centre are carried by the tension of a 
pair of ties and the compression of a pair of struts. 

The central transom is carried by a pair of ties. 
The height of the pier at each abutment should 
not be less than one-fourth the span. The vertical 
frames arc made as in 16. The upriglits may be 
made of two spats, one shorter than the other 
with the lop transom resting on top of it. 
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The frames are raised with back struts, and back 
giiva arc fixed to the anchorage. In loam, anchorages 
may consist of one large or three smaller buried 
logs ; they should be }>laced well back from the ])ier ; 
three ]0-in. logs, 15 ft. long, would suffice if 3 ft. 
below ground. 

A tackle from the head of each frame is used for 
pulling out the struts of the opposite abutment 
into position ; the ties are secured to the transom'', 
and the roadway is laid outwards from both banks. 
Steadying guys should be brought from the ends of 
the central transoms, crossed under the roadway, 
and brought to the hank, where tluyv siu)uld be 
hauled taut and secured well to the leH and right 
of the bridge to prevent sideways oscillation. 

The stresses in the different guys are 'marked iu 
20, and arc for a single tie — f.c., one on eitluT ^ide 
of the roadway. 

The strength of cables is found thus; Let W be 
the breaking weight in tons, and c be the circiim* 
fcrcncc of the rope in inches. Then for hemp i oih'. 

} c% and for steel rope W - 2*5 c-. 

This value should be divided by a factor of safety 
of 5 or 4 according to the condition of the material. 

A tension bridge can also be erected without the 
timber struts underneath. 

Figure 21 show’s such a bridge designed for an 
SO-fL span. The 
loads are sup])ortcd 
by the ties and by 
the resistance to 
compression of the 
outer road-bearers, 
which here take the 
])lace of struts. 'Fhe 
footings for tho.we 
must be carefully 
jn’opared to take the 
thrust. The outer 
Spars should be in 
one piece long enough 
to extend beyond M 
iu 21. 

The ties should he 
tightened up so as 
, to lift the bridge 
well up above its proposed cam])cr of 1 in 20. 
When loaded it will soon come down again owing 
to stretch. 

Suspension Bridges. Su,<^pr)}^(on bridges 
are suitable for large spans, and, de])eiiding as they 
do on cables for tlieir sli’cngth, are very ])ortabli* ; 
they arc specially suited for liglit infantry brid.g(N. 

They are of three kinds — namely, the common 
form, ill which the roadw'ay, consisting of transoms, 
road-bearors and chesses, is suspciKlerl below’ tla^ 
cables by slings; the ramp sus|K'nsion bridge, in 
W'liich the roadway rests for the most i)art directly 
on the cables, and consists of chesses only, road- 
hearers being required for only one hay at each 
end; and the trestle suspension bridge, in which 
the cables are quite low% and the roadway consists 
of chesses and road-bearers supported on trestles 
W’liich rest on the cables. For the first type, the cables 
rest on timber frames on each bank. The anchorages 
must be carefully foi‘med, the pull of the anchor 
cables being Kept fiat. From the cables slings arc 
suspended at lO-ft. intervals carrying the transoms: 
the road-bearers are laid on these, followed by the 
chesses. The usual dip of the cable is W to iV of the 
span. In erection it should be hauled up well above 
its final position to allow of stretch. A stretch of 
1 in. in a cable gives an increase of 2 in. to 3 in. in 
the dip. The length of slings can be worked out 


beforehand, and they can he fastened (o their 
transom and jn’ejiared on the bank before sliding 
them out along the cable.s. Let y -- length in feet 
of the sling retjuired, and suppose it is intended to 
Ik' fixed . 1 * ft. from the centre of the span. Let 
a be the span, and (/the dij) in feet. Then 

id , 

y - -..r.xi 

Laf.'ral guys must be brought to the banks, 
well out to the right and left, to steady the biidgc 
against swaying in the wind. 

The trestle siis]X‘nsion bridge has the advantage 
of requiring no timber frames at the banks to carry 
the cables, since a log buried in the ground as a sill 
will suffice ; but it is more difficult to construct 
and takes a good deal of timber. 

The stress in the main cables is found thus: Let 
ir bo t lie load on the bridge per foot run in lb., and lot 
'r be the maximum tension in all the cables togctlicr 
in lb. (occurs at the centre) ; let a andrf be as before. 
ica - 

I'bon T — lb 

The cables may be of rope or steel wire, one or 
more being used at eaeh side as required or they 
may be made of tw isted telegraph w’ire. 

'Phis latter ex- 
pedient is very useful 
for light infantry 
bridges two planks 
wide. Two lengths 
of ordinary wire 
fence, posts and all, 
may be slung across 
tlio gap, with their 
low’cr edges fastened 
together so that they 
hang in a V-shape. 
A wide plank is laid 
along the bottom 
between lliem, and 
infantry can then 
cross in single file 
at two paces dis- 
tance. There are 
many other military bridges, but the commonest 
have here been dealt witli. Figure 26 show’s a 
sus])en'jiori bridge. 

Cantilever Bridges. Cmtilrvcr bridges are 
very much used in India, tlicir chief advantage 
being that Iboy (‘an be built out from both banks 
nnlil they nearly meet; the ga]) is spanned by 
road-bcarcr.s : they rerprire no cables or trestles. 

The ])rinciple consists in using several layers of 
long spars proji'cting out over the gap. Their centres 
ri’j't on a ground sill, in the case of the lowest layer, 
or a transom in the case of u})pcr layers ; their 
inshore ends are anchored dowm wdth wire to a 
buried anchoi*age or are weighted down wdth a 
mass of stones and earth. Figure 25 show.s such 
a bridge. 

Aerial Cableways. Aerial cableways ar(.* 
of frequent use in .steel bridge eonstruetiou ; they 
can also be impr'ovisefl with advantuge for slinging 
stores aeros.s a ravine or river, or from a ship at 
anchor to the shore. 

The strain of the cable can be found as for 
suspension bridges. A steel wire cable is irsual- 
and its size cm bo selected by the rules given 
above (Tension Bridges). 

The cable is car'ried over a trestle at each end and 
passes on to an anchorage in the ground. Strong 
trees or thcniaetsof a slripcan flornetinies be utilised 

6269 



25. (’VNTII,i:VKR BRTDCE, rrirfUAL 



MIUTARY KNQINCERINQ 

to fasten the cable to. A cradle, or merely a hook, 
running along the cable by means of a pulley-wheel 
constitutes the traveller, and hauling lines must 
be supplied to work the traveller to and fro. Such 
a device would be most useful where waggons have 
to cross a river by means of a bad drift with a stec]) 
pull out the other side ; they can be lightened, 
half their loads being sent across overhead. 

Roads. Mmda must be 10 ft. wide to take a 
single stream of traffic ; (i ft. will do for infantry 
in file or pack animals. The gradient must not 
exceed 1 in 10 for long inclines, although for very 
short bits with level at either end, 1 in 7 for artillery 
or 1 in 20 for infantry is permissible. For making 
a road, lay out the centre line with pickets ; it 
should be as straight as possible, es])ccialiy avoiding 
sharp curves on a gradient. 

Drains must be out along both sides and under- 
neath the road at intervals to get rid of wateri- 
loose earth should be rcmov('d. If metal is to l)e 
applied, large stones slionld bo spread as a founda- 
tion, and above this should come a layer of smaller 
stone 3 in. or 4 in. thick. A thin top layer of gravel 
or other binding material should be rolled in or 
rammed, plenty of water being used. For rough 
roads the camber, or curved shape, should be much 
exaggerated ; a road, once a hollow has formed in 
the middle, will never 
last, and can never recover 
its shape. If giavcl is the 
sole metalling material, 
mix it with loam to bind 
the pebbles together. 

A road on the side of a 
hill is made partly by 
cut.ting and partly by em- 
bankment, unless the hill 
is very steej), in which 
ease it should all be 
cutting. 

The ground on which 
the embankment rests 
may have a step cut along 
it to prevent the bank 
slipping ; the surface of 
the road should slope 
well inwards towards the hill, catchwater drains 
being made above. 

Water Supply. Each man requires 3 gal. to 
4 gal. of water per diem for drinking, cooking, and 
washing ; .5 gal. or 0 gal. should be given if ])osBible. 
If washing can bo done in a river, 2 gal. is enough 
Every horse or draught animal requires 8 gal. to 10 
gal. Horses drink 2 gal. at a time, taking five minutes 
over it, and occupying 4 ft. of space laterally. 

Water supply may be from springs, streams, 
rivers, wells, or lakes. If a camp supply be from 
lakes or streams, separate places must be marked 
out for drinking, animals, and washing, the first 
being up-stream of all, and the others in the order 
named. Red, white, and blue flags should be planted, 
and paliceineii posted to ensure careful observance of 
those rules. If it is necessary to dip vessels in the 
stream, arrangements should bo made to prevent 
the bottom being stirred up; a sunken barrel is a 
good device ; dipping should be forbidden if pumps 
are available. 

If the supply is from springs, these should be 
opened up and surrounded w^ith a low puddled wall 
to keep out rain-water ; .arrangements should be 
made to catch the overflow in barrels, or canvas 
tanks sunk in the gronnd. Springs are rarely suffi- 
cient in themselves to supply a camp. 

The flow of a stream may bo gauged thus : Select 
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some 12 yd. of a stream where the channel is fairly 
uniform ; drop in any sort of float, and obtain the 
.surface velocity of the watt^r in foot per second. 
Take the breadth and average depth of the stream : 
multiply this sectional area by four-fifths the surface 
velocity, and this gives the yield in cubic feet per 
second. 

All drinking water should be boiled if it is in .any 
way doubtful. Filters are impracticable on st^rvicc ; 
(i gr. of alum per gallon will precipitate all sedi- 
ment in water, and a little permanganate of potash 
acts as an anli-icptic. The water should just look 
[link- tinted. 

Field Fortification. Trenches divide 
themselves into “ fire,” “ (^ommunicHtion,” and 
“ cover trenches.'’ Dealing with the first, its site, 
extent, shape, and profile must depend on many 
considerations — namely, the tactical condition of 
affairs, on w’hefher the trenches are intended for the 
defence of a position or as cover to an alt.acking 
force ; on the force to be protected, on the time 
available, and on the nature of the ground and the 
enemy’s guns. 

Siting of Trenches. The principles govern- 
ing the proper siting of trenclu*s belong to the 
subject of tactics and choice of positions, but a 
few unalterable ])rinciples arc given. Trenches 
must fit the force they are 
to cover, must have a 
good, clear field of fir? 
for at least decisive rifle 
range*, must bo concealed 
frojn view, and should 
have easy means of 
reinforcement and sup- 
port. These principles 
outweigh all others. In 
defending a lino of hills, 
fire trenches may be 
])laeed at the top or the 
foot of the slope. A high 
position has the following 
advantages : good moral 
elTeet, as the defenders 
feel si\fer, reinforcement 
from b«‘hind the hill is 
easy, a better view is obtained of the enemy ; but 
the fire from the trenches is inclined to bo ])lung- 
ing, the position is more conspicuous, and the 
attacking infantry can be supported by their artil- 
lery firing over their heads until the last moment. 

Nearly all hills are convex at the top and concave 
at the bottom. For steep hills, put the tire trenches 
at the foot, in the convex slope, just about trheic 
cultivation ends. This ensures a good flat field of 
fire, but sacrifices efficient reinforcement from 
supports. If, how’ever, such a position ^oiild h(' 
too much overlooked by surrounding high ground, 
it is better to go back to th? reverse side of the top 
of the hill. From here ths forward slope of the hill 
will be invisible, but should the attacking infantry 
gain the top of the hill it is met with a withering 
fire at close range. Support in such a position is easy. 
Ott gentle slopes the forward crest line is the most 
suitable place. Trenches slibuld be either in front of 
or behina sky-lines, as seen by the enemy ; they 
should usually follow the contour of the ground ; 
freshly turned earth should be covered or scattered. 

Profile; of Trenches. Trenches may have 
parapet 12 iri. high for fire lying down, 3 ft. for tu‘‘ 
Kneeling, or 4 ft. 6' in. for fire standing. The latter 
shouid be provided if time allows. A trench should 
never be narrower than 2 ft., 3 ft. being the usua 
width. I’his enables men to sit in the trench well 
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under cover, which is most desire ble. Figures 15 , 
18 , and 19 show three types of trench. 

Tlie thichne^^s of the par.'ipet depends on the pene- 
tiation of a rifle bullet, the effect of high ex])losivo 
common shell being ignored. Two feet is the mini- 
jniini at the top. The exterior slope is usually the 
natural slope at which the earth will stand : the 
interior 8loi)e should be as steep as possible, usually 
4 in 1 ; it will generally recpiire revetting, as 
cx])lained later. 

The command or height of the ])ara]^et above the 
surrounding ground is governed by the visibility 
of the ground in front. One yard i>cr man gives .a 
suitable length for fire trenches. 

As the direction of the attackers’ fire will not 
always be from the front, all trenches must be pro 
tccted from oblique and enfilade fire, by breaking 
them up into short lengths with tratrrm ff ; tluse, 
consisting merely of earth hanks, should cut the 
trench up into lengths of 8 yd. to 10 yd., tlicir 
frequency depending on the dcgre(i to which the 
trench is overlooked or commanded from the flanks, 
etc. All trenches should be drained by making 
occasional sump juts, into which rain-water will 
collect, and can, if required, be baled out. If 
trenches are intended for long occn^mtion, they 
may be undercut to give additional cover. 

A certain number of picks and shovels arc carried 
by every R.R. and infantry unit; the number is 
laid down in field service manuals. Eacli unit, as a 
lailc, digs its own trenches under R.R. siqicrvision. 

Making a Trench. The pro])osed trench 
is first laid out on the ground witli a tracing 
ta]ie along the orc.>.t-line. From this line are 
measured the rutting lines at front and rear edges 
of the trench. These arc marked with tapes, and 
the tape is removed from the crest-lino. Sim)>le 
works, such as shelter trenches, arc. as a rule, 
marked out by spit-locking their cutting lines 
on the ground with a i)ickaxc. 

If the section of parapet is complicated, “profiles,” 
or forms made of light wooden battens nailed to- 
gether in the required shape, are erected at all angles 
of the trench, and at every 30 ft. in straight faces. 

The working parties march up to the work, pick 
up their tools, and extend along the cutting-lines. 
^Mcn should be spaced from 5 ft. to 10 ft. a]>art — 
4 ft. cramps them — and must use their pick facing 
the front. Working sideways is dangerous, and 
likely to make noise from clanging of tools. 

^len work host in short reliefs^ say four hours 
actual digging. In easy soil six hours may he re^iorted 
to. fn heavy soil increase the number of reliefs 
rather than the length. 

.Most careful arrangement mnsi he ma<h' to ensure 
rapid distribution of working parties, R.u li juan’s 
lask should be marked out for him before if possible. 

<1 man can dig 30 cubic ft. per hour, or 20 cubic ft. 
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if continued over four hours in ordinary soil ; in 
^ cry soft ground allow this, or in heavy soil Tliis 
includes 12 ft. horizontal and 4 ft. vertical throw. 
.>feii work hotter on t/isk work than by time. When 
their task is done the men should rest. When the 
throw exceeds the limits stated above, extra 
shovellers Ix'come necessary ; one ))er two or three 
<liggers w'ill suffice. Rmc.1i relief should, if jiossihlc, 
leave a vertical face for the next to work on. 
Figure 22 shows the work of each relief on the 
parapet of a redoubt ; the trench in front is re- 
quired to provide enough earth to give the requisite 
command of the paraixt. 

Tt will he seen that the first relief (four hours), 
with tasks 5 ft. wide, do 80 cubic ft. in the trench 
and 75 cubic ft. in th<‘ ditch in front. No. 2 relief 
do 77 J cubic ft. in liar tnuich and only 25 in the 
ditch ; these men go on iilling sandbags etc., for 
head cover. No. 3 relief finish off the digging and 
give nearly all their attention to Jiead cover. 

Revetments. W'lam any liank of earth is re- 
quired to stand more stccqOy than its natural slope, 
it must he revetted with some otlier material. 
In first cutting the gronnd for a trench the turf 
should he taken off’ in sods, which are very good, 
and should lx‘ laid, grass down, in two rows 
of stretcher.^ and on<‘ of lieaders : the stee})cst slope 
at which they will slaiid is 3 in I. Two builders 
and three cutters and carriers can cut and lay 100 
]M*r hour. Other revolting materials arc hoards, 
wattle hurdles, gabions, canvas sheets, brushwood, 
stones, sandbags, and saeks. 

Hoards would he placaal longwise at the hack of 
the parapet, being held it) by occasional wood posts 
liaving their lower and nj)|)er ends anchored hack 
by wire to logs or stones hnriial in the ])ara)X't. 
Brushwood could he treated in the same w'ay, the 
interval between su]»porlifig posts being smaller. 
'Pile hriishw’ood should he ])aeked in as the parapet 
grows, or it may he made into fa,<civpfi. or long 
bundles. 18 ft. long, and an average diameter of 

in. These are tied round with wire every IS in. 
as lightly as possible. 

Uitrdfrs are a more conveniemt revetment if found 
ready made. They are anchored hack to logs 
buried in the j)araiiet by wire a.s before described. 
If made on the sj^ol they take three men 2J hours 
each, and are (> ft. long by 2 ft. 0 in. across. 

S'o'irs are not good as they splinter a great deal, 
hut if .safe from bullets they make a quirk rough 
revetment. 

Saudbaffs are nearly ahvays available. They should 
he filled four-fifths full of earth and he tied up. 
They measure 20 in. by 10 in. by 5 in. wdien fille<l. 
For revetments they ar-e built into the ^(^a^ face 
of the parapet in aiternate layers of headers and 
gtrctchera; a bag laid lengthwise to the parajx^t 
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is called a stretcher ^ and one laid across, a header. 
The tied ends should always be buried. Two 
builders and three fillers ran fill and lay 70 bajp* 
per hour. Corn sacks or others can be [)rofitably 
utilised in the same way. 

Providing /icod cowr consists in building the para- 
pet up 18 in. to 2 ft. higher than firing level, and 
making loopholes at 3 ft. to 4 ft. 0 in. intervals. It 
is not essential if lime is scarce, but is most desirable 
on account of the immense moral support it gives to 
the defenders, in addition to actual protection. 
This latter is almost counterbalanced by the visi- 
bility which loopholes are almost bound to occasion, 
and the restriction of the defenders’ view and lino of 
fire. To give lateral fire, loopholes must be splayed, 
the narrow end outwards ; they arc 10 in. high, (i in. 
wide on the outside, and 20 in. inside. 

Sandbags are usually employed for this pur]K)se ; 
two bags are laid on the parapet at each side of the 
loopholes, splayed to the proper angle ; some small 
sticks, etc., are laid across their top, and more bags 
are laid on them, one layer of headers, and one of 
stretchers fl9J. 

Ccyinmunication trenches afford means of rein- 
forcement from the flanks and rear iimler cover. 
They would not bo provided unless reinforcement 
has to 1)0 clone over a long stretch of oi>en fire-swept 
ground. They are merely plain trenches approach- 
ing the front diagonally so as to be covered from fire. 

Cover trenches are for the supports to rest in. 
'riiey require no loopholes, but should have a parapet 
in front and rear to provide against back-blast 
from high explosive shells. They also serve as a 
rallying point if the first line is temjiorarily driven in. 

Redoubts. A redo^ hf is a work entirely 
closed by defensible parapets ; it is usually rather 
coiispicuoiLs, and not so well suited to the defence 
of extended ijpsitions as are trenches, but It 
breaks Uji tlic^ cohesion of the attack, is very 
strong, and gives great moral strength to the 
defenders, who know that their flanks are .secure 
and that their commanding officer intends to hold 
on to the last. In the ease of surprise or night 
attack, liable to come from any direction, the 
redoubt is invaluable. The trace ^ or shape, of a 
redoubt, depends on the garrison and the direction 
in which the strongest fire is required. Regularity 
of trace is of no importance. A redoubt must have 
no dead angles ; when firing through a loophole a 
man cannot <'onvenieiitly fire more than 15° tn one 
side or the other. This in the case of a rect<angular 
redoubt would leave a large undefended area at 
each corner. It is avoided by blunting the angles 
of the rectangle (radius 20 yards), a?ul this is per- 
haps the commonest trace of an isolated redoubt. 
A circle is not so good, as it hi\s no strong fire in 
any direction. 

Tlio entrance should be on the least <*x posed 
side, iind should he well traversed, and closed at 
niglit by some obstacle such as tangled wire. 

Reverse cover is often required to prevent bullets 
aimed at one face hitting the defenders of the 
opposite face in the back. Thi.s must depend on the 
command and position of the redoubt, and the 
height of the enemy’s position from which he is 
firing. Traverses also may be wanted. Beyond 
this the construction of a redoubt is exactly similar 
to tliat of good trenches, carefully made profiles 
being required. For redoubts of a somewhat per- 
manent nature, such as would bo required in the 
protracted defence of a position, good splinter- 
])roof overhead cover must be given inside the work 
for men not actually engaged on the walls. The 
height and size of this cover is n matter of time and 
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material. The simplc.st consists of a timber frame- 
work on which is laid brushwood [27]. This is 
covered with sods or sandbags and earth, to a 
thickness of 12 in. to 18 in. 

Field of Fire. Clearing the foreground in 
front of trenches is important, so as to give the 
defenders fi-ec use of their weapons within efTcctive 
raiige.s. Growths that block fire or impede the 
view must therefore be removed, but such natural 
obstacles ns merely break up the enemy’s formation 
of attack should be left standing or be improved. 
Cut down hedges parallel to the front, but Icmve 
tho.so perpendicular to th * front. The same ap[)lies 
to walls. Gne man can cut down 2 yd. of thick, 
quickset hedge in 10 to 15 minutes. Large trees 
are better left, as tliey give less cover standing than 
when ftdled.* Brushwood must be cleared whole- 
sale, if at all ; the outer fringe may Ije left stand- 
ing with advantage ; it w ill not usually affect the 
fire of the defence. 

Hollows in the ground in front must be filled U]) 
with earth or denied to the enemy as rallying points 
by filling them with felled trees, or mines. 

Obstacles in the field of fire are always provided 
if possible, and are of two kinds: (1) To check 
the enemy's advance, and delay him under the 
dcfend(Ts’ fire : and (2) by ])assivc obstruction to 
compel the enemy to clioose other certain lines of 
attack. 

For the former, the obstacles must be under close 
rifle fire, say 50 yd. : they must give no cover 
to the enejny, must not be easily damaged by 
artillery fire, and must not be easily removed. 

Abatis^ or tree entanglements, are made by 
felling trees and pinning tiicm down to the ground, 
with their tops towards the enemy, and their stems 
resting in a trench. The brunches may be pointed 
with a hand-axe, and barbed wire may be tangled 
among them. 

A stiff hedge, felled by cutting the stems half 
through, and j)iekcled down, is very effective ami 
rai)id. 

A w^ire fence across the front is useful as an alarm 
at night, if hung with eiiqity tins with a pebble in 
them. 

Thin trip wires fixed on posts about 12 in. olT 
the ground, with their ends lied to a friction tube*, 
are useful as alarms ; when kicked or w'alkt^l on, 
they explode. 

Wire entanglements form the most efficient 
obstiicle. The low wire entanglement is madr 
about 12 in. to 18 in. off the ground, being strung 
tightly between posts placed chequerwise, 0 ft. 
apart. It is not now much used, except in fords. 
High wire entanglements made with barbed wire 
are, however, e.xcellcnt. The posts arc driven 
fi ft. to 7 ft. apart, and are 4 ft. high. Such an 
entanglement is shown in 28. It takes one man 
tlu-e.* minutes per square foot of ground covered. 

Land mines, or fougasses, are now practically a 
thing of the past for field fortification. 

The second order of obstacles, such as a stream 
or marshy ground, can often do with improvement. 
Remove all bridges, entangle the bed of the stream 
or throw cut trees in. 

BlocKhouses. Defensible posts are frequently 
provided along the lines of communication to 
protect them, at important points, such as railway 
stations, camping grounds, bridges, etc. They arc 
usually very small, garrisoned by a "handful of 
infantry. They may be liable to attack from all 
sides, and generally take the form of one or mor(^ 
blockhouses. Figure 28 shows the type that was 
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most used in South Africa. A largo hollow 
cylinder of curved corrugated iron is bolted 
together, 4 ft. high and 13 ft. 6 in. diameter. It is 
placed whole on the correct spot, and a rough 
stone wall is built up round it. If stones are not 
available, a second envelope of corrugated iron 
may be made, 18 ft. 6 in. diameter. This is placed 
concentrically outside the other, and the annular 
space is filled with earth. The earth is got from 
a trench dug round the block house. Wluui this 
earth or stone wall is finished, the top is levelled 
off with a course of filled sandbags, and on this is 
imt a cylindrical hollow screen, consisting of two 
rings of corrugaUnl iron, .5 in. apart. This has 
loopholes made in it all ready. The screen is filled 
with carefully rammed gravel or broken stone, and 
on to)> of it is placed a light roof for i>rotec tion 
against weather. The entrance is through a small 
s(piaro hole in the side, or by a passage leading from 
the surrounding trencdi up througli the floor of the 
blockhouse. It is surrounded with a belt of high 
wire entanglement. The sentry at night is 
stationed in the trench, and anything ap]noaehing 
is seen against the sky. These blothhoiises take six 
saii])ers and 20 infantry about eight hours to con- 
struct. TJie garrison is one N.C.O. and seven men. 

Stone BlocKhouses. 

Another fype of blockhouse, 
built of masonry, is shown in 
29. Thish as three tiers of lire, 
provided, with two mnehicoufis 
(overhanging) galleri(‘s for lire 
downwards on to the attackers. 

The loopholes consist of in. 
steel plates, 24 in. by 12 in., 
with a T) in. by 3 in. hole in 
the middle. These are l)uilt 
into the masonry and give 
plenty of splay for lateral fire. 

Other defensible •|H)sts some- 
times occur where isolated 
de])ots of stores have to be 
guarded, or where a village or 
well-marked hill projects out 
ill front of the general line of 
a. defensive position that is to 
1)0 held. In such eases, any 
existing building, if not exi)osc(l to artillery fire, 
may be utilised. 

Defending a House. The defence of 
!i house is common in history, and may recur, 
eH])e(;ially against savages. All openings must 
lie closed up and made bullet - })roof ; windows 
and iloors should be built U[) with sandbags or 
screens of corrugated iron and gravel. Loopholes 
may be left in these, and others must be knocked 
through the walls. Doors, even if they cannot be 
made bullet-proof, must be barricaded. Loo])hoIes 
must be high enough above the ground (7 ft. to 

ft.) to prevent the enemy rushing ii|) and firing 
through them ; the defcrulors can reach them by 
using chairs or planks on barrels, etc. 

(.'omiiiimic«ation from one room to another must 
he secured by knocking holes through the walls, if 
necessary. All inflammable material outside .shouUl 
ho removed, and loose earth should be ctdlected in 
the rooms for fire extinction. The house* should 
he. surrounded with wire entanglement or other 
obstacle, if time permits. 

. Village Defence. Villages may become defen- 
mble posts on a large scale. They are rarely worth 
defending. Under artillery fire they are practically 
mitenablo, and they use U]) a lot of men. If they are 
'o be held, tho foregoing principles all apply. A good 
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central building should be selected as a keep, wliert* 
a final stand can be made, and brdh first and second 
linos of defence should be pre])ared. Lateral commu- 
nication from one section to another is im[)ortant. 

Siege WorKs. The regular siege of a fortress 
comprises the following stages : the investment 
and entrenchment of the besiegers, the establish- 
ment of heavy siege artillery, the infantry approac h, 
by sa])])ing, into the first and second parallels, the 
further approach by mining, and the final assault. 

The line of investment is drawn in as close to the 
fort as the defenders' tire will allow in the ordinary 
way, and is there tui trenched. From tliis trench, nt 
several s])ecijdly sel(‘ct<*d spots, a sap is begun. 

This consists of a deep trench run out diagonally 
towards the fort, in such a direction that- the 
defenders of the fort eamiot shoot along it. W'heri 
it* has gone some way, a trench is ctit out in both 
directions from its liead, and is called the firsi 
imralhl^ and troops are mov(‘d uj) into this. From 
here, more sapjiing is done, into a second or even 
third parallel, by this time, the ijroximity to the 
enemy is such that further sa})ping is out of the 
(piestion, and mining has to be resorted to. 

Shafts arc sunk, and galleries arc driven towards 
the enemy; heavy charges are exploded in the 
Juine to fortJi craters in the 
ground. Tho infantry dash 
forward and occupy these, and 
so on. until near iMiough It) 
breach the walls of the fortress 
and deliver the assault. 

Til sapping, all work must 
b'‘ (lone under rover. The 
trenc h is 3 ft. wid(* and r» ft. 
d(‘ep. I’he c.xiaivated I'arth is 
thrown out xff the trench 
towards the head 

of the sa]) is^P*oteet«> 1 by a 
ste(*l sap-shield, 2 ft. t> in. by 
2 ft., with two detachable legs, 
n'sting on the level ground. 
Only two men can work at (la* 
sa))-head M’itli ])ieks, and two 
shovellers hel]) them b(‘hind. 

'the soil should be thrown 
well forward of the sap-head, 
to get eflicituil cover to the workers. 

Mines. When mining lias to be resorted to, a 
verlaail shaft is sunk, 4 ft. 4 in. by 2 ft. 4 in. in size. 
One N.C.O. and four men is the best working party. 
If the soil re(|uires it. a shaft is lined, as it proceeds, 
with limber frames, which arc an article of store. 
When the required de|)th is reached (15 to 20 ft.), 
a common gallery is driven towards the enemy. 
5 ft. 10 in. by 2 ft. 4 in. in size. This is lined with 
timber sheeting or s])eeial frames. One N.CU). and 
four men is the best allowance, with an extra man 
for shovelling, to every 20 ft. advance umhaground. 
H(‘eesses should he ])rovided (‘V(‘ry 30 ft. along. 

If no opposition is exporieneed, these galleries 
will be driven u]) as elo.se to the fort as possible ; 
if not, right into the diteli, or under it. l1iis 
oeeurred in the Japanese siege of Port Aitliur. 

Hut, underground galleries built in masonry 
generally form part of the defiance of a fort ; 
from these galleries an energelie defender will 
drive couiiterinine.s with a view to preventing 
the ju’ogress of the attacker, by blowing in his 
galleries or, after he has formed and occupied a line 
of craters, by blowing up the troops in them, 
(bimtetrmines are in every respect similar to mine 
galleries. Mining trucks and light rails are invaluabh* 
for removal of soil. Int-eroommiinication, ventilation 
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and light must be provided, and the most accurate 
plans are essential. 

Luminous paint on sheets of zinc gives enough 
light for the jowder chambers or galle y heaUs. 
Listening is the surest way of detecting the approach 
of an enemy’s gallery ; during this listening, all 
work must bo stopped. Mine (diarges must be 
tami)ed, and the gallery should be <;lo.sely packed 
for a distance of one and a half to twice the line 
of least resistance (de])th below ground) of the 
charge. Filled sandbags form tho best tamping, 
though loose earth will do. 

Demolitions, l^he explosives used for demo- 
litions are broadly of two kinds : powder when a 
steady upheaving effect is required, and gun- 
cotton or other high explosive when a sharp, 
(iutting blow is necessary. Powder explodes by 
combustion, taking a very apj)rcciablo time for 
th(i formation of ail its gases, whereas high 
sives detonate (or decompose) in an instant. 

Powder would l>o used in mining for making 
large cratc*rs or for bringing down hu’ge masses of 
(‘arth or rock — as, for instance, in blast ing a road in 
tlie side of a hill — whereas guncotton woukl bo 
u.sed for bn^aking up large boulders, destroying 
sled bridges, houses, forts or cutting down trees, 
'the object of mines in siege work is to form a 
continuous line of craters parallel to tlic front, such 
that the attacking infantry can occupy them as 
cover. 

Gunpowder is supplied in barrels of 100, 50 and 
25 lb. Charges should be made up as compactly 
as possible in a water])roof bag. A service sandbag 
holds 40 lb. of powder. For destroying masonry 
walls, powder charges are calculated thus : let 
B ~ Icngtli of wall to be demolished in feet ; 
let T — thickness to bo demolished in feet ; let 
C — charge in lb. "riieii, for a brick wall or tho 
haunch of a brick arch, C — BT‘^ x 'Hiis charge 
should be subdivided into smaller charges, placed 
about twice the thi(?kness of the brickwork apart. 
Kor a wooden stot kaclo allow 40 lb. to 100 Ib. ; 
for a fort gate, 200 lb. in one charge ; for a stockade 
of earth between timber allow 70 lb. jier 5 ft. run. 
In the presence of the enemy increase above charges 
by 50 per cent. Powder charges can be tired 
electrically or by safety fuse. The end of the 
safety fuse is cut off on the slope so as to exj)OSO 
tho burning comp-isitioii, and is placed well in 
tho middle of the })owder charge. 

explosives, (iiincotton is carried wet in slabs 
of 1 lb. to 21 lb. weight ; it can be cut u]) with 
a plain saw, plenty of water being used as a 
lubricant. Wet guncotton is absolutely safe and 
will not detonate with the ordinary detonator. 
Each slab has a round hole in it into which 
can lit a dry guncotton primer. If this dry 
primer be detonated it will also detonate all 
the wet charge, consisting of several slabs, pro- 
vided that they are in close contact with each 
other. The dry primer is itself detonated by a 
detonator and fuse, or electric detonator. The 
charge must always be in close contact with the 
object to be demolished, and must extend across 
the whole length of tho object to bo cut. For 
applying charges to walls, stockades, or steel work, 
they should be made up carefully on a board, and 
can then be placed whole against tho object. For 
cutting a brick wall up to 2 ft. thick allow 2 Ib. 
per foot run ; for a brick arch dig tho earth road- 


way off the haunch and give 2 BT- (symbols as 
before) ; for a brick wall over 2 ft., C — J BT^ ; 
for a brick pier C - If BT* ; for a hardwood 
stockade, C = 3 BT* ; to destroy a field gun use 
1 i lb. on the chase near muzzle, heavy gun 4 lb, 
at bottom of bore with water tamping ; steel rail 
I lb. against web; iron rail ^ lb.; for iron and 
steel plate, C = i|Bf“, where t ~ thickness of plate 
in inches. For a blockhouse or frontier tower of 
stone and mud, place 20 lb. to 30 lb. in the middle 
of the tower, and block up all openings (doors). 
Trees and posts can be cut down by placing two or 
three primers in a 2 in. auger hole, or by surrounding 
them with a necklace of jirimers threaded on a 
wire, so long as each piece is in contact. Cordite, 
can be used, but requires a guncotton primer to 
detonate it. 

Dynamite is most suitable for blasting rock. 
One or two cartridges are exploded in a hole made 
with drills or jumping bars. Detonation is done 
with a commercial copper rap. Dynamite freezes 
at 40’ F. and is then dangerous. It must be 
thawed before use by placing in a dry vessel stand- 
ing in warm water. 

Ignition. Safety fuse burns at 4 ft. per minute ; 
it is waterproof ; for use with a detonator it is cut off 
square and the end is inserted into the tube end of 
the detonator, where it is secured by pinching, 
'riie end for lighting is slit down the middle about 
I in., and a fusee is em])loyed to light it. If the 
charge is some way below ground instantaneous 
fuse is sometimes used to save time, in combina- 
tion with a short length of safety fuse. Tlie 
detonator contains fulminate of mercury and 
slioiild be handliai with great care : it is an article 
of service equipment. 

Ehietric firimj is done by means of an explofler 
or batteries; the former is an article of service 
equipment. The batteries suitable are the (irove 
cell with constants 2 volts and *1 ohm, and the 
Leclanche, constants I *3 volts and '25 ohms. The 
former is rarely available ; the latter is carried 
by t(‘legi}ii)h sections made up into batteries of 
six cells. 

Two iiiHidated wire leads are rcMjuired leading to 
tin? charge ; here they are connected to a s])ecial 
fuse in the case of powder, or a detonator in the 
<;ase of guncotton. Electric firing is most useful 
when tw'o or three charges arc to be fired sijuul- 
taneoiisly or from a distAnee. 

Balloons, iialloons are bc(;oming more and 
more necessary day by day. The headquarters of 
the R.E. balloon companies are at Aldershot, where 
the factory makes all that is required. Military 
balloons are made of skin, and average about 12,000 
cubic ft, in capacity [see article beginning on i>agc 
3977 J. They are inflated with hydrogen gas, which 
is produced by the electrolysis of water. When 
empty, the balloon lies inside its car, in which state 
it would be carried in a waggon on service. When 
once filled, it is not easy of concealment, and its 
method of advance with troops would depend on 
military requirements ; either it would be tow^ed 
along aloft well out of danger, or hidden as well as 
possible close to the ground. Captive military 
balloons are employed for observation of the enemy’s 
movements and to assist friendly artillery b> 
discovering hidden targets. The observer, who 
generally alone, sits in the wicker car and report'^ 
his observations by telephone on the ground. 


Military ENoiNEERixti concluded; followed by Arms and Ammunition 
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Prepiring the Vellum and Quill Pens. MSS. Decoration in Applied and 
Burnished Gold and in Colour. The Art of the so-called Dark Ages 


Group 8 

DESIGN 
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f'ullt iiHU vI 
friiiji 


Ey G. A. 

'T'HOUGH the word “illumination'’ is indiffer* 
^ ently applied to all kinds of decoration upon 
the pages of books, it really implies decoration 
in raised and brightly burnished gold. Painting 
in colours generally aei^ompanicd it, but by no 
means alw'ays. Most Celtic; MSS., on the other 
hand, are painted, but not illuminated. The 
idea of decorating the margins of text having 
originated, one may say, in Greece (although 
slight rubrication was practised in Egypt), and 
then spread through Rome to the rest of the 
Western world, one notices how' much the earlier 
MSS. of different countries rescunhle one anollwu*, 
and how' each branch developed along its own 
lines until several very distinct schools arc found 
in the late lifteenth or early sixteenth eenturies. 

It was in the days of the Ptolemys that skins 
were first used for writing. Eumenes, king of 
Pergamus, aroused the jealousy of the then 
reigning Ptolemy by the celebrated library 
which ho was then founding ; whereupon the 
latter refused to supply him, as lu* had done till 
then, with papyrus. Eumcaw^s then introduced 
the use of skins propi'vly dressed for taking ink 
and pigment, thereby rend(*ring himself inde- 
pendent of his Egyptian rival. 

The Vellum and Ink. \V e now* eomo 
to the practic'd side of the cpiostion, and the 
first thing to bo considered is the surface of the 
vellum. Old vellum was jireparod in a \\ay 
which gave it a very beautiful surface, velvety 
to the tou(;h and delightful to work upon. This 
is unfortunately a lost reeijie. No manufaetig’er 
that we know of can get (juite that surface. 

Modem vellum has a shiny and at the sanu* 
time absorbent surface which does not take* ink 
or colour nicely, or anything <*lse. 

Tor ordinary thick vellum (that 
is, neither Roman, slink, nor goat) 
the following method, homely 
though it sounds, is the best way 
of treating it before beginning 
work. Smear vaseline over a piece 
of rag and warm it so as to alknv it 
to get more or less evenly greased. 

When you have pinned d(»wm the 
vellum, mb it all over with this 
rag, particularly where text is to appear. Then 
rub the vellum well with pumice powd(;r. Dust 
the pumice off veiy thoroughly with a clean 
rag and the surface will be found very pleasant 
to write or otherwise work upon. 

We then come to the matter of ink and pens. 
Eor ink, an ordinary good black wTi ting-ink 
will be found satisfactory for all practical 
purposes. It is really quite black enough ; 
if it is good it does not fade ; and it flows, of 
c ourse, far more freely than Indian, or other 
«pocially.prepared inks. 


POWNALL 

Preparing Pens. The pens are a subject 
about which more must he said, in sjieaking 
of writing, it must be nunemberod that we ari^ 
always referring to Got hie lettering. Eor 
ordinary small text a quill cannot be im])rovod 
upon. The pen, when you buy it, is probably 
cut to an ordinary fine nib })oin(. This must 
he alter(‘d thus : Lay the point of the ])en down 
on the edge of a piece of glass: then, with a 
sharp knife, cut off the point, so that it will 
resemble that shown in the illustration [18 1. 
This must be doiu; in one cut, by placing the 
knife just above the point, and pressing it down 
with a slant towards tlu‘ point. It must he 
remembered that this it‘giilates the breadth of 
the nib, which must, Iherefon', be cut to suit 
the ])artieular script. 

Next grease the nib inside to about three- 
eighths of an inch frt»m the point, either with 
the invahiabU' g^‘< brush, and feed the 

pen from another, applying the ink to the pari 
above that gieased. The ink will then only tlow 
df)wn the slit of the pen, and your writing will 
be clean and shar]>. AfUu’ much ust‘, the 
point may want re-greasing. A quill, how(‘ver, 
can only be cut to a point about one-sixteenth, 
or, at most, onc-t welfth, of an inch in width. For 
larger writing a vimhI must be used. These can 
be cut to a much wider point, ^'be treatnumt. 
of the reed is the same as that of tin; (juill, 
exee])t that tlu' ajiplieation of the greax' should 
be carried all over the nib, to prment tlie ink 
soaking into tlu' wood. Both the ((iiill and the 
reCd may want a little working on a ])ieee 
of glass or the finger-nail before the ink will 
run to tlu‘ point. 

The Gilding Outfit. So 
much for our text. We will now 
consider the gilding. A slight 
outfit, if it can be called such, is 
necessary: (I) A gilder's pad, 
w hich is a ])iei'e of wood or <*ard, 
with a wash-leather pad on tlu* 
fai^e of it ; (*2) a gilder's knife, 

which has a blade aliout 5 in. long 
16. rKKpARiNu A QUILL PEN aiul about in. w ide ; (3) a small 
file to run along the edge of the 
knife, so as to give it the ehuraet(‘r of a very 
minute saw ; (4) an agate burnisher — ehuv-shaped 
is the most useful ; (5) an ivory, or bone, or agate 
tracer, wdiieh is a pointed jiiece of hard sub- 
stance ; (()) several small pieces of the thinnest 
and most shiny tracing-paper you can procun* : 
(7) a small piece of vellum cut in the shape of a 
long t riangle, to be used as a gilder’s tip ; (fi) a 
small velvet pad, like a diminutive hat pad, for 
brushing off superfluous gold leaf ; and (9) a book 
of unrouged double-fine gold-leaf. With regard 
to the size with which to apply the leaf to the 
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17. SPECIMEN OF MODERN JLECMINATTON 
(Rv tljo Author) 

vellum and at the same time raise it above 
the rest of the surface, a very satisfactory 
mixture for the purpose may be made by the 
following method: Grind some French clay to 
a fine powder, and add water until it is a stiff 
paste. Add French chalk in the proportion of 
about throe of clay to one of chalk. Mix this 
well with a palette knife on a piece of glass. 
Now add drops of Lc Page’s liquid glue until 
the mixture is of the consistency of thin cream. 
Strain through a muslin of double thickness into 
a saucer to dry. VVlien required for use, pour 
a few drops of water into th(‘ saucer, and stir 
gently with a brush, avoiding bubbles, until it 
is again of the (consistency of thin cream. It can 
then be applied to the work with a brush. There 
are also many preparations made by the leading 
artists’ eolourrnen wliicli give satisfactory results. 

After a while, the illuminator may prefer to 
experiment with parchment size, isinglas.s, red 
lead, gum arahic, lioney, glycerin, borax, glair, 
or other ingredients, in maldng a size to his OAvn 
particular liking. But nowadays, one has not 
generally time to worry about the making of 
materials, there being barely time to use them. 

A Simple Method of Gilding. Having 
thus prepared your size, you will find the follow - 
ing tJio simplest method of gilding those parts of 
the design desired. Tlu^ gold must be done first, 
before any colours are painted on, otherw’ise the 
leaf will be sure to stick to parts where it should 
not. First, then, paint over all the parts to be 
gilt thickly with the size, and leave it to dry, 
which will take about three to four hours. Be 
careful not to touch any part with the fingers, 
even after it is dry. Then take a gold-leaf from 
your book, by pas.sing your knife carefully 
beneath it, and lay it flat upon the pad. It must 
then be cut approximately to the si74es you require. 
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To cut it, place the edge of the knife firmly 
upon the leaf and move it with a saw-like motion. 
Take your gold tip and moisten the edge of it 
by passing it along the tongue. Then touch the 
edge of the piece of leaf with the gold tip, to 
wiiich it will stick firmly, thus enabling you to 
lift it and place it down wiiere you wish. 

Burnishing the Gold-leaf, Next, after 
covering up all but the particular bit of size 
you are gilding with the thin pieces of tracing- 
paper, breathe fairly hard (but exac^tly how 
hard must depend on experience) twice or 
three times upon the size, and lay the gold- 
leaf on it, being careful to keep the* leaf as flat 
as possible. Place a piece of tracing-paper on 
it, and press down very hard with the finger, 
running the tracer round the edges, if necessary, 
to make it adhere firmly. Remove the tracing- 
paper and burnish the leaf very carefully. If 
ihe gold does not take the burnish at once, you 
liave breatlicd too hard upon the size, tliereliy 
moistening it too much. Leave it a few 
seconds to dry slightly before burnishing. If 
the leaf comes off wiien riiblicd with the burnisher 
you have not breathed hard enough, or you have 
toueh(*(] the size with the finger ; in that case, 
you must brush the lt*af off with the velvet pad, 
breatlu^ again, and ap])ly another piece of leaf 
as before. If the burnish comes at once on the 
Hrst trial, you are lucky. In that case, repeat 
this pr(x;('ss till you have gilt all the parts of your 
design where raised gold is to appear. This 
method applies equally, of course, to any leaf 
other than gold. 

If you wish to stam]) the gold— that is, make 
a design upon it in depressed spots — this should 
be done as soon as possible after the leaf has 
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been laid on and burnished. Press the point 
of the tracer down firmly on to the gold, and 
it will leave the required depression. This 
practice of enriching still further the raised and 
burnished gold was very much in vogue all 
through the Edwardian period, and very 
magnificent is its effect. 

bilver and Platinum Leaf. In medijeval 
work we frequently find attempts at treating 
silver in the same way as gold-leaf ; but 
they appear never to have been satisfied with 
the result. This is 
not surprising when 
we remember that 
they had only silver- 
leaf to work with, 
which tarnishes into 
all the colours of the 
rainbow in a very 
short time. Now- 
adays, we have an 
excellent W'ay out 
of that difficulty. 

Platinum leaf is 
made which will 
burnish almost to 
the brilliancy of 
silver, and Mill re- 
main unchanged. 

For illuminafion 
in colour ordi- 
nary moist Matcr- 
colours ar(‘ our 
medium, and an 
almost infinite 
variety of schemes 
presen t t hemsol ves 
to our choice. ft 
would be useless to 
attempt a descrip- 
tion. Nothing but 
a careful study of 
old ]\bSS. M ill teach 
the student M^hat 
colours are most 
pleasing, and hoM' 
to contrast and ar- 
range and alternate 
t hem . One may say 
that red, blue, and 
green are the key to 
them all. But this 
may l>e said of a 

picture. It is not a very useful or practical ])iece 
of information in either case. In most Mork of 
all ages, styles, and countries, the colours Mere 
not left plain, but their crudeness mos toned 
doMTi by a fine design in white lino painted all 
over them. For this, do not use Chinese M’hite, 
hut enamel M-liite. So much for our materials 
and hoM* to use them. 

Mediaeval Practice. We must noM' add 
a few M'Ofds on illumination as practised in 
England and Prance during the ^fiddle Ages. 

In a word, the tendency through the ages was to 
lighten the design, (ireek, Roman, arid even 
early Gothic M ork M as decidedly heavy, though 
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perhaps rich. In France, the M ork M'as generally 
better than that done in England. It Mas early 
in the fifteenth century that the Imo countries 
utterly diverged in their development of illumina- 
tion. In France, the design just prior to that dat(‘ 
had consisted mainly of coloured leaves upon 
a coloured stalk. Dragons, grotesques, men, 
birds, etc., M’cre freely introduced as M’ell. But 
about the beginning of the fifteentJi century the 
coloured leaves became nearly all gold, M'ith 
coloured floM’crs and buds of almost infinite 
variety amongst 
them ; the coloured 
stalk became a tin'* 
black line M'ith Hfu* 
little tM'igs from it. 
Nothing more beau- 
tiful or delicate than 
some of the best 
hooks executed at 
this period can he 
imagined. In Eng- 
land, on the otluM* 
hand, the style In*- 
c a m e s ii d d e n I y 
much more florid, 
the colours hright(*r. 
and tlie (I(‘sign. to 
say the least of it, 
more free ; so free, 
in fact, as almost to 
merit the descrip- 
tion of careless, ' 
The Purity of 
Mediaeval Art. 
Our parting M'ord 
of advict* is that, a 
student should re- 
nuunher that in 
mcdia'val days, 
Avhen a new person 
stc])pcd into this 
Morld, h(‘ found the 
arts, and illumina- 
tion among tlicni, 
in a very high state*. 
From his hirtli lie 
Mas accustomed to 
look upon a jnire 
seliool of art, practi- 
cally unadulterated 
by any outside in- 
ti uenees. By the 
time, therefore, that he began to M’ork and do 
his share, he had not only been through a can*- 
ful study of all that had gone before, but Ik* 
had a taste and quiet refinement in his nature 
M'hich less fortunate mortals horn in anotlier 
age are oftentimes denied. Foi’, M’ith all our 
M'onders and comforts and M'isdom. our artistic 
efforts do undoubtedly lack the dt'licacy and 
refinement exhibited by the best Mork of the 
so-called Dark Ages. All this means, in a Mord, 
Made through numbers of the best MSS. you can 
find 1 18 and 19 J, copy from them copiously, and 
try to get the spirit of the work into yourself. 
AVithout this, technical knoM'lcdge is useless. 



19. ILLITMINATED PACE FROM THE ARITNDEL PSALTFUt 
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The Paper-making Fibres and their Characteristics. Treatment of Rags 
in Paper-making. Wood Pulp. The Hollander. Paper-making Machinery 


By CLAYTON BEADLE 

CINCE the advent of civilised man pa])cr — or 
^ something wliich has done servic^e for it in by- 
gone ages — has been a necessity. And the demand 
for paper and its application have*, from its first 
introduction, increased with our methods of 
civilisation. From the materialistic point of view, 
it is the medium of all literature, and no civilisation 
could exist without it. The annual consumption 
per head of the pojmlation by dilTcTent nations is 
regarded by many as a. useful index of their 
civilisation and enlightenment. 

Paper-making Materials. The materials 
used in ])aper-inaking and their soureis are as 
follow: 

Fiimr.s 

1. /7u.r —T^iissia, Turkey, Italy, Egypt, France, 
Belgium, and Ireland. 

2. Hem ft (true) — Russia, Tlal3% Turkey, TTungary. 

3. //ewp (best fibres, hut not Can nabi'f miiiva)—' 
India. 

4. 11am p (leaf fibres), i.c., “man ilia ” — Philippine 
Islands, India, Ceylon, Mexico, Venezuela, West 
Indies. 

5. Hempy New Zealand hemp {Phamium trnax) — 
New Zealand. 

0. Cotton — Enited Stales, Egyjjl, India. 

7. India. 

8. Straw — Hollancl, Germany, and other coun- 
tries. 

9. Enparlo — Sjmin, Algeria, Tunis, Tripoli. 

10. Scand'navia, Germany, Austria, 
Canada, Uniteil Sbitos. 

MI^^ERALfl 

11. China clay — Cornwall, Devon. 

1 2. AgalitCy ashestincy etc. — Saxony, United States, 
Cornwall, South Africa. 

13. Pearl hardening, terra ^ 

alba, gypsum — England. 

14. haryta, barium sul- • r ’ 

phatc — E.igland, and other 

countries. vT ^ 

15. Chalky whiting, car- ^ . 

bonate of lime — Kent 2. rag -cutter with 

COLOIRS 

16. Pigments (ultramarine, etc.) — England, 

Germany. 

17. Coal-tar dyes — Englan<l, Germany. 

Sizing Materials 

18. (idaiinc andglne — England, Germany, France. 

19. Skins for ditto — England, Unitc'l States, 
Australia, South Africa. 

20. Basin — America and France. 


3. ( IRCULAR RA(i BOILER 
(Wni. Li>nl, Bury) 



I. COMBINED WILLOWING AND DUSTiNU MACHINE 
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& HENRY P. STEVENS 

Paper from Rags. Cotton and linen rugs 
may be taken together, ns they are treated very 
much in the same way. The chief source of cotton 
and linen ])a])er is derived from rags, new and old. 
The rags are imported into this country, and the 
supply is altogether inndecpiatc to meet the present 
demands. 

They arc received, if imported from abroad, in 
hales weighing 

3. ( IRCULAR RAO BOILER 

I h o t r a (I O 
iiaiye, how- 

cv(‘r, cannot be luken as any criterion of value, as 
mcrcliants’ standards dih’er so much. The bales arc 
“shot’' — tint is, oy)cned and laid out on the floor — 
then fed into a “ duster ” ( 1 ), consisting of a cylinder 
about 20 ft. long by 6 ft. diameter, made to revolve 
slowly, and jMovidod internally with ])rongs and 
covered externally with coarse wire netting. ITie 
axis of the duster is inclined at an angle, so that 
the rags travel from one end to the other while the 
drum revolves. The loosened 
_ dirt ))asKes through the wire 
}j"^\ me.^h. The duster is enclosed 

i wooden box, and the dust 

/ which settles at the bottom is 

j)eriodically removed. 

Cutting and Sorting 
REVOLVING KNrvES Rags. The rags are then 
taken in baskets and cut u}) 
and sorted into different cjualities. The “hurdle,” 
or table on which the rng-cutters w’ork, is covered 
at the top with a coarse wire gauze, and provided 
imderneath with a shelf or drawer. As tlio rags 
are turned over on the table, the loose dirt falls 
through. Across the hurdle, slo])ing to and from 
the worker, and inclined at an angle, with the 
edge of the blade sloiiing towards tlie operator, 
is a broad, shar)) knife. Handfuls of rags arc 
taken by the o])erator, and cut up into short 
lengths of about 4 in. square by drawing across the 
knife. These are thrown into different bins according 
to ({iiality. During this process, all buttons, whale* 
bone, steel, and other harmful materials are thrown 
out as “ mulch.” All seams have to bo opened, as 
they harbour dirt. In leading mills there are possibly 
twenty or thirty different qualities of rags. The 
general system of classification is to sort the linen 
from the cotton, each of which are in turn separated 
into different qualities from the best and cleanest 
to the dirtiest and weakest. 
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sometimes interncally with iron spikes. The ra^s 
are now boiled under pressure with soap soliiliou 
preferably in a spherical boiler [3]. 

Soda Liquor for Rag Boiling. The 
general method now is to employ caustic soda 
solution produced either by dissolving soli<l 
caustic soda wdth w'ater in an iron tank, or 
by ‘‘ causticising ” soda ash solution by adding 
to it and boiling with it the necessary propor- 
tion of lime, whereby the carbonate of soda is 
converted into caustic soda, and the caustic 
lime to carbonate of lime, which latter forms a 
deposit or sludge at the bottom of the copper, 
whence the (dear licpior is ])iimp('d. in a large. 



u])- to-date mill, 
plant similar to 
that cm])loycd for 
causticising “ re- 
covered ash” from 
espato liquors 
would often be 
made use of. 

The soda re- 
quired varies from 
1 per eeiil. to o ])er 
cent., according to 
the (luality of the 
rags, about half 


6 


7 


8 


of which is, or 


Machine CuU 
ting of Rags. 

Hand cutting is an 
ex])ensivo o])era- 
tion, and many of 
the mills now cut 
by machine [2], but 
the result is not 
so satisfactory for 
very high-class 
pa])ers. Machine 
cutting giv’es rise 
to many chips, and 
the raws are not in- 
frequently crushed 
and bruised, and 
tlie sorting and 
elimination of dirt 
is not so easy ; but 
the macb ine lias the 
great advantage of 
being cheaper, and 
at the same time 
fulfils all the re- 
quirements of 
many mills. The 
cut rags are now 
delivered into a 



-I 


should b(‘, neutralised dur- 
ing Iho first hour, and uinc- 
tculhs at the third hour. 
Soda forms a soluble soap 
( with the dirt, which is easily 
|\remov(*(l on washing, and 
I sofUais the resistant lumps 
IjOr sliiov in the linen. 
y The rags are next removed 
f t the lireakor, where they 
are broken in and washoil. 
The washing is carried on 
for two or three hours, 
during which much dirt is 
removed. 



" willow ” [1], con- 

sisting of drums revolving at difl'erent speeds in 
a box, and provided with an iron prong, passing 
between fixed prongs. This beats the rags about 
nnd loosens the dirt, after which process the 
rags are delivered into n revolving duster like 
that previously described, w’ltcre more dust and 
dirt is deposited ; then the rags are discharged 
int .0 a truck ready for the boilers. 

^ Rag Bk>iling. The early boilers were 
simply open pans heated by direct tires. The 
present boiler is horizontal, cylindrical, or spheri- 
cal [8J. The boiler is mounted on trunnions, 
through which the steam and water enter ; it 
iii maao to revolve slowly, otherwise it is eon- 
«tructed very much like an ordinary steam 
»>oiler. It is provided with a manhole, and 
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Csparto Grass. Bags failfirl altogether to 
supply the demand on account of the great increase 
in use of paj^er. This demand was met by the 
introduction of esparto grass by Routleilge in 1862. 
The bale of esparto when received was formerly 
picked over carefully by hand 
it passes along a travel- 
ling band; it is now dusted 
and delivered, without cutting, ' 

into a boiler of peculiar con- 
struction, known as a vomitiruf ^ 

hoiler. By an ingenious arrange- 
ment of pipc<, the liquor whieh ■ 
drains through the false bottom I 
rises up the side tubes and L 
vomits us a s)>ray on to the I 
surface of the grass, thus pro- 1 
ducing a constant circulation. & 

»S{)anish esparto gives the 
highest yield and best quality, 
and, consequently, commamis 
tlie best ])riec. For further 
details of esuarto and tag 
t reatincnt Beadle's “ ( hapiers on 
Paper-making” and “Fibrous 16. SE(TiON OF li 
('onstitiients of Paper ’ may be 52 Dl.^ 

cousultcd. 

The Removal of Liquors. In some 
systems, after the boiling is eom])Ieted, the material, 
which is now reduced to pulp, is blown into another 
boiler under pressure, from whieh the liquor is 
removed by water displacement in such a manner 
that the licjuor is diluted as little as jmssible. As in 
the ease of straw, the li(juor is ])asse<l on to tlio 
evaporators, where it is concentrated and reduced 
to “ash,” and after causticising, is used over again. 

Sizes of Fibres. In considering different 
]»aperrnaking fibres it is necessary first of all to 
form a mental picture of their relative sizes. This 
can be done by referring to the lirst two columns 
of the following table ; 


16. sE(rrioN of esparto mac’.ntfted 

52 DlAxMETERS 


SIZES OF 

I’APKll 

FIKKE.S 


— 

t S! 

>G 

S'f Ui 

1 Fihn-fl 
JMTitH'h 

f jilacotl 
tildf lij- 
Hidf. 

Ue.'iG'i) 
Rt.urt'. 
N(t. IHT 
iiK-h. 

Fibres nit 
during l*eittiiig 
into liliuut. 

Cotton . . 

X 

1,200 

30 

30 pieces 

liincii . . 

1 

1,200 

30 

30 pieiics 

Straw . . 

75 

1,250 

75 

Not cut 

Esparto . . 

1 

2,200 

25 

About a tliird 


Each of the fibres in question varies 
considerably in length and diameter, so 
that the average figures only are taken. 

Cotton and linen fibres an^ about an inch 
in length. Straw, wliieh is very short, would 
require 75 placed lengthwise to equal an 
inch, and esparto about IS. 

As to diameter, the cotton and linen 
are about equal, esparto being thinner. 

Tlie last column shows the length of 
the fibres as manipulated for the paper 
machine — that is, after they have gone 
through the processes of beating, to bo 
described later. 

Under magnification cottoyi often re- 
sembles a spiral collapsed tube, twisted on 17. UPRIGHT 
itself like a corkscrew (4 to 6]. WOOD-PULP 

Linen or flax [7 to 9] consists of trans- DIGESTER 
parent fibres, regular, smooth, and with 
tapering ends, and a very small hole or canal running origin 
along the centre. Sometimes it shows a slight mark- mattei 

ing, and here and there star-shaped puckerings. chemii 
By the aid of these peculiar markings the linen fibre tained 
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may, in some cases, l)e distinguished from hemp, 
to which it bears a very close resemblance, enough 
it times to baffle the skill of the most experienced. 
In ita raw condition it contains waxy and ‘‘ pectoso ” 
substances. The ash of raw flax varies from *7 to 1 '3, 
and of cotton in the raw state 
U about per 

Es])arto fibres [15 and 16] 
are generally smooth and regii- 
lar, and when seen against 
. cotton, linen, hemp, and wood, 

under a microscope, appear 
much smaller. They can be 
1 recognised generally in ])npcrs 
1 by the presence of little tooih- 
1 shn))ed ])articles [see 15 and 16], 
1 wliieh are the leaf hairs. 

The straw fibre ri4] somc- 
what n'sem hies esparto both in 
size .and ap])earanee, hut the 
serrabal cells vary neeording to 
the kind of straw or its source. 
There is also present in straw 
— iiriiZiBHHHHIi a number of oval cells, derived 
PARTO MAUNTFTED from the pithy matters attached 
lETERS to the iiiskle of the stem. 

The wood fibre resembles none 
of the foreg >mg. 1'hat derived from Scandina- 

I r IPF.R MAKING KIBKKS I MlKR THK MH’ltOSCOCK 


4 Cotton paper fibres, stvaiglit .. .. :U)() 

5 „ ,, Iwisted .. .. SOO 

6 ,, ,, .. eurled . . . . ;>0n 

7 Flax stem, seen in seetion .. .. .‘io 

8 Flax fibres eontaineii in No. 7, greaMy 

enlarged . . . . . . . . . . 32.') 

9 Flax fibres as s.eparated for pajH'r- 

making (about ) . . . . . . 70 

10 Cotton and linen fil)re8 in paper, reduced 

to fragments by beating .. .. 110 

11 Fibres of paper eontaining wood (large 

libre'*!, esparto (small fibre) . . . . 00 

12 Fibres (tf “Times” newspaper; wide 

tibres, wood ; narrow, esparto ; leaf 
hairs like teeth . . . . . . 0() 

13 Wheat straw, highly magnified, showing 

seetion of ]>aper-making fibres (6-sided) 
witli small boles in eentres .. . 150 

14 Bleaehed straw pulp ready for making i 

paper, showing Abres and vessels . . 150" 

15 Bleaehed esparto pulp, not disintegrateil, 

showing paper-making Abre ; leaf 

iiair ami serrated vessels .. .. 325 * 

16 Esparto leaf, showing wimle seetion .. 52 


vian wood sliows long, wide fibres not 
unlike an elongated colla]>sed envelo])C 
with rounded ends. Chemical pine wood 
fibres [19] have characteristic pitted ves.sels 
on their surface like rows of small cye.s. 
Poplar wood has characteristic vessels, 
with scale-like markings on the .surface. 
The foregoing, as also hemp, jute, etc., 
are all, ])erhai»s, better understood by a 
careful examination of the several drawings 
and photomicrographs. 

For large ])hof()microgi’aphs consult 
Beadle’s “ Fibrous (W.stitueiits of Paper.” 

Wood Pulp. In the process of 
conversion of wood into pulp, there arc 
RIGHT two great divisions, which can be 
-PULP expressed by two words, “mechanical” 

3TER ^*^*1 chemical.'’ Mechanical pnlp con- 

tains practically all the ingredients of the 
original wood, such as resins, gums, encrusting 
matter, etc., in addition to the fibre proper. The 
chemical pulp consists of the fibrous residue ob- 
tained by the removal of nil foreign bodies by 
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MAGNIFIED WOOD FIBRES 


Yield of 
Pulp. Wood 
yields by chemical 
process ap])ro.\i- 
mately 50 per cent, 
of air dry pulp, 
more or lessaceord- 
iiif? to circum- 
stances. The mode 
of cooking, etc., in 
the sulphate pro- 
cess is not unlike 
that of the soda: 
no special lining 
being required, this 
is greatly in its 
favour. 'JMio pro- 
cess bus, however, 
the objection that 
quantities of sul 
l)huretted liydro- 
gcn are generated. 
Works therefore 
n v e tl t <1 b e 
located where a 
nuisance may bo 
tolerated. 

Ten or fifteen 
years ago u n- 
bleaehed pulps lost 


ehemical treatment. Mechanical contains frag- 
mentary ])articles, mon^ or less fibrous, aceorrling 
to the nature of the wood tind the care exercised 
in the ju’oeess. Needless to say, oliemical 
wood is much superior to mechanical in strengtii' 
and lasting qualities. It is, of course, more 
expensive to produce. 


It) per cent, or 
12 per cent, on bleaching. Now the cooking 
])rocesses have been so much im])roved that the 
best brands lose on an average no more than 
5 i)er cent, and consume a])])roximatoly 10 per 
cent, of bleaching ])owder on the weight of tlie 
dry pulp. Some pulps bleach much more readily 
than others; hence we find pulps on the market 


Chemical Pulp. There are three proce.s.se.s 
for the manufacture of chemical pulp — nam(‘ly, 
the “soda,” the “sulphite,” and the “sulphate” 
liroccsses. 

The soda process consists in “digesting” »r 
boiling chips of wood under ])ressure in wrought- 
iron digesters or boilers, somcwliat similar in con- 
struction to those described under Rag Roiling, 
the temperature ranging from 340 ’ F. to 300 ’ F., 
and the steam pressure from 100 lb. to 140 11). per 
square in. The yield is decreased by increasing 
the amount of soda, and the soda used may bo 
15 per cent, to 25 per cent, on the weight of the 
wood, wu'th suflieient whaler to saturate the mass. 
On the comjiletion of the boiling, which tab*s 
about eight to ten hours, the digesttT is dis- 
charged, the strong liquors and washings carefully 
collected, concentrated, calcinated, lixiviated, 
causticised, and used over again, togctluT with 
sullicicnt fresh soda to make up the los.s on 
recovery. 



WAUNIFIKI) WOOD rAPKR-M AKINO KiaKKS 


No. 

— 

MiiKiiitl- 

(■.'Uiiiii. 

18 

Spruce w'ood, transverse section 

l)i;i. 

:i2r> 

19 

Fine wood, longitudinal section 

1.50 

20 

Mechanical wood pulp, ground from pine 

l.-io 

21 

or spruce, showing large particles . . 

Chemical wood pulp from poplar, show'- 

1.50 

22 

ing characteristic puckered vessels . . 

Chemical wood pulp from poplar ; 

1.50 

23 

paper machine fibres only 

Fibres of “ Westminster Gazette ” ; 



paper consisting of chemical and 
mechanical wood 

no 


advertised as “easy bleaching,” wdiicli, however, 
on careful examination and couqiared wdtii 
others, ari^ often found to 
be misnamed. 

The manufacture of 
wood I>ul]) is a vast 
industry in it. self, but 
inasmuch as Fngland 
buys all (or nearly all) 
her supplies ready pre- 
pared, we shall content 
ourselves wdth a few' 
24. general remarks on the 

OLD WOODEX .STAMPERS subject. 

A few photomicrographs 
of wood fibre.s are shown in 18 to 23. 

Primitive Beating. For the rcducMon of 
fibres to j)uli), the first discoverers probably chewed 
the fibrous material and s])at it out on a smooth 
surface to dry; after this some crude form of 
liand mill, resembling a i)estle and mortar, 
wa-^ used. The same principle was in vogue, 
only on a largcT scale, and drivc'ii by W'ater 
power, np to about 150 years ago, but when 
wind and water took the place of hand power, 
the pestle was rai.sed vertically by moans of 
a cam on a sliaft, and allowed to drop into a 
trough 1 24j. A battery of these stampers was con- 
structe<i by gouging out the stem of a tree, so as 
to form a trough, the bottom of which was .shod 
w'itli iron, and nails wdth broad heads were fixed 
on the bottom of the stamiKUS. Their general 
appearance would be like a batch of stampers for 
(liiartz crushing, only constructed in rather a 
primitive w'ay from wood. 
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Xhe Hollander* Al)otit tlie miclillc of the 
17tli century an instrument was invented in the 
Netherlands which yielded a hundred times as 
much as the stampers method, and did the work in 
about one tenth of the time. This instrument is 
known to this day ns the “Hollander,” and c(jn- 
sists of a trough with semicircular ends, along Ihc 
tontre of which is a division known as the mid- 
feather. Across the trough is a shaft, Ixairing a 
heavy roll, having a diameter of about double the 
depth of the trough. The roll is providcfl with a 
number of knives placed a few inches apart, pro- 
truding an inch or two, and bevel ed to form a 
knife edge. The roll is capable of being raised or 
lowered. The roll is brought down on to a “ bed 
plate,” provided with fixed knives placed at an 
angle. The trough is dislicd all round at the bottom 
to avoid sharp angles and to ])revent lodgment-? of 
stiilf. The centre of the bottom is practically all 
at one level cxce})t close to the l oll, where it rises at 
a fairly steep gradient to the bcd-j)late wlience 
it takes the curvature <3f the roll, 
to, say, halfway up, and suddenly 
slopes down the “ backfall.” The 
structure of the .Hollander is the 
same in principle as it was in those 
early times, but, of course, with 
im portsntstructiu’al im])rovemeulH. 

The modern Hollander is larger and 
is constructed usually of metal in- 
stead of wood. 

The Hollander at WorK. 

The illustrations [25] of the modern 
Hollander in plan, in longitudinal 
8 ction, and in cross sectioJi, aic 
siieeially prepared to show how 
the machine is o])crato(l. 'riie 
arrows show the travel of thestutf. 

The plan shows oti bottom near 
tAvo ends the valve oi ])lug to the 
left through which the beaten stutT 
is discharged to the chest; tiiu 
valve to riglit- for washing out wlieii 
rerpiirecl; the valve at the top 
right hand of plan supj)lies wasli 
Avater, whieli is drawn off by the 
revolving wire ga uze covered Avaslicr 
drum by the scooping action of 
curved plates placed in side, as 
shown by dotted linos in the longi- ^ 
tudinal section, the AA^atcr discharging at centre, 
cIoAATi tlic drain. The general contour of bottom and 
sides can bo grasped by examinif)g the above 
illustration, .fust before stuff reaches the roll 
it is passed over a de])ression in the bottom covered 
with a perforated plate, where it deposits grit and 
heavy material such as broken buttons, etc. »Some- 
times there is an additional and larger false 
bottom placed at the o})posifc side of the mid- 
fcalhcr for a similar purpose. The former is 
sliown in section. There arc suitable mechanisms 
for raising and loAvering the beater- roll andAvashing 
drum?. The action of a Hollander beatcr-roll is 
two-fold. 

Its first object is to separate individual fibres 
one from another, and, if nece.ssary, to reduce 
their length to suit the requirements of the pa^wr- 
maker. Its second object is to promote the circula- 
tion. For the latter jnirpose the bars arc generally 
arranged in elum]>s, two or three together, Avith 
larger spaces in betAvecn the clumps. The front bar 
of each clump acts like a blade of a paddle-wheel, by 
pushing the stuff rotmd and causing it to circulate. 
The time of circulation may be from two to five 

m2 


minutes, or even longer, depending upon the kind 
of stuff and its thicimess — in fact, it varies enor- 
mously at different stages of the beating. When 
the beater is first filled with material, the circulation 
is very slow, but as the material gets reduced the 
speed increases. There is good reason for placing 
the bars of the bed-plate at a slight angle witn 
those of the beater roll, as this tends to promote 
somewhat of a cutting action. 

Figure 26 ►how^a modified form of the Hollatidei 
with two ben ting-rolls and washing drums. Modifi- 
cations of Hollanders have been constructed in the 
form of a four-sided trough, each trough being 
provided Avith a beating-roll. The almost universal 
type, however, is the one we hjxvc describi'd in 
detail. 

From “Half-stuff** to “Beaten 
Stuff.** l^he beating of rag Imlf-stuff to finished 
stuff lakes about fou ■ Jiour.s for writing-papers, 
aboul two hours for blottiiigs, anywhere from six; 
to I ne!\ e hours for “ banks ” and very strong pajiers 
where it is required that the stuff 
should work “ wet.” A breaker 
eontaining about 4 cwt. of rags, 
“ dry weight,” absorbs about 
2.>-horse power, and takes four 
hours. The beater to the same 
quantity absorbs from 30 to 35- 
horsp ])owor. MMie ])OAver required 
is greater with strong and less 
with weak materials. In addition 
to the beating, the operation of 
refining is often resorted to. This 
is a continuous process, Avhereby 
the material is “ eleare?! ” of all 
knots a ml irregular particles. 

From Rags to ** Half- 
stuff.’* The “ breaking-in,” as 
it is called, in the case of rags, 
jute, and hem]>, is the first o])cra- 
tion pre])aratory to beating proper. 
Tlie boiled rags are discharged 
from truck into a “ breaker,” which 
is really a bcaitcr or Hollander, as 
above described, but Avitli blunt 
bars. The roll is put down so 
as only jest to do -r the plate. 
This reduces the yiartides of rags 
to “ ha If -a tuff,” or it ])erforms the 
operation of unr.avelling the 
Aveaving. I'liis takes about four hours. The breaker 
has a revolving washing drum covered with wire 
gauze, ])rovided internally either with lifting 
buckets or syphons, by mc.ins of which it sucks 
the water through the meshes. A copious sup[)Iy 
of e'.can water is adtlcd in front of the beater-roll, 
and dirty water is drawn away through the wash- 
ing drum. 

Hy this means a large amount of mechanical 
dirt is separated which cannot be removed so long 
as the rag is intact, 'riie washing lasts about 
two hours, after Avhich the operation is stopped 
and the “ broaking-in ” continued to the condition 
of “ half-stuff.” The breakers are usually situated 
on a higher level than the beaters into which they 
discharge. 

An ordinary Hollander roll is provided with, say, 
fiO bars, and the bcd-plato with 15, making, say, 
900 contacts per revolution. The roll makes, sfiy, 
180 revolutions per minute, which gives us 162,000 
“ beats ” or cuts. The bars are, say, 3 ft. 6 in. 
wide, so that wc may compare a Hollander to a pair 
of blunt shears 3 ft. 6 in. wide, making 160,000 cuts 
every minAite, through fine fibres. A “ Taylor ” 
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beater has a width of bars 60 in. and will make 
1,000,000 beats in one minute. Hence, one reason 
for its greater rapidity of action. 

After the stuff leaves the beating engine (whether 
Hollander or other type) it generally passes to the 
“ chest,” or store tank, whence it passes on to 
the machine. It is now frequently the custom to 
leave the stuff from the beater in a somewliat 
unfinished state, and to pass it through a refiner 
befor(5 it reaches the jua chine. This ty])e of 
machine is continuous in its 
action, the stuff passing in 
at one end and emerging in a 
finished, or “refined,” con- 
dition at the other. One 
form of refiner consists 
essentially of a cone pro- 
vided with bars carried on a 
spindle, and rotating at a 
rapid rate in a hollow cone 
providcdinternally with bars. 

The stuff in its passage be- 
tween these bars is quickly 
refined. At the end of the 
cone is a rotating disc, re- 
volving against a fixed disc, 
each provided with bars or 
knives. The >vell-known tyiies somewhat on these 
lines are the Marshall [27], the Horne, and the 
Jordan, mostly, we believe, of American de.sign. 
Another type is entirely on the disc', principle, such 
as the Kingsland refiner, which has the advantage 
of occupying very little floor space. 

HollandcTS, when first inlrodiutcd, held ]X‘rhaps 
only 50 lb. dry weight. Up to 25 years ago, they 
held only 3 cwt ; 20 years ago, 4 cwt., with larger 
ones for “nows.” Now the largest hold 20 cwt. 
and over. With increased size there is increased 
economy, ns proved by recent trials. Against 
this question of economy of power we must not 
forget that Hollanders above a certain size do 
not produce suitable material for all purposes. 
Thus, for hand -made pa])ers, Hollanders holding 
1 .1 cwt. to 2 cwt. sliould not be exceeded, partly 
because the stuff is not so satisfactorily beaten, 
but more especially, perha])s, bccau.so the orders 
the makers have to fulfil arc comparatively small. 
For fine machine-made rag papers, 4 cwt. is ])orhaps 
a convenient size. 

Mechanical wood pulp, of which “news” contains 
about four-fifths, rcipiircs very 
little expenditure of energy — 
only a few horse- power hours 
per cwt — to reduce it to pulp 
for the pa])er machine. An 
enormous amount of power has 
been consumed in reducing it, 
from pulp wood to sheets of 
dry or moist pulp, in the first 
instance, in the mills of Scandi- 
navia and Canada, where it is 
prepared. 

The following table slu.wa tbe 
power consumed in comparison 
with sulphite wood : 

Manilla rope requires 

New jut© threads require 1 10 
New twine ends require 273 
New linen threads reipiire 331 
New rags require 409 „ »» 

The “Umpherston” is a beater in which the roll 
promotes the agitation, as with the Hollander, but 
the stuff, instead of travelling round in a horizontal 


trough, pas.ses underneath and up the other end, 
thus economising about half the floor space over 
the Hollander, a matter of considerable i?uportancc 
in some paper milts. 

Why the Hollander is Sometimes 
Wasteful. Carefully conducted trials have 
demonstrated tlio fact that of the total power con- 
sumed by Ihe Hollander when reducing air-dry 
sheets of sulphite fo beaten stuff one-third is 
expended in agilating the stuff; and the fact has 
hcon demonstrated, after 
conducting nuiiUTOus power 
trials, that- there is in such 
caM‘s at least 25 per cent, 
of the power wasted, 'riiis 
])ercentage is mueh greater 
with materials like esparto, 
straw, and mechanical wood 
than with chemical wood, 
but the figure would be l(*ss 
when dealing with rags and 
other strong materials which 
require a greater total ex- 
]>cnditurc of |>ower in their 
rcdiietion. 

Modern Beaters. 

'Fo save tin’s useless expen- 
diture of power, special heaters have been con- 
structed whereby the “circulation” of the stuff 
is promoted by an independent agency. This 
circulation can now be done in patent boaters 
of the ca])acity of 700 lb. to 1,000 lb. dry weight 
at 2.^-Uorse pow'er. The circulation in Hol- 
lander of equal ca'|)acity might amount to from 
10 to l5-horsc power. There are .s(‘veral well- 
know’ii makes of such beaters: among them may 
be mentioned the “Taylor” [28], the “Reed 
f29], “ Acme ” and “ Masson Tower.” The stuff 
is either made to circulate round in a horizontal 
trough, as in the “Reed” and “Acme,” or to 
travel downwards and up again, as with the 
“Taylor” and “Masson Tower”: but in each 
<-ase we have this all important factor — namely, 
independent circnlalion. 

Only just sufficient material is made to overflow 
the bcd-platc as the roll can operate upon, the 
roll remaining out of contact with the stuff, 
except where actual beating takes ])lace. AVilh 
the Hollander, the roll is immersed in the stuff u]) 
to about half its diameter, and the rajad beating and 
(•burning of tbe bars against 
the stuff usides'^ly absorbs an 
immense amount of pow’cr. 
Witli the ]>atent beaters, the 
bars of the roll are placed ccpii- 
distant from one another, and 
ehjse; tliis is a very great 
advantage. In fact, the “bars’’ 
of the roll and “ bed-plate ” 
are located and constructed so 
as to beat to the bc.st advan- 
tage, hence tlic economy. Thi.s 
course cannot be adopted with 
the Hollander, where the bars 
l\avc to promote the circula- 
tion as well a.s do the beating. 

When treating very strong material, such as 
linen rags, the |jt'rcentage of ])aw'er w'asted is com- 
paratively small, hence the advantages of a ])i\t(^nt 
heater are less obvious than with materials like 
e.sparto, mixtures of chemical and mechanical 
straw, etc., and there are reasons in favour of the 
Hollander which cannot be discussed here. It 
certain cases, moreover, the agitation is not uselessly 
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27. marshall's befininc; engine 

(Bentley & Jackson) 

87 per cent, more power 
than sulphite w’ood. 
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expended, ns it improves tlio charncler of the stuff. 
And, moreover, very large Hollanders, such as those 
of a capacity of 20 cwt., have been proved by recent 
trials to be far more economical in ])roporiion to 
their output than smaller ones, so that the last 
word has not yet boon said on this subject: but 
in the aggregate, for the majority of paj>ers of 
modern modes of manufacture, results tend in 
favour of that kiful of boater in which the oireu- 
lalioii is promoted by an independent ageTiey. 

Bleaching Rag Half-stuff. The bleach- 
ing of rag half. stuff is ordinarily done 
by adding bleach solution to the 
“potc.her,” which resembles 25. The 

bleach rccpiired varies, according to i 

the quality of rag, from I ])er cent, to S \^“**fe* — 
5 per cent. This is emptied into / 
“steeping” tanks made of brick or 
concrete, surrounded with cement and K J 
paved with perforated earthenware I T~ y ^ 
tile.s. When the bleach has exhausted ' <» ' 

itself after IS to 24 hours, the waste 28 TVYLC 
liquor is drained away and the 
bleached half-stuff dug out and lifted to the beat<Ts. 

Another Wfiy is to add the bleaching li(iuor to the 
beater, the bleaching being elTccjied while Ihe dis- 
in'egration of the iibie is being la'ocecded with. 
In ibis latter case, the work of ble idling Ins to be 
done in two or three hou s, which necessitates the 
addition of a larger jiroportion of bleaching solution, 
only about half of wliich is actually used up, the 
other half having to be neutralised by the addition 
of sodium sulphite or sodium thio-sul])hato, as anti- 
ehlor. This process costs more for chemicals than 
the “ steep” bleaching, but does not inteiTU])t the 
operation, and saves time. Hut it can he resorte<l 
to only for (he finer qualities of 
rags which require eompara- 
tively little chemical treatment. — o 

Bleaching Chemical .. j Vg/ 
Wood. Unbleached chemical ' * 
wood pulp that requires to be 
bleached is ordinarily added to ft (;> yi 
a “ potchor/’ when the fibre — I - 
is sufficiently .separated ; a 
Tw. ( •= 5 percent.) bleach- 
ing liquor is added (equal to 
from 10 per cent, to 12 per - 

cent, of dry blenching powder) lj>S!i 

on the dry weight of the wooil j ij -tl®, 
pulp. When pro])erly mixed, ~ 

the mass is discharged into T rO-j 

steeping tanks, left for 24 ~ 

hours, drained, and lifted to the '' 

Older Methods of 
Bleaching. The ordinary 
method of bleaching by adding 
the bleaching solution to the 
poteher, and emptying same 29 reed 

to the steeping tank, involve.s ^ lames Mill 

considerable handling and 
labour, and usually takes 24 lioiirs to accomplish. 
Moreover, after the steep-bleach i.s exhausted 
the half-stuff has to be raised again to tlie level of 
the boaters. Something better is wanted to save 
time and money. In ]>a])cr-making, as in other 
industries, the modern tendency is to centralise 
everything, such as power, ])lant, etc. With such 
centralisation comes economy of power, saving of 
labour, and increase of out]uit. 8uch jjoints as 
these are of paramount importance to tlio English 
pajier-maker, who is compelled to economise in all 
directions to fight foreign or neighbourly com|ieti- 


28. TAYLOR’S BEATER 


29. reed’s beater 
( lames Milne. & Son, Ltd. 1 


tion. The avoidance of handling results not only 
in the saving of power, etc., but prevents also 
contact with dirt, which is difficult to avoid under 
ordinary circumstances, even when great care is 
exercised. 

Now, it is possible to avoid the handling of the stuff 
altogether from the time it enters the “ breaker ” 
until it reaches the “ reel ” of the yiaper-machine 
as finished 7 )a])cr. By operating valves, wheels, 
levers, etc., the stuff can be m<ade to pass through the 
various mechanical and chemical operations out of 
contact witli all disturbing influences. 
In order to show how this is done, 
wc shall describe the most recent and 

_.;>v np- to-date plant by means of which 

• — — i this is now’ so successfully accomplished. 

\ Figure 30 show^s the arrangement of the 
— ^ plant recently erected. In this par- 

-TJL^Z- “y ' ■ ticular installation, in another building 
^ . _ . . tlu* st lift’ is bleachcjl in the manner to be 

later, and conveyed in 
s bevter 'l'l*>fL‘d form through 90 ft. of copper 
]>ij)mg to the final bleaching tower, C. 
This i.s known as a Masson Tower, and is provided 
with a slowdy revolving gauze-covered drum, B, 
driven by a gear wheel. A. The drum, in this 
<‘ase. acts as a washer hy removing or washing 
out the residuum of hleach after the bleaching 
iqieration is aecomplished. During the o])eration 
of blea<*hing, and its removal by w’ashing, the stuff 
l irculates round and round in the tower in the 
direction of the arrows, being propelled by thc 
circulator (J. When the bleaching is completed 
the w'a.sher B draws out the lesidmim of chemicals. 
Bj’ turning a valve the eirculator disehargos the 
contents through a copjicr ]>q»e into one or other 
of the four IMasson tower 
beaters, marked E. The.se tower 
heaters eaidi in turn reduce the 
stuff' to the condition required 
( by the paper machine, and 

. j deliver same to the stuff chests. 

'the circulator (1 is driven by 
- — immiVii a motor, H. The boating, circu- 
lating, and discharging of stuff 
in the Masson tow’crs is motor- 
flrivcn through the shaft K. 

The travel of the stuff in the 
x Masson tower heaters (E, Nos. 
1 to 4) is ]>romoted hy tlu' 
^ circulators underneath, and 

A ll j lasses round and round in the 

I direction of the arrows in a 

y jj similar manner to that of the 

/' Afasson bleaching tow’ors. The 

roll F at the top does the 

beating. In the centre, and 

close to the top of each of the 
bleaching towers and beater.**, is 
BEVTER suspended a cone-shaped hood, 

& Soil Ltd I which nearly fills the lower, but 

leaves a small s])aee for the stuff 
to pass. On the point of this cone the stuff is made 
to flow and .slide down in all directions, then passing 
through the narrow ring-shajied aperture, between 
the edge of cone and tower. By the aid of this 
ingenious contrivance, the stuff is thoroughly and 
uniformly mixed, and an absolute distribution 

insured, such us is not possible under ordinary 
circumstances with the Hollander. 

Continuous Bleaching. The section on 
right in 30 shows how the cycle of operations can 
be iierformed in a comparatively small space under 
one roof, so that the man in charge has everything 



at his elbow. We have here four of the Masson 
tower beaters F and live bleaching towers C. 
The stuff, consisting either of unbleached sulphite 
puly) or esparto, is first put into the large breaking 
engine A, where, if necessary, it is washed by a 
washing drum (not shown). Attached to this engine 
is a patent circulator (not shown) which empties the 
breaker and discharges the stuff into the No. I 
tower C. While No. 1 tower is being filled to the 
brim by repeated charges, the washer drum K 
(usually called the circulator) is put into operation, 
by which means the water is drawn out, reducing 
each charge of stuff to about half its former value. 
When the tower is full it is finally reduced by con- 
centration so as to pull down the level a foot from 
the top, to make room for the bleaching licpior. Each 
tower absorbs 30-horso 
power when circulating. 

The passage from one to 
the other takes from 0 
minutes to JO minutes. 

The stuff rests still in 
towers 2, 3, and 4, for 
about 2^ hours ; therefore, 
out of a total of 150 
minutes in each, the 
circulation is promoted 
for, say, only 10 minutes, 
or , ‘ft til of the time. If 
going continuously, each 
lower would be absorbing 
30-horse power, but as each 
(‘irculates for only ,V,th of 
the lime, it is absorbing on 
an average only 2-horso 
power. This applies to the 
tliree inside towers. As the 
two outside towers have 
to do the concentration 
and washing rcs})ectively, 
the circulation in each has 
to be ill operation 30 
minutes out of 150 
minutes, or Jtli of the 
time, which is equal to 
an average of 0-horse 
power. 

The Advantages of 
Concentrated Stuff. 

^rhe tower beaters each 
hold stuff sufli-cient to pro- 
duce 14 cwt. of })ai)er. 

The bleaching towers, 
measuring 10 ft. high by 
8 ft. 0 in. internal dia- 
meter, each hold concen- 
trated stuff sufficient for upwards of two tons of 
pa])er. Theii- capacity in cubic feet is about 050. 
Th(‘ five towers, therefore, together hold 10 tons 
(paper), and under ordinary conditions of making, 
the stuff passes through them at the rate of 00 
tons of paper per week. The unbleached stuff 
©merges as a bleached product in about 13 hours 
to 16 hours, being about half that required in the 
ordinary “steep” bleach. The ordinary concentra- 
tion in the Hollander or potchcr is 3 jicr cent, 
to 5 per cent, of dry fibre, according to cir- 
cumstances. In these towers the concentration is 
approximately doubled. The rate of bleaching 
largely depends upon the concentration, because, if 
we get the bleach into a smaller volume, it will be 
chemically more active, and will do its work more 
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quickly in consequence. Thus it is by a system of 
this kind, which is quite a revolution over the time- 
honoured methods so long in vogue, that economies 
in time, labour, power, and ohcmicals can be 
effected. If such a concentration were produced in 
the ordinary potcher, the stuff would be too thick 
to travel round, and wo\dd, therefore, be entirely 
nnworkabl(‘. 

Note that right hand plan of 30 is a complete in- 
stallation all under one building, such as would be 
installed in laying out a new mill. The “ washer ” is 
the .same in construction as the “concentrator.” It 
consists of a revolving drum covered with wire gauze, 
similar to the drum of an ordinary breaker, as in 
25, but capable of discharging the wash water 
at each end. The stuff is pum])ed u]) to it by the 
circulator. The cojicen- 
trated stuff is ])addle(l 
forward by triangular j)ro- 
jections fixed to the out- 
side of drum, the drum 
revolving in a kind of 
trough somewhat like the 
“back fall ” of a beating 
engine. 

The Continuous 
Passage of Stuff. But 

to return to our descrip- 
tion 30. No. 1 tower is 
em])tied in about six 
minutes by the attached 
circulator, D, into No. 2 
W)wer (\ where it rests 
undisturbed for about 2^ 
hours ; the circulator in 
No. 2 tower C in about 
six minutes empties the 
stuff into No. 3, where it 
again rests ; from No. 3 
to No. 4, and then into 
No. 5 tower. Immediately 
the bleacli has done its 
work the residuum of 
chemicals is quickly re- 
moved by means of the 
attached wash drum K. 
The bleached and washed 
stuff in No. 5 is now 
discharged from one or 
other of the four Masson 
tower beaters opposite. 
The process of bleaching is 
practically continuous, as 
immediately No. 1 tower 
is cmj)ty it is refilled 
by repeatedly filling and 
emptying tlie breaker, and passed on to No. 2, 
No. 2 to No. 3, etc., so that the one end, 
No. 5, is constantly being discharged into one 
or other of the four tower bcat-ers F, which each 
in turn do tlujir work and discharge the finished 
stuff into the stuff chests ready for the paper- 
maidiine. 

Tin's installation can easily bo looked after by 
one bcatermaii, and one man in charge of the 
bleaching towers and breaking engine. In addition 
to the plan, we have shown in each case the eleva- 
tion, so as to render the general arrangement more 
intelligible to our readers. 

'I’he above arrangement is after the manner of 
plant tlesigned and installed by Messrs. Masson 
& Scott, j.td., of Fulham. 
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Fomentations. Ft>nien tat ions arc oxceediugly 
useful remedies, their elTeots being tlie same as 
that of ])onltices. They have the advantage of being 
more quickly prepared than the latter, and are quite 
light, as they rest on the diseased part. T’o pre- 
)»jiro a fomentation satisfactorily everything neces- 
sary should be placed at hand ready for use* before 
the process actually begins. A kettle of water shonltl 
be on the tire and a largo bowl ])ut to get warm 
in rcadine.s.s. A short roller towel is laid aeros.s 
the bowl with two boiler sticks (children's hoop 
sticks will do well) in the looyw of the roller. Betwe(‘n 
the two folds of the tow'cl is placed tlie piece of soft 
flannel which i.s to bo used for the fomentation. 
The boiling water is then ])Oured into the bowl over 
the roller towel and allow^ed to saturate that and 
the flannel. 1'wo people .should twist the .sticks 
in opposite directions, at first keeping the flannel 
below the level of the w'ater, and only giving the 
final twists .above that level. Next the flannel shouhl 
tie taken out. shaken up, and gently ai)plied to the 
diseased part. It is covered with macintosh, and 
then by two or three folds of cot ton- wool or flannel. 
Turjjeiitine stuy»e.s arc ordered for .severe inte.stinal 
pains and cramp. The flannel is spriidvied wifh 
about a tablcspoonful of tiirpentine, and the fomen- 
tation prepared as de.scribcd above. Fomentations 
need to bo replaced about every fifteen luinatcs, and 
when the treatment is concluded it is important 
that the parts that have been against the heal 
should not be chilled. A thick layer of cotton- wool 
covered by flaiinel will miiiijiiisc this risk. 

Poultices. Poultices are Ics.s frcM|UCiitly u.sed 
now than they wore in the p.ist. Fomentations to a 
large extent take their ]>lacc, but for certain pur- 
po.ses the poultice is still witho\it a rival. For clean.s- 
ing wounds and hastening tlw; discharge of matter 
from an ulcer, the poultice is beyond doubt invalu- 
able. In every case the poultice should be made of 
the mo.st suitable size — not too Large to iiuton- 
venience the patient, nor too small to ]KTform its 
])roper functions. 

The Linseed Poultice. A rather large 
knife with a tlexible blade or a spatula is ynit to get 
hot in a jug of hot water. A basin i.s rinsed with hot 
water to warm it, and then about a third of a y>int of 
water is placed in it — more or less as required, 
according to the size of the poultice to be made. 
The linseed is then sy)rinkled in with the left hand, 
the right hand stirring with the spatula. The linseed 
is added till no more sinks into the mixture. Then, 
after a final stir, the ingredients are .spread evenly 
on a piece of soft linen previously placed on a hot 
plate. The linseed and water should come away 
cleanly from the side of the basin, and it will be 
found that the spatula spreads more smoothly if it 
is occasionally dipped into some very hot water. 
The mixture should bo spread smoothly over the 
cloth and may be left to come directly into contact 
with the patient or else covered with a fine piece of 
muslin. This latter method is not so good. A little 
vaseline may be smeared over the surface of the 
mixture, and the edges of the cloth neatly turned 


in about half an inch. The consi.stency of the poul- 
tice should he neither dry nor too liquid. If it is 
too dry it is not so beneficial to the patient ; if too 
liquid it is decidedly detriinentul to his comfort. 

The linseed used should bo carefully chosen. The 
ordinary Unseal mad of the chemist is of little value, 
.since it is merely ground oil-cako, from which all the 
value has been pressed. Crvshed linseed, on the other 
hand, contains the natural oil, W'hich has a great 
nicdiciiinl value. 

Mustard and Linseed Poultice. Two 

tahlespoonfuls of mustard are mixed to a smooth 
paste with hot, not boiling, water. Then boiling 
water is added and the linseed sprinkled in as 
before. Some people prefer to mix the mustard 
and linseed dry, but this is quite o])tional. A 
mustard poultice makes the skin of the part to which 
it i.s ai)|)licd very tender. Vaseline- i.s a soothing 
application, and the inllamed skin should be 
])rotcclcd from cold by means of c6tton-wool. 
Should a succe.ssion of poultices be used, as is nearly 
ahvays necessary, the new one shouUl be ready 
immediately to replacii the one? that is taken olf. 

Charcoal, Bread, and Starch PouN 
tices. Charcoal may lx* incorporated with the 
lins(‘ed and part al.so .spri?iklc(l on the surface of the 
j)oiiltico. About i to J oz. of best wood charcoal 
is used. Such a poultice is generally used for un- 
healthy w'ounds and sores. 

A bread poultice is very (piickly and easily 
made. A ba.sin is scalded and some boiling w^atcr 
placed in it. To this is added some bro.adcrumlKS. 
Tlic mixture i.s put to stand in a warm jdaoe, such 
a.s the hearth, for about live minutes. Then the 
unabsorbed moisture is drained oiT and the bread 
.spread on linen. If the poultice is intended to soothe, 
it will he more elTectual if made with milk. 

Starch poultices are made by first mixing the 
starch (ordinary laundry starch is used) with cold 
water, stirring it to form a smooth paste. Then 
boiling water is added till the right consistency 
is arrived at, and the .starch is Sf)read in the 
ordinary way. Starch poultice.s .are non-irritant in 
their action, and ns soothing applications they are 
very useful. 

Mustard Plasters. Mustard pla.sters are quite 
easily made by spreading ordinary table mustard in a 
thin layer on brown y)aper and covering it with ti.ssue 
payxM’. The plaster must not be left on the skin very 
long as it.s effect i.s very irritating, and may produce 
blisters unless great care is oxcrci.sed. 

Medicated Baths. For various diseases 
different medicated baths arc ordered. The prepara- 
tion of such a bath is entrusted to the nurse, who 
should make careful note of the doctor’s directions. 
In certain skin diseases and rheumatism* soda and 
sulphur baths arc sometimes ordered. In a sotla 
bath two or three pounds of washing soda may be 
dissolved in the water ; if bicarbonate is used a 
quarter of a pound will suffice. In a sulphur bath 
the amount used will depend on the doctor’s 
orders, about 4 oz. of sulphate of potassium going 
to 30 gallons of water. Various kinds of salt baths 






are ordered in some cases of rlioumatisin. Sea water 
is excellent for this purpose, but if not obtainable, 
the sea-salt can be dissolved in hot water, and this 
preparation has great value. 

Oatmeal baths are soothing to patients suffering 
from skin complaints. A bag containing from half 
a pound to a pound is squeezed in and out of the 
water till the water feels soft to the hand. The 
game bag can be used to soften the water of two or 
three batlis. A mustard bath, whether used as a 
foot bath or for total immersion, is often useful. For 
a cold in the head few remedies arc more efficacious, 
and a child suffering from croup will be best trcatcxl 
with such a bath. 

How to Administer a Cold Bath, A 

cold bath is Bometimes ordered to reduce the 
leanperature of a feverish patient. 'I'hc patient 
suffering from hyperpyrexia (high fever) is so ill 
that if the doctor orders a cold bath he will ])robably 
be present to look after its administration. A tepid 
bath with water at a temperat\ire of about 90° F. 
is prepared and the patient placed in it. Then the 
temperature of tho water is allowed to fall to about 
(>0° or 05° by the addition of icc-cold water and 
pieces of ico. Tho feverish patient’s body will give 
out enough heat to raise the temperature of tin* 
water for some time, but in a few minutes ho must 
be put back to bed again. He should be covered only 
with the. sheet and y)erhaps a blanket over his feet. 
For some tlfne his temperature will continue to fall. 

The Hot Bath. When a hot bath is ordered, 
the patient is wrapped in a blanket and put into 
a bath at a tcin]K*rature of 100° F. to 110° F. 
The tem))eraturc is kept constant by the addi- 
tion of successive ])ortions of boiling water, 
which should be poured cautiously down the sides 
of tho bath. 91ie bath should be covered over 
with a blanket to prevent loss of heat. Mean- 
while the bed should bo prepared with a large 
macintosh covering the lower sheet-. Then, after the 

{ latient has been in the water about twenty minutes, 
le should be lifted out, blanket and all, on to the 
macintosh and rubbed down with a warm towel. 
A warm flannel shirt is slipped on, and he is wrapj)ed 
in the warm, dry blanket ; the macintosh is 
removed, and he is quickly covered up in bed. 
Such a bath is given sometimes to induce free per- 
spiration. In that case hoi drinks should follow, 
and hot bottles may be put in the bed. The uses 
of a hot bath are many. It may be intended to 
diminish j>aiii, to relieve delirium, and to allay 
convulsions in a young child. 

Vapour Baths. In administering a vapour 
bath, the patient should be enveloped in a blanket, 
and seatea on a wooden chair standing in a foot- 
bath. The blanket should fall over the sides of the 
bath, leaving the patient’s head free, but all other 
parts of his body exposed to the vaj30ur from the 
hot water. His feet should rest on a fold of blanket 
on the side of the bath. Then the bath should be 
half-filled with boiling water. When the sUviin seems 
to be exhausted, hot bricks and fine clay balls can 
be drop])ed into the water to generate more steam. 
The patient should be exposed to this vapour for 
about twenty minutes. He should then be rubbed 
down quickly with hot towels, dressed in a- llannel 
shirt, rolled in a blanket, and put into bed. A 
vapour bath is used for cases of rheumatism, gout, 
etc. The neatest care must be taken to avoid 
chills after these hot baths, or serious complications 
may arise. 

To give a vapour bath in bed, the patient, en- 
veloped in a blanket, lies under a bed -cradle, which 
supports the bedclothes. Over this framework rests 
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a macintosh, and three or four blankets. Under 
the patient is another largo macintosh covered by 
a blanket. The blanket which enveloped the patient 
is then drawn out, and the spout of a bronchitis 
kettle inserted between the blankets. The kettle 
should be resting on a properly- protected stove, 
and the steam will pass freely into the l)cd and 
act on the patient's skin. Croat (;arc must be 
taken not to scald the patient and not to burn the 
bedding or upset the stove. In about twenty 
minutes the kettle is withdrawn, the cradle re- 
moved, also the macintoslu's, and tho ])atieiit 
remains iu blankets, carefully protected from all 
chance of catching cold. 

Hot-air Baths and Hot PacKs. The 

pre])arations lor a hot-air bath arc tho same ns 
for a vajmur bath, and tho patient is cnvplo})ed 
in a blanket. Hot air is then jiassod in from a 
S])ecially-construetcd lamp. The greatest care must 
be taken to avoid an accident. 1’Jio lamp must 
be well guarded, and every care taken that the 
]»atient is not burnt. Hot-air baths are ordered for 
patients suffering from Bright’s disease, and such a 
])a(ient may be in a semi-conscious or unconscious 
condition. Such a patient might have his skin 
seriously burned by any carelessness on the part of 
the nurse, and such burns heal with difficulty. 

A hot ))ack is used to induce pcrs])iralion much as 
a hot bath is used. It is easier for the liome-mirse 
to manage alone, and, if skilfully given, is very 
eflicaeioiis. ’I’lie i)aticnt’s nightshirt is removed, and 
he is }>laced in bed on a hot blanket, under which is 
a macintosh. A sheet or blanket is rolled up length- 
ways, di])])ed in boiling water, and wrung out much as 
a fomentation would be, using a draw-sheet or very 
large towels as wringers. The patient is rolled on to 
his side in the bed, and the hot sheet and blanket 
laid beside him still only half unrolled. He is turned 
over to rest on this, and then tho rest of tho sheet 
is unrolled, and ho is enveloped entirely in it with 
the blanket on top. He is then covered with another 
macintosh and additional blankets. Then he may 
be given plenty of hot drinks and hot-wutor hot ties 
may be placed in the bed. This treatment should 
induce co])ioiis perspiration. In about twenty 
luimites the wet sheet, blankets, and macintosh 
may be withdrawn, and their place b^ken by a hot, 
dry blanket. 

The same jnccaut ions against a chill must bo taken 
as .after a vai)oiir bath. Cciicrally the ])atient will 
Iw* very drowsy after the j^ack. The best time to 
administer it, tliereforc, is in the evening, so that he 
may settle down to sleep undisturbed for hours. 

Cold PacKs. A cold ]>ack is used to reduce the 
temperature. The only difference in administering* 
a cold pack is that, instead of using a hot blanket, a. 
sheet wrung out in cold water is used, and instead 
of !iea]>ing blankets on the bed, a single sheet is used 
as a covering. Sometimes pieces of ice arc rubbed 
over the patient’s skin. Every precaution must be 
taken in case faintness should attack him. 

Ice is exceedingly^ useful in (he sicik-room. Some 
should be broken ii]> and placed in readiness in a 
small dish. A thirsty patient will find small pieces 
very comforting to suck. Ice applied to a wound 
that is bleeding freely may staunch the blood flow. 
An ice-bag is ]>re})ared by filling a bag with pieces 
of ice, and sus[)ending it over tho patient by means 
of a lid-cradle. 'I’he entire weight of the bag should 
not rest on the patient ; part of it only shoulrl rest 
against tho head or liml), as ordered. Tho u^e must 
be renewed from time to time as it soon melts. 

Sometimes the ice is placed in pails — small oncs^ 
such as children use at the seaside— which are 
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suspended from a ci'adle over the patient. The cradle 
is covered with a sheet and left open at each end, so 
that a stream of ice-cold air passes over the patient. 
The patient should he dressed in a fiannel night- 
shirt, and his feet placed against a hot-water bottle. 

Cold-sponging. Cold-sponging is another 
mean.s by whicli the torn])crature is reduced. The 
patient’s whole body is H])onged over with water at 
the ordcretl teinpcnilure. The face, neck, arms and 
chest should be sponged first ; then tlie abdomen 
and legs, and, lastly, the patient’s back. The 
sponging should be steady and very gentle. 1’hen the* 
patient should be drietl, placed in a dry nightshirt, 
and left in bed eoven*d with a, slu'ct only, or per- 
haps one blanket, 'riiroiighout the process his feet 
should bo kept warm, and lie slioiild be protected 
from draughts. 

Inhalations. Inhalations of ammonia or of 
oil of eucalyptus, or of someterehene ]a*eparation is 
sometimes ordered. A tcasjioonful of the particular 
incdioanient is [)laoed in a wide-mouthed jug, a pint 
or more of boiling water is ])ourcd over it, and the 
patient inhales the vajionr whi(;h rises. He holds 
his face; ov(t the numth of the jug, and waste of 
vapour is ])rcvente(l l>y holding a towel round the 
face. 

The drugs used for the treatment of bronchitis 
arc carbonate of ammonia, ipecacuanha, squills, 
and assafot3tida. 

Nursing Infectious Diseases, in in- 

fectiocs cases, the room chosen should be near the 
top of the liouse, and, if ])Ossiblc. no ])ersoii beside 
the nurse should use the rooms near that of the 
latient-. All unnt'ces.sary furniture must be taken 
rom the .sick-room, and all car])cts and upbolstcrcd 
furniture and thick curtains banished. Such articles 
become impregnated with the source of infection, 
and can only be disinfected with the greatest dlffi- 
cully. Light, w'a.shing curtains may be used, and 
the floor covered with Indian malting. The wood- 
work should be wiped over with a cloth dijqied in 
some diluted disinfectant. 

Over the patient’ .s door a largo sheet shoidd be 
hung, WTiing out in a .solution of some disinfectant. 
One corner of the shoot should di]) into a howl of 
the same disinfeiJtant to make good by capillary 
attraction the liquid lost by cvaporalion. The value 
of this precaution is often dis[ujted, but it does 
probably filter the air which escapes from the sick- 
room, and HO protect the other members of the 
family, and it certainly ads as a danger signal 
in the shape of a warning. 

The Nurse’s Health in Infectious 
Diseases. When nursing an infectious case, the 
nurse should pay scrupulous attention to necessary 
precautions and minimise her own risk of taking the 
disease, and that of other members of the family. 
»She should not enter the sick-room until .she has 
taken food, as she is more susceptible to infection 
when her stomach i.s empty. Should she cut hers(‘lf 
accidentally, and notice any little wound or sore, 
she should cover it at once with adhesive plaster or 
a bandage. She should wash her mouth frequently 
with a suitable disinfectant, and try to avoid 
swallowing her own saliva. She should not lean 
over her patient more than it is absolutely nece.ssary 
in nursing the disease. Every day she should take 
exercise in the open air, carefully changing her 
infected clothes for the puriiose. 

She should sleep for seven hours eon.seciitively 
in every twenty -four, and this sleep must on no 
account be taken in the sick-room. The nurse 
must not take her meals in the sick-room, and any 
Nubsing conclitded ; followed 


food that is discarded by the patient should be at 
once burned, as it would be a dangerous source of 
infection if eaten by others. 

How to Nurse Sick Children. Children 
must always be watched carefully, becau.se they 
cannot accurately describe a pain ; and, in a child, a 
disease runs its course so rapidly that it becomes 
very imjiortant to detect its earliest stages. A 
child's body is more delicate than that of an adult, 
and disease quickly obtains a firm hold. 

If the child seems cross and out of sorts, inclincrJ 
to be fretful and peevi.sh, in all probability there is 
something wrong with its health. These small 
beginnings of illness must be carefully noted and 
eliccked, if ])ossible, as they may give rise to serious 
and dangerous results. 

Points to Observe. The child who is 
sickening for a disease has often a capricious appe- 
tite, and its sleep is generally disturbed. Its 
position in bed should be carefully noted, as a pre- 
monitory warning of tlio presenee of disease is given 
by unusual position. Eor exanqde, lying with 
knees drawn up is a sure sign of abclominal trouble. 
The child instinctively knows that by drawing u]» 
its knees tlie ]iain is diminislieil, for the pre.ssnre on 
the abflominal organs is relieved by relaxation of 
the muscles. Again, earache or an inci]»ient 
ab.scess may be indicated by the child pressing its 
bead tightly to the pillow. 

A dark shadow muler the eyes and emaciation 
of the body are also unfavourable symptoms; tlu‘ 
layer of subcutaneous adi])osc tissue which gives 
the rounded appearance to the limbs of a healthy 
ebih) i^ quickly absorbed in the ea?‘ly stages of a 
disease ; the eliild's skin becomes loose, wrinkled, 
.and the mnseles flabby. 

Even u healthy child should not be fillowod to 
slee]> with its head under the bedclothes. The air 
in the bed is vitiaterl, ami laden with ])artieles from 
the skin and breath, and with carbon dioxide from 
the lungs. Moreover, this eiirled-U]) posture is very 
bad for the eliild's figure, and will undoubtedly 
result in round shoulders, and even vnrvature of 
the spine. 

Much ])aticnee is needed in nursing a sick child. 
Its whims must only l )0 gratified judiciously, ami 
nothing is .so bad ;is the method by wliieh obedience 
i.s only obtained a.s the result of bribe.s. The condiic t 
of the <*hild when it is ill will differ but slightly from 
its normal behaviour when well. If it has been 
taught that obedience is necessary on all oi^easions. 
the eliief difficulty in nursing will be obviated. 

Nursing a Nervous Child- Anexeitabh' 
and nervous ehild must be treated with special care. 
A sudden fright or shock may result in complications 
of the d isease. Many childish com pla ints are treated 
with a ])reliminary warm bath, but the hot steam 
arising from it is alarming to the little patient. 
Ill such a case, it i.s a good plan to s^ireacl an old 
blanket over the bath and lower the ehihl on it info 
the water. The hot- water taf) should never bo 
allowed to run whilst the child is in the bath ; many 
fatal accidents have resulted from the neglect of 
this simple precaution. I’he nurse should carefully 
ascertain that the water is at the required tempera- 
ture by testing it beforehand with the tlierniometer. 
The hand is an unsafe guide ; it is bettor to use tlie 
elbow' if a thermometer cannot be procured. During 
the bath the attention of a nervous child can b(‘ 
distracted by some floating toy, a pajier boat, or 
even a fe^^thcr, or an imaginative nurse can delight 
her small patient with a fairy talc if her mind is not 
already overtaxed by her responsibility. 
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By EDWARD F. STRANGE 


all tho varying iiicthods of engraving a metal 
^ l)late, none is receiving more popular atten- 
tion nowadays than the ])eeiiliarly British art of 
mezzotint — that is, so far as the productions of 
bygone engravers are concerned. I'ho niiruber of 
modern practitioners of the method is, however, 
small, and although some among them are no whit 
inferior in skill or taste to their y)redecessors, the 
vagaries of fashion are such that they receive 
but a paltry luefisvire of support from their con- 
tem])oraries. 'I’lieir consolation is that they are 
undoubtedly working fov the benefit of future 
generations. 

This manner of engraving differs essentially from 
all others in that its ])raetiee entails the use 
neither of j»oint of any kind nor of acid. 'I he 
lirst essential is tJie laying of a ground : but this is. 
in itself, an integral por- 
tion of the actual graving 
to be done. Ag<dii, as 
with an aquatint, the 
nee«l is to i)rovide the 
whole surface of lh(‘ 
plate witli the means (d 
retaining ink : Imt in 
this eas(‘ it is doin' by 
roughening the plate with 
a tool. This is termed 
rnckiug. The tool used 
is of steel, somewhat re- 
sembling a l)road chisel, 

Imt with its cutting edge 
shaped to the segment 
of a circle | 9 |. The out- 
ward face of this tool is 
regularly grooved to the 
extent, ns a rule, of from 
40 to 80 grooves t«) an 
inch. Tile ' curve is 
.ground, from within, to 
ail edge, whieli ])roduees 
a ])oint eorres]Kinding to 
each of the ridges he- 
tvv(‘eu the grooves. ft 
may he mountefl with 
a short ]>or]»endicular 
handle, and so use»l, but 
for the preliminary laying of the ground, is better 
affixed at a right angle to a rooking pole, tlie op])o- 
J^ite end of W’hiidi is -jiroidded wo'th a free slot travel- 
ling horizontally between guides fixed to a table. 

Rocking and Graving the Plate. 
The pole should he some 4 ft. long. The pl;ite 
is held with one hand, while the tool is steadily 
and regularly roi^ked with the- other, the motion 
causing it to pass in a straight line from one edge of 
the plate to the other, making a series of indenta- 
tions as it goes, and at the same time ploughing up 
the copper to form a burr. In order to make sure 
that this roughening is ecpially distributed, the 
plate should first be marked out with guide lines 
hir the rocter to follow, and these lines, ^termed 
[8], are arranged at various inteiwals and 
•'Hgles, by means of a scale. About 40 ways 


give a good ground, and contiiiiial re-sh:ir])ciiing 
of the. tool is necessary during the operation. If 
the yihito were iiow' charged with ink and priiifeil, 
the result would bo a rich, velvety black of the 
linest quality attainable by any yu’oeess of engraving. 

The picture is produced by scraping away tlii'i 
ground wdtli a broad-bladed double-edged serapi'r. 
terminating in a point [ 10 ]. It boeoiiies neeossarv, 
however, at this stage, to bear well in mind wliat 
has been done to the plate. Highly magnified, tlu* 
copper would present, in section, a series not only 
of elevations, but of depressions. Tlie mere eutliug 
away of the burr to the original lev'el of tlie ])late 
would produce, when printed, only a middle tint, 
a.s eomjiared w’ith the full dejith of blaekiu'ss given 
hv the iindistiirla'd ground. To obtain the liiglu'st 
lights, the hollows must also hi; cleared out, otherwise 
they wmuld hold a eon- 
siderable. (|uantity of ink 
and print effectively. 
Betw'een Ihesc tw'«) ex- 
tremes of untouclied burr 
and cleaned out indenta- 
tions lie the ])ossibilities 
of obtaining eveiy s!ia<h‘ 
and delicacy of tone in 
the whole gamut of 
monochrome. 

The Charm of the 
Mezxotint. It will 
have been gatlj^red from 
this description that lino 
does not exist in pure 
mezzotint. Heroin is one 
of Hie great ditheulties of 
the art — that of obtain- 
ing ade<|Uate definition 
of form. At the. same 
time, I lie universal soft- 
ness necessitated h}'^ the 
iroeess constitutes per- 
laps one of its mosi. 
alluring charms. 

1 1 is usual in jirac- 
tk’C to transfer the out- 
lines of the ]»icturc to 
he engraved by means of 
gelatine after the ground is laid. The w'ork tlc'ii 
])roeeeds from dark to light — care being taken ti» 
remove tlie ground gradually-keeping, so to .speaK, 
on the safe side until success is a.ssiired. '1 he inlc 
used is luueii th(' same as that u.sed for an etching 
or aipiatiiit. It must he thoroughly worked into fim 
whole of the ])lato, and the superfluous ink then 
wi}H'd off, particular attention ht'iiig paid to the 
clearing of the high lights. 

From the time of it.s invention, by Ludwig voii 
Siegeii (whose lirst ]>latc was made in August, 
1642), until the early part of the nineteentli 
eenturv cop}»er alone was used for mezzotint 
engraving. In 1820, \\\ Say produced a iiortrait of 
Queen Caroline, engraved on steel, and in 1822 
the use of this material was perfected by T. Lu])ton, 
and for some time it had a considerable vogiu'. 
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Bnt it was never quite satisfaetory. The burr was 
slighter, the indentations shallower, and it was 
much more laborious to work ; while the dead 
black ink and white paper used, lent themselves only 
to a limited range of effects, seen at their best in 
the engravings of David Lucas, after Constable. 
Moreover, the number of possible impressions was 
soon found to be little more than could be procured 
from copper, and since the modern process of steel- 
ing plaU's has been perfected there remains no 
good reason for the use of steel. 

Combinations with Pure Mezzotint. 

So far wo have treated only of pure mezzotint — 
that is, this method used by itself in the engraving 
of a plate. But the labour involved therein was so 
great that the process had hardly attained its full 

development before other 

methods began to boused 
in combination with it, 
for the purpose, not only 
of saving trouble, but of 
avoiding the difliculty of 
defining outlines already 
alluded to. B. Earlom 
was one of the first artists 
to give attention to this 
c*ndeavour,‘ he frequently 
enqdoyed sti])ple etching, 
both as a groundwork 
and in order to elaborate 
his detail. In the “ Liber 
Studiornm” (1807-1819) 

.1. M; W. Turner employed 
generally a combination 
of etching and mezzotint, 
using the first process to 
bit<) in the strong linos 
of his composition before 
handing' over the plates 
to bo (jomph'ted by mez- 
zotint engravers. In the 
hands of Samuel Cousins, 
what is calle<l mixed 
mezzotint w'as pushed to 
its utmost limits. He 
and his contemporaries 
made use of a heavy 
roulette as well as of 
s^^eeial rocking tools, to 
work up the steel, and 
also used si i])ple etching 
and even aquatint. But | 
these practices do not L . 
add to tliR real artistic OEOROIAKA, DUCH 

merit of an engravins. Krom a mrazotiiit by V. Orcei. . 
and it IS significant that 

they were but the prelude to an almost com])letc 
decay of the art. In oUr own day the art of pure 
mezzotint is experiencing a certain revival. T’he 
student should study the works of Valentine (Ireen 
lllj, J. R. iSmith, J. and W. Ward, and J. Mac- 
Ardell. 

Steel>facing. The printing powers of etched 
or mezzotinted copper-plates are very limited. The 
former class may })roduce 200 or 300 good impres- 
sions. bnt the latter (and the same applies to dry- 
point) cannot be relied upon to give more than 
from 30 to 100 prints of the best quality, owing 
to the rapid wearing away of the soft metal in the 
press. An attempt was made, as wc have seen, to 
overcome this difficulty by the substitution of steel 
for copper, but without success. During the last 
two decades science has come to the rescue, and 
has provided a means whereby the actual engraving 
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itisfactory. The burr was having been done upon copper, and full advantage 

s shallower, and it was taken of its unrivalled adaptability to this pur- 

) work ; while the dead pose, it may be invested with the durability of steel, 

used, lent themselves only The following concise description of the process (by 

ccts, seen at their best in Mr. Frank Short, A.H.A.) is taken from a pamphlet 

1 Lucas, after Constable. published by the Board of Education for use in 

! possible impressions was connection with the Victoria and Albert Museum, 

►re than could be procured and may be accepted as authoritative : 

e modern process of steel- “ Coiiper- plates when ready for printing arc often 
fectod there reinain.s no covered with an exceedingly thin facing of steel 
(or iron) by suspending them in an iron solution 
th Pure Mezzotint. and passing an electric current through it. The 

only of pure mezzotint — eo 7 )pcr is cov^erod, almost instantaneously, with a 

by itself in the engraving coating of hard, bright iron. From three to twenty 

ir involved therein was so minutes may be needed to obtain a sufficient thick- 

id hardly attained its full ness of iron, according to the ])lato and the cuiTcnt 

* — — — - containing iron may 

bc! used, but the simplest 
method is to fill the tank 
with water, in each gallon 
of which is dissolved 1 lb. 
of sal ammoniac. A large 
iron or steel plate (the 
anode) is then placed 
permanently in it and 
attached to the positive 
polo of a battery (or 
oilier electric current), 
and a small piece of steel 
(generally an old file) is 
temporarily suspended 
opposite to it attached 
to the negative pole, until 
the bath becomes suffici- 
ently full of iron to cause 
a deposit on a copper- 
plate when })laced in it. 

“'The plate to bc steel- 
faced is suspended by a. 
strip of copper, soldered 
temporarily to the back, 
which serves both as a. 
sn]>port to the plate and 
to complete the circuit of 
the electric current by 
contact- with a brass rod 
connected to the negative 
pole of the battery. The 
quantity of current pas- 
sing must be ]H*oportion- 
ate to the surface of the 

«— ■ — plate to be stcel-faccd, 

11. GEORGIANA, DUCHESS OF WESTMINSTER irilensity may 

From a mezzotint by V. Green after Sir ,Ioslma Reynolds, l7so '"‘G'y from 1 h volts to h 

volts. It is essential that 

0 to an almost com])letc the copper should bo chemically clean before it is 

3wn day the art of pure put in the bath, and it is nei^essary to remove it 

a certain revival. T’he from the bath every few minutes to wash and gently 
vorks of Valentine (Ireen iiolish the surface with a paste of line whiting 

1 W. Ward, and J. Mac- and water ayqdied with a flannel, in order to keep 

the coating clear and bright. 

rioting powers of etched “ l^he steel-facing can be easily removed when 
es are very limited. The desired by placing the plate in a mixture of nitric 

200 or 300 good impres- acid and water ( I acid to 7 water), which instantly 
the same applies to dry- dissolves the steel, leaving the copper untouched. ’ 
ipon to give more than A good many wild statements have been made as 
the best quality, owing to the effect of this process, and these need to be 

of the soft metal in the corrected. In the first place, it not only does not 

ade, as wc have seen, to result in any loss of quality in the print, but it is 

the substitution of steel impossible for the most accomplished expert to 

access. During the last decide, from an inspection of proofs, whether they 

some to the rescue, and have bebn taken before or after the plate was steel - 

[•eby the actual engraving faced. vSecondly, it does not prolong the life of the 





12. CHRIST Bf:FORE HEROD 
WooiUnit by A. Diiivr, iriU'.i 


plate* to tlie oxont that has been elaiinecl. It only 
makes it possible to produce some few hundred 
impressions — not theusands — of the best kind. 

Wood Engraving. 'IMio old and beautiful 
art which made use of wood as a material for the 
printing of the artist's design has almost vanished 
under the stress of the com petition set up by luodei’n 
photographic processes. But it is so simple, and 
capable of effects so fine and characteristic, that 
many hope for its revival. 

At the outset we have to indicate an essential 
difference between the wood block and that made of 
metal. In the former the printing is done by the 
upper surface of the block, exactly as with ty|K'. 
The process is, in fact, rtlicf priHtinf/, ns 0 ])posed 
to the intaglio printing of the metal plate, in whi<’h 
the payier is forced by great pressure into hollows 
excavated in the metal. As a consequence, wood 
blocks can be inserted in type without diftieulty, 
and the paper shows no sign of that depre.ssion which 

known as the plate-mark. 

The Durer Wood-cutting School. There 
are two methods of using wood for engraving. 
That employed by (he great ‘lehool of Albert Diirer 
1 12J, and for many years jifterwards, was executed 
u])on blocks cut ]dank\vise — that is, parallel with 
the grain. A w'ood of roni])arntive softness, such 
as that of the pear-tree, was chosen. The draw ing 
having been made or tracotl upon tlie smooth sur- 
face, the lines thereof were outlined with a knife, 
and the superfluous wood cut away with convcnicufc 
tools, so as to leave the design intact. To this 
method it has been found convenient to restrict the 
term “ wood-cutting.’’ It is, in all essentials, that 
cinploj^ed by the Japanese in their excpiisite colour 
prints, and by many modem artists. 

The Bewick Wood-engraving School. 

At the end of theeigliteenth century it w'as found that 
boxwood, from its extreme hardnea.s and clo.scncss 

grain, w'^ns especially .suitable fora use to wInVh 
'lie term “wood-engraving" is well ap])lied [13 J. 
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The blocks w^cre cut, not with llie grain, but 
across it. The drawing was made u])on tlie block, 
on a surface prepared for the purpose wdtli Chincsi* 
white, and tlu; engraving executed with burins of 
several sizes, practically the same as those employed 
by the line engraver on metal. It will be evidcuf- 
that the driving of the burin through the wood 
produces a white line, the ink being held by those 
porlions of the block untouched by the tool : and 
this fact was made use of by Bewick and the best 
of the nineteenth century wood-engravers to ])ro 
ducc tlieir effects. Prints by these artists will hr 
seen, on close examination, to consist of a series o( 
white lines or dots, each made with deliberate 
pur])oso of expressing drawing. But the burin w ms 
also used for facsimile engraving, with a result 
similar to that of the knife, developing in this respect 
into a laborious re])rodiictioii of the exact linos of 
the artist’s work, as compared wTth the indivi<luiil 
translation of it secured by the white-line method. 

The student should refer to the w^ork of Bt'wirk 
as exenqdifving the latter ; that of Charles Keene 
in “ Punch " is an admirable exposition of the 
former. Alillais and Keene, indeed, largely \»scd 
the free line, but most of the other artists of that 
splendid epoch of book illiLstration made their 
drawings in wash or clo.sely stippled pen drawing, 
leaving to the engraver a considerable latitude in 
the interpretation of tone. This he did b\ 
“ eross-hatching " — picking out the spaces between 
the inter-seetions of crossed lines ; and to 
the general ado])tiori of this mechanical device 
much of the inferiority of morlern work is due. 

Continued 
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F the hard liner, between which and the body is 
the jacketed space. The bore is 20 in,, and the 
distance between covers 4 ft. 11 J in., the stroke of 
the engine being 
40 in. 

Another cylinder 
is shown in 63 by the 
firm of H. Bollinckx, 
of Brussels, who 
make a s])ecia]ity of 
these engines. The 
steam and exhaust 
seatings are cast 
partly in the end 
covers A, B. and 
partly in the jacket 
C at one end, and 
partly in tlie body I) 
at the other end. 

The fitting of the 
body and jacket will 
be noted. At the 
end a there is a 
rigid connection be- 
tween the two by a 
flange and bolts at 
the other 
end, ?>, the 
parts are 
free to slide 
under vary- iji 

iiig ex pan- 
sions with 
differ- 
ences of 

tcm])eratiire. The end 
nections being made as 
and the body jacked, 

Fleming Engine. A special type of Fleming 
C’orliss engine by the Harrisburg Co. is shown in 
longitudinal section in 64 . It embodies a depar- 
ture from long- established practice. Hitherto, 
(Wliss engines liave mostly been of long-strokc 
tlesign. This is of short-stroke type, following in 
this respect designs of vertical high-syiced engines. 

'fho engine is a tandem eom])onnd, and both 
cylinders are fitted w'ith Corliss valves. Two 
eccentrics are provided. One actuates the twa> 
steam admission valves, tlic other the two exhaust 
valves. The motion of the valves is transmitted 
through hell cranks and independent rocker arms. 
'Hie hell cranks are coupled together with adjustable 
links. To the short anus of the hell cranks a link 
is attached, which transmits their movements to 
a valve arm secured to the j)rojocting valve and 
^lem (not indicated). The ctTect is that the 
valves have an accelerated rate of movement at 
Ihe points of opening and closure. The exhaust 
Aalve arms are connected w'ith a common link. 


PRIME MOVERS 

Marine Engines. The term marine ennine 
is too vague to convey mueh beyond a general ido i 
of the ty|>o. It is now used always in the casf> 





'o\ors are j<icketed con- 
cern between the covers 


ted ; 65 and 66 are general external views, 'fhe 
T positions of I he low-pressure, intermediate, and 
high-jnesRure cylinders are indicated by A, B, 
and (', respectively. They arc carried on cast- 
iron frames DDD, wiiieli are supported by the 
base plate K. The frames 1) have sli])])cr faces 
formed for the crosshoads F, wdiencc the connecting 
rods 0 drive to the crank shaft H, which has its 
hearings in the base plate F. The ecccnti i(! rods 
d, K, L actuate the valves for the low, intermedia t‘‘, 
and lu’gh pressure cylinders respectively. The lirst 
tw’o arc donble-i)orted slide valves. The last is a 
l>iston valve. The rods and eccentrics are (hi]>licaled 
for reversals for driving ahead or nst<Tii. Tlie 
shifting links are indicated at M, the drag links at 
N, and the wTigh shaft at 0. The mass of these is 
.so great that a simi)l(‘ hand U‘ver would he uselcs-i. 
A hand wheel P and worm gear Q therefore operate 
the w'cigh shaft through tlu^ rod R and its lever. 

Tht' surface condenser S is built into the standard 
framings, with economy of si)acc. TJic air and 
circulating pumps indicated at T are bolted to it, 
and their piston rods are actuated by the connecting 
rods U and levers V fiom the crosshead of tlie low- 
]irosHnre cylinder by tlio pin W ami connections 
XX ; at Y is seen tic* tiiruing gear for giving the 
engines initial movement. At Z is a starting 
engine, driving to a crank for effecting r(‘vcrsal 
for ahead and astern movements, and being 



STEAM AND EXHAUST VALVES OF 
CORLISS ENGINE 


62 . TRANSVERSE AND LONlUTt DINAL SECTIONS OK 
CORLISS CYLINDER 





ENGINE DETAILS 

63. Covlias cylinder 64. “ Fleming ” CorliKS engine 66. Front elevation of triple expansion maiiiie engnie 
(Win. Doxford & Sons, Ltd.) 66. End elevation of engine 67. Piston and cover of low-pressure cylinder 
68. Piston rod and crosshead of marine engine 







69. ECCENTRIC ROI» 
AND LINK OF MARINE 
ENCJINE 


70. REVEHSTNCJ LINK.^ OF MARINE ENCINK 


I j ! j j fuixiliaiy to the hand aeai* P. Q. K, 
[j; The niimcrons small hanclle.s aiul 

, Ll-i "TIIj levers are for ])as8iiig live steam 

into the cylinders to warm them 
lip, and for operating drain cocks, etc. These* are 
usually located close to the reversing hand wheel 
and engine. From this general description we. may 
pass to consider some of the principal iletails. which, 
however, can be only partially illustrated in a 
portion of an article, owing to the enormous amount 
of items in such an engine. 

Details. The three eyiinders are east seiiar- 
ately, and bolted together hy flanges. Th(‘v 
measure respectively 271 in., 4d.Un., and 7o in. in 
diameter, and the piston stroke is 4 ft. 6 in. 'riie 
high-pressnrc only is litted with a liner. The ea'iing 
for the piston valve is cast with this cylinder. Tin* 
valve chests for the donblc-])ortod valves of the 
intermediate and low*])ressure cylinders {ire forim*d 
in their castings. Feet are east on each cylinder for 
holting it to its A standards. Theexhausj pipe. AA, 
to the condenser is bolted to the low-pressure 
cylinder. Tn these large en- 
gines the valves, pistons and 
oovers aro massive ribbed ri-i. 

eastings, very different from - X 

those in the simdlor engines ' ’ ■ 

we have hitherto illustrated. - - 

Figure 67 shows the piston and ^ 

cover of the low pressure f 

cylinder. Covers and pistons . „ . ; 

are hollow', to ensure rigulity ' , ^ 

and strength without execs- I \ 

sive weight, for the ])rcssure \ 

on pistons and covers amounts ‘ 

to many tons. ,Iunk rings ' 

and spring rings are litted to 
the pistons. Lifting screivs , 

are fitted to enable the crane 
to lift covers and rings out for 
examination and repairs. 

The piston rods [68] measure ^ 

7 J in. diameter, and the cross- ' 

heads are 2 ft. 4 in. in lengtli, I : 

hy 1 ft. 5 ill. in width. White f ■ 

metal facings are used. T)e- ^ > . , ' ' 

tails of the valve gears are ^ 

shown in 69 to 71. Fii 69 ' --^-1 J 



72. MAIN BEARING IN .SOLEFIATE OF 
M-\RINE ENGINE 


is the link, similarly lettercfl | jl j I 
in 65 and 66: A is the sliding 
block which is embraced by j | 

the end of the valve rod [71]: |f*y I 
.1. K, Lari' the eccentric rods; i iittl iii' 

NX the drag or reversing j i f i ’ 

links; com pare with 65 and 68. T-fj I i ^ J *. 

4'he enormous dead weight TV I i i.J 

of the reeiproeating masses is Lj.J 

largely counterbalanced by 
the fhrte-eylinder arrange- 
menl. in which the cranks are VALVE ROD OP 
set 120^ apart. The crank MARINE ENGINE 
shaft, which is 1 ft. 3 in. 
in diameter, is built up in the manner shoivn in 73. 
Lengths of shaft with llanges are coupled and bolted 
ns seen in the detail at A. The crank ivebs, B, are 
tilted over the opposite ends, and over tJie crank 
pins. These arc shrunk fits in the first place — that is, 
the parl.s are turned and bored with a slight excess 
in size of the turned portion, and the webs are then 
warmed, slipped over, aud tighten in cooling. 

Turned keys aro afterwards 
j inserted to )>revent possible 

. _ loosening in working. 

, The frames or columns DD 

hollow cast- 

X, f 1 ( ings, though liaving a (piito 

solid appeai'ance from the 
' ^ ' [ v outside. Suitable facings are 

p-v ' provided on them for the re- 

/ /{ I ''J eeption of till; eyiinders, and 

/'4 i I feet for tlie bedplate, and 

' manholes. The bedplate, or 

' i ‘soleplate, E, is a hollow cast- 
! ! ' irig in one piece, and having 

I the shaft hearings, six in 

i number, east with it, shown 

’ 1 in detail in 72, to receive the 

' ; frames. 

\ The eoudenser, S [65 and 66 j, 

\ shown se})aralely in 74 along 
I I ') with the columns w'ith which 

I I i it is east. The circulating 

J * s iRbes aro inserted by fermling 

J into the tube jfiate.s bolted 

within the main ea.sting. The 
distance between tlie tube 
j)Iates is 14 ft. 'J’hero are 
[N .SOLEFLATE OF 1.808 tubes, } in. diameter out- 
NGINE *-ide. giving a cooling surface of 



73 . three-throw crank of marine engine 
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74. ( ’OM) KNSKR OK M V RI i\K EN< ! I N K ’ 


5,754 s(i\ii\rc ft. The inctiiod (if fastonin^i* the tubes ally, tlie.se aie of interest beeuusc' these.*, with those of 
is shown in 75. ^i.^similarcruisersof wliieii the Admiralty saiietionetl 

examples of Engines. Tlio ejijfines of a the building, have* th(‘ir six sets of engines made 

big liner are of immense ])ro])ortions. 'raking tliosf* to standardised gauges, templets, and jigs. These 

of the Kaiser Wilhelm FI., there are four sets engines were designetl to develop 2!5,500-horsc power, 

of the.se, each complete in it.self, each comprising a giving a sjioed of 22 33 knots. Steam i.s used at 

(|iiadrnple expansion set. Two sets drive one .*»erew 205 Ib. pressure when at the main regulating valve, 

shaft. Each set is fitted in a watertight compartment. At this pressure the ongiue.s make 135 revolutions 

A peculiarity is that the high-pressure cylinder i.s per minute, eipiivalent to a piston siiecd of 945 ft. 

placed tandem above the intermediate cylinder. per minute, 'flie eylinders are ranged thus; The 

The diameters arc as follows: High- high - jiressnrc lias one low-pressure 

pressure, 950 mm. (37*40 in.) ; first inter adjacent. On (he other side is the 

mediate 1,250 mm. (49*21 in.); .second A, .iTii intermediate pres.sure cylinder, and 

intermediate 1,900 mm. (74*80 in.) ; low- Wif "j-Uf ' beyond that (he second low-pressure 

pre.ssure 2,850 mm. (112*21 in). The cvlindej*. These four eylinders con- 

common stroke is 1,800 mm. (70*80 in.). ‘ .stitute a .set, and two such sets are 

'fhe ratio of cylinders is 1, 1*73, 4*9. placed in separate watertight eompnrt- 

Each engine set ha.s its own condenser, 75. FASTENING OF ments on o[»posite sides of the vessi'l. 

with 11,733 srpiarc ft. of cooling surface, (’ONPENSER TUBES The rliameter of the high-pre.ssure 

twin air pump, circulating pump, feed cylinder is 43J in., that of the inter- 

pump, and feed lieaters and various pumps. So mediate 09 in., and the two low-])ressuro cylinders 

immense is the installation that the steam cylinders are 77 in. in cliamoter. The stroke is 42 in. To facili- 

in the vc.ssel total to about 140. (ate halaiieing, the combined liorsc-power of the two 

Engines of Ratlleships. Tin* engines low-]»re.ssnre cylinders is equal to that of the high- 

of the Japanese battleship Katori, built and ])res.suie, and of the intermediate pressure cylinder 

engined by Mes.srs. Vickers, Sons iSr Maxim, Ltd., se])aralely. In these engines all the cylinders are 

consist of four cylinder triple ex])an.sion engines, .steam jacketed. The liners for the high-pressure 

of which there are two sets. Each .set lias one high- and intermediate are of forged steel, but those for 

])ressurc cylinder, 35 in. in diameter, one inter- the low'-])ressurc cylinders are of cast iron. Oast 

mediate of 50 in., and two low-pressure eylinders, .steel is used for pi.stons, and cylinder covers. The 

each of 03 in. diameter, w4th a 48-in. stroke. The high -]M’essm’C cylinder is fitted with one piston valve, 

engines work at 200 lb. initial pressure, the boiler the intermediate cylinders wuth two. Flat slide 

pressure being 230 lb. The valves on the high- valves are used for the low-pressure cylinders with 

pre.ssure and intermediate cylinders are of piston relief wings at the back. Starting valves are provided 

type, those on the low-pres.suro are double-ported to admit steam directly to the intermediate and 

fiat valves. T’he condenser has a total cooling low-pressure cylinders. The condensers serve for 

surface of 37,000 square ft. the main and auxiliary engines. There are two in 

The following relates to the engines of the each engine-room, each witli a cooling surface of 
armoured cruiser Duke of Edinburgh. Incident- 7,009 square ft 

Cyontinufd 
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SHORT DICTIONARY OF PRIME MOVERS & STEAM BOILERS 


ACTUAL HOR8E-POWIER— Horse- 
power obtaiaed by the indicator, 
minus’ the power absorbed by the 
engine friction. 

Adhesion — Specifically, the measure of 
the weight resting on the wheels (jf 
locomotives. 

Air Pump — A pump employed in all 

, oondensmg engines for icmoving the 
mixed air and water from the Con- 
denser. 

Asbestos — A fibrous mineral, which, 
owing to its heat-resisting character, 
is prepared for use in engine packings 
and joints. 

Atmospheric Engine— An early type, 
in which the pressure of the air moved 
the piston downwards against a 
partial vacuum. 

Atmospheric Line — The line on an 
indicator diagram which divides the 
steam area from that of vacuum. 

BACK PRESSURE— Pressure oi)- 

... posed to the movement of the piston 
in a cylinder, due to steam not wliolly 
exhausted. 

Balloon Boiler, or Haystack Boiler - 
An obsolete form, of a dome shape, 
externally fired. 

Barring Engine— A small engine used 

. for starting a very large engine. 

Beam Engine — A vertical engine hav- 
ing the piston-rod operating one end 
of a pivoted hcain, and the connect- 
ing rod at the other. 

Bed Plate — The base, usually a cast- 
ing, which carries all the mechanism 
of an engine. 

Plast Pipe —In a loco, boiler, the pipe 
through whicjli the steam exhausts 
into the chimney, so creating a sharp 
draught in the flre-box. 

Blow-off "The period' cal discharge of 
steam, water, and sediment from a 
boiler. 

Boilers — The steam generators for 
engines. Internal combustion (‘n- 
gines require no boilers. 

Brake Horse-power — Horse -power as 
measured by a friction brake. 

CALORIE — The French unit of heat, 
or that which will raise l kilo, of 
water through P P. between the 
temperatures of iF C. and C. 

Carnot’s Principle -Postulates the 
law thfit the work done by a lieat 
engine is wholly a ciuestion of tem- 
perature. 

Central Valve Engine-— An engine in 
which the distribution of steam is 
elfccted by openings in the piston- 
rods. 

Cheval-Vapeur — ^French horse-power, 
or 4,500 Kilogrammes lifted 1 metre 
high per minute, equals 0’98fi3 
English horse-power. 

Chimney — The function of a chimney 
is to produce a tiraught in the fur- 
naces and flues of a boiler. It acts 
by virtue of the Uifference in the 
specific gravities of the hot air 
Mlthln and the cold air without. 
Circulating Pump — A pump which 
forces the cooling water through the 
tubes of surface condensers. 

Clark’s Process — The best known 
process for softening the feed-water 
for boilers by the addition of linu^ 
thereto. 

Clearance — The space left between the 
face ©f a piston at the termination 
of its stroke and the inner face of 
wie cover, to prevent actual contact. 

.Freedom to exhaust In an engine 
cylinder. 

Cllnkering—Cleaning the grate bars 
of boilers periodically. 

Closed Ashpit— Signifies that the 
ashpit alone receives air under 
pressure. 

Closed Stokehold — The stokehold en- 
closing the boiler front of a marine 
engine which receives the supplies 
PI air through fans only. 


Cold-water Test — The hydraulic pres- 
sure test applied to steam boilers with 
cold water. 

Compound Engine — An engine having 
two or more cylinders in which steam 
works expansively in succession. 

Condenser — The vessel In which the 
exliaust steam from an engine or 
engines is condensed to water. 
Condensing Engine— One in wliich 
Oie exliaust steam goes into a con- 
denser instead of into the atmo- 
sphere. 

Connecting Rod — The rod whidi eon- 
neets the piston and its cross head to 
the crank of the flywheel shaft. 

Corliss Engine- -One in which sepa- 
rate valves are used for the entering 
and exhausting steam- 

Cornish Boiler — A horizontal boiler 
with a single furnace flue. 

Cornish Engine — A special type of 
beam engine, used first in ilic foriiish 
mines. 

Corrugated Furnace — A type of 
boiler furnace which is stiffened 
against collapse by alternating ridges 
and depressions. 

Crank-pin — The pivot on which the 
free end of the connecting rod takes 
its bearing, being the end opposite 
to the. crank shaft. 

Cushioning — Tlie elastic counter-pres- 
sure against a piston, bringing it to 
rest by the steam admitted through 
the opening to lead. 

Cut-Off -'Arresting the supply of steam 
to the interior of a cylinder. 

Cut-off Valve - A supplementary 
slide valve on the back of a main 
valve for working steam at liigh 
(^xiiansion. 

Cylinder — Hpeeiflcally the vessel in 
which the movements of an engine 
piston are coerced. 

DAMPERS — Sliding, or shrivelling 
plates which regulate the draugiit 
through boiler flues. 

Dead Centres — When the axis of the 
piston-rod, the crank-pin, and the 
crank-shaft arc in one. plane the 
engine is on dead centres. 

Dead-weight Safety Valve -One in 
which the loading is done (lir<*etly by 
the imposition of annular weiglits. 

Double Acting— Expresses the case of 
pistons which are subjected to pres- 
sure on opposite sides alternately. 

Dry Steam Steam which is only 
saturated witli moisture by eontai-t 
with the water from wliicli it is 
generated. 

Duty — The duty of an engine is the 
number of foot pounds obtained by 
the hurning of a Imshcl of good coal. 
Tlie term is nearly obsolete. 

D-valve — Th^ form of slide valve which 
has a section nearly like that of tin? 
letter D- 

Dynamometer — A mechanism hy 
which the power given otT or absorbed 
by a prime mover or machine is 
measured. 

ECCENTRIC— The agent by which 
the rotary motion of the crank is 
converted into the reciprocating 
movement of tl»e slide valve. 

Eccentric Sheave — The body of an 
eccentric, keyed on the crank-shaft. 

Eccentric Straps — The bands which 
eucirch* the sheave, and transmit 
its motion to the eccentric rods and 
slide valve. 

Economiser — A nest of pipes in whi(?h 
the feed-water for boilers is heated 
by the waste gases from the boiler. 

Elastic Force— The expansive, or heat 
energy of a gas. 

Enclosed-type Engine— Stationary 
engines having the working parts 
wholly encloseii, and running in an 
oil bath. 

Evaporative Power— It is usual to 
estimaia the value of different fuels 


by the relative quantities of water 
which they will evaporate. 

Exhaust Steam— The waste 8t(?am 
from an engine cylinder. 

Expansive Working— A deflnite 
volume of steam or gas doing work 
on a piston by the force of its own 
expansion. 

External Firing— The application of 
heat outside a boiler shell. Now' 
obsolete. 

FEED PUMP—Thc pump which 
supplies feed-w'ater to boilers. 

Feed-water Heater — A type of econo- 
miser in w'liich the feed is heated 
before being passed into the boiler. 

Ferrules — Rings used for fastening 
the tubes of boilers and condensers 
Into their plates. 

Final Pressure -The pressure of steam 
in a cylinder in the last stage of its 
expansion. 

Fire-bars — The grate bars in a boiler 
furnace. 

Fire-box — The fiirrtacc of a locomotive 
or a vertical boiler. 

Forced Draught — Air for combustion 
in steam boilers which is introduced 
under pressure by fans. 

Furnace Flues — The furnaces of hori- 
zontal boilers, ]>laced within the shell. 

Fusible Plug — A plug of easily fusible 
alloy, inserted in the top of a boiler 
furnace, w'hieh melts and lets the 
water out if the water runs danger- 
ously low'. 

QAS ENGINE — Any engine using 
gas, w’hieh may be town, or producer, 
or hlast-furnaec gas. 

Gaskets— Faekiiigs of hemp rope used 
in stuttlng boxes. 

Gauges-'liistruinents for indicating 
pressure of steain^ and vacuum, and 
water levels. 

Governor— A device which automatic- 
ally reduces variations in speeds of 
prime movers. 

Grate Area — The, supcrfteial area of 
the (Ire-grate of a boiler. 

Guides— Flat bars, or cylindrical tubes 
hy w'hieh the movements of the 
crosshoad are coerced. 

HEAT ENGINE — Any prime mover 
which is actuated by heat contain(?d 
in a gaseous fluid. 

Heating Surface— The area <if a steam 
boiler whicli is exposed to flann? and 
hot gases on one side and water on 
the other. 

High-pressure Engine — Any engine 
W'liich uses steam at a pressure 
higher than the ordinary at a given 
period. Tlie high pressures of a few' 
years ago w'oiild not be classed as 
such now. 

High-speed Engine— One which has a 
high rotative or a high piston speed 
in comparison w ith ordinary engines. 
The term is therefore relative. 

Horse-power, or H.P. — 33,000 lb. 
lifted 1 ft. high per minute. 

Hot-air Engine — One in which atmo- 
spheric air is used, which is altci- 
natelv lieatcd and cooled. 

Hot-water Test - The hydr.-iiilic pres- 
sure test applied with hot water 
to steam boilers. 

Hydraulic Engine— One, the motive- 
power of W'hieh Is water under high 
jiressure. 

INDICATED HORSE-POWER, or 
I.H.P. — The horse-power of an 
engine obtained by an indicator. 

Indicator — An instrument for record- 
ing on a card the varying pressures 
of steam in a cylinder. 

Indicator Diagram— The diagram 
traced by an indicator. 

Induced braught— Boiler draught 
induced by a fan placed in or near 
the chimney in the course of the 
flues. 
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Induction Port— The opening of tlic 
passage througti which steam is 
admitted to a cylinder. 

Ignition — The act of firing tlie cliarge 
in the cylinder of a gas engine. 

Injector— A device for supplying feed- 
water to a boiler. 

Internally Fired Boiler— One wliicli 
has its furnace within tlie shell f)i 
water casing. 

JACKETING -Surrounding an engine 
cylinder with a chamber supplied 
with steam. 

LANCASHIRE BOILER — A two- 
fliied hori7:(mtal land boiler. 

Lap — The distance by which the edges 
of a slide valve when in middhr 
travel overlaps the Induction ports. 

Latent Heat — The heat whicli dis- 
appears during the vaporisation or 
the finsion of a substance, without 
raising the temperature. 

Lead — The distance by wliich the edge 
of a slide valve opens the exlianst 
port at the termination of the piston 
stroke. 

Liner — The lining tube of liard inefal 
fitted within many engine eylinders. 

Link Motion— Tlie arrangeuient.s of 
slot link, eccentries, ami rods usrd 
for aetnating the niovemeiits of slide 
valves. 

Live Steam — Steam as it comes from 
the boiler. 

Lubricators — Vessels which contain 
liipiid or solid lubricants for the 
supply of bearings. 

MAIN BEARINQS—The bearings of 
the crank shafts of engines. 

Mean Pressure— Tlie average of the 
entire range of steam pressures in a 
cylinder from the moment of inlet 
to that of final exhaust. 

Metallic Packings -The steam-tight 
joints made in stutting boxes wltli 
elastic rings of metal. 

NEWCOMEN’S ENGINE— The pat- 
tern on which the early steam eiigiiics 
were built. It was operated by 
atmospheric pressure. 

Nominal Horse - power (N.H.P.) — A 
commercial term, a survival of an 
early practice, of little value under 
eliangod conditions. 

Notchlng-up — In link motions, pulling 
the link nearer to the centre, witli 
resulting earlier cut-off and higlier 
expansion. 

OSCILLATING ENGINE— .V nearly 
obsolete type, in which the oscillation 
of the eyllndi^r was made to operate 
tlic slide valves. 

PACKINGS— Materials used in stufliiig 
boxes for rendering piston and valve 
rods steam-tight In their holes. 

Piston Speed— The speed of movement 
of a piston measured in feet per 
minute. 

Piston Valve — A sliding valve whieli is 
of cylindrical section. 

Prime Mover— A machine which 
utilises tlie forces of Nature for tin; 
service of man. 

Priming — The mixing of p.articles of 
w'ater with steam. 

Producer Gas — Gaseous fuel generated 
by the combustion of scilid fuel in 
gas producers of various kinds. 

QUADRUPLE EXPANSION EN- 
GINE — One in which the steam i.s 
expanded through four successive 
cylinders before exhausting to the 
condenser. 

RECEIVER— The steam chest, pipe, 
or special vessel through which steam 
passes from one cylinder to the next 
in compound engines. 

Return Tube Bofler— The marine, or 
Scotch boiler, in which the smoke 
tubes return over the top of the 
furnace to the front of the boiler. 
Reversing Rolling Mill-engine— A 
special design used for rolling steel 
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plates and sections, the direction of 
movement being reversed between 
eacli pass. 

Right-hand Engine— One in which 
the flywiieel stands to the rigiit, when 
viewed from the /rout of the engine. 

•SAFETY VALVE— A valve on a 

boiler wliich opens when a definite 
steam pressure is exceeded, so reliev- 
ing the steam xyressure. 

Saturated Steam — Steam in contact 
with water of the same temperature. 

Scale —Deposit which liardens on the 
water side of the plates of steam 
boilers. 

Setting of Boilers -Fixing land iioilers 
over their dues, and seatings of 
brickwork. 

Slide Valves —Valves occurring in 
numerous forms, tlie function of 
wliich is to control the supplies of 
steam to eylinders, as distinguishcil 
from lift or drop valves and rotating 
valvis. 

Slipper — Slipper bars are guide bars ; 
it slipper blo«*k is a piston cr()8.Mhead. 

Slot Link- -The link through which 
variable expansion, and reversals are 
elfeeted. 

Smoke— I'artiides of solid carbon sus- 
peiuled in un burnt gases, and vapour 
of water. Its proper combustion is 
the object of many devices in boiler 
engineering. 

Soda -Tsed for i^reventing scale in 
boilers-. 

Split Draught —The arrangement of 
I!u(‘ 8 in Lancashire boilers in wliich 
the products of combustion are 
divided at the back, and pass round 
to right and left. 

Stationary Engine — One fastened to 
foundations. 

Steam —The vapour of water, which, 
by virtue of its elastic energy, com- 
nmnieates motion to a piston or 
rotor. 

Steam Chest -see mlm chat. 

Superheatel Steam— Steam made 
iiotter tJian the temperature at 
which it. is generated. 

Surface Condenser —One fitted with 
tubes in t he steam space, and through 
whieli tlie cold water eirculutes. It 
dilters in this respect from the jet 
condenser, whieli leeeives one lid of 
water. 

TAIL ROD — A rod in continuation of 
a piston, or valve rod, hut on the 
oi)posit<* side. Its function is to 
steady tlie movements of the piston, 
<»r valve. 

Tandem Engine — A eompoimd engine, 
the cylinders of which are in the same 
longitudinal axis. 

Thermal Unit— The amount of heat 
reuuired to raise 1 lb. of water I® F. 
is the British Thermal unit, and is 
equivalent to 772 foot-iiounds. 

Three-cylinder Engine— Specilieally 
an engine in which the cylinders are 
arranged round a circle, with their 
axes 120® apart. 

Throttle Valve — A valve wliicli opens 
and closes the supply of steam from 
a boiler to an ongiiie. 

Throw — Twice the radius of an eecen- 
tiic or a crank. 

Tractive Force— Tho power exercised 
by tho pistons and driving wlieels of 
a locomotive to move a train. 

Travel— The length of movement of a 
piston or a valve. 

Triple-expansion Engine— One in 
which the steam is expanded from 
one high-pressure into two low- 
pressure cylinders in succession. 

Trip Lever— A lever which lifts drop 
valves through a certain distance, 
end then allows them to close 
sharply. 

Try Cocks — The steam and water- 
(!ocks on a boiler which indicate the 
iiighest and lowest water level 
allowable. 


Tube Expander— An appliance used 
for tightening the flre-tubes in multi- 
tubular boilers. 

Tubes — Tubes of brass, steel, iron, or 
copper are used in boilers tt) convey 
the heat from the fire-box through 
tho water to the smoke-box. 

Tube Surface— Tlie total area of the 
exterior surfaces of condenser tubes. 

Tubular Boiler— Any boiler provided 
with nests of tubes to increase tho 
lieating surface. 

UNDERTYPE ENGINE — A fixed 
engine with a locomotive type of 
boiler, in wiiich the engine is fixed 
beneath t)ie boiler. 

Unit — A standard for calculations — up 
M ie unit of lieat, of w'ork, of mass, t>l 
strength, or of stress. 

VACUUM — Tile amount by wliich the 
pressure of a condenser is below' that 
of the atmosphere. It is measured lu 
pounds, or in inches of mercury. 

Valve — The agent by which tho open- 
ing of steam and exhaust passages 
is controlleil. It may be a slide 
valve, fiat, or of piston type, or a 
drop, or a j^artly rotating valve. Or 
a main, or a eiit-off valve. 

Valve Chest or Steam Chest— Tlu 
casing which encloses a slide valve 

Valve Diagrams— Diagrams made tc 
sliow' grapliically the cycle of action 
of valves. 

Valve Setting— Adjusting valves ti. 
relation to the eraiikpin and tl.^ 
.eccentric sheave. 

Variable Expansion — The expansi«>n 
of steam in a cylinder caused bj 
alterations in tlie opening of the 
tlirottle, or in (he point of cut-oft uf 
the valves. 

Varying Travel--Tho travel of a slidt 
valve whieli is varied momentariljf 
by expansion gear, instead of being 
constant by a fixed eccentric only. 

Vertical Boiler — A cylindrical boiler 
having its axis set vertically. 

Vertical Engine -An engine liaving 
the axis of its cylinder set vertically. 

WAGGON BOILER— An oiisolcte 
form, deriving its name from its 
cross section. Jt w'as externally fired. 

Wall Engine— A steam engine, the b»^d- 
plate of w'hieli is bolted to a fa-'tory 
w.all, (he axis of the engine being 
vertical. 

Waste Heat — Kesjdual licat from fur- 
naces which, foinierly lost, is now 
freipiently utilised in warming feed 
water, or brickw'ork, or air and gas. 

Water Pressure Engines— Engines 
of rotary or reciprocating types whieli 
are f)perated by water under pressure. 

Water-tube Boiler — A steam boiler 
in whicii the fire plays around nests 
of small water -tubes variously 
arranged. 

Weight Shaft — The sliaft whieli car- 
ries tlie lever for lifting and lowering 
tlie slot links of valve gears. 

Wheel Draught— The arrangement of 
flues in Lancashire boilers, in wiiicli 
tlie products of combustion pass 
round tiic boiler in one direction. 

Winding Engine — A hoisting engine 
designed specially for hauling mine 
waggons up inclines. 

Windmill — A wind engine, the chief 
use of which now is to drive w'cll 
numps in countiy distiicts. 

Wire Drawing — Steam Is wire-drawn 
when passages are made too small to 
permit it to enter with freedom into 
the cylinder. 

Wire Gauze— finely-woven wire used 
for making steam-tight joints between 
flanges. 

Woolf Engine— An early compound 
engine in which the crank-pins were 
set 180® apart. 

Wrist Plate— The rocking disc which 
transmits motion to the valve 
spindles of Corliss engines. 
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By F. WELLESLEY KENDLE 


"THE presence of carved and engraved bones 
^ amongst the tertiary deposits of Europe 
and America constitutes the strongest link in 
tlie chain of evidence that connects man with 
this remote period |59 and pages 2479 and 2480]. 

Bone Carving. On account of the hard- 
ness of its outer layers and the cancellous strue* 
turc of the inner, deep carving is not suitable to 
this material, llaving sawm the bone into con- 
venient slabs, rough out the design with the 
parting tool and very quick gouges : rough 
carve with flat gouges and firiners, finishing 
with the assistance of ri fliers and files ; saiid- 
])aper then comes into play to remove scrat/ches 
and tool marks, the whole being finally polished 
with the help of putty powder. 

Bone is easily dyed; it is even possible to 
impart a red colour to it during llu' lifetime of 
the animal by feeding it with madder (Rubia 
tinctorum). Bono is used as a cheap substitut<i 
for ivory for knife-handles, chessmen, thimbles, 
and other small articles ; but it soon discolours, 
and the comparative coarseness of its grain 
renders it usc'k'ss for the production of delicate 
objects. 

Ivory Carving. The antiquity of this 
handicraft is also undoubted, for, like bone carv- 
ing, it dates back to prehistoric ages. A contem- 
poraneous portrait of a mammoth [60] carved 
most realistically upon a fragment of fossil ivory 
has been unearthed in the Madeleine cave, Dor- 
dogne. Coming to more modern times, specimens 
have been preserved that teach us that the art 
has been largely practised by nearly every 
known civilised nation. 

Ivory is a fine-grained, liard, dentinc-like sub- 
stance composing tlie tusks of both the African 
and the Indian elephant, together with those of 
the walnis and the narwhal. The molars of 
the elephant yield a less dense variety and those 
of the hippopotamus a peculiarly hard kind, 
which was used by dentists. All the above 
arc known as green or live ivory, distinguishing 
them from the white, dead, fossil, or SilKM-ian 
ivory obtained from the remains of the extinct 
mammoth. The density, toughness, elasticity, 
durability, colour and beautiful figure of ivory, 
its absence of appreciable grain, and its capa(;ity 
for receiving a high degree of iiuisK, eminently 
tit it for the carver’s hands. 

The Tools for Ivory Carving. The 
tools used for carving ivory are similar in 
character to those of the w’ood-carver, but smaller 
and stouter, with Jess tapered edges, like turning 
and engraving tools. The design is drawn upon 
the ivory in Indian ink, as much as possible of 
the surface is removed with the saw, the pattern 
is grounded out, and the contours roughly 
kaeked into shape. The ordinary cutting stroke 


is too tedious to be of practical service. Waste 
is removed more quickly by holding the tool 
upright and advancing first one eorriec of it and 
then the other in a zig-zag fasliion, exerting 
firm pressure tlie while, nibbUng the ivory 
away little by little. Drills and tiny points 
are next used for tlie deeper portions, and 
files for the shallower. Indeed, the fik^ is 
such an important tool that “ ivory filing ” 
would be a more appropriate term for the art 
than “ivory carving.” Ivory is more cheaply 
worked by worrying aw^ay its substance with 
revolving burrs and drills, afterw^ards finishing 
as described lielow. 

Polishing, Engraving, and Repairing. 

The work is polished in three successive stages : 
(1) No. 0 glasspapcr; (2) putty powder, pumice, 
or fine siliceous earth ; and (3) a revolving 
brush fed with whiting and water. 

Ivory may be easily engraved, the patte^rn 
being rendered visible by rubbing in Indian ink 
or indigo, and pap<Ting the surface to bring up 
the linos clearly and sharply. 

.Broktm ivories can be repaired with fish glue, 
provided the broken surfaces are not greasy, 
in which case, cleanse them with sulphuric ether, 
alcohol, or benzene. Warm both fragments, apply 
as little glue as possible and exert firm pressuri* 
till thoroughly s(‘t. Ivory dust or vshavings 
mixed with fish glue may ho used for building 
u]) bruises, chips, or deep scratches. 

Ivory carvings are apt to discolour unless 
exposed freely to botli light and air. 

Imitation and the Forgotten Moulded 
Ivories. Very fair imitations of old ivories 
may be inad(i by covering carved wood with 
three or four coats of vt'ry jialc chrome enamel, 
re-stamping the groundwoi-k, and flooding the 
diqiressions with \^UKlyke brown ; or by making 
oasts in a creamy yellow plaster of Paris, boiling 
them in spermaceti or hard paraflin, stippling 
the ground and lining tlio furrows with brown, 
finally adding fine black, wavy strokes witli 
Indian ink to simulate the cracks of the original. 

Ivory may ho made plastic by dissolving its 
earthy salts with phosphoric acid ; on the other 
hand, when brittle and friable from age, it 
may Iw toughened by boiling in gelatine. 

There is little doubt it was at one time possible 
to soften ivory so as to allow of its being squeezed 
or moulded into sheets of considerable .size. 
Ihifortunately, thi.s i.s a lost art, for none of the 
reeapes which* have been preserved have proved 
successful in the hands of modern chemists. 

Ivory Substitutes. The curiously hard 
seeds of the PhytpJephas macrocarpa arc used 
as a substitute for ivory; the absence of the 
characteristic “engine-turned” fi^ire of genuine 
ivory at once proclaims this substitute. 
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An artificial ivory known as bonzoHne is 
supposed to be a mixture of celluloid and some 
very fine mineral earth. 

The delicately fretted ivory fans made in 
Paris, and supposed to be of Eastern origin, are 
produced by drilling the design through a solid 
l)loek of ivory and then sawing it into leaves. 

Horn Carving. Ox and biilTalo horns 
arc chiefly usied for thi.s purpose, tliough rhino- 
(•ero.s liorn is occasionally ornanienled as a 
(urio. Rani’s horn is so decorated by Natiir(‘ 
lliat further treatment i.s superfluous. Horns of 
deer arc really deciduous hones, and witli the 
exception of their being utilised as knife and 
cutlery liandles, are generally 
better adapted as decorative 
objects wlie.n uncarvod and 
arranged in pairs. 

Horns may be carved with 
ordinary wood*carving tools, 
but owing to the smoothno.ss, 
roundness, and natural greasi - 
ness of the surface it is not 
always an ea.sy matter to g('t 
the tool to bite. Fortunately, 
horn (!an lx* softened by 
boiling. The carver tlu'ivdore 
overcomes the difficulty by 
letting a jet of steam play on the horn, though 
ho lias to be careful not to allow it to inmiain 
subjected to a high moist heat for long at a, 
time, lost the natural cement, Avhieh hinds 
together the bundles of fibrous hairs of which 
it is constructed, should be decomprised. 

Working Difficulties. The carver also 
has to exercise considerable ingenuity in fixing 
his work firmly. Sonudimes lu^ will be able 
to keep it steady in a 
vice well padded with 
leather ; at others by 
wedging it on both sides 
Avith wooden knees, and 
fixing cross-pieces abov(‘ 
it. Or he may stand it 
upright and screw it fo 
the bench, or fit the thin 
extremity into a block 
of w ood or cement AAdiiel I 
can be held Avith a hold- 
fast while the thick end 
is clamped to the table 
with a “ long dog " f page 581(1 j. By this nian<eu vre 
a quarter- face can he worked at a time. Then* 
are no technical difficulties to be overcome in 
horn carving Avhen once the outer skin has been 
pierced. A sharp knife is capable of doing most 
of the roughing out since the contour of a 
horn permits its use in almost any position. 

An effective and permanent decoration 
is to stiiin the groimdw^ork black Avith 
nitrate of silver, broAvn Avith chloride of 
gold, or yellow Avith nitric acid. 

Horn may bo made as plastic as putty 
by boiling it with quicklime, in which 


RIH OF BAL.KONOTUS SCORED \AITH 
FLINT KNIFE 

( A nia.ttiiiflo'l .MM'tioii of a nit is .shown to 
tlif rijfht) 





state it can be moulded into any desired shape, 
regaining its temper on being subjected to a 
continuous stream of cold w'ater. 

Shell Carving. The principal shell used 
for carving is that of the M eleagrina margaritijera, 
the Indian pearl mussel. 

ISIothcr-of-poarl, as it is called, is easily carA^d 
and turned, provided duo alloAvauce be made for 
its structural peculiarities. It consists of layei* 
upon layer of a brittle, chalky material, packed 
closely together like the IcaA^es of a book. If 
flaking is to be avoided, all cutting strokes must 
be made in directions radiating dowiiAvards and 
outw^ards from each high point of the relief. No 
special tools are rerpiired 
beyond sharp cutting scrapers 
of assorted sizes. Its brittle- 
ness handicaps the carver 
consid(‘rably, low relief and 
coarse fretting being tlie only 
decorations applicable. 

Shells Displaced by 
Porcelain. Shell cameos, 
wliich Avere so fa.shionable 
for nearly 400 years, are 
now' hut rarely produced : 
indeed, the art of cutting 
them seems to have died out 
sin(;e Wedgwood imitated them so successfully 
in porcelain. The various and contrasted colours 
of the component layers of several species of 
shells suggested to the Italians of the Renais- 
.sanco the possibility of substituting them for the 
strati fi(*d gems used for cameos. The shells most 
favoured for this purpose are gi\'cn in the table 
The deep layer is utilised as a background u])on 
Avliich to .show up the design proper, wrought in 
the middle layer, the 
outer coloured portion 
serving to accentuate 
})arts of the picture, and 
as a frame. 

Cutting Cameos 
in Shell. Cutting 
shell cameos is tedious 
Avork, owing to the 
microscopic detail of 
the designs from which 
they are mostly copied. 
The finest bits and 
points are employed as 
the cameo reaches completion. Great care ha.s 
to be exercised, not only in the first polishing, 
hut also in subse(iuent cleansings, to avoid ruin- 
ing the sharpness of the pattern, the chalky layer 
from which it is cut being A ery tender and friable. 



CONTEJirORANEOUS TORTRAIT OF A MAMMOTU 
(Oavvod on ninnnnotli ivory) 


SHKI.LS FOR CARViN(i 


Name. 


Tlnll-inouth (Caasis ru/a) 
Black-helmet (C. tuherom) . . 
Horned-helmet iC. cornuta ). . 
Queen’s-comli (Strombus ai'iat) 


Colour of deep 
layer. 


i Coh'urof middU' 
layer. 


Reddish or orange Creamy white 
Onyx brown . . Pure white 
Brown or grey . . Dead white 
Pirtk Pinkish Avhite 


Carving concluded 
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By JUSTIN McCarthy 


\Y/E may resume the liistory of Russia willi 
^ the death of Alexander 1., in 1825, and tlie 
succession of Nicholas I., who was crowned at 
Moscow in 1826. For a time the history of Russia 
was mainly made up of wars against Persians or 
the remorseless crushing of Poland’s efforts to 
win her freedom from Russian oppression, of 
futile alliances made with this or that European 
State for the purpose of strengthening Russia’s 
]>ower. The army was greatly increased by 
compulsory enlistment during this period, and 
there is the more satisfactory statement to be 
made that the general extension of the railway 
system in Russia was also a product of this reign. 

' The Crimean War. In 1853 began the 
Crimean War, in which England, France — then 
under the Empire of Napoleon III. — and Sar- 
dinia, at that lime merely one of the States of a 
disunited Italy, mad(^ war on Russia in defence of 
Turkey. The war lasted until 1856, and its 
events and its conclusion are told in another 
place. While the war was still going on the 
Emperor of Russia issued a decree for the total 
emancipation of the serfs, 23,tKK),(X)0 in number, 
throughout the whole Empire. This was put into 
force, and was carried to completion within 
two years. 

The Emperor Nicholas I., who had begun his 
reign in 1825, was succeeded by Alexander 11. in 
1855. Russia’s story for some time following was 
merely the struggle for something like political 
liberty and (utizenship made by the great 
majority of the working population, and the 
elforts of the existing authorities now to con- 
ciliate by partial reforms and now to suppress by 
leckless force those ever-renewing efforts. 

The knowledge of the development in political 
liberty which was going on through so many other 
parts of Europe was l)eginning to spread itself 
throughout Russia, and the people of Russia could 
not be prevented from making manifest their 
resolve to obtain something like political freedom. 

The Cxars and Russian Freedom. 
The effects of this contest between opposing 
orders and conflicting interests made itself 
evident in successive revolutionary conspii'acies, 
and even in murderous outrages on the 
}>art of the unemancipated, and of ruthless 
punishments inflicted by the rulers. There 
appears to have been, on the part of more than 
one of the Russian czars, a sincere desire to render 
something like justice to the unemancipated 
classes, and to establish something like the 
representative principle of government tlnough- 
out the Russian dominions. During the reign of 
Alexander II. some reforms were introduced, 
hut they did not sufflee to satisfy the demands 
of those for whom they were intended, and, 
indeed, they seem to have aroused only a fury 


of disappointed aspiration among the great 
masses of the Russian peopl(‘. 

One result was the foundation and the spread of 
the Nihilist conspira(*y, the underlying pnnci])le 
of whieli seemed to be that everything w as wrong 
in Russia and in most other lands, and that 
nothing but a total reconstruction of society 
could effect any lasting benefit for the world. 
Many of the Nihilists w ere sincere, but there w ere 
large numbers who had nothing in their mind 
but the destruction of all existing organisations, 
and who would have held back from nothing to 
gain their ends. In February, 1881, the O.ar 
made known to liis eouncul a plan for the promul- 
gation of a political constitution, but within a 
few days after this event he w as killed by a bomb 
thrown at him in one of the public stre(>ts. He 
wjis succeeded by Akwandor 111., who w'as 
married to a daugliter of the King of Denmark, 
sister of Queen Alexandra. Ho reigned from 1881 
to 1864, and the work of Nihilism stjll con- 
tinued. Many attempts w’ore made upon liis life 
by Nihilist conspirators, and it is believed that 
the shocks to his system of these repeated 
attempts led to the illness which caused his death. 

The Hague Confere^ice. Nicholas II.. 
who succeeded him, and who was married 
to a granddaughter of Queen Victoria of 
England, made a marked advance in the ron^^ti- 
tutional policy approached by his predecessor. 
He showed himself distinctly in favour of a 
constitutional systtun frf)m the beginning of his 
reign, made many concessions towards his Polish 
sul»jccts, and proved himself an enlightened and 
conscientious advocate of the cause of peace 
among the States of the world. On • A\igust 
28th. 1898, his government made known to 
the Courts of Europe his famous plan for the 
assembly of a conference of all PowTr.s for the 
consideration of means to put an end to the 
incessant increase of armaments, and to occupy 
itself “ with the grave })rohlem of universal 
l^)eacc.” This proposal led to the formation of the 
Hague Confenmcc of 1808. 'J’hat conference, 
however, proved disappointing in its results as 
the question of international disarmament was 
not actually brought forward ; but the mere fact 
of such an arrangement having lu'cn jwoposed 
by Russia is in itself of great importance. The 
further consideration of the wliole subject was 
not abandoned, but was postponed to a second 
sitting of the conference at the saim* ])lace and 
for the same purpose. 

Some time after this the CViar actually 
convened an assembly of the Duma, or 
national Parliament, a novel institution for 
Russia ; but this first «assembly did not a])pear 
to give full satisfaction to its author, and was 
.suddenly and inauspiciously dissolved. Then 
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followed a number of outrages startling even for 
Russia, a series of murderous and fatal attacks 
on Ministers of State, governors of departments, 
and other public functionaries, followed by fierce 
and sanguinary efi'orts at repr(*ssion. The Czar 
did not seem to lose hope or hefirt, and he soon 
announced that the convocation of a ntnv Duma, 
with even more expanded representative power, 
Avas soon to take })laeo. Meanwhile, how'ever, 
the attention of all the world was drawn away 
from Russia’s internal troubles by the outbreak 
of the war between rlapan and Russia. There 
had been arrangements going on with regard to 
the rival claims of Japan and Russia concerning 
Manchuria and Corea, and the Japanese, at last 
becoming imy)aticnt of delays, declared war on 
February filli, IDOJ. 

The Coming Up of Japan. Then it 
became apparent to tlio whole world that a new' 
Power was coming up in the East to shake the 
balance of controlling influences in the West. 
In the work of war tlw^ .Japanese prov^cd superior 
even to Russia with her vast military resources, 
and the Russians were compelled, after siicces.sivc 
defeats, to make peace on .lapan’s terms, .Japan 
only yi(‘lding so much of her original demands as 
was put in the form of a claim for money indem- 
nity. Even this moderate concession created 
much popular indignation in Japan, where the 
public feeling, ov(‘r-oxcited by continuous suc- 
cess, seemed disposed to insist that she should 
have abated nothing of her claims. The peace 
was brought about to some extent by the infiu- 
once of President Roosevelt and the Covernmemt 
of the United States, who strongly urg(*d upon 
ilapan and Russia the w'orld-wide importance of 
their coming to teams of settlement. The second 
Duma was summoned on March .5th, hut 

the condition of Russia at the time of wTiting is 
anything hut satisfactory. 

PRUSSIA 

Priis'iia as a sc])arat(^ State may lx* sai<l to 
have hud its Ix^ginniiig in loll. The Margrave 
Albert of Anspa(;h,of the family of Hohenzollorn 
— a family of l<\’ankish descent- which had already 
become powerful in Jhussia — and a kinsman of 
the King of Poland, was elected their Grand 
Master by tlie Knights. Prussia was not im- 
mt'diately freed from Polish rult*, but in 1525 
the (jirand IMaster was acknowledged Duke of 
Prussia, and under his rule the country advanced 
in prosperity. He improved tlu' existing laws 
and established schools, and din’ing his reign the 
University of Konigsherg was founded. Duke 
Albert became a Lutheran, as did many of his 
follow'crs. His son was insane, and the Elector 
of Brandenburg, after being Regent, was, on 
the death of Duke Albert in IfilS, made ruler of 
the Duchy. The House t)f HohenzoUern- 
Brandenbuvg have from that day been the 
rulers of Prussia. In tlie reign of his successor 
occurred the Jliirty Years War by wJiich the 
country was much disturbed, and the population 
and the finances of it diminished rapidly ; but 
under his son Frederick William, knowm as the 
‘‘ Great Elector,” Pmssia attained a high 
position among European States and became 
prosperous in every way. Frederick increased 
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the finances and established an army of 38, (XK) 
men. I'^nder his successors, Frederick I. and 
Frederick William I., Prussia still advanced, 
and in 1701 became a kingdom. Frederick 
William is best known as the father of Frederick 
the Great, the most famous of all Prussian 
monarchs ; he also did much for his kingdom, and 
by his rigid economy left the trea.sury in a flour 
ishing condition and established a powerful army. 

FredericK The Great. Frederick II. 
succeeded his father in 1 740. He reigned for forty- 
six years, and under iiis rule Prussia became one 
of the great Powers of Europe. Frederick the 
Great was born in Berlin, January 24th, 1712. 
1 1 is mother was Sophia Dorothea, daughter of 
George 1. of England. His early years were 
made so unhappy by his rigid military training 
and his education, which was equally rigid, that 
he tried. wJum only eighteen, to escape to 
England. His father was angry at this and 
w'ould have stmtcnced his son to death hut 
for the intervention of the Emperor. He did 
actually have IJeutenant Katte, whom he 
suspected of comi)Iicity, executed in his son’s 
presence, and Frederick was imprisoned. The 
young Prince now' .saw' that resistance was 
hopeless ; he did everything in his power to 
conciliate his father, and in 1733 married the 
Princess Eli'/abeth Christina because his father 
w'i.shed it. He did not come to the throne for 
seven years after his marriage, and for those years 
he lived at Rheinsberg and gave much of his 
time to the study of music and literature, 
especially French literature. He also took great 
interest in the philosophical (jiiestions which wei'o 
at that time much discussed by people of learning 
and culture, and he corresponded w ith Voltaire. 
But it is certain that he also gave much thought 
to the ((uestion of the expansion of his do- 
minions — the Prussian King(lum of which he was 
so soon to he the ruler, and wJiose territory lie 
left twice the size it was at his accession. 

The Seven Years War. One of his first 
acts, when he succeeded in 1740, was to make 
w^ar on the Austrians, whom he defeated at the 
Battles of MolUvitz and Chotusitz in 1741 and 
1742. He made an alliance for fifteen years 
with France, and this compelh'd Maria Theresa, 
whose acce.ssion in 1740 had separated Austria 
from Prussia, to cede to him Lower and Upper 
Silesia. By another w^ar in 1744 ho acquired 
still more territory, and after this there was a 
ptuiod of peace wJiich lasted eleven years, and 
enabled Frederick to turn his attention to 
reforms in his dominions. In 1750 occurred the 
third •iSilcsian war, better knowm Jis the Seven 
Years War. In thi.s famous war, in which 
Frederick was the aggressor, he was in the 
end completely victorious, and showed himself 
to be a great military genius. The war ended 
with the Peace of Huber tsburg in 1763. hi 
1772 he shared in the first partition of Poland, 
of which h^ added a large part to the dominions 
of Pnissia In 1778 he engaged in another w^ar 
and acquired the Franconian Duchies. He also 
established the famous “ Fiirstenbund,” or 
League of Princes. Tliis was one of his last acts, 
for he died at Potsdam on August 17th, 1786. 
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ITALY 

There is not much to tell of the history of Italy 
from the middle of the sixteenth to the end of 
the eighteenth centuries. By the Peace of 
Cambrai, in 1529, Charles V. of Austria became 
practically lord of Italy, and, thirty years later, 
his son Philip became, by the Peace of Cateau 
(■ambresis, almost undisputed ruler. Venice 
alone remnincd really independent. (lenoa, 
Lucca, and San Marino were independent in 
name only. Piedmont was given to Philip's 
cousin, the Duke of Savoy, who had regained 
Savoy and Nice. T1 k‘. Order of the Society of 
desus was founded in 1540, and the famous 
Council of 'rrent, established in 1.545, defined 
the doctrines of the (diurch of Rome. Venice, 
formerly under the rule of her own Patriarch, 
now acknowledged the supremacy of the Pope 
of Rome. 

But the days of X'enice’s greatness were 
over: much of the territory that had been hers 
was now' in the po\v(‘r of the Turks, and not- 
withstanding the victory of the Battle of 
U*panto, in which the (Christians under Don 
John of Austria had defeated the Turks, 
Venice had been compelled to cede Cyprus to the 
Ottoman poAver. 'rhe coiKiuest of the Pelopon- 
nesus in 1()84 was the last triumph of the Vene- 
tians, and the Peloponnesus was recaptured by 
the Turks thirty years later. Other events of 
this period wert* two risings in Sicily and the 
revolt led by Masanicllo in Naples -an event 
much celebrated both in poetry and romance. 
Masanicllo w^as a Neapolitan who in 
organised a rebellion against Spanish rule for 
the remission of taxes. 1''he rising >vas successful, 
hat Masanicllo was soon afterw'ards assassinated. 

Italy Divided Among the Powers. 
The great days of Spain were also over, and 
idler the war of the Spanish Succession, Italy 
was again divided among the European Powens. 
To the House of Savoy the Island of Sicily was 
uiven. with Victor Amadeus 11. as King. He 
piovod a good ruler, but in 1720 was com pel led 
to give Sicily to (barlcs VI. of Austria in ex- 
< hange for Sardinia, which remained under the 
rule of the House* of Savoy until 1801. By the 
Treaty of Aix-la-Pha 2 )elle, Italy was once more 
broken u]). Tin* House of Savoy had Sardinia, 
l^iedmont, and some other parts of Italy ; the 
Austrians had Milan and Tuscany ; ('harlcs 111., 
tlie Bourbon, was King of the two Sicilies, and 
his hrotlur Philip Avas Duke of Parma. Tlie 
Bai)al Tirritory included the centre of Italy as 
far as Venice, w'hich rcm.aincd a rcjmblu; until 
1797. Modena and (Jenoa Avcrc under the jiro- 
tection of France, and in 1755 Genoa gave the 
island of Corsicur to that country. 

For a time there Avas peace in Italy — peace, at 
least, from Avar — under the despotic sAvay of the 
Bourbons, who now held most of the peninsula. 
Of these rulers of Italy, Peter Ijcopold, Grand 
Duke of Tuscany, was far the most capable. Ho 
suppressed the Inquisition and made many 
improvements in the condition of his territory. 
In 1790 he became Emperor of Austria. 

After the days of the Napoleonic wars and the 
fall of Napoleon, the national feeling of Italy 


began to concentrate itself more and more on 
the re-establishment of that Italian unity which 
had long been but a nu'mory of tlie jiast . The 
pKictical working out of this purjiose w as mainly 
due to the efforts of Count Cavour, a great 
Italian statesman, Mazzini, a great and popular 
and patriotic agitator, and Garibaldi, a gallant, 
single-minded and brilliant soldier. Mazzini and 
Garibaldi were both Reimblieans by jirinciple, 
and were strongly opjiosed to the system which 
divided Italy into a number of small kingdoms, 
and thus left the country under the influence of 
jiowcrfnl riv’^al soA^creigntic's like France, Austria, 
and Russia. 

Mazzini and Garibaldi. Cavour had 
risen higli in public life in Sardinia Avlien that 
kingdom had become a. constitutional State, 
and bis genius and influence had done much 
to draw the attention of Italy lOAvards Sardinia 
as the Italian PoAvor destined to lake the leading 
jilacc in the movemcmt for Italian unity noAv 
making itself felt throughout the Avholc country. 
BoHi Mazzini and Garibaldi we?’(* Avilling to 
aco(‘pt the rule of one constitutional sovereign, 
j)rovided the country could, by means of tliat 
system lAetaanc one united and independent 
Italy. Victor Emmanuel IJ. Avas then King of 
Sanlinin, and his Stab* w'as regarded by most of 
the Italian y)eoples as the rising hope of Italy’s 
accession to national independence. Count 
Cavour became Pi’imc Minister of Sardinia in 
18,52. Tlie Avars betwec'u France and Austria, 
under the rule of Louis Najioleon as Emyievor, 
brought sudden supjiort to the policy of (JaA'Our. 

(jSaribaldi headed an armed rising against the 
King of Naples, a kingdom still governed accord- 
ing to the most old-fasliioned systems of tyran- 
nical rule, and Victor Emmanuel, at the head of 
his army, sujiportcd the rising against the King, 
whose rule was detest(‘d by the vast majority of 
liis subjects. Gn November 7fli, I8(U), tlie King 
of Sardinia entered Naples in triam})h, and Avas 
wciconu'd as sovereign. On February 26th, 
1861, the first Italian Parliament assembled, and 
Victor Emmanuel Avas declared King of Italy, 
and on March .‘list, in the same year, the kingdom 
Avas recognised by (h’cat Britain. 

'Pile capital of Italy Avas then transferred from 
Turin to Florence. Garibaldi made seA'cral 
attempts to capture Rome from the Pupal 
dominion and make it the eiaitre of the Italian 
poAver, but those attempts had to lx* resisted and 
suppressed by Victor Emmanuel, although ho 
and his j>eople WTre in thorough sympathy Avith 
tlie desire to make Rome the centre of united 
Italy, so far as political life was (oncerned. 

Rome Ceded to Italian Rule. France 
liad been occupying Rome for some time, but 
after the fall of the French Empire, in 1870, 
the French occupation of Rome came to an 
end, and on September 20tb of the same year 
the King entered Rome and aaus jiroclaimtid 
sovereign of United Italy, the political pow^r of 
the Papacy thus coming to an end. King Victor 
Emmanuel died in January 1878, and Avas suc- 
ceeded by his eldest son, King Humbert I., Avho 
was born in 1844, and from that time the kingdom 
of Italy has held its place among the States of 
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Europe. Pope Pius TX. died a month after 
King Victor Kmmanuel and ^vas succeeded by 
1^0 XIIT. King Humbert I. was assassinated 
on July 20th, 1900, at Monza, by Angelo Bressi, 
a Tuscan, and was succeeded by his son, Victor 
Emmanuel ITI., the present King. Pope Leo 
XTII., a great statesman as well as a great 
ecclesiastic, died in 190.‘h and Pope Pius X. was 
elected to the Papal Chaii* 

SPAIN 

The story of Spain, from the opening of the 
new era when the restoration of royalties had 
followed the fall of the Napoleonic Empire, is 
made up chiefly of dynastic and other internecine 
struggles. There were always rival family 
claims for the throne of Spain, which led to 
continuous domestic wars, and there were also 
continuous struggles among political parties and 
factions. * There were arising in Spain' great 
parties of men — in fact, large sections of the 
population —who were tire<l of the dynasti{^ 
quarrels, who could not recognise any Divine right 
amongst the families wlio disputed for the crown, 
and were craving for some system of govern- 
ment more in accordance with modern ideas. 

In 1817, the rule of despotism had again set 
in for Spain, but the representatives of despotism 
were in strife among themselves, and there was 
war, not so much between despotic power and 
liberty as between one Power claiming to be 
despotic and another which contended that 
itself, and it alone, had “ the Divine right to 
govern wrong.” In the meantime, the growing 
light of civilisation had guided some important 
reforms in the Spanish system, one of wlu'eh was 
the abolition of the slave trade. Spain had some 
costly struggles brought upon Ikt by her elforts 
to regain her power over 5loroeeo. The war in 
which, unwisely and unfortunately for herself, 
Spain engaged with the United Stales, is 
described in another place. The sovereigns who 
ruled in Spain during the period now under our 
survey were Isabella II., Amadeo I., Alfonso 
Xn., Maria Isabella, and Alfonso XIII., en- 
throned 17th May, 1002. 

THE NETHERLANDS 

The death of William the vSilent, in 1584, was 
a great misfortune for Holland, for the country 
had been delivered by him from Spanish nile. 
The Union of Utrecht, in 1579, and the declara- 
tion of 1581, in which the Dutch renounced 
alh'giancc to Philip II. of Spain, had aln'ady 
made the Netherlands free. Maurice of Nfissau 
carried on his father’s work, and the Dutch won 
many victories at sea. Parma succeeded in 
taking Antwerp, but his fleet was prevented by 
the Dutch from joining the Spanish Armada in 
1588. Parma died in 1592, and Philip II, in 1598. 
leaving the Netherlands unconquered ; and, 
though Philip II. still called the Dutch “reWs,” 
their successes at sea enabled them to make their 
own terms, and in 1609 he signed an armistice 
with them for twelve years. 

Unfortunate^, this time of peace was spent in 
religious and political struggles between the 
followers of Oomarus and the followers of 


Arminius, which ended in the defeat of the 
Amiinians. Grotiiis and others had to fly, and 
Olden Barneweldt, the Grand Pensionary, was 
beheaded in 1618. But the Republic progressed 
all the same, and Frederick Henry, who succeeded 
his brother Maurice of Nassau in 1625, compelled 
Spain, by the Treaty of Munster, to recognise 
the independence of the Dutch Republic. 

A Century of Prosperity. From this 
time Holland, for at least a century, progressed 
steadily in power and prosi^erity, and gave 
many great men to the world. 

Holland had wars with England both in the 
time of Cromwell and during the reign of 
Charles II., and among the great admirals who 
commanded lier fleets were Do Ruyter, Tromp, 
Van Galen, and Evertson. There were also wars 
with France in the reign of Louis XIV. in which 
Holland was defeated. i)e Witt, who had strength- 
ened the navy, had neglected the army, and he 
became so unpopular in consequence that he was 
killed by a mob at the Hague in 1672. William 
of Orange, who became William HI. of England, 
was chosen as Stadt holder by the people, and 
under him the country again l)ecamc jirosperoiis 
and successful. He married Mary, daughter of 
.lames, Duke of York, and was thus allied with 
England, and Louis XIV. had to sign the treaty 
of the IVace of NiTuegiien in 1678. The Revo- 
cation of the Edict of Nantes drove many 
Huguenots to find a new home in Holland, and 
they helped the Dutch in their wars with France. 
After the death of William in 1702, Holland again 
became a Republic, .and the 'J’reaty of Utrecht 
in 171.3 ended, for the time, the greatest epoch in 
h(‘r history. 

The French in Belgium. In 1747 
the Stadtholdership w.as re-established. In 
179.3 the National C^onvTiition made war on 
Holland, and French troops overran Belgium iu 
the following year. The Patriots of the United 
Provinces, combining with the French, compelled 
William V. to fly to England. The “ Batavian 
Republic ” was succeeded, after many changes, 
by the reign of Louis Bonaparte ; but this only 
lasted from 1806 to 1810. Holland tlien became 
part of the French Empire, but on the fall of 
Napoleon it again became a kingdom under the 
nde of the House of Orange. Belgium seceded 
from Holland in 1830, but nine years later 
the two countries made peace. Holland uas 
ruled in succession by William I , II., and 111., 
and during the reign of William HI. some im- 
portant changes were made in the laws. In 
1862 the Bill for the Emancipation of Slaves 
was passed ; in 1869 capital punishment was 
abolished, and in 1872 a new Treaty was made 
between Holland and England which defined 
and limited the sphere of influence and action of 
the two countries in the Indian Archipelago and 
removed some restrictions of a former treaty. 

William had no son, and his daughter by his 
second marriage, Wilhelmina, the Princess of 
Orange, was chosen as his successor, QueenEmina 
l^eing appointed Regent. William III died in 
1890, and Princess Wilhelmina, who was then 
ten years old, became Queen of Holland. 


Continued 
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COPPER AND ITS ALLOYS metals 

Copper Ore and Its Treatment. Electrolytic Copper. Alloys of ^8 

Copper. Brass and Bronze. Working of Brass and Bronze from 
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^OPPER, the symbol of whioli is ('ii, and the 
^ atomic weight 03*1, was one of the earliest 
metals discovered by man. The Co^iper Age fol- 
lowed the Stone Age, and ])rftceded the Bronze Age. 
(.-opper weapons have been found in Egypt at a dejdh 
which, assuming the present rate of deposit as 
fairly constant since it was left there, gives its 
time of manufacture as not less than 10,(K)() years 
ago. The oecurrenee of large copper masses in the 
metallic state, the colour of which renders it easily 
recognisable, drew early attention to coptier. 

Physical Properties of Copper. The 
colour of copper is a cliaractcristic red, with a 
tendency towards purple when cuprous oxide 
is present. It is only a little softer than nickel 
and iron, of the useful metals. Its tenacity 
and extensibility give it great industrial value ; 
it can be rolled, beaten, and drawn into very 
tine leaf and wire. The specific gravity of the 
ordinary copper of commeree is frem 8*2 to 8*5, 
rolled and hammered copper having a higher 
s])ecitic gravity than cast or crystalline coj>per. 
Electrolytic copper is 8‘95. Roterts-Austen gives 
the specific gravity as 8 82. The precise melting 
point of copper has not been determined, hut is 
between 1,050® and 1,100® C. Molten copper is of 
a sea-green colour, and of great fluidity. The thermal 
conductivity of copper is 730 (silver r- 1,000) and 
the cleotrioal conductivity 07*01 (Roberts- Austen) 
(silver - 100). Copper can bo welded only wifh 
(lifliciilty, and then only at a bright red heat. 

Chemistry of Copper. Copiier is unaffected 
by atmospherfe exposure at ordinary temperatures, 
but. under the influence of damp or of carbon dioxide 
it becomes coated with verdigris^ an impure aedatf* 

copper. When heated to redness in air it dcvelo])s 
copper scale, a dark layer consisting of cnpriij 
oxide on top and cuprous oxido below. 

Copper is immune from attack by water free from 
air, .and by lime water, hence the value of co])])cr for 
kettles and other utensils, for boilers and for boiler 
tubes. It dissolves easily in ordinary nitric acid 
and aqua regia, but only slowly In sulphuric and 
hydrochloric acids. It is remarkable, however, that 
t lie strongest nitric acid does not act on co}»|kt. 
Under an electric current copper may be separated 
from impurities and deposited on the cathode as 
pure copper, the application of this princi])le 
constituting the process of electrolytic copper re- 
fining, which we shall consider later on. 

Sources of Copper. Within a half century 
the world^s supply of copper has multiplied by ten, 
but the world’s demands have grown c|uite as 
much as the supply, and the present higli price 
of the metal is evidence that it is far from over- 
taking the demand. The main though not tho 
only reason for this increase in consumption has 
been the growth of the electrical industries, with 
their huge demands upon the copper market. As 
the electrical industries grow and spread, so 
will the need for copper increase, so that there is 
no present likelihood of pause in an expanding con- 
sumption. The relative importance of the copper 
sources has undergone change during the last 
few dkjades. Formerly the world looked to Chili 
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as the most important source of supply, but to-day 
the United States of America, with the enormous 
copper wealth of Montana and the Lake Superior 
district, supplies (50 per cent, of the world s co}>pcr 
reijiiircriicnts, with Sj>ain a good second. 

Copper Ores. Copper is found both in the 
native state and in combination. The largest 
deposits of native copper known .are in the Laki* 
Su])eiior district of North America. New Mexico 
and South Australia also possess imjiortant deposits 
and the ro])per sand of Chili contains from (50 [kt 
cent, to 00 j)or cent, of metallic co]q)cr. 

Copper pyritei^.or clmlcopyrite (Cu._.S.Fc.jS;,), known 
also as yeUow copper ore, is the source of most 
of the copper supply of the world. It has a yellow 
colour witli a black streak, a hardness of 3‘5 to 4, 
and a density of 4*1 to 4*3. It is found at Rio Tinto, 
in S])ain, and in every one of the five continents. 
Cornish ores, and the large deposits of Alontan i 
and Alabama, are of this variety. 

Malachite (CuCO..,.Cii(H())./) is a beautiful 
streaked green cop)>cr ore which is much used for 
ornamental purposes. Its liardncss is 3*o to 4, and 
its density 3*7 to 41. It occurs in the Ural district 
of Russia, in Chili, and in .Arizona and New Alexico. 
It contains, when pure, 57*33 per cent, of cop})er, but 
is seldom found pure, being usually associated with 
salts of lime and magnesia, oxides of iron and 
manganese and other substances. 

Cuprite, or red oxide oj copper ((’u./)). is of a red 
colour with a red- brown streak, a hardness of 3*5 
to 4, and a density of 5*7 to 0*0. It contains 88*8 per 
cent, of co])])er, and occurs in Montana in tlic u])pcr 
sections of Butte City veins, in New Mexico, ami 
in Russia. 

A'^urite (2(’uC();,.Cu(H()) .) is of a beautiful 
blue colour with blue streaks, has a liardncss of 
3*5 to 4, and a density of 3*5 to 3*8. It is usually 
j)re.scnt with malachite, but in much smaller 
quantities. It carries oo’Ifi per cent, of copper. 

Boruite, or ehuremte. (3C^i..,S.Fo.,»S;i), or purple, 
copper ore (sometimes also called peacock ore) is of a 
brilliant purplish Virown colour when uncovered, 
but exposure to the atmos])hcrc s])ecdily causes it 
to ebange, and it may become yellow or deep blue, 
green or i)ur]>b‘. Its eojijier content varies from 
40 per cent, to 70 ]ier cent. Its hardness is about 
3, and its density alioiit 5. It is found in Montana, 
Cornwall, and Chili. 

Chalcolite, or copper glance ((Ai.,S). is of a streaked 
dark grey colour, has a hardness of 2*5 to 3, and a 
density of 4*8 to 5*8. It usually holds at least 
55 ])er cent, of copper, and the deposits in Montana 
carry from 00 to 74 ]>cr cent. It is also found in 
quantities in Arizona, Colorado, and New Mexico, 
while smaller deposits are found in many other 
places 

Treatment of Ores. The various ores of 
copper for metallurgical purjwses may be classified 
into three groups. First there arc the native co]>pcr 
ores, as found in tho l..ake Superior district, where 
the metal occurs in the form of metallic ])artic1es, 
and where the ore is concentrated mechanically, 
the resulting concentrate, or mineral, it is termed, 
being melted down and toughened in refining 
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furnaces. Then the sulphide ores, the most important 
of which arc copper pyrites, are subject to dry or 
wet processes, according to their nature and their 
copper contents. Dry methods are usually adopted 
with ores rich in copper and wet methods with 
poorer ores or with auriferous and argentiferous 
copper ores. 

(Iialcopyrite is a combination of copjX'r with iron 
and sulphur, and the object in smelting is to 
se})arate the copper from these two and also, of 
course, to eliminate the gingue. The process 
depends upon the affinity of iron for oxygen and 
copper for sulphur. By calcination, or roasting 
the ores in heaps, or in shaft or reverberatory 
furnaces, they arc freed from siliceous matter 
and concentrated, forming a cop])cr wnit(\ so-called. 
The matte is then smelted with a siliceous Ilux and 
oxide of copj)or is changed into a sulphide. v\gain 
it is fused with slag to oxidise the siil])hide 
of iron and the result is a whitp metal, sometimes 
called hhie metal or fine metal, with from (iO percent, to 
75 per cent, of copper. This is now melted in contact, 
with air, and the oxide of copjicr formed reacts on 
the cuprous sulphide, fonning an impure metallic 
copper {bli'^ter >io])piT) and a slag rich in copper. 

Copper Refining. The metal contains 
iron and other impurities, and has now to 
he refined. It is treated in a rcvcrbiTatory 
furnace, and to remove the cuprous oxide poles 
of green wood are ])ushcd into the bath, and 
<*harcoal or anthracite is sprinkled on the surface. 
When the metal has beconie ])ale and fibrous this 
rclining is iinished. 'Plie resulting co]>per ingot 
should show a flat surthco. If it contain too min h 
oxide it will ho furrowed and is “ iindcrpolcd,'’ 
and if it bi^ ridged on the surface it is “ ovcrjiolcd 
and contains too little. 

The modifications of this “reaction" jiroccss, as 
it is called, arc nnmeroiis, and the varieties of 
furnaces and ojx'rations arc very great. Each ore 
must he treated for its individual ])roj)erties, and 
local condilions must also bo considered. The 
“ reduction ” process is similar to the reaction 
piwcss up to the white metal ’’ stage. The 
reduction process oxidises the sulphide com])letely, 
and reduces the mass by carbon. It is less 
economical than the other jirocess. 

The wet method of treating copper oie is followed 
for low grade ores, (^opper sulphate is extracted 
from the roasted ore by bleaching with water, and 
the cofiper in solution is precipitated by the aid of 
another metal, usually iron, or by electrolysis. The 
great value of the wet process is that if the ore contain 
silver or gold these metals may be recovered. 

Electrolytic Copper Refining. The 
electro-edicmical treatment of copper ore has not yet 
been practised on a large scale, but electrolytic 
treatment of impure copper produces a copper of high 
purity, such as is required for electrical purposes. 
The principle of electrolytic refining of copper is 
simple. The electric current enters a bath of solu- 
tion of sulphate of copper tlyough an anode of 
impure copper and leaves it by a cathode. The 
action is that the anode is dissolved, but only tho 
pure copper is deposited on the cathode, the re- 
maining metals present as impurities, and also 
dissolved from the anode, not being so easily 
deposited as copper. We shall examine details of 
the process of electrolytic refining as practised in 
some of the largest works. 

The first process in tho electrolytic refining of 
copper is to melt the copper pigs or ingots so that 
they may be cast into the large flat plates which 
form the an odes in the electrolytic tank.s. The charge 
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of cop)>ei is melted in the anode furnaces as they are 
(jailed, reverberatory furnaces used for this special 
purpose. Then the metal is worked by methods 
akin to those of puddling [see y>agc 463 5 J for some 
hours, sometimes as many as thirteen or fourteen. 
This treatment disyiels some of the impurities, and 
the copper is raised from usually 98*5 per cent, of 
purity to 99 *5 of purity. Then the furnace is tapped , 
the metal is drawn off by the help of a ladle, and is 
poured into moulds which are mounted upon an 
endless chain. The cop])er plates which are to 
be used as anodes are 3() in. by 24 in, by 1 in. 
Each is made with two lugs on its upper edge, these 
being used to su])port the plate in the electrolytic 
tank. The plates are Ihen ])ut into frames holding 
22 plates, the full charge for one electrolytic bath. 

Electrolytic Bath- The tanks arc filled wilh 
diluted sulphuric acid and sulphate of copjX'r 
electrolyte, and arc usually arranged in sets with 
a reservoir and pump to eacdi set. They are 
arranged electrically in series, and the electrodes in 
each tank are parallel. 

The thin cathode she(ds used in the depositing 
tanks arc themselves de])ositcd in other tanks 
known as stripping tanks. The cathodes in tho 
stripj)ing tanks are pure rolled copper plates covered 
with grease or plumbago, u])on the surface of which 
the new plates form, and from wliich they arc 
afterwards easily detached. These new pkiics are 
beaten with wooden paddles and arc hung l)v 
cof)per loops from copper rods wliich lie upon tlie 
('dges of the depositing tank. 

Now the electric; current is passed through the 
bath.ancl the actiem is to transfer the copjier of the 
anode ])lat(*s to the cathode plates, upon which it 
is deposited. The cdiargc is under treatment in 
the electrolyte for seven days, when the cathode 
])latcs have incrcasc^d from 6 lb. to 8 lb. in weight 
to 75 lb. or 89 lb. Then tliey are removed and 
taken to tluj nTining furnaces. The anodes, how- 
ever, are not yet exhausted. New cathode plates 
are supplied and the proeess is resumed. The 
anodes last for six weeks. 

The final ])rCK’ess of refining is similar to tliat 
already described, when the green wood is plunged 
beneath the surface so as to remove the oxide by 
tho carbon of the wood combining with the oxygen 
and escaping as carbon dioxide, d'hc result of the 
])roccss is a copper of 99-88 per cent, of purity. 

Copper Castings, twisting copper so as to 
give good sound castings is not an easy matte?-, but 
it is a subject of some importance because several 
industries, particularly the electrical industry, are 
developing an increasing need for copper castings. 
The chief difficulties in casting copper are oecasioiK'd 
by impurities in the cop^ier, by the formation ot 
cuprous oxide while tho metal is in a state of fusion, 
whereby blow-holes arc caused, and by the great 
contraction during cooling, whereby the mould is 
not completely filled. The first-mentioned difficulty 
is overcome to some extent by the use of copj>cr 
whi(;h has been eloctrolytically refined, and is 
therefore chemically pure. A common method of 
overcoming the cuprous oxide difficulty, in good 
practice, is by casting in chills or dry sand moulds, 
and by adding up to 5 per cent, of manganese at the 
time of casting. Manganese combines with the 
oxygen of the cuprous oxide, thus making the 
metal moi-e uniform. Sometimes zinc or tin, up to 
1.1 per cent., is added, and has the desired effect. 
For very thin or very sharp copper castings, the 
introduction of one-half of 1 per cent, of phosphorus 
has beneficial effects. It has a deoxidising effect, 
and increases the fluidity. 
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Copper Oxides. Numerous compounds of 
eopper have a place in industry. We cannot go 
into great detail in every one of them, but we can 
pass them under cursory review and indicate their 
value and importance. 

Cuprous oxide (CuoO), otherwise known as red 
oxide of copper j copper suhoxide, and copper hemioxide^ 
is found in the native state as cuprite or red copper 
ore [see page 6305], and as chalcotrichite. It may 
be j)reparcd by heating finely divided copper in 
air below red heat and in several other wjiys. It 
is used as a pigtrumt, and, in combination with 
black oxide of copper, constitutes one of the 
copper antifouling paints used for ship bottoms. 
It is also used in the manufacture of ruby glass. 

lilnch oxide of copper (CuO), or copj^er monoxide, 
is found as metneonife or black copper in native 
(lc|)osits, prominently in the Lake Superior district, 
(t is used in organic analysis. It is also used in 
the manufacture of green and blue glass (see 
page 4533 J. 

Hydrated copper oxide ((^lO . H.,0) is used in 
pa])er staining. It is of a blue colour, but develops 
into green under atmospheric exposure, Schweit- 
zer’s reagent, which is used in the manufacture of 
Willesden paper, is a solution of cuj)ric hydrate in 
strong ammonia. Treated with this solution 
(•(‘llulose gelatinises and is completely solved. 
When the solution has been evaporated, a gummy 
mass consisting of cellulose and cot)}K*r oxide 
remains. In making Willesden paper the solution is 
allowed to dry on the paper, making it water re.sisting 
and binding the comstitneni fibres together, thereby 
increasing the strength. Ropes and netting are 
also treated by the same process. Thorpe quotes 
the alleged best method of preparing hydrated 
cf)pper oxide : 8ix parts of copper suli)hatc are 
dissolved in water and mixed with a solution of 
three jiarts of calcium chloride. The clear liquid 
is decanted from the precipitated calcium sulph.ate 
and is mixed with one and a half parts of lime, 
made into a cream witli water. The greenish 
precipitate is eollceted, washed and mixed with 
one-fourth of its weight of slaked lime and as much 
pcarlash, and to render the colour more permanent 
one-fourth of its weight of ammonium chloride 
and tmc-half of its weight of copper suljdiate are 
usually added.” 

Chloride and Other Copper Salts. 

T he Brunswick green of commerce is cujmnes 
(hforide (Cu.^(4,^). It has a wide use as a pigment. 
It is found native as atacamite. It is prepared from 
co])j)cr turnings hy moistening them with hydro- 
chloric acid or ammonium eliloridc under atmo- 
spheric exposure, or it may be made hy boiling 
< ‘>Pl)cr sulphate in solution with a small percentage 
of bleaching powder solution. 

Cupric ddoridt (CiiCl.,) is used for methyl violet in 
calico printing and for oxidising ciitch colours. 
It is made by heating copper in excess of chlorine 
or by dissolving oxide of copper in liydiwhloric 
acid. 

Sulphate of copper (CiuSo^. r)H.jO), or blue vilrioL 
as it is popularly known, is the most important silt 
of the copper. It has many uses. In agriculture it 
IS used for dressing wheat and other seeds. The 
practice is to soak the seeds in a weak solution of 
the salt within twenty-four hours of being sown. It 
IS also applied to vines, usually as a solulion of from 
10 per cent, to 20 per cent. It is also applied to 
timber, and prevents rot. 8iil[>hate of copper is 
also used in cotton printing, chiefly with potassium 
oichromate or iron mordants, and with logwood for 
black dyeing. 


It is made from metallic copper, usually scrap 
copper, which is heated in a reverberatory furnace, 
.sulphur being afterwards added and the doors 
shut. After some time the doors are opened and 
the heat is increased so as to oxidise the sulphide 
with sulphate. The hot mass is withdrawn, 
immersed in sulphuric acid (diluted), and, after 
settling, is decanted, concentrated and crystallised. 

Cupric sulphide (LuS) is also used in calico 
jirinting for fixing aniline black. It is made in one 
way by ])rceipitating a siiljihato solution with 
.sodium sulphide. 

Nitrate of copper ((‘u{ NO.j)..) has a limited use in 
cotton printing and textile dyeing. It is made by 
dis.so!ving metallic copper or the carbonate or 
oxide in nitric acid. 

Verdigris and Other Pigments. Acetate 
of copper is used as a ])igmcnt and in indigo dyeing 
as an oxidising agent. I ’erdigrifi, erroneously referretl 
to by many authorities as a carbonate of (rojiper, 
is a mixture of basic copper acetates, the mono- 
basic, dibasic and tri basic acetates being present in 
different ])roportions in different varieties of verdi- 
gris. The varielies of verdigris are used for oil and 
water colour ])aints. for the manufacture of emerald 
green and other copper paints, and in dyeing and 
calico ]»rinting. (Jrcen verdigris is manufacturctl 
commer(‘ially by placing copper sheets for some 
weeks between cloths moistened from time to time 
with j»yroligneous acid or acetic acid. The verdigris 
forms as green crystal. Blue verdigris is made 
hy allowing the refuse of the wine press — consuting 
]»riiicipally of gra})e skins — to ferment, and by 
])lacing into this tliin copper sheets. The copper 
sheets become coated with verdigris. They anr 
allowed to remain in tlic mixture for about two 
to three weeks, and are afterwards left to stand 
and subjected to occasional moistening with water 
or wine during some two months. The verdigris is 
removed and squm^zed into cakes. 

/smcru/df/rceu, referred to above and known also 
as imperial green and Schweinfurth green, is an 
aceto-arsenafe of copper. It is a brilliant green of 
pleasing shade and is largely used. \\'aIlpa)KT 
stained with this green is found to give off a peculiar 
odour when the wall is damp, and this is allcg(‘d to 
he poisonous. This pigment is manufactured by 
mixing boiling eoucentrated solutions of cop])cr 
ac*etate and ai>enious oxide. The volume is 
douhlerl by the addition of eoltl water, and the 
mixture is placed in bottles or flasks filled to the 
top so that premature crystalli'^ation may not 
cK'cur. Crystallisation takes place gradually, and 
is not complete for a few days. Tlicre are other 
methods of making the ])igment, hut that descrihed 
yields the finest product. 

Sch(elc\'i green is arsenite of copper. It was 
formerly in extended use but is now of little im- 
portanec. It is made hy adding arsenious oxid<‘ 
to a boiling aipieoiis solution of potassium car- 
bonate: after filtering, this is added to an aqueous 
solution of copper sulphate and the arsenite of 
copper is precipitated. 

Some basic carbonatefi of copper are known 
commercially as verditer green or blue and Bremen 
green or blue. They are used chiefly for paper 
staining. Malachite, is a basic carbonate. Verditer 
is made commercially by grinding sea salt and blue 
vitriol with water and digesting the re.sulting paste 
in wooden boxes along with pieces of copper plates. 
When the oheiiiical action is complete, hydrochloric 
acid is added with agitation. Caustic soda and 
water follow as an addition to the mixture, and the 
product is washed, filtered and dried. 


6307 



METALS 


Alloys of Copper. The most valuable of 
the alloys of cop[)er are those with tin and zine, the 
tin-copper alloys forming the important family of 
the bronzes, and the ziric-roi)per alloys giving ua 
brass, both of which we sliall consider at some 
length. With gold and silvei*, aluminium, nickel, 
and antimony, copiier also alloys well fscc pages 
oS-Oh, 5083 and but with lead and iron it is 

iinsatishictory. 

Successful alloys of co])])cr depend greatly upon 
the absence of deleterious ingredients in the cop|^)er 
used. Cuprous oxide makes the metal red-short 
and cold-short, and the higher the proportion of 
cu])rous oxide the more pronounced arc these faults. 
Tt also causes castings of the metal with which it may 
be mixed to contract considerably. Sulphur incopjXM* 
makes blown castings ; silicon atfects the ductility, 
pales the colour, and gives brittleness ; nickel ami 
antimony, singly or in combination, decrease the 
malleability ; phosphorus increases the hardness 
and the fusibility. 

Copper Alloyed with Gold and Silver. 

The Hritish gold coinage is an alloy of gold and 
copper [see page 5851 ]. The colour of a gold- 
copper alloy shades into red, and green gold is an 
alloy of gold, silver, and co])per. Silver-copper 
alloys are hard, strong, and tough, and give out a 
clear, penetrating sound when struck. Copper may 
he added to silver u]> to almost 50 |)er cent, of the 
alloy without changing the colour of tlic silver. C^are 
must V)e taken in casting a silver-copper alloy, or 
“ lupiation ’’--that. is. separation, may take place. 
Tn working articles of silver-copper, the frequent 
annealing necessary causes the copper to oxidise, 
giving the alloy a steel-grey colour. This colour is 
removed by the ])rocess of “ blanching,” so-called — 
that is, boiling the articles in dilute sulphuric acid 
(I in 40). This process dissolves the surface copper 
and gives a surface of pure silver. 

Rronze* Bronze is an alloy of copper and tin. 
Tt has been in use from prehistoric times, and in 
the early days it was more nearly a })ure binary 
alloy thuii it became during the modiseval ages, 
when its value was usually imj)aired by a |)ercentnge 
of lead. Altliough (in is a soft metal by itself, it 
forms a very hard metal when alloyed with rop|X)r. 
If bronze is to he rolled into sheets, tlie percentage 
of (in must be small — nol more than from 4 percent, 
to 0 ])er tient. 

^fost of the bronze of commerce is not a mixture 
of ]3uro copper and tin, es]3ecially when it is made 
with an admixture of old luoiizc, which usually 
contains other metals as im])urities. 

A small quantity of zinc in the alloy makes bronze 
castings sharp and tends to ])revent blow-holcs, but 
the ziu(; should not constitute more than 2 ])er cent. 
of the whole, or the apparance will tend towards 
that of brass. Lead in bronze is detrimental, 
especially when (he alloy is to be cast ; it increases 
the liability to oxidation, and as the lead (ends to 
liquate from the bronze, the castings arc unecjual. 
Iron hardens bronze and gives a whitish colour; 
it is often introduced when the bronze is to be used 
for axle bearings. Nickel makes )>ronze harder, and 
decreases the toughness. 

Properties of Bronze. The colour of 
bronze may be varied within wide limits by the 
different proportions of the constituent metals. 
Bronze with over 90 per cent, of co])per is of a pure 
red colour. As the cop^w decreases, the colour 
passes through orange yellow to pure yellow at 
85 per cent, of copper. A eopper ]iroi)ortion between 
50 j^er cent, and 35 per cent, gives a pure white 
bronze, and below this proportion the colour is steel 
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grey, but as the copj^)er becomes very low, the white 
colour reappears. 

Tin reduces the ductility of bronze very much, and 
as low a })erccntage as 15 makes it impossible to 
hammer the alloy without fracture, even when it is 
hot. The maximum hardness of pure bronze is 
when it is made of 72*8 per cent, of copper and 27*2 
|)er cent, of tin. As the tin increases above this 
])roportion, the hardness diininislies, until, when the 
till is two-thirds of the whole, the alloy is as soft ns 
pure copper. Bronze, very rich in copper, is made 
very hard and very brittle by repeated forging. 
Cooling red-hot bronze rapidly makes it much less 
brittle and less dcnst‘. so that bronze bells rapidly 
cooled are deepened in tone. The higher the pro- 
])ortion of copj)er in bronze the higher is the point 
of fusion. 'riiiiK, bronze with 95 ])er cent, of copper 
melts at 2,520' F., while, when the copper is only 
SO jx'r cent., the melting point is only 1,808° F. 

Bronze for Various Purposes. The 

general rules which should guide in the manufacture 
of bronze for various purposes have been given, but 
we may tabulate common fonnuhe of bronzes for 
various industrial piiiquisos : 


POSITION OF BRONZES 1 

1’ Ul-p''*'*'- 


' Till. 

ZiiK-. 

Lficl 

R. ail waggon axles 

75 

20 

2 


Piston rings 

H4 

20 

8-3 

4-3 

Stamped articles 

Hi 

5*5 

30*5 


Small easti?»gs 

94 

6-0 



(Vu'kfl 

8H 

10 

2 


Steam W’liistles 

80 

17 

2 


Articles to be hard soldered . . 

87 

lli 

/ 1 part !iii- 
{ timony. 

To resist atmo8i)herie action . 

93 

7 



Speculum tor telescopes . . 

fif>*6 

33*3 



Very tough 

Valves and Uttings { Admiralty i 

32 

3 

1 


mixturel ' 

90 

10 

25 


Soft gun metal 

1« 

1 



(»iin metal for easting 
Maximum hardness for hearing 

9 

1 



metal 

5 

1 



Bell metal 

4 

1 



Ordnance metal 

91-6 

8*3 1 




For bronze statuary, the composition of the alloy 
depends upon the colour desired. The following 
pro])ortions arc recommended by Bran nt to give the 
shades indicated : 


COMPOSITION OF STATUE BRONZES 



Copprr. 

Tin. 

1 ZiiK 

Red yellow* 

84*42 

4*30 

1 11-2 

Orange-red 

83*05 , 

3*92 

1.3 0 

Orange yellow* 

81 

4 

15 

Bale orange 

73 1 

4 

23 

Pale yellow 

70 1 

3 

27 


Another authority states that the best stainc 
bronze has the following composition : copper, 78 5 
jier cent. ; tin, 2*0 ])er cent. ; zinc, 17*2 per cent. ; 
and lead, 1*4 jier cent. If the proportion of zinc 
be too high in a statue bronze, the object loses ilic 
warm colour desired in statues, and when the zin(' 
is too high the natural green tone, termed genyuK 
'imtim, which a statue of the proper composition 
gains from exposure to the air, is not acquire!, 
hut one shading into black. 

In making alloys into which tin enters, it is usu.u 
to put in one-half of 1 i^er cent, more tin than 
final alloy is desired to carry, this quantity beiu.i-' 
lost by oxidation during the period of fusion. 
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Bell Metal. Bell metal is a variety of hronzc, 
ns it is essentially a coji^ier-tin alloy. Occasionally, 
other metals are introduced in order to modify the 
tone. Common chea]i bells are frequently made of 
brass or of steel. The low-priced bicycle bells are 
of this order, but gongs and house bells, clock bells, 
and sleigh bells, tower and church bells, are made 
from the bronze alloy known for centuries as bell 
metal. Wo refer under Manganese Bronze [sec 
below] to claims for that alloy as a material for 
bells. It W7is formerly considered that a small 
percentage of .silver improved tlie (one of a bell, 
but this view is no longer held, and the u.se of .silver 
in bells is now discarded. The usual bell metal 
contains about 20 jx^r cent, to 25 per cent, of tin. 
The following table gives the recognised formula*, 
for some bell metals. 


COMPOSITIO.V OF BELii AIKIAT^S 


•coriaT. 

Till. 

Zinc. 

Silver. 

Lead. 

ItiH- 

iiuiih 

House bells . . 

80 

20 





Do. smaller 


25 





Small hand bci Is .. 

40 

00 





French clock bells . . 

72 

2H-56 


1-44 



(formaii do 

73 

24*3 

2-7 




Swiss do 

74-5 

25 



0*5 


Sleigh bells . . 

84*5 

15*4 





(ioilRK 

82 

18 





White table bells . . 

17 

80 



i 

1 ^ 


A good bell metal is grey wliite in colour. In 
practice, the fracture determines the quality of tho 
metal for the hell founder. If too coarse, the alloy 
must Ix) made richer in tin ; and if too fine, tho tin is 
already too high, and copi^cr must be added. Bells 
made from metals that have been frccpiontly melted 
are not pure toned, this being caiuscd by the oxide 
.solution which has come into the alloy. But tho 
art of the bell-founder en\braces more than merely 
making a suitfihlc alloy. Tho size, sha])c, and 
diameter of a bell, and the relation of its height to 
its diameter, have much to do with the .sound that 
it gives out. »Small bells are often cast in iron 
moulds, but large ones are always cast in tho sand. 

Phosphor Bronze. Phosphor bronze pos.ses.se.s 
very great .strength, and can ho rolled and ham-' 
niered in a cold .state. The name would indicate 
tliat it is a bronze carrying a eertuiu percentage 
of i>hosphorua, but it is not always so. A more 
ijppropriate name would bo deoxidised bronze. 
Phosphorus is used in the preparation of bronze, 
although the final metal may contain no ]ihosphorus. 
t 'upper usually contains cuprous oxide in solution, 
and this oxide reduces tho strengtji of any alloy 
made from copper containing it. By the introduc- 
tion of pho.spliorns when the alloy is in a .state of 
fusion, a complete reduction of the cuprous oxide 
is effected. The quantity of phosphorus can be 
gauged accurately in accordance with the cuprous 
oxide present in the metal. No phosphorus may 
remain in the alloy. A practice in making phosphor 
bronze is to introduce tho phosphorus as phosphor 
copper or pho.splior tin, or sometimes as both, 
theao alloys having been prepared beforehand. 

1 o make phosphor copper heat four jiarts of super- 
phosphate of lime, two parts of granulated copper, 
finely powdered coal in a crucible. 
Phosphor copper with 14 per cent, of copper will 
^oparate at tlie bottom of tho crucible. Phosphor 
fui may be made by heating together three i)arts 
of anhydrous phosphoric acid, one part of carbon, and 
parts of tin. Then, to make the phosphor bronze, 
h) ounces to 12 ounces of this phosphor bronze or 
phosphor tin is added to each cwt. of molten 


bronze. The field of phosphor bronze is in ar tides 
such as hydraulic presses and propeller blades, 
where great strength is required. Sometimes lead 
or aluminium is jntrod need into phosphor bronze for 
specific purposes. 

Silicon Bronze. Silicon bronze, wln(;h is an 
alloy of cop]>er, tin, and silicon, or of copper and 
silic on only, has very high tensile strength, and has 
been much u.sed for telegraph and telephone wares. 
Such wires have been erected with stretchers of 
1,000 ft. with no interiiiediato supports. Pliosphor 
bronze has, how'over, largely taken its place. A 
formula recommended for silicon bronze specifies 
eoj)pcr 07*12 ]>er c*eiit., tin 1*14 jier rent., zinc 1*10; 
and silicon 0 05 ])er cent. The tensile strength of 
this alloy is said to be (U)0 lb. for 0*001 square indi 
.section. Silicon bronze owes its ])roi)ertics to the 
fact that silicon, while reducing the cuprous oxide 
in the co])per just as jdiosphorus does, seems to 
have a greater affinity for the copper than jdios- 
phorus has. 

Manganese Bronze. Mangmn se bronze is, 
]»roperly, not a bronze at all, but a brass ; vet, on 
aeeoiint of its name, we refer to it here. The fol- 
lowing mixture is frequently used: copper 51 per 
rent., manganese copper (containing 20 per cent, of 
manganese and S per cent, of zinc) 40 per cent., 
and aluminium 1 ])er cent. Tho manganese copper, 
bc.sides containing manganese, usually contains 
from 2 per cent, to 4 per cent, of iron. Manganese 
bronze pos.sesKes very liigh tensile strengtli. Th* 
alloy of the composition given above has a tensih* 
strength of 30 tons per square inch and an elonga- 
tion of 20 per cent. A higher percentage of ziiu; 
increases the hardness and tensile strength and 
diminishes tlie elongation, while a lower perecntagcj 
has the opposite effect. The s])hore of manganese 
bronze is in the manufaeturo of ordnance, propellers, 
pinions, and bearings, where its (qualities make it 
desirable. As the tin constituent in the true bronze 
alloys i.s replaced by the cliea]K'r zinc in manganese 
bronze, it is ohca|>t‘r than tho other special bronzes 
without showing inferior qualifies as a .si)ecial 
metal. 

Manganese bronze finds some use as a bell metal 
insteatl of the usual copper and tin alloy generally 
u.sed for the purpose. The advantages claimed 
by the advocates of manganese bronze for this 
pur])ose are that in com])arison with the older 
composition it is more sonorous, has a mellower 
tone, and is not liable to bo cracked. The usual 
bell metal is made very hard ami brittle in order 
to improve the quality of the tone. 

Aluminium Bronze. Ahnninium bronze 
is an alloy of rop})er and aluminium, and con- 
tains no tin, hence tlie use of the word bronze 
is not (piite accurate, although it has come to 
he accepted. The content in aliiminiuni is never 
usefully higher tlian 10 per cent., but even up to 
this modest proportion colour and physical 
properties vary a good deal. With 5 i)er cent, of 
aluminium the colour i.s golden, at 7i tier cent, it 
partakes of a green-gold hue. and at 10 per cent, it 
is a bright golden colour. These alloys have great 
tensile strength, are exceedingly malleable in both 
the hot and the cold states, give .sharp, clean 
ca.stings, and admit a fine polish. The highest 
qualities of aluminium bronze are brought out by 
remelting it three or four times, and its strength 
may be further increased by hammering so that it 
maybe made equal to steel. In casting aluminium 
bronze experience j.s necessary to good \vork. Its 
shrinkage is about twice as much as that of brass 
[see also page 5992]. 
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Aluminium Brass. Aluminintn bra-s.^ is 
properly so termed, being an alloy of cop])er, 
zinc, and ahiiiiinium. Hero also the percentage 
of aluminium in invariably low : if it bo higher 
than 15 per cent, the alloy becomes red short 
and hard. An alloy containing (iO parts of 
eop])er, 30 parts of zinc, and 2 parts of aluminium 
can bo worked mechanically by rolling, stamping, 
or forging, and has a valuable use for cartridge 
shells, because the aluminium imparts the property 
of resisting corrodon by the. gases of the powder. 
It has been claimed that aluminium brass with 
from 1 per cent, to 3 per cent, of nluminiuiu has 
much similar pro^ierties to aluminium bronze with 
from 5 per cent, to 10 per cent, of aluminium, and, 
of course, it is much the cheaper ; but wo tpiestion 
the evidence for this claim. Certainly aluminium 
brass is heavier and oxidises more ca.sily. But 
the aluminium and zinc seem to forni an intimate 
(combination, and to dov(do]) pioperti(‘s even superior 
to the aluminium-oo})}jei‘ alloys. The field for 
aluminium brass is in machinery ]jarts and fittings 
in which exc(“]»tional strength is desired, such as 
valve .seats, hydraulic and mining machinery, and 
j)ropellers. 

Bronze Powders. Most of the bronze 
powders used to coat metal, ])apcr, wood, and 
other materials are made in Aii.stria. A large 
number of different shades arc procurable. Zinc 
and not tin is alloyed with copper to form the 
material from which they arc made, so that the term 
bronze is technically incorrect. Powdms which in- 
cline to white in colour have a high zinc content, 
and those that inclini*- to red are high in copper. 

Hrannt gives the following compositions for .some 
representative colours : 


1 ALLOYS FOR BRONZE I’OWDKKS 

< olour. 


Ziiu . 

(ion. 

Yellow 


l(i*G9 

0-10 

Pale green . . . . 

84 -.52 

1.5-02 

0-«3 

Lemon 

84 -.V) 

1.5-30 

0-07 

Copper red . . . . 




Orange 

1)8 IKi 

0-78 


Pale yellow , . 

1)0 -O) 

D'OO 


Crim8<»ri 


0-.50 

0-.5G 


All the variety of shades are not, however, 
obtained by varying the oom])osition of the. alloy 
so much as by beating the alloy (after it has been 
finely pulverised), until a layer of oxide of the 
desired shade surrounds each individual particle. 

In making the bronze powders the alloy is beaten 
injto fine leaves by power hammers. These leaves 
are then forced through a line sieve with the 
assistance of a scratch brush, oil being added at 
the same time, and the oil and powder pa.s.ses 
through a grinding machine, which consists of one 
steel plate mounted with line needles having blunt 
points revolving against another steel plate. The 
metal is here reduced to a very fine ])owder, and 
the oil is removed, first by putting the ma.ss into 
water, where the oil floats off, and then by pressure. 

Brass. Although the alloys of copper and tin 
— the bronzes — can claim antiquity, the alloys of 
copyier and zinc, generally knowm as brass, can 
claim a much wider use industrially. Brass is 
projierly a binary alloy, and should contain only 
copper and zinc; but pure brass is seldom made. 
The alloy is usually a.ssociatcd with tin, iron, lead 
and arsenic, those metals sometimes being present 
as impurities in one or both of the constituent 
metals, and sometimes again being add^ so as to 
modify the properties of the alloy. The two metals, 
copper and zinc, alloy within vei*y wide limits. 
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The higher the percentage of copper the more 
does the colour of the alloy tend towards gold, 
and copper also increases the softness and the 
malleability. As the proportion of zinc increases 
the colour becomes paler until it is a pale grey, and 
zinc increases the brittleness, hardness, and fusi- 
bility. A proj)ortion of zinc up to 7 per cent. do(\s 
not change the colour of the copper to an appreciable 
exUmt, but when the proportion comes above this 
quantity the tone is red-yellow. Then at 14 per 
cent, the colour has modified into pure yellow, and 
above 10 per cent, it goes into a mixed yellow, while 
at over 30 per cent, the red colour returns, and is 
at about its maximum when the two metals ar(‘. 
present in equal proportion. As the zinc exceeds 
50 per cent, the colour rapidly ])ales, passing 
through reddish white at 53 per cent., yellow isli 
white at .50 per cent., bluish white at 04 yjcr 
and into lead colour as the zinc exceeds this liniit. 

Colours of Brass. The various ydiascs 
through which the colour of brass passes as tlu* 
yiroyiorlions of the constituent metals vary may be 
given ill the form of a table. 

CoLOl KS OK BRASS 


Compo«iti(in. 


Red 

Reddish brown 
Ued-y<dlow' 
Reddish y<*Ilt)W 
liight ycllov 
Yellow .. . 

J)ark yellow 
Reddlsli yellow 
(ioldeii yellow . 
Light grey 
Lead grey . . . 

Darker leiul grey 


(‘opjier. 

ZiiK 

Pt-r.-ont, 

P<‘1- l lMl 

95 

.5 

90 

10 

85 

15 

80 

20 

75 

25 

70 

30 

95 

35 

90 

40 

50 

50 

40 

00 

20 

70 

20 

80 

10 

90 


The yihysical proy)ertics of bras.s, other than 
colour, are also mueh influenced by the proyoortion.s 
of the metals alloyed. A small proportion of zinc 
increases the fusibility without affecting the 
hardness ; a high ynoyiortion increases tlie malle- 
ability when cold, but makes forging when bol 
imyiossible. Lead causes brittleness if it be yiresent 
in bra.SH in larger cpiantities, but small quantitie.s 
increase the ductility, making it better for turning 
and filing. A small proy)ortion of y)hosyihorus 
makes sounder brass castings, by increasing tlie 
fluidity and tenacity, and helps the alloy to resi'^l 
atmospheric action. It also yx^rniits of tempering 
to some extent. The comy)osition of eominerci.d 
bra.ss for many sy)eeifio pury)OS(^s is given in th‘‘ 
following tabic [see also table of bronzes on i>ag(' 
«i308J. 


COMPOSITION OF BRASS 

PiiriKise, 

Copjior. 

Zin<-. 

Tin. 

I.* -.ail 






UaB OttingB 

40 

20 


1 

Sheet brass for stamploK and 





turning 

8 

1 



Brass wire 

67 

33 



Soft brass for hammering . . 

7 

3 



Tough brass for engine work 

100 

15 

15 


Brass for soldering 

8 

3 



Sheathing brass 

.3 

2 



Nails for sheathing 

87 

4 

9 


Yellow brass 

2 

1 



White brass 

10 

80 

10 


Red trass 

16 

2 



Brass for forging hot . . . . 

38 

! 25 



Pinchbeck 

88 

12 



Tombac 

86 

, 
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The common quality of brass used in the foundry 
is termed in the trade ash metal. This is a general 
mixture suitable for cheap work, and is very wide 
in its quality. It is made by melting together 
scrap brass, borings and filings, sweepings and 
skimmings. These materials are riddled so as to 
free thorn from unnecessary dirt, and are washed, 
melted, and j)oiired into ingots so as to be ready for 
use. Remelting improves brass, although there is 
loss of weight in any remolting, so that to remelt 
brass is more expensive than the mere cost of fuel 
and labour which it entails. 

Standard yellow hrojts, so called, is an alloy con- 
taining two parts of copper to one part of brass. It 
is common to use this mixture already made 
as an ingredient in brass mixtures for casting, 
particularly for red meUil,\m it is called. A cheaj> 
red metal is made by alloying 36 parts of yellow' 
brass (standard) with 4(» parts of copper, 14 parts of 
lead, and 4 ])arts of tin. For highly polished red 
metal plumbers’ fittings a common formula is 
4 ])arts yellow brass, 16 parts copper, and one part, 
each of load and tin. For red metal to stand 
riveting the projwrtions of lead and of yellow brass 
arc usually increased and the proportion of tin 
lowered. Thus, a good formula frequently follow'cd 
takes 26 parts of yellow brass, 66 parts of co]»per, 
.") parts of lead, and 3 parts of tin. 

Brazing Metal. For the coppersmith the 
most commonly used alloy of copter is called 
hrnzing metal. Whatever may be the composition of 
the bra/dng metal — and this depends upon its ])ur- 
posc— it is ahvays desired to retain to a great extent 
the malleability, fusibility, and colour of copper. If 
the zinc bo higher than 20 |)er cent, of the alloy 
the red colour of copper is replaced by the yellow 
< olour of brass. The chief use of brazing metal is in 
the mannfactnre of lubes [see page 5325]. Brazing 
metal may bo made from (‘opi^er and zinc only, but 
\(‘iy small additions of lead and tin make the alloy 
more easily worked in the sheet. A common mixture 
is eight parts of copixir to from one to two parts 
of zinc. The best qualities have only 6 per cent. 
«if zin<*. Sometimes 2 tier cent, of aluminium is 
incorporated, and is, indeed, specified in sojne 
(lovernmeiit W'ork, but although tubes made to 
this formula give a more rigid joint than ordinary 
brazing metal, the aluminium makes the alloy less 
easy to work. A sjwcial article on engineers’ copfier- 
smitbing appears on page 3884 and the following 
pages. 

German Silver. Oonnan silver is brass with 
]>roportion of nickel, the amount of which ranges 
born !5 per cent, to 25 per cent, according to the 
‘pinlity of the alloy. A formula frequently used 
prescrihea three parts of cop}ier to one part each of 
duo and nickel. German silver ought to be of silver 
'vhitcn.'ss and almost nntarnishablo if made from 
l‘ure nietals, but the presence of impurities such as 
arsenic and antimony in the constituent metals 
•hdracts from this result. A small proportion of 
fiu -u}) to 3 ijcr rent. — permits German silver to 
take on a high polish; load or manganese in a 
^unilar proportion increases the fluidity and gives 
.jiiocd castings, while iron increases the hardness and 
helps the whiteness. The usual method of making 
’ 'Crman silver is to make an alloy of nickel and 
J‘op|)er, and another alloy of nickel and zinc, the 
atter being added to the former while both arc 
the molten state [see also page 5983]. 

Amalgam. Copper amalgam i.« an 
i A • mercury ; it has a wide field of 

n f '^8©* Its chief sphere is in the recovery of 
^ ^ " from the crushed quartz by the use of amalga- 


mated copi^'r plates [see page 5847]. The alloy is 
not obtained by the direct method — that is, by 
uniting the fused metals. There arc several methods 
of preparing copper amalgam, and w'o may notice one 
of them. Zinc strips are immersed in a sulphate of 
copper solution and shaken vigorously. The copper, 
which deposits as a fine powder, is washed and 
triturated with a solution of nitrate of mercury. 
Hot water is poured on the copijer, and mercury 
(.seven parts to three of the zinc) is added. The 
mass is kneaded into combination, and a longer 
kneading makes it more intimate. Tlien the water 
is discarded, and the paste remaining can bo shaped 
to any desired form. Copper amalgam has the curious 
property of becoming soft when placed in boiling 
w ater. It is also used to a limited extent in cementing 
metals together. The metals to be joined must be 
heated to just under 200^ F., after which the 
amalgam, usually in the shai)e of wire, is applied 
and the parts pressed together. 

Manufacture of Brass. earliest 

method of manufacturing brass was to fuse copix*r 
with zinc- bearing ores, usually calamine [see page 
61661. The results of this method were by no means 
uniform, owing to the varying properties of the ores 
used, even with ores from the same bed. Thus, as 
with all rulc-of-tliumb methods, the men who 
practised this method had to bo exy)ert in their 
judgment, able to tell by colour and fracture that 
the desired point in alloying had been reatdied. 
This method has not yet quite disappeared, but it 
has almost done so, and its death knell has long 
sounded in the best modern practice. 

The present day practice of the brass-founder is 
to heat the metals in crucibles placed in fiirniiecs. 
Many attempts have been made to dispense with 
the need for crucibles in brass making, but all 
attempts to tuso the metals direct in special fur- 
naces have been unsatisfactory and have resulted 
ill a return to the crucible. The types of furnace 
vary with the kind of fuel used, and with the size 
and regidarity of the output. We may consider a 
furnace of small size heated with coke, and taking 
one crucible, capable of making about 80 lb. of brass. 
The furnace is about 28 in. deep with a horizontal 
section about 15 in. square. The chimney must be 
not less than 15 ft. high, and is usually 10 in. 
square, the Hue connecting it with the furnace being, 
say, 7 in. by 10 in. The crucible rests on a firebrick 
placed on the fircbiirs. It is heated, usually, by 
being placed upside down in the furnace. Then it is 
placed upright and packed around outside with 
coke. ’Phe cop})er and zinc have meantime been 
weighed in their proper proportions, but not mixed. 
The copjHjr, in small pieces, is placed in the hot 
crucible and melted. Then the zinc, or s^xilter, 
broken into small pieces and warmed, is added 
gradiuilly and stirred. Zinc volatilises, so that the 
proportion of zinc in the final alloy is never so high 
as it w'as in the weighed metal. Every time brass is 
rcmeltcd the zinc content becomes less. The brass- 
maker allows for this loss by using more zinc, in a 
definite proportion, than he wishes the alloy to show% 
As the metals fuse, the surtace is sprinkled with 
powdered charcoal, borax, or broken glass, so as to 
prevent oxidation. After all the zinc has been melted 
the crucible is covered over for a few minutes before 
being poured. If part of the charge is old brass, this 
is melted first, then the copier is added, and when 
the latter is fused the zinc is put in as already 
described. 

Brass Furnaces. There are many so-callcd 
improved furnaces, each with specific claims to merit, 
ottered for the use of brass founders, but the 
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common furnace has too strong a hold to be easily 
displaced. Tendencies during recent years have 
been towards liquid fuel instead of hard coke, 
and the value of many patent furnaces offered 
has consisted in their ability to utilise cheap oils as 
fuel, (las is also used for brass molting, and may be 
the most coonomioal fuel with a very small plant 
and where the work is inteiinittent. 

Patterns for Brass Castings. Patterns 
have been discussed at some length in previous 
articles [sec ])ages 23If7 and 2453 J, and the general 
remarks and instructions there given apply to brass. 
Tlio small size of most brass castings causes the use 
of metal patterns to a far greater extent than for iron 
castings. Metal })atterns, generally, give cleaner 
castings than wood patterns, and brass eastings often 
carry some finely-cut ornamentation for which 
wood would be unsuitable as a material upon which 
to work. Metal patterns for hrasswork are us\ially 
made of brass, primarily because it is more con- 
venient to make them of brass in a brass foundry, 
and also beeauso brass patterns rc<p]ire no pre- 
liminary j)roparatioii such as rusting and varnisbing 
as iron ])aiterfis do, an application of a black-lead 
brush being all the treatment required. 

Moulds for Casting Brass. The con- 
dition of the sand is of great importance in brass 
casting. Jf the moulds arc made of loam they must 
be thoroughly dried before use. (iood moulding 
sand is better than loam, however. If the sarul is 
too meagre it will give a rough surface, occasioning 
labour and expense in finishing. The ad<lition 
of a little flour paste to the sand will obviate this 
trouble, and if the sand be too “ fat,” the addition 
of powdered charcoal will prevent bad effects. The 
pouring temperature must be carefully gauged. If 
the metal is not hot enough, .sharp castings eaniiot 
bo secured; and if it is too hot, porous castings will 
result, and there will be loss of zinc by oxidation. 
('Jasting from the bottom is desirable as thereby the 
air cannot rise through the casting and cause blow- 
holes. 

Brass ■ founding. In hrass-founding. the 
ordinary iron-founding practice is followed (see page 
2SG2I, hut there are a few points where variation 
is required. The contraction of 'brass in cooling is 
greater than that of iron, therefore the patterns 
have to boar a different relation to the work. 
Small castings of brass — say, under 12 in. long — 
shrink J in. in each foot, and over this size the con- 
traction is v\t hi. Brass sets more quickly than iron, 
therefore the molten metal must reach home more 
(juickly, and to secure this the gates and runners 
are usually made larger. The sand used for brass is 
generally more porous than it is for iron, and there 
is not so much venting. Much brass work is poured 
through the ends of the mould boxes instead of by 
the lop, the boxes in the cud pouring being made 
to be at an angle in a trough, the object being that 
spilt metal may bo recovered from tlie trough 
instead of being lost in the sand. Vertical pouring, 
which is common with iron castings, is infrequent 
with brass, there being less risk of scabbing and of 
blow-holes in the latter ca.se. 

Casting Bronze on to Iron. »Sonietime.9 
it is desirable that a piece of mechanism should be 
of iron or steel inside and of brass or bronze outside. 
Wc may take as a typical instance of such work 
the pump plunger, which may be wanted with an 
iron or steel centre and with the working part of 
bronze which will withstand corrosion. The bronze 
part could be cast separately and fitted on, but 
this method entails much labour and expense. A 
cheaper and thoroughly satisfactory job may be 
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made by casting the bronze upon the iron as a 
centre if proper precautions be taken. Brass or 
bronze cast upon iron is more or less spongy or 
porous, and would, in most cases, be unsatisfactory 
as the working surface of a piece of mcchaiii.sm. 
The method of overcoming this objection is by 
easting upon the iron or steel a layer of brass or 
bronze only half of the desired ultimate thicknes.s of 
the brass or bronze. The centre, of iron and steel, 
should for preference be tinueil, as the copper 
alloy will unite with the tin easily, but tinning is 
not essential. Its absence may cause a little 
s]>uttcring as the metal is poured, but it will give 
as good a re.sult as when tinning is practised. Tf 
the iron or steel be not tinned, it should bo cleaned 
and polished. In casting, this iron or steel is used 
a.s a core, and the ])orous coating of brass or bronze 
forms a good surface upon which to cast a second 
and linal layer of brass or bronze, which will not 
ill this case have the tendency to be spongy. 
The second pouring is made when the first cast 
is cold and when, of course, the second mould has 
been prepared for it. The second cast- should be 
given under a good head of metal so as to get a 
good dense casting. The two castings of bras.s or 
bronze should unite solid, and can be machined f.) 
the usual way for the finished mechanism. 

Modelling. In brass castings, especially 
iho.se of ail ornamental nature, modelling in clay 
is practised in the pre])aration of patterns to a 
coiisidcrahle extent. The clay model is reproduced 
in filaster of Paris, and from the latter tin sections 
arc cast, or rather sections made with an alloy of 
three part.s of lead to one part of tin. Those 
section.^, when built up together, form the working 
])attern for the moulder. Modelling is used in orna- 
mental ironwork also, but we give it an extended 
notice in this .section on account of its application 
in tlio brass foundry and becau.so most textbooks 
neglect it. 

Modelling is chiefly soil able for light and orna- 
mental eastings. The actual task of modelling in 
clay is the work where, more than in any other 
which falls to his lot, the workman may give 
expression to any artistic feeling ho may possess. 
3’hc general work of clay modelling has been 
diseuK.sed in another course [.see pages 1340 and 
1532], and the technical details there given permit 
us to be brief iiyjon that part of the subject. The 
clay must be soft and pliable. It i.s prepared by 
grinding, and all atones and grit arc removed. 
5'he tools necessary arc few and simple. The most 
important are the ten fingers of the workman, 
and he supplements these by a few boxwood 
modelling tools and fioats. The chief work is done 
with the fingers, which prc.ss and knead the clay in to 
the form dc.sired. The tools are u.scd to impart 
the finer lines, to remove any excess of material, 
and generally to give the finishing touches. The 
work i.s nearly always in low relief, as high relief 
would be impossible without undercutting, which 
would not allow the finished article to leave the 
mould. 

The work is usually done on a modelling board, 
stiffened at the back and coated on its surface with 
a few applications of shellac varni.sh. Thus the 
moisture of the clay docs not penetrate into the 
hoard. This board is placed on trestles or on a 
bench, and the clay is placed on it and manipulated 
as already stated, the operator working to hi.< 
drawing. If the work cannot be completed at 
one sitting, a damp cloth thrown over the clay will 
cause it to remain soft and pliable. The work 
finished, the clay is allowed to get somewhat firm, 
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after whieli it is removed from tlie hoard, wliieh 
may be helped by pulling a piece of thin wire 
right down the board, meantime holding it across 
the full width of the board under the clay. If Ihe 
impression of the clay model is to be taken in 
]jlaster of Paris, this is generally done before the 
clay leaves the board. The tin alloy pattern is 
east from the clay on the plaster of Paris counter- 
]iart in the ordinary way, and the malerial, while 
hard enough for ordinary handling, is jdiable enough 
to be bent and modified in sha])e and to have the 
ornamentation cut or deej^ened with ease and 
good result. 

Brass Burning. In casting brass, it may be 
that the casting desired is too large for the capacity 
of the crucibles or of the furnace. The difficulty 
is overcome by burning or autogenous soldering 
[see following article]. The ])roceH.s consists in 
making the full-sized casting in two or more pieces ; 
then, by placing these in their i)ro])er positions in 
a sand mould and by pouring molten brass so that 
it flows around the surfaces it is desired to join, a 
homogencofus casting as strong as if it had been 
east in one piece is obtained. In preparing the 
brass castings for burning, the surfaces where the 
join is to take place are filed or scraped, so as to 
free them from scale. It is desirable that the new 
metal should be hot, therefore an excess of metal 
is allowed, the first part of the ])ouring flowing out 
through a gate and heating the surfaces as they 
pass over them ; then the metal that remains 
finally comes upon the heated surfaces and the 
union is made. 

Plate Brass. Brass which has to be subsc- 
(luontly rolled into sheets or cut into strips to be 
drawn into wire [see page 5171] must retain its 
ductility, hence special pisccautions arc necessary in 
casting the thin plates which arc to be subject to 
this special treatment. Sometimes iron moulds 
have oeen tried, but have never ha<l extended 
favour due to the fact that the brass cools off too 
rayfidly, although this defect might be overcome by 
heating the moulds before casting, and by allowing 
them to cool off gradually by the application of 
external heat. 

In many place.s loam moulds and sand moulds arc 
used, but granite moulds are also in extended use, 
and give good results if pro])crly juanijnilatcd. A 
granite mould is made of two granite slabs, the lower 
one a little wider than tlic u])]ier. Both have an 
even coating of clay covered with cow dung, and are 
kept at the proper distance apart by iron bars placed 
between them at their ends. The slabs are hound 
together with iron bands. Their normal position for 
pom ing is at an angle of 45*^ from the Iiorizontal, 
and as soon as the poured plate has solidified, it is 
removed and another poured, so that the mould 
rcMu.iins warm. The plat-es removed from the mould 
arc cleaned with wire brushes. Then they are rolled 
and sometimes hammered. Sometimes they are 
rolled hot only, and sometimes the hot rolling is 
finished by cold rolling. This dei)ends upon the 
nature of the brass. The composition maybe capable 
ot extension by rolling only if hot. Between each 
rolling the sheets are annealed to give back the 
ductility which the previous rolling has taken from 
them, and before passing between the rolls they arc 
ttoated with oil. If the final sheet be retpiircd soft, 
the last process is one of heating and quenching in 
}'^ater, while if a hard sheet be required, this heating 
omitted. 

• ®keot at this stage does not resemble brass. It 
K must be pickled — that is, dipped into a 

oath mode of water with 10 percent, of sulphuric acid. 


This mayeom]>lete the preparation for the market, 
or another bath of nitri(^ .acid in water or a mixtuie 
of nitric and sulphuric acids in water may be given. 
Nitric acid dissolves zinc more quickly than it 
dissolves copper, so that a sheet that has come 
from a nitric acid bath has a surface richer in 
copper than tlic body of the sheet ; lienee a redder 
.shade of brass. 

Casting Bronze Statues. France is the 
headquarters of statue-founding in bronze. In that 
eouiiiry the ap])liarices and imUhods are the best, 
and the r(‘sults unexcelled, and seldom equalled. 
The old yirocoss of statue-founding was by what is 
known as the circ perdu process [see }>ages 1674 aiifl 
5526], and this is still practised. By this process a 
rough model of the object is first made in sand or 
porous cement, and this is coated with wax to the same 
thickness as the metal which is to form the statue. 
Then the artist works uyion this wax surface, giving 
the final form by dolieat^e touches, 'riien several 
yiioces of wire are ymshed through the wax into the 
core. Now the wax is earefidly coated with liquid 
sand, and is placed in an iron frame, which is tilled 

n] > with sand. The frame is taken to a warm place, 
where the moisture escapes from the sand, which 
becomes firm. Holes are now ])ierced through to the 
wax coaling, and the frame is then placed in a hot 
oven, where the wax melts and runs out, leaving the 
core sup]>orted in position by the wires which were 
inserted for the jiuryiose. Bronze is now poured in 
by the holes through which the wax escaped, and the 
statue is oast. If this process produce a ]ierfect 
statue, all is well, but this result is by no means 
certain. Tlie operation is delicate, flaws arc fre- 
(|uent, and if the statue bo im^ierfect, the work of the 
artist has gone for nothing, because liis wax model 
has been destroyed in the process. For this reason 
the cire perdu jirocess has been superseded in the best. 
French practice by a less risky process, which leaves 
the work of the artist uninjured if the casting he 
bad, so that subsequent attempts may be made 
without the necessity of beginning the work again 
de novo. 

Piece Moulding. By this new<’r method 
the sculptor makes his design in plaster, and the 
rest of the work is mechanical, albeit demanding 
a high degree of skill on the jiart of the founder. 
The plaster statue is placed in a bed of sand, so 
that it may rest solid and still be comparatively 
safe from injury. Then the moulder begins the 

o) )cration of piece runitlding, so-called. {Selecting 
a small section of the statue, he presses sand into 
every crevice in it, and obtains thereby a mould 
giving an exact impression of that section to 
which ho has been devoting attention. He does the 
same with another section of the statue, and so on 
until he has the whole .surface of the plaster statue 
imjiressed upon the several moulds that he has 
made. The ])lastcr statue itself may now be put 
.aside, and may not again lx* required. The small 
impressions that have been taken in sand are care- 
fully fitted together in their ])roper places in the 
mould-box — a task reipiiring high skill. A rough 
facsimile is now made, a little smaller than the 
original statue, and this does duty as a core, the 
space between the two faces representing the 
thickness of metal of which the statue is to he. 
The mould and core are then dried in an oven to 
remove moisture, and to harden the sand. Vents 
and runners are made, and when all is ready the 
casting is poured. Should it be faulty for any reason 
the operation must be repeated ; but this is not the 
serious matter it is by the cire perdu process, because 
the plaster statue remains upon which to work. 
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In statue- founding great care is taken in selectin'; 
tho metal. Colour and homogeneity depend upon the 
hronze alloy, and no metal of wliich the exact eom- 
j>osition is not known is allowed to enter. No ol<l 
brass and (;opper are used, and the ingot cop]>er 
emydoyed is usually purified by liquation lK*fore the 
actual process of foumling. Good work is 7 )osRible 
only by having a higlily-finished mould cajmble of 
producing a sharj) casting which will require only 
very little chasing. The sand employed is also 
iin])ortant. It must be carefully selected ; it is 
usually blended to suit the nature of the work in 
hand, and is then passed between east- iron rollers 
to give it uniformity. The moulding boxes must 
he accurately fitte<l, and their edges are usually 
l»lancd. 

Dressing Castings. Castings which come 
from the mould must be dressed or fettled l>efore being 
ready for the more delicate operations of finishing. 
The nature of the dressing dcj)ends upon the metal 
under consideration, the perfection or rather im]K*r- 
feetioii of the easting, find U])on the subsequent 
finishing ])roecsses, if any, to which it is going to Is* 
made subject. Tho processes of flressing eastings 
are similar whatever metal may be employed, and 
we shall describe briefly the appliances used, having 
special regard to the fact lliai we are considering 
castings of brass and bronze. 

The usual extraneous metal in)ou a casting as it 
emerges from the sand takes tfic form of tagged 
edges, fins and spurs. Cores are removed from 
eastings usually in tho foundry, and if they he larg(‘ 
this is usually done before tho casting is ([uifo col<l. 
A easting is trimmed^ the first process entailing the 
removal of jtromineni spurs, by neing chvpi>fd^ by the 
liammer only, or, if necessary, with the assistance 
of a cold chisel. Sometimes pneumatic hammers 
[sec page i54r)5] are used. Then fins, which arc not 
sufficiently prominent to be ])roperiy removed by 
this moiins, are rubbed, generally with old files, whicli 
have served their first usefulness in the fitting or 
machine shoj). Sometimes cast-iron files are used. 
For brass there are not the same reasons of economy 
for the use of old files, and good files may l>e em- 
ployed, the brass being softer. Then the eastings 
arc usually ground. Grindstones used to he em]>loyed, 
but the better practice is to use emery wheels [see 
page 5210]. They are better than grindstones. 
They should not be “ forced ” — that, is, the work 
should not be pressed against them with too great 
force, as this is bad for both the work and the tool. 
For large castings, which cannot be moved about over 
the]ieriphery of tho wheel, an emery wheel fitted to 
the end of a flexible driving shaft may be used. It 
can l)e ajqdicd to any accessible jiart of a stationary 
casting, but brass castings are seldom of so large size 
as to demand treatment by this method. But a 
wire brush mounted upon a flexible shaft in thi.s 
manner is often used, and is valuable as an instru- 
ment for removing adhering sand. 

Another process often employed for small easting 
is that of “ rumbling ” — that is, placing them in a 
cylindrical chamber which is made to revolve uimn 
a horizontal axis. As this process wears the edges 
chiefly, it is not suitabk' for small castings of an 
ornamental nature. We have seen a similar i)rocess 
in pin manufacture (page 5171], and in tinning 
[page 6164], Sharp sand, small star-shai>ed castings, 


kiKiwn as “ stars/' and sometimes sawdust are 
placed inside the rumbling cylinders, and made to 
revolve with the eastings under treatment. But per- 
haps the best method of cleaning cast surfaces is by 
a .sand blast machine. This ingenious invention— 
.similar to that used for decorating glass [see page 
4ff32J — is a vessel in which a supply of sand is con- 
tained in a chamber with an ai)ertur© at the bottom, 
1 hi.s aperture being cajiable of regulation as to size anrl 
as a thin stream of sand falls through the aperture 
it encounters an air blast — usually of from 5 lb. to 
J5 lb. ])er square inch — which carries it through a 
flexible tube to a nozzle, whence it is blown upon tho 
surface of the easting. The workman guides tho 
nozzle, and its value over the tumbling process 
already described is that the work can be directed 
to the ])oints where it is most reipiired, and not 
to prominent points only. 

Brass Spinning, rhe die ])ress and tlie draw 
press have modified the practice of working sheet 
metals considerably, not only by doing awav wi^h 
the need for much of the hand or “ piece work 
formerly undertaken, but also by making possib)*' 
many forms of work formerly nnattainablc*. Th» 
]>rocess of Rjiinning shcet-mctal is usually subse- 
(|uenl to the work of the ])rcss, wdiich is an economi- 
cal means of securing a blank suitable for spinning. 
Spinning is the operation whereby an object such as 
a reed(‘d curtain-])ole end, a brass bed-knob, or a 
berry i>ari, is given its shape. The operation is simple, 
but clever. It can be carried out ai)On work in tho 
flat state which has been cut out by hand or by 
press, but it is economical in most cases to put tho 
work through the draw press before spinning. For 
spinning, a former ” is required. This former 
must be ot the shape which it is desired tho final 
form of the article shall have. Tho widest part of 
the former, however, must never be larger than the 
narrowest neck of the syiim article, else tho former 
could not b(‘ withdrawn after tho article had been 
.sjiun. 

The spinning lathe, in which the work is performed, 
is a machine with a lied and fixed headstoek having 
a chucking arrangement siiitablo for liolding tin 
articles, usually of cylindrical or cup shape, o» 
something approaching thereto. Tho article is 
held in ])osition on the formers by a movablt 
tail stock, and special burnishing or frictioi. 
rollers carried upon a eom])ound slide-rest ar( 
made to press against the work, and causfc 
the metal to “ flow ” into the required shape, the 
form being given by applying the pressure at tin 
])roper points. It is possible to give by spinning not 
only ]4ain ridges and grooves, but ornamental 
jiatterns, .such as inillod, beaded, and spiral edges, 
such forms being attainable by the use of pressing 
rollers and formers carrying the particular pattern it 
is desired to impress upon the work. For spinning 
work, the result dcyx^nds upon the high speed at which 
the work is made to revolve. The oyicration we 
have described utilises burnishing or friction rollers 
attached to the slide-rest. This is tho modern prac- 
tice, and is the best for cheap work where thousands 
of one article are being made, but for some work, 
other than brass, such as spun Sheffield ware, it 
is common to use burnishers, held by Imnd and 
pressed against tho work without mechanical aid 
other than the strength of the workman. 


Continued 
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By HARRY H. HAVART 


The Gardener's Tools. The most, im- 
portant garden tool is, of course, the spado [4J, 
which is an implement perfectly distinct from 
the shovel, although the names arc often inter- 
changed, and one tool used for the purpose of the 
other. The spado is used for digging, and the bottom 
of the blade should be of steel, and the upper part of 
iron, thoroughly welded together. Young gardeners 
often suffer pain, when digging, from the pressure 
of the foot on the tread, or shoulder, of the spade. 
This ran bo obviated by using a little contri- 
vanee called a “ digging shoe,” a sort of anklet of 
leather which buckles over the middle of the foot, 
so that there is a good layer of leather acting as 
a protector where the foot presses on the spade. 
Spades are made in four sizes — 1, 2, 3, and 4, of 
which No. 3 is probably the most useful implement. 

The Shovel, Fork and Rake- The shovel 
[6 1 is used for shifting loose soil, clearing trenches, 
handling manure, and similar purjmses. Its blade 
is broader than that of the spade, and it is usually 
])oinled, so that it can be pushed into piles of loose 
earth more readily than the spade. A shovel with 
a long handle is the best, as this 
obviates the necessity for stooping. 

The garden fork is a most use- 
ful, though somewhat neglected 
implement. Much of the work of 
breaking up ground, which is at 
])resent done with the spade, could 
lie done far less laboriously with 
the fork. A four-pronged fork is 
the most useful, though some are 
made with three, and some with five 
l>rongs. The fork is particularly 
useful in stirring the surface soil 
between plants, to aerate it. Short- 
handled forks are handy imple- 
ments for taking up small roots, transplanting, or 
weeding, being, for this purpose, generally handier 
than the trowel. 

The rake is not so m\ieh used as formerly, oxce]»t 
the vooden variety, which is used for removing 
<lead leaves from lawns, and other similar purposes. 
Tliere ij- a variety of rake, however, called the 
‘‘ daisy rake.” This has short teeth very close to- 
gether. 1 1 is used to drag over lawns, to pnll off the 
heads of daisies, dandelions, and other lawn weeds. 

Lawn Mowers and Other Tools- Lawn 
mowers vary a good deal in detail, but most of the 
heat makes are so equal in merit that there is little to 
choose between them. It is well to consider the area 
of the grass to be mown in selecting a lawn mower 
as far as size is concerned. A largo lawn mower 
on a small lawn means expenditure of unnecessary 
labour, and the same remark applies to the opY)osite 
f’ondition — a small mower on a large lawn. The chief 
thing to be observed is to keep the eutt;ers properly 
sharpened, as an attempt to mow a lawn with blunt 
waste of time. The edges of grass 
'^'"hich the mower cannot well reach must be cut by 
moans of shears, which are made with both straight 
‘md curved handles. 


The ])runing knife has been almost superseded by 
the secateur 18]. This iustrument is really a sort of 
miniature shears, and, in the hands of an inex- 
perienced gardener, is certainly a much hotter 
implement than a i)nining knife as it makes a 
cleaner cut, and theia^ is less danger of cutting aw'ay 
too much wdth it. 

The trow'cl [7 ) is an indis])ensable little implement 
for trans])lanting cuttings and small plants. First 
of all the liolc to receive flic plant should be made, 
and then the trowel sliould be used to scoop arountl 
the root of the plant, and lift it out bodily, when 
it can be carried on the trowel and placed in the liole 
j)re])are<l for it. A bulb-j)lanter [5] is particularly 
useful for planting bulbs in 1 nvns. 

Other gardener’s tools include the w'a1ering-])ot, 
w'heelhaiTOW% saw% and hammer, the uses for w'hieh 
are obvious. 

The Little Back Garden. The poor little 
sq\iare ]>atch which is known to the towm dweller 
as the back garden is the most handieap])ecl piece 
of soil in the world. It is situated so that sur- 
rounding walls and sides of houses either cut off air, 
light and sun from it altogether, 
or else admit the blinding glare of 
the sun's rays to scorch the ground 
U)), wliile effectually screening any 
refreshing breezes. Further, the 
prevalonee of smoke chokes up the 
pores in the stems and lenV'CS of 
the plants, and ]>reveiits them from 
breathing, wliih^ the elaborate 
systems of draiiiagi^ with wdiieh all 
towns and cities are replete, act 
indirectly upon the gardens by 
drawing away the moisture from 
the subsoil. Without this mois- 
ture in hot weather the roots of 
plants can never be hcaltliy, and success in culti- 
vation becomes more difficult. 

Laying out the Small Garden. These 
little back gardens are usually square, and wdiere 
any attem])ts at gardening arc made they generally 
take the form of a narrow border running all the 
w'ay round, while the remaining space is devoted to 
turf, with, perhaps, a circular bed in the centre. 

The one ])oint in favour of this ]>lan is its sim- 
plicity, hut it has the effect of making a garden 
look iiard and formal. A more ])icturesqiie w^ay 
of laying out a small garden is to make the border 
of an irregular width, curving it in and out 
as fancy (lircets, easily and gracefully, though 
never in such a complicated manner «s to a})pear 
grotesque. 

The centre of the garden can either be laid out 
simply as grass (the best method w'hcre there are 
children, as it gives them just a few yards to ])lay in), 
or it may be broken u]i by arranging for the ]»lanting 
of one or two dowering shrubs, or by the introduction 
of a bed or beds as may be desired. A very interest- 
ing and easily-attained feature of a town garden is 
a small bed treated a,s a rock garden, particulars of 
w'hich ar'' given later. 
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Trees and Flowers in Town Gardens. 

I^irgc tree.s arc a mistake in a very .small city garden. 
Although it secina a pity to advocate the cutting 
down of even one 1 rec, there can be no doubt that 
their pre.sencc in n tiny back garden is a grave 
menace to the health of the inhabitants of the 
house, and also militates against suecess in growing 
]>lants, owing to the terrible drain it i.s upon the 
nourishing elements in the soil. The same remark 
applies, to a certain extent, to laurels and privets, 
which form the lazy man’s garden. 

The names and habits of many flowers and plants 
suitable for city culture will be found in future 
page.s, but for general use it may be mentioned 
that the two most useful climbers for hiding walls 
and fences that face the east or north are the Vir- 
ginian creeper and Kaegner’s, or a variegated ivy. 
Variegated ivies like poor soil; it brings out the 
variegations better. For sunny sittiations, purple 
and white elematises, Veiteh’s ampelopsis [11 J, or 
vino, Canary croe])er. Japanese hop, and yellow, 
winter-flowering jasmine arc the best. Of shrubs, 
the best are the mor k orange, aucuba, flowering 
currant, variegated euonyinus, rhododendrons, and 
Syrian liibisciis. 

"These may be put in when the laying out of the 
garden is first begun. If put 
in in the autumn, a handful 
of straw laid round the bottom 
of the stem will prevent the 
frost from getting at the roots. 

Window-boxes. Every 
window, whatever its aspect, 
can have a box upon its sill 
in which flowers will grow [11]. 

Such boxes, with tiles or or- 
namental fronts, arc to be 
bought, but there i.s an ea.sy 
way of making them. IMcasun' 
the window-sill, and make a 
box to fit it, about 9 in. deep. 

Cet a piece of clay and daub 
it, putty- wise, along all the 
Join.s and corners, so as to make 
it watertight. To each bottom 
corner nail a strip or block of 
wood about I in. in dev>th, .so 
as to prevent tl)e box from 
standing close on the window- 
sill. In the middle of flio 
bottom of the box bore three or four sinall holc.s, 
about a couple of inches apjirt from each other 
to allow superfluous moisture to drain away. 

Then j)aint the outside only of the bo.x a. 
dark green or brown. Fill tlic box to about one- 
third its depth witli bits of broken flower-])ots, 
china, brick, stone, or any similar material, to form 
drainage, and then fill it up with earth which has 
been carefiill}' picked over, or sifted, to get rid 
of all big stono.s, and well mix with silver .sand. 
The window-box need not be a thing of beauty in 
the summer-time only. When gardening opera 
tions begin in the autumn, some dwarf conifers 
should Ikj put in to keep the boxes bright during 
the winter, and at the same time bulks must be 
planted to keep them gay from Marcli till J ime, by 
which time the spring-souix plants will be bursting 
into bloom. 

One of the most important points in connection 
with window-box gardening is that the plants should 
have sufficient water in the w' in ter time. It is just 
the season when plaut.s fully exposed in the open air 
are being soaked by wet and snow, so that if the 
window-Dox is in a sheltered position it should be 
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watered, if not as frequently as in the summer 
time, at least twice a week. 

Trees and Shrubs for the Town. It i.s 

im]x>ssible to expect a good garden if the trees and 
shrubs which it contains are either of the wrong 
sorts, or are wrongly jdanted. 

Of the trees most suitable for planting in 
town gardens, the following is the beat selection : 
Sycamore, common almond, plane, poplar, common 
elder, horse che.stnut, American cherry, ailantus 
glanduloHus, and most of the hollie.s, which, although 
of slow growth, will more than repay the care 
bestowed upon them within a few years after 
planting. The same remark applies to the euony- 
miiscs, of which the variegated sorts are preferable, 
their foliage being brighter and more pleasi ng. 

Many of the privet hedges now to be found in 
siirburban gardens might, witli advantage, bo re- 
placed by box, which, although of slow growth, is 
neater in apiiearance, and readily kept in liand. An 
excellent, thoiigli much neglected, tree for a 
suburban garden, cs]iecially where there is anything 
in the sha])e of a law n, is the black mulberry {Moru.s 
nigra). Not only does it thrive under the most 
unfavourable conditions, but yields a generous 
.siqiply of delicious fruit in the autumn. It is for this 
reason that it must be grown 
in grass, as otlierw'iso the fruit, 
which should not be gatlien'd. 
but allow'ed to drop, will be 
injured when it falls to the 
ground. I’he presence of the 
turf jirevents it from getting 
da magod. 

The best evergreen shrub for 
town planting is undoubtedly 
the rhododendron j9]; until 
lately it was thought to bo not 
quite hardy, but oy means of 
hybridisation many kinds, 
embracing all colours, are pro- 
curable. The old-faahion('(l 
ponticum rhododendron is now 
usually relegated to coiintr}- 
sidc coverts. 

Trees and Shrubs for 
General Planting. Titos 
and shrubs which may be used 
for general purposes in gardens 
throughout the country em- 
brace some thousands of .species. ^lany of thesis 
w ill thrive only in the sheltered gardens of the South 
:iTid West of England, and it is u.seless to altem])f 
to grow’ them in other districts. They are divided 
into two cla.sses, one know’U as deciduous, or summer 
leafing, and the other ns evergreen. The lattei- 
class is green all the year round, while, during the 
winter months, the deciduous kinds have nothing 
but bare stems to show. At the same time, the 
most brilliant displa 3 ’s of bloom are usually to be 
found on the summer-leafing shrubs and trees. 

A list of the most useful evergreen trees and 
shrubs includes the following : Andromeda, arbutus, 
lucuba, berberis, oerasus, "ehoisya ternata, cistus, 
cotoheaster microphydla, daphne, ela;agnus, erica, 
escallonia, euonymus japonicus, gaiTya elliptica, 
hedera, ilex, kalmia, laurus nobilis, olaria haasti, 
quercus ilex, rhododendron, skimmia, ulex europa?us 
veronica, vinca major and vinca minor, and 
yncca gloriosa. 

The following are among the best of the summer 
leafing sort : Acer, aesculiis, ailantus glandulo.sus, 
alnus, amelanchier, ainygdalus, aralia spinosa, 
azalea, berberis, betula, buddlea globosa, calycanthus 
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Hol iclus, carya, ciital])a bignonioides, ccraaus, corylus 
avellana, cotoncaster, orata?g\is, cyliaua, daphne 
inezercum, dontzia, ola^gnua angnatofolia, fagna, 
forsythia, >axinns, genista, liamameljs, hibiscus, 
hydrangea, jiiglans regia, kerria japonica, laburnum, 
liquidambar, lirlodendron tulipifcra, magnolia, 
luorus, persica vuigaris, philadelphus, platanus 
oriental is, populus, primus, pyrua, quercua, rhus, 
ribcs, aalisburia adiantifolia, aa1ix,sambucus, apinea, 
syringa, taiuarix galliea, tilia, ulmus, viburnum, 
and wcigela. 

How to Plant Trees. Upon the proper 
planting of trees at the outset their future welfare 
depends. U is not sufficient merely k> dig a hole 
in the ground, cram tlie roots of the tree or sliriib 
into it, throw back the soil, and make the whole 
thing tirm by stamping upon the base of the stem 
with an iron-shod boot-licel. 

In pre])ariiig a liole for the reee])tion of a free or 
shrub, it is best to dig it wide and shallow', rat her 
tlian narrow and deep. The roots should be examined 
carefully before planting, and any that are broken or 
injured cut aw'ay with the pruning knife, or seea* 
tenr. Ttic roots should be well spread out in the 
hole, and the soil gently but firmly pressed in. 
Should the weather he dry, the young plants should 
Iiave a liberal dose of water as soon as they arc put 
in the ground. Trees or shrubs that are planted 
on hillsides, or in other 0 ])en situations, where they 
are likely to be exposed to the full force of Ibe 
w iiid, should be supported by means of stakes driven 
firmly into the ground, to which they should bo 
faslened, the stakes being left in for two seasons. 

The Time for Planting. Trees and 
shrubs may be planted with safety at any time 
between the late aiitumn and early spring, say 
from November to March. The bulk of planting 
is usually done in the autumn, as at this time 
work is slacker in the majority of gardens tiiaii it 
is after the turn of the year. In town gardens, 
however, and others in which the soil is of a poor 
(piality, advantage is often to be derived by defer- 
ling the planting till the spring. The reason for 
this is that the roots have the whole of the summer 
in W'hieli to get established before being called 
ui)on to undergo the rigours of a winter. 

J’lanting should never take place in wet weather, 
or when the ground is sodden with moisture, as 
shrubs and trees ]dantod under these conditions 
arc more likely to rot than thrive. It is also 
useless to attempt planting when the ground is 
frozen hard, for not only is digging then almost 
an impossibility, but the soil cannot be properly 
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re]>laced, and frost will percolate to the roots tlirough 
the ercviccs left, and kill the plants. When, of 
necessity, planting must be done in frosty weather, 
it is w'elJ to cover the surface of the ground round 
the bases of llie stems with a layer of straw', littei*, 
or other mulch, to afford protection from frost. 

Transplanting Large Trees- To trans- 
plant a large tree, if is first necessary to expose 
its roots. This is bo.sf done by loosening the 
soil around the base of tlie tree, preferably with a 
fork, for a distance wdiich corresponds to a H])read 
of two- thirds of the distance covered by the branches 
above. The soil should be carefully cleared away 
with shovels, care being taken not to injure the 
roots, w})ich should bo lifted up out of harm’s w’ay 
as exposed. When the soil undernoatli the tree 
has l>cen well tunnelled, a shallow trolley should be 
run underneath and the tree carefully levered on 
to it, being held in ])osition by ])ro])s consisting of 
young larch poles, and secured with ropes. If the 
roots are not wide spreading, it is well to lift the 
tree with As large a ball of soil attached as ])Ossil)le, 
as this not only ])rcvents damage, but hel])s the 
tree to more quickly establisli itself in iU new' 
surround ing.s. It is inqmrtant that a transplanted 
tree should have the same aspect as it did originally : 
hence before moving it is usual to mark one side 
of the tree with a dab of wdiitewash. 

Making Woods and Shrubberies. The 
trees most generally enqdoyed in the making of 
woods are the tir, pine, beech, birch, oak, larch and, 
to a smaller extent, the elm. This latter tree has 
fallen into considerable disrepute, espetually 
for belts, or avenues, overhanging roadway 
or path, wliere it is often a considerable 
source of danger. Tins is owing to the 
fact tliat for some reason unknown up to 
the present, branches api)arently sound, 
often weighing many hundredweight, arc 
liable to break off suddenly and fall to the 
ground without warning. 

Oak ]>laiita lions are, in the. fulness of 
time, the most profitable of any, but the 
reason that. so little young oak is laid dowui 
at the present day is that it is of very slow 
growth, and few landowners are pre[)arefl 
to lock up the capital entailed in the es- 
tablishment and maintenance of oak wo-eds, 
The system which has been found to 
answer be.st in making a plantation is to 
employ nursery grow'ii plants from two to 
three years old. These are inexpensive, 
ranging in price from about 5s. per tliou-sand 
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for the chcrt{)cr 80 its of firs up to IU)s. per 
thouHuiid for onk and the other choicer varieties. 
Opinions differ as to the best distance apart at 
which to plant these young trees, but a good all- 
round rule is to allow a space of 5 ft every way 
between them. It is usual to “ nurse ” trees of 
slower growth, such as oak, by planting a c{uick- 
growing timber, such as larch, between them. 
By the time the oak is sturdy enough to take care 
of itself, the larch may Ik? thinned out and cut down, 
if it is not desired to retain it. 

Some of the tenderer growing firs are often 
“ nursed ” in a similar manner, but there is a 
simpler way in dealing with this variety of tree. 
This is to sow the ground, when planting the 
young firs, with seed of the common gorso. which, 
being a very rampant grower, speedily affords all 
the protection needed. Care must be taken not 
to let it go too far, however, or the gorse may 
choke a large iinmlxM* of the young conifers. JMany 
firs hav^o a tendency to develop what are called 
side breaks. These are shoots which appear near 
the top of the tree, so that instead of tapering away 
gracefully to a point, as it should do, the centre 
stem breaks away in three or four directions, not 
only destroying its symmetry, but greatly lc.ssening 
its commercial value. These side breaks should fu* 
(uit off in the early stages of growth. 

Where not to Plant Trees. IVIuehcan* 
must bo exercised as to the ])osition in which young 
trees are planted, 'riic gar- 
dener who fails to look far 
enough ahead is a])t to ]»lace 
them whe.ic, although they are 
very pretty and effective for 
the time being, they will be 
the source of great trouble, say, 
fifty years hence. Trees shoukl 
never bo planted (piite close to 
a house. First of all there is a 
danger that the roots may 
spread sufficiently to injure the 
foundations of the building; 

.secondly, if the liouse bo a 
low one, there is risk of damage from the 
dripping of the rain upon the structure as it 
falls from the leaves and branches ; and, thirdly, 
the presence of big trees near a house interrupls 
the free circulation of air, and consequently makes 
the place damp and unhealthy. 

It is not wise, either, to plant a tree quite close 
to the edge of a path, for, as it grows older, it will 
be found necessary either to alter the course of 
the path or remove the tree. 

Making Hedges. A living horlgc is always 
better than a dead wall, and wherever they can be 
used in gardens in the ])laec of dividing lines of 
wood or brick, hedges should certainly be }»lanted. 
Unfortunately, ]>raetieally all the trees whieli 
go to form good hedges are of slow grow’tli, 
and take a good many years to form a substantial 
barrier. The quickest growing of all hedge plants 
is the ])rivet, and this is probably why it is seen so 
much in every little suburban front garden. At 
its best it forms but a straggly barrier, and where, 
owing to cirenmstanees, it cannot be dispensed 
with, its ugliness may be redeemed by em- 
ploying one of the variegated sorts. Plants 
about a foot in height should be used, and they 
should be put in in the autumn or spring, at a 
distance of about 9 in. apart, or closer to form a 
thick hedge. 

The best hedge of all is the holly hedge, but 
this is one of the slowest to attain respectable 
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dimensions. Plants 2 ft. in height are the best 
to begin with, planted from 1 ft, to 2 ft. apart, 
according to their size. They should not be trimmed 
for at least two years after planting. An old holly 
hedge forms a barrier that nothing can get through, 
especially if it be clipped regularly. 

The ordinary hawthorn hedge requires ])ractically 
the same treatment as the jaivet, though, if it is 
not cut back within a year or two after planting, 
it is apt to get very “ leggy,” the lower part being 
nothing but a collection of stems. 

A yew lictlge is probably, next to the holly, the 
densest and most compact, ])rovided it is clipi)ed 
regularly in the early S])ring, before the young 
growth commences [ 10]. It should, however, only 
be used inside a garden, and not to form a boundary 
by a road or field, or any other place where horses or 
cattle will be likely to get at it, on account of its 
])oiKoiious natui*c. 

A Hedge of Sweetbriar. One of the 

most charming garden hedges may be formed by 
the employment of sweetbriar. Though this is 
very little used generally, it makes the most fra- 
grant of all hedges, and deserves to bo mueli 
more widely known than it is for this ])urpose. 
It can l)C planted at any time when the roses arc 
being ]»Iantcd, and can always be clipi>ed into a neat, 
compact hedge. This is ((iiitc hardy and simple for 
town use, and is full of ]>erfiimc during the summer 
months, ill direct contrast to the privet, which, at 
this lime of the year, bears 
' evil-smelling flowers of a dirty 
white colour. 

Near the seaside the euony- 
imis makes a splendid hedge. 
Particularly is this the case on 
the South Coast, most of the* 
favourite Susse.x watering - 
])lace.s having oxcellcnt ex- 
amples of what can be done 
with this plant for hedge- 
making. The tamarisk and tlic 
sea l)uck thorn are also useful 
in these situations. 

During the early years of a hedge’s life, it is 
ncce.ssary to watch the young plants very closely, 
and remove all dying or weakly specimens, other- 
wise, when the hedge attains maturity, gaps whcr(‘ 
weakly ])lants have been will bo disclosed. 

In clip])ing hedges, no matter of what composed, 
they should be cut wedge-shaped, to a certain 
extent, the narrowest part being at the to}). In 
this way the lower ])ortions are not overshadowed, 
and thick growth at the base is encouraged. 

Walks and Lawns. The making of walks 
and lawns, and the preparation of formal beds for 
the latter, are branches of gardening which have to 
be carried on in such near relation to each other 
that they should be studied simultaneously. 

Most gardens have too many walks. In publn- 
parks, certainly, a large number of paths is 
necessary, because it is only by providing thi*- 
sort of accommodation for them that a crowil 
of sightseers can be kept within bounds. No such 
precaution is necessary, how^ever, in a private 
garden, where the majority of the walks should b(‘ 
grass ones, prepared and looked after in the manner 
recommended for lawns. It is impossible to Iftv 
down a hard and fast rule as to where a gravel pato 
should be put, as conditions differ in practically 
every garden of decent size. The carriage drive. 
of course, must be gravel, so must the main wai v 
to the kitchen garden, the one to the glasshouses, 
and others which are being tramped over every 
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minute of the day. economy, both of time 
and labour, is effected by making most of the others 
grass walks. 

Unless the exigencies of space compel, it is better 
never to make a gravel walk a perfectly straight one. 
Such a path, running hard and uncompromisingly 
out in the perspective, is rarely pleasing sight, 
even if fringed by the choicest flowers. At the 
same time it is absurd to make a path wriggle all 
over a garden for the mere sake of doing so. 

Nowhere in the world are such lovely lawns to be 
found as in our own gardens, and few things are 
more refreshing to the eye, or more beautiful, than 
an exiianse of smooth, unbroken turf. This fact 
should be borne in mind when laying out a garden, 
and care should be taken to keep all beds near the 
edge of a lawn, and not to go dotting them at 
regular intervals all over the turf just for the sake 
of symmetry. Sueh a garden is sure to be hard 
and unnatural. 

How to Make Walks* The first ste]) in the 
making of a walk or ])ath is to map out exactly where 
it is to go. In the ease of a large garden, a ]dan 
must be pre])ared on pa per first, otherwise confusion 
will invariably result ; but with a small garden this 
is not necessary. Then the course of the ])ath 
must be traced out on the ground by means of 
eords, to which, at intervals, small pegs are attached. 
These strings and cords arc one of the gardener’s 
most important tools in the early work on the 
ground, as they serve to outline every bed and 
border, and determine tlie width and direction of 
every path. 

When these points are salisfaotorily settled, the 
soil, to the depth of about 1 ft., should })e dug out 
all along the course of the proposed ]>ath, and 
carted away. Needless to say, it will be much 
appreciated elsewhere. At the bottom of the trench 
thus made a layer of broken bricks and large 
stones should be distributed in as level a fashion as 
possible, to the depth of 0 in. or 7 in., for the pur])osc 
of drainage. These sliould be well crammed down, 
and covered with 2 in. or ,‘1 in. of coarse gravH, 
which must be well rolled in. Upon the top of this 
tlie final layer of fine gravel rests, to the depth of 
- in. or .‘1 in. In building np the patli the surface 
■‘should be made a little higher at the middle than 
at the sides |12]. 

If available, a layer of pieces of broken .slate, 
about 2 in. in thickness, should be placed betvvccui 
Ibe broken brick layer and that of coarse gravel, 
as worms cannot penetrate this material, and 
unsightly worm-casts are j)revented. Much rolling 
IS necess.iry when a path is first made, as otherwise 
the tep layer will never become hard and firm. 

W hen once a walk or path is made, there is always 
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the task of keeping it free fiom weeds to be con- 
sidered. By far the most efiicaeious way is, of 
course, to pull up the weeds by the roots as fast as 
they make their ap])earance. There are many 
chemical weed-killers on the market, but they 
require very careful handling, as not only do tliey 
kill weeds, but everything else with whieli they 
come in contact. A dressing of S{dt is a pretty 
effeetive weed-killer, and an a])plication of boiling 
water serves a siniilar purpose. 

A stone path is a good path if properly constmeted, 
and is alwa^'s practically dry. In constructing siudi 
a walk, proceed as indicated for gravel walks, until 
the layer of coarse gravel is laid and rolled. tT])ou 
thi.q should be laid just an inch or so of soil, and in 
this, embedded roughly, shaped pieces of fiat sand- 
stone, in fhe form of an irregular mosaic. Old 
])aving-stones, such as may ])C procured from any 
contractor’s yard, and broken up with a sledjje 
hammer into pieces of any size from (i in. to 2 ft. 
acro.ss, are excellent material for the purpose*. A.s 
these are embedded, a little soil should he j.»res.scfl 
into the chinks bet ween each piece, and in these* 
erliinks stonecrops and mosses may be plante'el. 
1’hese will quickly e.st.iblish themselves, and form 
a very j»leasant walk in the course of a season 
e)r so. 8ue’li stone walks are, as yet, compara- 
tively rarely met with, but their many advantages 
over the gravel walk, and their pieturesepu* 
ai)pearance, are gradually bringing lliem into 
favour. 

The Making of a Lawn. There art* two 
ways of making a lawn— by turfing and by .seed. 
In jtlaees whiu'e, in forming the garelcn, ge.>od turf 
has been cut off and stored from parts of the gi-ound 
wdien levelling is going on, it may well be re])laced ; 
but where an entirely new lawn has to be made 
it is better to employ grass seed thfui to 
purchase turf and lay it. 

Before sowing, an oj)(*ration which is best 
carried out in tlie st)ringtimc, tlu* ground 
should be well dug over with a s})ade. all 
lumps being broken up with a garden fork, 
and afterwards gone over with a rake, to 
ensure that the surface* soil is nice and line, 
and, moreover, free from stones. Then go 
over it with the roller, being careful. cs]m‘. 
cially in the ease of a tenuis lawn, to see 
that it is quite level. 

As soon as the surface is nice and 
smooth, it is ready to receive the seed. 
Tlie regulation quantity of seed, as recom- 
mended by all the leading authorities, is 
1 11). of seed to every !(> sq. yd. In other 
words, a bushel of grass seed will sow 
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nn area of 400 sq. yd. Two apparently trivial but 
really important point.s mnat be observed when 
sowing a lawn. There must be no wind, and tho 
sower must not wear high-heeled boots. Grass seed 
is very light, and even a moderate breeze w'onld 
blow it into uneven patches as it leaves tho sower’s 
hand, while high heels would dig into the ground, 
in its unsettled state, and disturb the level. A pair 
of cheap canvas shoes with indiarubber soles and 
no heels arc tho best footwear for this work. 

When the seed is sown it should be covered by 
just the slightest covering of loam or sand, and 
rolled lightly. If the soil be a heavy clay, the cover- 
ing of sand will be the best, while if tlie soil is in 
itself a light one, it will benefit more by tho sprink- 
ling of loam. This must in turn ho rolled, but 
lightly, otherwise the delicate little blades of grass 
might find difficulty in forcing their way to the 
surface. Where there is any danger of the .seed 
being attacked by birds, black threads should be 
stretched at intervals across the ground, 2 in. or 
3 in. above the surface. 

The new luwn should not be rolled or swept until 
tho grass is 2 in. or more in height, when it may bt? 
rolled lightly and swept gently. A lawn mower 
should never be used to a new lawn, as it is a))t to 
tear the lender young grass 
up by the roots. The scythe 
is the proper implement to 
(Miiploy for this puryiose. This 
operation should bo carried 
out early in tho morning, 
when the dew is on the grass, 
a.s tho scythe works be.st 
at these times. Tho mowing 
luaclune, which may be used 
when tho summer comes and 
tho grass has got well estab 
lished, works best when the 
ground is dry, and may tlicro- 
forc be employed at midday. 

To ensure a good velvety turf, 
a lawm should bo wtU mowed 15 . \ pink-flow 
and rolled at least once a week, {Nympt 

.Daisie.s, dandelions, and other 
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site, and then cross it with two diagonal strings. 
Where these strings meet is the centre of the bed. 
Place a peg there, with a string attached, and, just 
at the point whore the string touches the side of 
tho square tic an old knife, steel point, edging tool, 
or anything tliat will cut the turf. Then, hy 
dragging this round the ground, a perfectly circular 
cut will be made. 

Plants for Carpet*bedding. The soil for 
a carpet- bed should be broken up fine, or sifted, 
for preference, and a little sand mixed with it, 
unless the soil is already sandy itself. Before, 
however, th(3 W'ork can be proceeded with any 
further it U necessary to prepare the plants which 
arc to fill the car])et beds. These are a class by 
themselves, and their culture is of the simplesi. 
The pyrethriims, wdiicli give gold, pale green, grey, 
and yellow tints, arc grown from seed, wliich must 
be sown in a greenhouse, with heat, in early spring, 
in boxes of sandj^ soil, and will be ready for putting 
out in tho bed in May, which is quite soon enough, 
in order to escape the ])ossibility of a touch of late 
frost. Red and blue lobelia are treated in a 
similar manner. 

Altcrnantheras are another imimrtaiit family for 
carpet beds, and their colours range from yellow to 
red, but cuttings of these must 
be purchased in the first 
instance as seed is not roa<liIy 
procurable. These cuttings must 
be put into sandy soil, and 
rooted on a hotbed. A hotbed 
is made in a frame, or frames, 
in the garden, and consists of a 
layer of about 18 in. of manure, 
covered with a good layer of 
soil. Tho decomposition of th<^ 
manure induces heat, and this 
heat causes the cuttings to tak(‘ 
root and thrive. As tiie spring 
progresses, the glass top of th(‘ 
frame should be raised during 
lN(t WATEK-LILY day to allow the young 

, rosea) plants to gradually harden off. 

Other prominent caqiet-bed- 


w'cctls should be rooted up without mercy by ding plants arc iresincs, aiitciinarias, slonecrops, 
the instrument laiowm as a daisy fork. and Hcrniaria glabra, while the familiar rosette 


Carpet-beds on Lawns. A carpet -bed is 
a bed formal In outline, and also in tlic nature of 
its contents, which arc composed of dw%arf plants of 
n similar height, arranged in a set pattern, somo- 
fiuic.s to form a word or motto, or rise according to 
a geometrical j)lan, so that they resemble a part of 
a j)attern or a carpet. Car|X*t-bed.s are not by any 
means the only sort of beds that can lx* made on 
lawns [O]: but as lawns are the only place for 
them, and their preparation is really part of tho 
garden design, it is best to deal with them hero. 

Many gardeners maintain that to arrange plants 
in such a formal way is an outrage upon Nature, 
and ought to be tabooed ; w hile, on the other hand, 
there are many gardens in the kingdom wffiere 
carpet-lxdding is carried to excess, and tho only 
effect is a hard and ugly one. 

Tho be.st way is to strike an intermediate line, 
and have a little earixt-bedding. if it bo de.sired, 
near the house, whence tlie bedding can gradually 
get less and less formal, until it mergc.s into the 
wild garden. 

Before making a carpet-bed, the design should 
bo drawn out on pajxr, and marked w ith the names 
of the plants it is proposed to use in each section to 
give the varying colours. If the bed is to be 
circular, it is usual to peg out a square on the 


shaped plant often seen round the edges of cai‘i)ef. 
beds is known as Kcheveria sccunda. 

When the plants are ready for putting out, th<‘ 
pattern of the bed mu.st be carefully mapped out on 
its surface in .silver sand, and the yoimg plants ]Mif 
in, about 2 in. apart, with great accuracy, com- 
mencing at the centre and racliating outwards. 

A carpet bed, carefully prepared, will last on 
into the autumn until the early frosts spoil it. H 
should then be cleared, and, in order to avoid ugl> 
brown beds during winter, they should be planted 
with dwarf evergreens and bulbs of snowdroji. 
crocus, and early-flowering daffodils, the culture of 
which will bo dealt with elsewhere. 

The Rock Garden. Rock gardens, as a I 
present constructed, arc, generally sjicaking. 
capable of a great deal of improvement, and in 
preparing one its true purpose should not be lo>i 
sight of. This purpose is, in the main, to enable 
the choicest Alpine and other mountainous plaiil^ 
to be grown in this country under as natural 
conditions as possible. Therefore the piling up ol 
masses of rock and stone with no thought for fin- 
needs of the plants that are to adorn them i.s noi 
at all likely to produce satisfactory results. Worst 
of all, perhaps, are the masses of burnt brick whiek 
are found in many gardens, tossed about in hca^n 
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and croAvned with a few hardy ferns, which would 
probably thrive over so much better if planted in 
the garden in the ordinary way. 

The spring is the best time of the year in which 
to commence making a rock garden, and a sunny 
position in the garden is the best spot at which to 
construct it. It may be of any size, but should \m 
irregular in sliape, though there is no need to go out 
of the way to make it curious in this resy>eet. If 
the soil is not good and deep at llie sy)ot wlicro 
it is proposed to construct the rock garden, the 
ground must bo dug out to the depth of IH in. 
or more, and a good mixture of jXiat, loam, and 
sand put in its place. This bed of soil should bo 
laised well above the level of the surrounding 
ground, or a picturesque effect will not be obtained. 
The so-callcd rocks may be pieces of any kind of 
stono which is coniuion to the district. In fact, 
in towns, many effoc- 
tivo little rock- beds 
can bo built up by 
oiii])loying pieces of 
ordinary sandstone 
pavement, broken up 
into irregular shapes. 

Sufficient for the pur- 
pose can generally ho 
l>i‘ocurcd at a nominal 
price at any builder’s 
yard. 

H’he whole secret of 
siiecessful rock gar- 
(l(‘ning is this: Plants 
F5ui table for growing 
imder theso condi- 
tions require full ex- 
posure to the sun, 
though at the same 
time they must have 
])1i‘tity of moisture at 
the roots. Hence the 
real use of the rocks 
is to act ns a shield 
and prevent the 
evaporation of the 
uioi.sturo so essential 
for the well-being of 
the plants. 

Tlvere are sojuo 
shade - loving rock 
l»lants, but tliey nro 
eomparativoly few in 
number com pare (I 
)vilh the others. It 
Is im])ossible to lay 
down any hard and fast rule ns to how ]>ieees of 
rook should be arranged in every garden — so much 
depends upon position and surroundings in each 
lustance. Individual taste must bo brought to 
oear upon tho matter, taking care to avoid all 
trace of formality and “building” fl6J. Hoek 
t^ardens should never be made near trees, as their 
''hade destroys the very object with which it was 
•^■oustructed. 

When first constructing a rock garden it is best 
pvit a few yjieees of rock in the most prominent 
I'ositions, and then insert tho plants, gradually 
‘‘•abedding the minor pieces of roek in the soil as 
planting goes on. In this way not only is a 
aiore natural aspect assured, but tho plants are 
•core securely rooted than they would be if tb(5 
•OCRs were arranged methodically at first, and the 
P ants tucked in between the crevices afterwards, 
or more members of the following families 
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go far to make up a representative collection for 
iho sunny part of the rock garden : A Ip 'no hare- 
bell, orchis, Alpine anemone, stonecrop, allium, 
androsaco, antennaria, arnebia, armeria, chiono- 
doxa, eoleliieum, daphne, Alpine i)ink, sea-hollv, 
dog’s-tooth violet, geum, iris, leucojum, lithospeV- 
innin, muscari, pentsteinon, .lacob’s-ladder, potcii- 
tilla, primula, saxifrage, seinpervivum, stern berga, 
trilliiim, trollius, foamflower, and viola. Those, 
which thrive best in shady situations are the 
lady’s slip])er (hardy cyrpripcdinm), g(‘ntiau, 

ranunculus, epimcdiiim, liepatica, and iheris. 

Water Gardens. It is quite possible to 

constniet water gardens in places of modest dimen- 
sions ; in fact, tlicre are many instances in which 
water lilies have been siieccssfully grown through 
no more ambitious medium than a. half-barrel sunk 
in tin* ground. 'I'lie orthodo.x method of making .i 
pool in a country 
garden is to dam a 
stream at some eon- 
veniciitspot and form 
a ])oiid of tho over- 
flow. 

W here there is no 
stream at hand, tho 
wa ter must bo brought 
to the spot by pipes, 
unless tl 9 owner is 
satislied with a stag- 
nant j)ool. First of all 
tlu* ])iecc of ground 
Avliich it is proposed 
t(> transform into a 
water garden should 
he dug out to the 
depth of fr. or 4 ft., 
and the soil carted 
away. Tlu^ edge of 
tho hollow thus mado> 
should bo purposely 
left irregular in shape, 
as, if it is cut square 
or circular in foru), 
tlu> elTec^t is formal 
and impli'asaiit. A 
layer of clay about 
ft. in thickne.‘-'» 
should then be s]>read 
over the bottom of the 
basin, and thorougldy 
beaten into the 
ground. This opera- 
tion of beating is most 
im])ortant, as it is to 
render the basin watertight, and if carelessly done 
the water will leak away. On lop of th<i clay a 
layer of good loam from t> in. to t) in. in thickness 
should be sj)read, and tho water may bo let in. 

Water Lilies in the Small Garden. 
Even where the only Avater available is tho half- 
barrel just alluded to, it should ho sunk Avell beloAV 
th<* level of the ground, and the formal edge hroken 
u]) with a few groups of moisture-loving ])laiiis. 
The best ff)rm of barrel to emidoy is a petroleum 
or boor cask, it should ho saAvn in two, and charred 
on the inside so as to remove all traces of oil or 
.-ileohol. It should then be pitched on tho outside, 
after which it is ready to bo plunged into tho ground. 
At the bottom of the barrel ])lace a layer of good 
•stiff clay, and on top of this a few inches of a 
eonqmst of two-thirds good fibrous loam and 
one-third old, Avell-deoayed leaf soil. This shouM 
leave ample room for about I ft. of Avater, Avhich 
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can be poured gently in after the wafer lilief? have 
been planted. 

Planting water lilies in the water garden is 
juerely a question of getting an openwork basket, 
filling it with soil, and inserting the tuber. A 
stone should be tied to the basket to prevent it 
being washed away, if the water has a current. 
Water lilies thrive best when fully exposed to the 
sun, and the best time for planting is during the 
months of A})ril, May, or June. The following 
nympha? aro the best six to plant : Alba, Rosea 
[15], Froebellii, Tjaydekeri, Odorala, and Robinsoni. 
Other flowers wdiieb should l»e planted in the water 
itself arc nufdiar (often mistaken for a water lily), 
the Cape pond-Hower, biiekbean, arrowhead, reed 
mace, arum lily, bullnish, and the water forget- 
me-not. 

As the banks of a water garden are sure to be 
damp and marshy, they shoukl be liberally planted 
with moisture-loving things in the springtime [13 1. 
Among the best of siieh plants are the Japanese iris, 
marsh marigolds, globe llowTrs, several varieties of 
the hardy bamboos, day lilies, American swamp lily, 
royal fern, and several of the arundo, or reed 
family. 

The Wall Garden. The wall garden is 
almost a thing of the past, exee])t in old-established 
])laeea, notably those in tll(^ West of England. 
This is pro »ably dvic to the fact that brick walls 
and wood ri fences have ]»racfically superseded 
stone as boundary lines. 

A good M'all garden is, however, always a charming 
sight, and may. for the sake of illustration, bo called 
a vertical rock garden. The whole system of wall 
gardening consists in planting suitable subjeets 
between the chinks and on the top of stone walls, 
taking care that such chinks have stjflicient soil 
to enable the plants to live. The bost» of all tlu'so 
plants is, naturally, the wallflower itself {('heiran’ 
thus chc.iri)s which is sometimes found self-sown on 
the sides of disused quarries, chalk pits, and in 
other similar situations. It .seems to thrive on 
praetieally nothing, growing almost on the bare 
rock itself. The majority of wall plants are rock- 
garden plants as well, though their number is 
necessarily limited, as most rook plants arc deep- 
rooting subjeets. Varieties of the following arc 
among the mostsuitable : .Alyssum, nrabis, erndium, 
gy])so)>liila, linum, polyi)odiuiii, saxifraga, sedum, 
and semperviviim. 

Climbing Plants. One of (he principal 
features which make or mar a garden are climbers. 
TJiis is particularly notierable in gardens of modern 
formation, which are usually those attached to 
Ugly houses. So few modern-built houses are 
linndsoine in appear’anee that it is a good thing to 
clothe them, as far as possible, with climbing flowers 
and plants. It is not only against the w'alls of 
houses that the climbing plants are l)oth beautiful 
and desirable, but out in the ganlen itself, wJierc 
summer-houses, arbours, covered w'alks (which are 
known as pergolas), walls, fences, old tree stumps, 
and many unsightly objects may improved by 
their use. In many oases, indeed, climbing plants 
may bo allowed to gi*ow over living hedges and up 
tree trunks, though in this last eapaeity they should 
be employed in moderation ; if used to excess, the 
result often gives the impression of careless garden- 
ing. The climbing plants most sought after are, 
naturally, those varieties of the rose wliieh have 


this habit. They will thrive in almost any aspect, 
though, naturally, such good results cannot be 
e.x^iected on a wall facing north as in more 
sheltered situations. In a loamy soil, which 
about 2 ft. deep, how^ever, they would do well, 
even in many town gardens. It is a mistake to 
prune climbing roses too freelj' ; nor should they 
be nailed against the wall at every few inches, as 
if they were undergoing a species of crucifixion, but 
only given such support as is absolutely necessary, 
so that they can make their way upwards as 
naturally and gracefully as possible. This remark 
applies to practically all climbing plants. The best 
of the climbing roses arc: Reds — (Vimson Rambler, 
Chesiint Hybrid, and Waltham Climber. Yellows- 
^larcrhal Niel, Cloire dc Dijon, Bouquet d’Or. White 
— Ainue V'ibert and Nii>hetos. Pink — Climbing \j-.\ 
France and Pink Rover. Apricot — William Allen 
Richardson, Revo d’Or, Madtyiie Berard. 

Clematis and Creepers. Next in import 
ance to the rose ns a. climbing plant is the clematis. 
Most of the varieties are grafted on wild elcmatis. The 
most useful hybrid for general jnirposes is ( lematis 
Jackman i, the? large i^urple flowers of which are so 
often to be seen in town gardens. It has a variety— 
Alba — whose flowers are ecpial in size and number, 
and white in colour. The clematis flourishes well in a 
light soil, and flowers freely from May to July. 

Other spring and sunniier flowering climbers 
inebide tlic^ wistaria, whitt* jasmine, and the honey- 
suckles. while seed of the common elimbing 
nasturtium and canary orcej^er, sown at (he bottom 
of an arch or arbour during the month of April, will 
cover it in a month or two. Being annuals, such 
sowings mnst. of course, be renewed every year. 

For exposed situations there is, of course, 
nothing to e(pial the common ivy, or one of the 
variegated sor(s. This has tlie advantage of being 
evergreen, and is eonsetpiently in evidence all the 
year ronnd. The Virginian rreeyier is noteworlhy 
for ils beauty in nnliimn: but after the leaves fall it 
presents a very untidy appenranee. A much nealer 
climber of this class is Ainy>elo]>sis V'eitchi. 

Winter Flowering Climbers. There 
arc three climbers which arc of inestimable valu<‘, 
ns they flower in tlic winter time. Two of these are 
admirably adapted for town gardens. The best is 
the yellow-flowered jnsmim*. which, though i(s 
sienis arc bare at the time, is covered during the 
most unfavourable months of the y’car with a sliower 
of bright, yellow blossoms of diminutive size, wliirli 
make a brilliant conlrast with the dark-brown 
steins of the yJants and the brick walls. 

Jiie second perfectly hardy wu’nter {timber is tin* 
pyracantha, which it is hardly accurate to de.scribi 
as “ flowering,” as it is its bright orange-red berric'^ 
and rich dark evergreen foliage wiii(;li rendei- it 
valuable during the dark days. It thrives witli 
e<jUHl vigour in any” sort of soil. 

Ill favoured situations the winter-sw^eet {(■hinian- 
mithus frngrnns) may be grown on a south wall. 
Like the jasmine, its flowers arc borne on barr 
stems. It is ]>artieularly sweetly scented, and if tb^‘ 
flowering slioots are cut and flo.atcd in a shallow 
vessel ot w’ater. they will diffuse their fragrance 
fhrough a dwelling-room for many days. No harm 
is done by treating the shoots in tliis way, as nj 
the ordinary course of events they would be pruned 
after flowering. 


Continued 
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POLE AND WIRE WORK 

Group 10 

TELEPHONES 

Erecting Telegraph and Telephone Poles and Running 

5 

the Wires. Insulators. Wire Tables. Ohm-mile Constant 

Coiitiinioi) from 


By D. H. KENNEDY 

Aerial Lines. (U’cat skill and judgment relative advantag«‘s of different routes arc considered 
have to bo brought to hear on the construction of and that one is chosen which combines most of tho 
aerial telegraph and telephone lines. When a following advantages : 

conductor suitahlo from tho point of view of resist- Shortness, so as to redueo the cost ; 

ance and mechanical strength has been chosen. Straight rather tlian tortuous roads ; 

there remains the meehanieal ])roblem of sup])orting Ka.se of access for building and subsequent maiii- 
and insulating the condiiclors at a suitable height tenance ; 

to setuire freedom from interference and with And freedom from difficulties as to wayleaves. 
sufficient strength tp meet the stalie stresses due During the progress of the detailed survey all 
to the weight of t lie materials and the kinetie stress information for the guidance, of the foreman who 

due to wind pressure. will erect the line i.s earofiilly tabulated, positions 

The static stress is greatest at tho pole where the heing chosen for the ])oIes so as to avoid causing 

line begins or ends, usually called the krminnl jjolc. obstruction to tho public and danger from passing 

'riiere it is the sum of tho stresses of the wires; at vehicles. They must also be e.ho.smi so that the 

inhTtnediato poles, where the line is straight, tho win's shall not hang longitudinally over the carriage- 

static stresses duo to the wires on each side may way, and ])oles should 1)0 ])lae('(i so that if the wares 

balance each other, and in this (lasc tho pole, fall, they will fall clear of trallic. Itoad irossings 

togi'ther witli half of the span of wires on each sidti should, as far as possible, l)e avoi<led, and on hilly 

of il, may be considered as analogous to the mast roads tlu' b-'lglits of I be pol.'S are adjusted as far as 

and sail of a ship; tho wind ])resses on the side of ]>ossible, so as to avoid abru]*! diffen'uees in the 

the wares as on the side of the sail, and if tlic polo hnu'l of the w iri's. 

is not sufficiently strong it will snap off at tho Poles. Woorlen poles are most largely used 
1 ottom as <loes many a good mast. For this in this country, but the use of iron poles is gradually 

sim})leHt ease, then, wo need to know' sometlnng inere.tsing, in spite of their heavy cost. Wooden 

about wind j»ressure. ])oles an^ pn'sc'rvcsl from rot by ereosoling; 10 lb. 

Wind Pressure. Wind pressure varies as to 12 lb. of creosote ])(‘r cubin foot is injected 

the square of tlie velocity. A bri.sk w'ind of 20 miles into tlic pole. Doles so treated have very long 

an hour exert.s a pres.sure of 1 ‘OH 11). per s(iuaro foot. lives. They cannot, however, be painted, and 
A very high w’ind of 40 mik's pc'i* hour gives 4*32 lb. wdiere this is required, tlio process of burnetti.sing, 

p<‘r square foot; 70 miles an liour gives over which consists in injecting a solution of chloride 

17 lb. ]KT s(jnare foot; while a hurricane may of zinc into the ]H)1c, i.s used. (Veosoted ])oles 

attain a velocity of 100 miles per hour and a ])re.ssm‘e having lengths u]) to So ft. and diameters up to 

of over 32 Ib. per square foot. Standard practice 20 in. can be obtained. For light lines the poles 

has d(‘eided that lines should bo built to resist ;i an' placed at. 70-yard iritj'i'vals W'heie ]>rovision is 

maximum ])ressnre of 17 lb. per square foot. N<'\t-, made for up to c'ig'it win's, but for ease.s where only 

we must ascertain the dimensions of the resisting one or two wires will be needl'd the ])oleH may he 

surface. As the wdre.s are circular, the effective spaced SO yards a])art. For heavy lines (>t) yards 

•area is taken as tw'o-thirds of the. diameter into the is the usual interval. 

haigtlu A sinijile calculation w'ill, therefore, give Hole Digging;. The hole for tljo poles should 
tho horizontal stre.ss duo to wind pressure. Jhit be dug in the. direction of the wires. As little 

this is at the height of the wires. To tind the ground as possible sliould be disturbed. It should 

moment of pressure at the ground line, we must be ai ranged so that the pole will stand at one end 

miilti[)iy by tho distance bctw'cen tlio centre of tlie and this end shoidd he cut down perpendicularly 

wires and the ground line. Tho re.sult is usually [29]. Fur ordinary lengths 4 ft. to t> ft is tho 

<‘\]»ressed in foot-ewts. This tells us, then, the u.sua) de})th, but tiie ('liaraeter of the soil must bo 

'firess which wdll act upon our pole at the ground t.akeii into consideration. For very long ])ole9 

hue. The engineer is ]>rovided w'ith a table in wdiich S ft. to 10 ft. may be necessary, but this is the 

the breaking stress in ewT.s. for various thicknesses maximum. In very loose soil or running sand it is 

of polos is recorded, and he might now obtain from ^ sometiiiu's neci'ssarv 

<his list the dimensions of a polo which would give a eoncret<‘. /he 

the required strength. Where wooden poles are E | | poles shoiild he set so 

concerned, however, the })ossibility of a ]):irticular bear against the 

^amplc being much below the average has to be ^ st ress of t he wires. In 

borne in mind, and in this case, as in all similar 23. iioLK Fou voi.K returning tlie earth to 

engineering designs, it i.s neee.ssary to introduce a fke hole great earo 

factor which shall make for safety ; and is, indeed, must be taken that the soil is thoroughly [)unnen 

always referred to as the jacior of safety. For in. and on eom])k'tion, the soil of the roadwa,\ 

poles and su]»ports this factor is taken as 8 ; so that slioukl he returned, as far as possible, to its original 

before selecting from his list, the engineer W'ould condition. 

uiultiply the foot-ewTs.” result by 8. For pole.s The heiglit of the pole should be such that on 
at angle points allow inee must be made for tho country roads tho lowest wdro is not less tlian 
uiereased static .stress. 12 ft. from the ground; in crossing roads this must 

Selection of Route. The erection of a be increased to 20 ft., w'hile in towns a height of 
bne is preceded by careful surveys in which the 30 ft. is necessary. 
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Iron poles are made of 11 ft. parallel lengths with 
IG ft. tapering lengths, and the bottom fits into a 
east -iron base, which gives a good hold in soft 
ground. A concrete foundation is usually provided, 
so that the pole may be secured by bolts let into 
the concrete. The ])arls of the pole are put together 
on the ground. 

Stays. The strong! h of a line is enormously 
increased by a proper discrimination in providing 
stays at suitable points. Stays .are usually made 
of iron wire, and thej^ are arranged so that the 
upper end is attaehed as nearly as possible at the 
resultant point wliore all the forces acting upon the 
pole can bo balanced by an opposing foree. They 
are, therefore, specially suitable at angle points. 
The lower end of the stay is connected to an iron 
rod fitted with a stay tiglitener, and the further 
end of this rod is passed through a wooden block, 
usually a 2- ft. length of old pole. The hole for the 
stay block is usually arranged so that the block is 
placed in an undercut space and fits against the 
solid earth. Where it is im])ra(;tieable tolix stays — 
ns, for instance, at an angle in the. road whore the 
stay would have 1o be put on the road side of the 
])ole — struts areus(*d, and 30 s\ifficiontly illustrates 
their applieation. 

For the heaviest class of trunk telephone lines, 
the Post Office has within the last few years intro- 
fhieed a system of tnissetl “ It ” poles. These have 
given splendid results and are illustrated in 31. 

Pole Arms and Fittings. For arms, oak, 
well -seasoned, is usually employed, and sometimes 
Karri wood. 'I'he sections vary from 2.t 
in. to 3 in. scjuarc. Arms 48 in. long carry 
four insulators, arul lengths up to 78 in. i 

are in common use. Anns arc usually / 
spaced 12 in. a])art from centre to 
centre, and this distance also 
obtains between the respective N 

insulators. ft 

Poles are always provided with fj 

an iron wire, which is arranged fJ 

to act as a lightning conductor, and // 

is stapled down the side of the 
pole and terminated in one or two 
coils stapled round the bottom of ' " " 

the butt. The main purpose of 
this provision is, however, to ])re- 
vent what is called “weather con* 
tact.” In wet weather a film 
of moisture bridges the distanee 
between the adjacent wires, and 
enrrent would leak from one eirenit to another. 
The “ earth wire ” provides, however, an alternative 
path. The arms are also eartli wired. It will be 
seen that the loss of eurront ]>er eirenit is thus 
slightly increa.scd, but. interference is averted. 

Pole R.Oof. The top of the pole is usually cut 
obliquely, coated with a mixture of coal-tar, creo- 
sotod, and provided with a galvanised iron roof. 
In towns ornamental pole finals arc used. When the 
fitting of the polo with roof, earth wire, arms, and, 
in some cases, galvani.scd iron stops, has been com- 
pleted, it is erected by pushing the butt into the 
hole, so th.at the butt end comes easily into the place 
it will finally occupy. The stepped end of the hole 
acts as a, fulcrum in such a way that the weight of 
the butt assists in lifting the lop, and the pole is 
gradually raised to the vertical position at first by 
hand, and subsequently by ladders, half a dozen 
men being usually employed. Even for the heaviest 
poIe.s, ten men are quite .sufficient where the foreman 
exhibits projjer generalship. The presence of too 
many men is apt to be a source of danger, and a 
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proper understanding between those concerned in 
the work is of the utmost importance. 

Insulators. The standard pattern insulator 
used in England is made of white porcelain, screwed 
so as to fit on a screwed steel spindle, and provided 
with two petticoats [32]. For short lines, where a 
very high standard of insulation is not necessary, 
brown earthenware made in the same paft/Crn is 
frecpiently used. In fixing tlie insulator an india- 
rubber washer is insert.od between it and the shoulde r 
of the s])indle to allow for differential expansion. 
The insulators are put into position after the pole 
has been erected, the steel spindles being securely 
bolted to the arms. It is interesting to note that in 
America, glass insulators are used instead of poree- 
lain, and wooden (locust) pins instead of steel 
s]undles. At terminal poles, where the pull is all 
on one side, J-shaped spindles arc used, fixed to the 
nnder-side of the pole, and aiTanged so that the 
pull of the wire comes opposite the centre of the arm. 

Wire. 'Three classes of conductor are in gcner.'il 
• i'stift a — namely, iron, copper, and bronze — 

•^2 £4 imimportant telegraph cir- 

^ cuits, copper for important telegraph 

^ and telephone circuits, and bronze wire 

M for use in towns where irregular spans 
demand increased meehanic.il strength. 

Full particulars are given in the 
A tabic below. 

n I Ohm-mile Constant. This 

it should be carefully memorised. It 

tj enables the rosistanoc per mile of any 

7 conductor, which may bo named l)y 

f 1 its weight per mile, "to be at oneo 

j; ascertained. Thus, if 70 lb. bron/o 

1 09A 

]g referred to, - v^-“= 26, which 

70 

jg ^ resistance in ohms per mile. 
Erection of Wire. The 

: otTccts of temperature h.ave a 

I most important bearingnpon the 

erection of aerial wires. It i'< 

'i clear that if wires arc erected in 

j: hot summer weather, when win- 

. — ^ ter approaches, owing to tlie 

1 1" < eerc, 2 se in temperature, tla'y 

'J I will gradually shorten, and i 

'll sufficient allowance is not made 

^ f(»r this, it is possible that the 

limit of elasticity may be passed 

WITH STRUT and the wires ultima tcly broken 

Arrangements are therefore 
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made, 80 that the stress to which the wires are pulled 
up on erection is arranged with reference to tho 
temiwraturo in such a way that should a winter 
temperature of 22 ’ F. occur, the stress will then bo 
at tho maximum allowed — namely, oue-fo\irth of 
the breaking stress. This is another way of saying 
that wires are erected with a factor of safety of 
4 for low winter temperature, and that at all other 
times the factor of safety is higher than 4. To secure 
this state of affairs, tables showing the 
stresses for various lengths of sj)aii 
corresponding to different tempera- 
tures are prepared for all classes of 
conductors, and suj»])lied to the 
wiremcn, who are also sup})lied with 
tlienuomotrrs. Owing to their differing 
tem})eraturc coefliicients, dissimilar 
conductors are never, if it can be 
avoid(‘(l, erected on the same polo 
route. For bronze, a factor of safet y of 

instead of 4 is cmploycil. 

Twisted Wires. For the ])ur- 
]K)so of eliminating inductive disturb- 
ance in metallic telephone circuits, it 
is necessary to arrange the two wires 
wliicli form a loop in such a way that 
tli(‘ir average distance from all dis- 
turbance is the same. This condition 
is attained in England by causing tin* 
wires to revolve round each other. 

Kour wnres forming two tclejrlioiic cir- 
cuits are taken together, and arrang(‘d 
VO that they form a s(iuarc on, say, the 
loft side of the ipoleon the top two arms 
130J. These arc numbered as follows: 

No. 1. — To]) outside. 

No. 2. — Top inside. 

No. 2. — Bottom inside. 

No. 4. — Bottom outside. 

At the next pole the wdres from No. 1 ]»o.sition 
«ill .shift to No. 2 position, the No. 2 wire to No. .3, 
;iii(l so on, and this process is eontinned, so that 
(•n the fifth pole the wires come back to th(‘ same 
jtosition that they occupy on the first, having eom- 
])l(“t('d one revolution. If, now, a single-wire t “le- 
grapli circuit is sending out disturbing eleelro- 
inagnetio waves, tlie inductive effect on one 
wire of the telex)hone cinmit will bo balanced 
by file equal and opposite efi’eet of the other, 
and the disturbance will be e.om]dctely elimi- 
nated. Here, again, a curious dilference exists 
between English and American practice. In 
America it is ])refeiTed to rim the wires straight 
on the arms, introdueing, however, crosses at 
be(juent intervals on what arc known as “ trans- 
position poles.” 

Joints. The eonnoetions between siicce.ssive 
b'ugihs of wire are made by means of the Britannia, 
joint, llic ends of the two lengths of wire are cut 
olf and laid side by side for about 2 in., binding wire 
is then wra])ped round the conductors over the 
^^holc of the over-lap portions, and with a few' 
twins on the single conductor at each end ; 50 lb. 
tinned copper wire is ii.sed for co])per conductors, 
and CO lb. galvanised iron for iron conductors. A 
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flux is then applied, and the joint rapidly soldered, 
overheating being carefully avoided ami the joint 
being allowed to cool naturally. In order to prevent 
electrolytic action, the joint is subsequently black 
varnished. 

Wire Running and Binding»in. In order 
to pay out the wire uniformly, and for the tuiKpose 
of avoiding kinks, a rotating drum is employed. 
A long length of wire is run out suflicieiifc for 
eight or ten sjians, tho wiremcn passing 
it out loosely over the arms at each 
polo. The wires are lir.st drawn up ns 
tightly as possible by hand, and then 
by draw tongs. A tension rachet w 
coniU'ctod to tlie draw tongs for the 
]mr])Ose of observing the st r(*ss. When 
the wires havt been draw'n Tip to the 

^ ])r(>])er tiuivion they are attached to 

th(‘ insulator. This is done, in the 
ease of iron wire, by using OO lb. bind- 
ing wire. 'I’ll is is first la]>pod round 
the line wire on one side of the insu- 
lator. th(Mi taken round the neck of 
the insulator and lapped round on the 
otluM* sid“ ; two thicknesses of wore 
an* usually employed. For (.’ 0 ])])er win', 
a clitb'n'iit method is in vogue r the 
line wire is tirst served with a sheath 
of copper t.ipe to protect it from abra- 
sion against the insulator m*ek ; a 
eop|H‘r biniler. about 20 in. long and 
liaving its ei'ntn'i of round copper and 
its ends tlattcned out, is then a])])lied; 
the round ])art ])aHse> round tlm 
insulator neck, and tlie llattened ends 
are wra])|)(‘d round tho t qied conduc- 
tor. the w'ra])i)iiig bi'ing arranged ovi'r on one side 
and under ou the other. It need hardly lie stated 
that the stress is gia‘ati‘st at the])oint of tlie attach- 
ment to the insulator, and that this is wlu're break- 
ages most usually occur. 

Maintenance of Aerial Wires. *Skill 
and judgment are as necessary for the maintenance as 
for tlie erection of liiK's such as liave lieen described, 
and in stormy districts tho lives of the engineers 
ami linemen are si'ldom troubleil by iiionolony. 
A.s the numl't'r of wires increases, constant 
vigilance has to be exen'ised, to eliminate W’eak 
s]M)ts. 'riie ])oles have to be examined periodi- 
cally to .see that (ho norm.d factor of safety 
has not bei'ii unduly eneroaclied upon. In dis- 
tricts wlu're snow ])it vails accumulations some- 
times take ])laee which transform the wares 
into wliite ro]>cs of 3 in. to 4 in. diameter, 
a result wliieh is usually followed by the jaactieal 
demolition of tho linos, es])ecially wlicre frost 
and wind follow tho accumulations. Trees are 
often blown by the w'ind aeros.s the Imes, and when 
om^ span has been broken tbroiigh, the troubh* 
may run back for a eonsideralilo distance, owing to 
the sudden removal of the balancing .stresses. 
S])ans over rivers and ravines have to be negotiated, 
■ind in all eases the w'ork of repair has to bo done 
against time, as eommmiieation must be restored 
aft ‘I- the briefest possible interval. 
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PRACTICAL TAXIDERMY 

How to Stuff Birds, Animals, and Fishes. Mounting: Horned Heads. Finish- 
ing Mounts, Cases, Rockwork and Scenery. Skin Cleaning and Preserving 


IN atlc-niptin" tlio practico of taxklmny tlia 
^ hc.st .subject for a beginner to experiment on 
is a bird — not too small or delicjito — such as tin 
common starling, the feathers of whieli are not, 
diflienlt to handle, and the skin fairly tough. 

The tools [1) necessary are a sharp-poiiitoil 
knife — a penknife will do; a pair of strong, 
pointed scissors ; a. shar])-pointed awl or ])i icker ; 
a pair of side-cutting ])liers for cutting w’ire : 
a pfiir of tweezers for airanging the feathers; a 
tile, and a needle. We shall also require some eot ton- 
wool and wire ; some pins and glass eyes : tow, 
wood-wool shavings, similar to those used for 
packing; some strong thread and soft cotton: 
powdered alum, arsenical soap, line sawdust, ami a 
little plaster of Paris. 

Preparing the Bird. The first ojierafiou is 
to put a thread through the nostrils of the bird, 
making a knot, and leaving a loop as long as the 
neck and body of the bird. The loop will be of 
great as.sistaneo in returning the head when the 
bird is skinned. Plug the no.stril.s, throat, and any 
shot holes with wool. If the body is very moist 
use a little sawdust and plaster of Paris to alisorb 
(he blood. llreak the wing bones (the humerns) 
close to the body. Make an incision in the middh* 
of the breast (2|, first blow- 
ing the feathers apart, and 
fiontinue the cut to the vent. 

Care must be taken not to 
cut too deeply in the 
abdomen, or the intestines 
will protrude, and give great 
trouble by making the 
feathers dirty : sawdust and 
])lastor should be a])plied to 
prevent tin's. Tin' skin .should 
ho pressed back with the side 
of the knife. No further 
cutting will be necessary until 
the tail and the legs are 
undertaken, when the s<*issors 
should bo used to sni\) the 
tail-bone. 'J'he legs should be 
])nslied up, and the tirst joint 
exposed must, be cut with the 
knife. 

Pomove the llesh from the leg down to where (he 
feathers end, n't urn the leg-boncs to tlie skin, and 
proceed to prc.ss the skin away from (lie back, (hit 
through the wings where broken, and turn (he .skin 
in.sido out down to the head, holding the body 
between finger and thumb, (heat care must be 
taken not to split the skin in getting it over the 
head, The cars will lirst he met ami cut through: 
then the eye.s, which reciuire still more care. Skin 
down to the bill [3j. Cut through the base of skull 
and remove the neck. The brain, tongue and cyc.s 
should now be removed and the sawdust and plaster 
brushed off. Apply alum if the skin is very moist 
or not quite frc.sh; anoint all bones and the in.sidc of 
the skin carefully with the arsenical soap, and place 
a ball of wool in the orbit of each eye. 

Stuffing. Now lay the skin on the table, and 
return the skull to its proper ix).sition ; the loop of 
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thread in the nostrils will assist this operation, 
(.'oax the skin with tinger and tJinmbover the skull, 
and the whole .skin w ill, Avith a little shaking, return 
to its natural position. Smooth the feathers of the 
head the right way, and work the body-feathois 
downwards into position. Now make an egg.sha]K‘d 
body the size of the one taken out, using the wood- 
wool for this, pre.ssing it together tightly, as tla* 
leg wdres must depend on it for tixing firmly. Put 
a w'ire twice the length of the nock and body, and 
point it at both ends. J)rive tlie wire througli 
lh<‘ body, make a loo]), return it, and then clinch it. 

Wiml a little tow round the wire to form the neck, 
being careful not to make it longer than the one 
taken out: and drive the wire through the centre 
of (he skull and wauk the skin down over the body. 
Put tw’o wires three times as long as the legs, point 
at one end, and in.sert one underneath each foot, 
working it up the hack of thi'leg; a little towMiuisl 
he wound round the wire and bone to make ii|) 
the tiesh removed from (he thigh-bone. The 
wire is now driven through the body, out iindci' 
the f>p])osite w ing, turned, and ])nllcd back intotlic 
body. A slit must be ent in the skin to allow 
the loo]) to pass and .so leave the skin free. Insert 
a little pad of low in (h(‘ ba.se of the tail, and .sew 
lip the skin, taking care not to 
sew down any feathers. 'FIk’ 
legs shonkl be bent into their 
natural position. 

Mounting. The bird has 
now to be fixed on a twig or 
a jiereh. Two boles are bored 
through the ])ereh to take tli(‘ 
leg wires, and the wires are 
twisted (irmly to the ]>ereli. 
The tail must now be adjusti'd. 
one, and somolimes two 
pointed wires being n.sed to 
fix it in position. The wings 
require two wires each, ouc 
through the shoulder, lli*' 
other near the roots of lie' 
])riinaries or quill feathers. 
Fix both w'ings the same 
height or the bird will appear 
lo|)sidcd wdien eomploted. 

The throat may he lilled out from the nuailli 
with tow', tinely ehojiped with .scissors, and the checks 
tilled from the eye. 'Fhe eyes are then inserted, ami 
the tail expanded to the required width between two 
.slips of cardboard. 

The final binding with cotton is next, a long p'U 
being inserted in the back, and one or tw'o in t ie' 
breast, keeping to the centre line of the body. Hk’ 
pins, with the four long wures, and the wire protnid- 
iijg from the head, are utili.sod in winding the eotlmi 
round the bird to compress tbc feathers gently in<" 
place while the bird is drying [4]. The novice mu'-t 
not exjK'ct his fir.st bird to be a great siicce.ss, or 
perhaps his sixth or twelfth, for, simple as the opera- 
tion may .seem, itrcqiiires practice to get the natural 

sliape and pose. 

Animal Stuffing. Small animal.*? up to the 
size of a rabbit will require the same tools ana 



1. taxideumist's tools 

a. KimI of stutfini,' iron b. Se«-tioiiof stnfling iroi 
C. stnfling iron d. I’woozers e. .Soisson 

/. IVickcr f/. Skinning knife 
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materials as those required for mounting small birds. 
Before skinning, an outline of the animal should 
be made by laying it on a sheet of brown pa per in 
as near the position as possible in which it is intended 
to mount it, and its shape marked with a long pencil 
or crayon, the size of the body being marked on this 
sketched outline. 

Always skin an animal down to 
Ihe toes. The tails in small animals 
can be drawn without cutting them 
open. The lips must bo split, and 
moist clay inserted to give them ^ 


Larger Animals* The larger animals 
require a difToroht treatment; the legs in -animals 
the size of deer and larger must be opened right 
down the inner side, so that the seam is least 
noticed when mounted. The irons for the legs will 
iiMpiirc to be tapped, and two nuts titled to cjich 

leg, to give the su])port to carry 

the weight when fixed uj). Tim 
irons must be bent to the proper 
^ curves and angles, which the pajicr 

- outline. Avill give. A board, about 

2 in. Iliiek, must be cut to the 


fulness. The ears must be skinned 2. birdstuffini} : tup: first shape and size of the body. The 


and clay used to replace any tlesli 
tak(Ti away ; sheet zinc, cut to tlie 
jiroper shape, is used to stiffen and 
keep them in position. Always keep 
the leg bones on the skin, as they 
are invaluable in shaping and posing 
tlie animal. 

The hard, egg-aha])ed body used 
in biid-stuffing is not used for stuff* 
ing animals. The head and body 


INCTSIOX 

Tliri*;itl loop up beak 


5. BIRDSTFFFINU *. SKIN 
TURNED INSIDE OUT 
Point to cub lioad from neck 


leg irons are very firmlj" fixed to 
the board by iron s<apl(‘s, as also is 
the iron for the head and tail. The 
head iron is brought through the 
skull by i)assing it through the 
nostrils, and is cut to its ))ro]ier 
length when the head is finished [5J. 

'riiebulkof tlie body is made up fiy 
fixing dry straw to the body board. 
It nnist be tied sceurelv round tins 


wire is twisted tightly in with the h)op to assist in h tuinin< Po^rd with siring, shaped as nearly 



fore legs first, then the hind legs, 
riie length of wire used must allow for fixin : tin 
animal u])ou the stand. 

q’he neck and body are gradually filled vvitli 
cliojqied tow, wood-wool, and sonieliimss with hay, 
keeping the shape and iillimato position in view. 
Never use tow without chopping it up small, or it 
will form an immovable ball inside tlui skin, and 
show an ugly lump; cotton-wool, also, should 
he avoided for the same 
reason. Soft pipeclay is very 
valuable in the head, feet, and 
those jiarts where such details 
as muscles must be showm. 

Always us(» annealed iron wire, 
thick enough to give stability, 
and bear in mind that it is easier 
to add a little stufling than it 
i.s to get it out. 

The hair must be cleaned and 
hruslied and combed in its 
natural direction while the 
s|)ecimcn is ivet ; blood and 
gr(‘a.so must be washed out 
before stuffing. Fat left on the 
inside of the skin prevents any 
preservative acting properly, 

•nid will cause the skin to rot. 

It is better to allow the skin to 
leiiiain a few hours for the 
■'him to act on it before apply- 
ing llio arsenical soaf>. The 
'C tion of alum is astringent, 
shrinking the skin and so fixing 
•la* hair firmly by the roots ; it 
will also extract tho surplus 
moisture from the skin, but 
any crystals remaining undis- | 
j'olved are better brushed off 
before aiqilying the arsenical 4. sti^ffed BIRD 
>oai). The eyes, ears, lips, and o. Hcjuh uc«;k ami ImxI 




4 . STITFFED BIRD READY FOR DRYING 
O. llciul, uci'k ami laxly wire b. Tail ivires c. I.c 


as possible to the patkirn and 
measurements, and made a little under the proper 
size [6]. The skin may now lx* tried on, and if 
the edges meet eomfortahly, and tho legs are tho 
light l(‘ng(li, the skin may ho sewai up. Begin 
sewing at the neck and W'ork downward.s. 

'The dried skins of tlie larg(‘r animals are very 
stubborn, and re(|uirc to be ])arcd down wdth a 
s|)okeshave, tlie skin being laid on a short length of 
a scaffold pole. A knife must be used for the more 
important parts, such as the ears, tho eyes, and tin? 
nose; and the li])S, if th(*y cannot be split, must have 
linen sewn round the edges to form the pocket for 
lling with clay. 

Fish Stuffing. The stuffing of tishes is ono of 
tho most difficult brarudies of taxidermy, and 
it will try the patience and skill of the novice 
to the utmost. 

water ]H'reli is a good species to 
lit w ith, (’hoosi* I he b(*si side for 
vv side, and mark its oulline on a 
)f ]).aper as a guide. Make a cut 
K* other sidi'W'ith a strong ])air of 
sors, down tlie middle of tin* 
dy from the centre of tlic gill 
.)ver to the root of the tail. Use 
u knife to fr(‘e the skin from tlu* 
llesh, and cut from tail to hmnl. 
The skin of a scaly tish must 
not be turned, as in birds and 
animals, or tlu* scab's will be 
disturbed. The root of the tail 
and fins must he cut with the 
scissors inside t!ie skin. See 
P that the points of the scissors 
do not cut the skin, or a few 
scales w'ill drop out. Tho gills 
and all the hon<‘s of tho head 
must be cut aw'ay with tho 
j Ydy For drying scissors. hen the skin is 
ire fr. Tail win‘s c. I. CK ready, it mu.st be soaked in 




toes quire "special attention, "ires d. Wing wires <?. lias to keep cotton in water to remove anv blood and 
!'■ xeo that tho nhiin is worked OanllHmrd jt. 


i>, , I T. 1 , . " • sliiv to h..l.l tail foulhors 

V»ir not let it remain folded on saved, a.v 

uselt ; place a little hay or tow inside it to prevent ing the si 
ne inner surfaces touching. If this is not done, lliere 
f. u sweat, decompose, and the hair w*’’ of the sii 

off at the slightest touch. The leg bones must the weigh 
be wound round with tow. it so tha 


All loose scales should be 
saved, as they will, perhaps, bo wanted for repair- 
ing the skin. 

There are several methods of stuffing tish, and ono 
of llie simplest of them can be used for fisli up to 
the weight of 5 lb. Take tine yellow sea-sand, damp 
it so that it is just tenacious enough to retain a 
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shajxj who. I jjrras])C(l by tho haiuKul. After using 
nrsenioal soap on tho skin (ahiin should not bo used 
for fish), sow uj) tho skin a few inehos at the head, 
and also at the tail. Plaoo a loose ball of tow in 
the month to koc]) the sand from coming out, 
and fill the skin with the wot sand, prti-ssing it 
tight and modelling tho .shajic as tho filling proooeds. 
Finish tho filling in the middle of the body and sew^ 
it up. Tho fish must now he turned over on n hoard 
a little longer and wddor than itself on whioh it is to 
lie and dry. Pat tho head into 
shat>o, and work the body ^ ^ 

downwards (o ifs proper oiirvo. 

Fisb skins always tend to be- uY" 

come longer, and this must be 

])reveiitcd, or tbe result will bo g 

a failuro. Tlio fins and (ail 

must bo oxtendod and fixed \ 

between two ]»ioces of eard- * 

board, ])ins being used for fixing 

Ibom. The fins and tail must ^ y 

not be allowed to dry during A 

stuffing, as in this slate Iboy ( 1 

ar<‘ very brittle, and oannot bo ^ 

ext ended properly. ^ 

When the fisli is pro])erly r- 

fixed, a thin eoat of gelafino. 


into the wood. Cut a board not less than 1 in. 
thick, nearly the shape of an elongated egg, and 
trim oflp all sharp edges smoothly. This is called 
the baek-board, and must correspond with the siz<‘ 
of a eross-seetion of the neck at its extremity f8J. 
The quartering, having been fixed in the skull, must 
be cut to the length of the neck. 'Phe neck should 
be as long as the skin will permit ; short necks look 
very bad, and an animal stuffed with a long neck enu 
be made to look much more lifelike. 

The skull, as at f)re.scnt fixed, 
should be hung on a wall, fo 
find if the quartering is cut fo 
the proper angle, so that tlu' 
neck may be given a graceful 
_ curve. If there arc liorns in 

c specimen, (ho points can Ik' 

brought to within 2 in. of the 
^ wall with safety. Horns do 
not always grow evenly, buf it 
\ Y -'z) i's possible to rectify this slightly 
while fixing up the skull. WIkmi 
j evcrytfiing is satisfactory, wood- 

/ wool is bound round flir 

' / / (juartering to the shn])o of tli(‘ 

—J., — ncck (9], tho skill is fitted on, 
and sewm up. Begin the sewing 


melted in warm water, will kee]) 5- F.RECTloN FRA^IK FOR AN ANTFLOl'E at the horns, ami work down fo 

the scales in nosition 'Phe fish Htwl iron ft. Neck iron r. Tail iron Leg back-hoard: any stuffing 

iiK III |»o iiiiMi. -Liii. jt. II f. Rf«l\ nooil /. Temiiorari .staml f/. Leg i • i i • 7 

must now lie ])lac(*d on a warm jr/,,, ’ which the neck requires nuisf 

shelf to dry slowly, and examined ^ l)c inserted before the skin i< 

oeeasionaily to see that it is drying snu olhly. fixed to the baek-board. Three-cpiarter inch Frencli 


When the fish is dry, remove the sand liy opening 
the .seam ami gently tajqiing tho body. It is then 
filled with tow, woo<l-wool, (de., and the seam glued 
together and covered by a stri]) of linen. A small 
wooden block to which are fixed two wires is also 
glued on the seam for fixing up the fish in a case, 
d'ho finishing and colouring of fish rcipiire much 
practice, and it is easy to overdo the colour. Use 
whenever jiossihlo transparent oil colours and a 
(dear “ crystal " varnish. The 
belly colour is the most im- 
portant ]>oint to get right. If ^ 

is usually white, and is shaded 
very gradually to the colour of ></ 
the sides. 

The eyes must hoof the same Y 
size as in nature; the orliit of ^ 
the dried fish is always larger 
than in nature, through shrink- 
age, so it must be filled up to 
its prop(‘r size with a composi- 
tion to be descrilied hereafter. 

Mounting Animal 
Heads. If the animal has 
horns, it must he skinned by 
having a cut made n]> the bai’k 
of the neck until it is level with 

the base of the horns, when a g MSNNIKIN l 
T-shaped cut must he made up ' „ AvtiUrmik 
to each horn, and continued 
round fhe bases (o free the skin, so that the skull 
conu's away eulirely from the skin [8]. Removr 
the fl(‘sh from tho skull, which must be boiled until 
thoroughly elce.n, and wlien it is dried it will lx 
ready to mount inside the skin. The skin is 
rubbed, first with alum, and then with arsenical 
son]), and the ears fitted with zinc and clay. 

Heads are fitted up difTcrently from those of 
aiiiinals sfuffi'd entire. Thick wo(^'(l takes the place 
of iron for (ho support, and a i)iece of quartering, 
longer than the neck, is fixed in the skull, and several 
long screws driven at right angles through the bone 
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6 . MSNNIKIN READY FOR SKIN 
i(. Aviillrial leg hones <*f wnml 


nails are the best to nse for fixing the skin, ns in 
drying tbe skin strains very much, and would pull 
short (*r nails out. The checks are stuffed from 1h'' 
mouth and eyes, and the head finished as in entire 
specimens, plenty of clay being us(‘d in modt‘lling 
the eyes, nose, and month. The glass eyes should 
be put in after the skin has di i(?(l, on acemunf <>f 
the shrinkage during drying. 

The shrinking of the skin is the ))ane of the 
taxidermist. The chief e!ins(“< 
of shrinking are insufiicic'ut 
paring dowm of the skin, usinu 
clay too wet, stuffing the speci- 
men too loosely, ancl nof fixing 
and sewing U]) the skin tightly. 

B(Tore colouring the cyc^, 
nose, and mouth, the s])ecimi'n 
must bo cleaned mid beaten 
Ihorongbly. White French poli‘'li 
and methylated spirit in eiiu.d 
parts, and dry powder eoloui'. 
are the best materials for colour- 
ing. Use stiff bog-bair bnislic' 
to w’ork tbe colour in, and do 
not forget that the colour imH- 
when dry, be half as light ag.iin 
when the spirit evaporate-, 
\DY FOR SKIN which it does quickly. A liltl<’ 

K)iK-s of wool! varnish will ho required on 

portions which in nature 
wet, siicli as eyelids, nostrils, open mouths, and lip^- 
The horns arc cleaned with soda-water, and rubl)C(i 
with linseed oil and turp(‘ntine, to darken them. 

Finishing and Casinjg. Cases should not 
be eramjied, plenty of room being allowed for rock 
work, glasses, and fittings, in order that they may 
be disj)laypd in a natural w'ay. 

The case had best be made by a eabinetmakf i’ : 
fhe wood used mostly is deal. Insist on having fh*' 
best material "and workmanship, as a faulty eas<‘ 
will spoil everything. Panel backs to all cases 
best, as splits in the w’ood are thus avoided. 1"^‘ 
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WOODWORK FOR 
fJAZELRE DEAD 
i^uarterinic tlxeil in 
skull b. Iku-k-lMKird 


and all 
(\)lours 


back is lined with cal ico, oarof nlly strel died and fixed 
with glue and tacks. When this is dry, paste white 
lining pApcr evenly over the calico. All the wood- 
work which is inside, except the bottom, must bo 
coated with size mixed with powdered red lead ; if 
this is not used the resinous matter and knots of the 
wood will show through the paper and make ugly 
spots. The inside of the case should be coloured with 
water colours, and a landscape may be represented. 

RocK^YOrK. Rockwork is made with brown 
paper supported with wood, and in large 
work the basis is canvas, covered with 
])aper wetted with warm water, and lai<l 
on evenly with glue. Considerable tust(^ 
nnd practice arc required to get the 
a])propriate angles and curves to imitate 
difterent forms of rock. 

When the glue is dry, the basis is quite 
stiff enough. Melt some size by adding 
,)no-fonrth its bnlk of water, add slowly 
to it crushed whiting until it has the 
consisU'iicy of gruel : apply this Jmi to the 
])f‘oparcd basis. Have some dry .‘<aiid. ^ 
yellow or silver, according to the rock 
you wish to represent, heaped to a _ 
temperature comfortable to liandle, and 
llirow it forcibly on the hot composition. 

When cold gently knock the rockwork, 
sand wliich has not adhered will fall off. 
ground in oil will do for colouring the rockwork. Do 
not overdo the colours — follow' Nature in everyway. 

(arasse.s, ferns, rushes, and boughs must be 
llioroughly dry before using, and may be coIo\u-ed 
with oil colour's to which a very little varnish is 
added. Avoid stiffness : everything should look 
as if it were growing. '.I'liis portion of the work is 
one which requires and deserves as much tin\c as 
]>ossible to be dt;voted to it, 

1’he glass should be cut to 
fit the case exactly and fixed 
by strips of wet paper of 
the same colour as the case, 
lilack is by far tlie best colour 
to show up most subjects. 'Phe 
paper is applied witli very 
smooth pa.ste made from 
ordinary flour. As the pai)er 
sluinks in drying, it gives a 
stronger fixing. 

Cleaning Skins. Fresh 
blood can be removed easily 
by washing the blood patch 
with warm water of a tom- 
]>oratiire, not above blood lieat, 
in which is dissolved a little of 
Hudson’s Extract of Soap. If 8. sktknin(} a head 

bird i? the subject never ^ i^Ju Uy 

i'llow tho feathers (o he, wet 
longer than is absolutely necessary, nnd extr.ncl a.- 
unioh moisture as possible w'iUi a dry duster. Then 
sni urate the feathers with benzoline, sprinkle 
j Master of Paris over them, beat the ])las(er off 
'•^ain at once, and repeat the process, using fresh 
plaster and adding more benzoline until the 
leathers appear dry. 

Henzolino is a solvent of grease ; it also forces 
the water contained in the feathers and ju’c vents 
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the plaster from setting, but quick beating w 
required W'hen the first plaster is applied. 'Phe 
plaster absorbs the grease dissolved by the benzo- 
line and also cleans the feathers ; but the skins 
must be thorrAighly Ix^aten to get the ]daster off. 
If the .skin has no blood on it, the .soa])- powder 
and water will not l^e required and much time 
will be saved. I'his recipe will also answer for 
the treatment of small and large animal skins. 

'J’he eom})osi1ion for stop])ing up and repairing 
holes is made by mixing melted glue and 
well gi-ound whiting to the eonsis- 
feney of sfiff dough; the amount of glue 
must he determined by t<*sting the 
composition with the fingers. It should 
feel tacky and stick to the finger: if 
it crumbles add more glue. Wlien 
worked w'ell together, add one talfic- 
spoonful of boiled oil for every pound of 
glue used and knead the constituents 
until lliey an! thoroughly mixed. The 
composition can be used after it has 
become eokl and ])ard by st(‘aming. 

Tn fixing artificial eyes, motlelling 
nostrils, lips, tongues, and tlie iniuiuier- 
able, recpiiremonts of taxidermy, this 
<‘ompo-<ifion is used. It can he made to 
imitate any .surface by inajiipulating ii])roperly, and 
is easily coloured. 

Arsenical Soap. Tins is nunle of 3 lb. white 
eunl soap. 3 lb. arsenic powder, and 8 <iz. camphor. 
Slice II]) the soap and melt over a fire in as much 
water as will just cover it, and stir w'cll to keep it 
from burning. Crush the camphor very small willia 
little methylated spirit and add this, together with 
the arsenic pow'der. 'Phe whole should form a creamy 
])aste. Arsenical soap has }>een decried by some taxi- 
dermists, hut it still holds 
its ]>laco wdth flic trade, ;ind 
will do so until a belter pre- 
servative is found. 

Treatment of Skins 
for Storing. Animals’ skins 
are sometinu's found infc'sted 
w'ith a ]HM*nieious insect (Dcr- 
mestes) the grub of a small 
beetle. It is the most destrue- 
tive insect with which the 
taxidermist has to contend. 
It eats through the toughest 
.skins and it has been known 
to oat through cork. When 
tin’s pest is found in any 
specimen, instantly saturate 
everything in the same eas<* 
or box with turpentine, and 
kc(‘p the case closed lor a 
short time. 

Xaphthaline crystals are very good to use in 
boxes of .sjx'cimmis of all kinds, t’yanide of 
potassium is a dangerous poison, but a powerful 
insect ieido if jdaced in boxes of skins; it should be 
enclosed in a block of plaster of Paris, the cyanide 
being ])lneed in the plaster before it has quite set. 
If it is not enclosed in plaster, the chemical 
will absorb moisture, and run on to the skins with 
wliich it is in contact and spoil them. 
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HARBOUR CONSTRUCTION 

General Construction of Several British and Foreign 
Harbours. Natural Harbours. Breakwaters 


By A T. WALMISLEY 


Dublin Harbour. Tliis is a type of ilic 
jetty harl»our, with jetties converging towards the 
entrance. The river LitTey forms the oliunm‘1 of 
tiie harbour, dividing tlie flat, sandy beach into 
two strands, called tlie North and South Bulls. 
The tendency of the sandy dejwsit from the sea 
was to form a. continuous strand all across the 
western shore of the hay, which w'as only partially 
prevented hy the tidal flow in the river, and the 
result was a bar at its outlet. The outlet channel 
of the ri^er was regulated by the eonstruetion of 
a rubble enibankineiit along its southern side, 
called the (jreat South Wall, (•oin])leted in J7^h>, 
which served to protect the channel in south- 
westerly gales, and ])revonled the inroad of sand 
from the South Bull, but no iin})rovement resulted 
owing to tlie absence of scouring power in the 
river. The North Wall was constructed from l.S2() to 
lS2r> in order to dee])en the channel across the bar. 
'J'his wall was raisial to only half-tide level along 
its outer portion, so as to allow the earlier half of 
the ebbing current to flow over it, this jiortioii of 
the current poss(‘ssing litlh^ scouring efl'cttt. 'Hic 
construction of these solid jetties-' milcvS and 1| 
miles in length res])cc<ively — gradually lowered 
the bar from fi ft. lielow low water in 1819, to 
1(> ft. in 1880, this result having l)Ocn aided by 
dredging in the inner channel, and by the removal 
of ballast from the noithstiand within the northern 
jetty. 

Sunderland Harbour, 'rhe outlet of 
the old entrance to the port of Sunderland was 
originally guiderl by jiarallel jetties across the 
sandj^ bcacii, but when tlocks wer(i eonstrueled, 
a new southern outlet willi converging piers was 
provided, alTonling a hotter de])tli of water. As 
the chief littoral drift comes from the north, the 
entrance lias Ik'oii mad(’ to face south-east. The 
plan of the outer harhour is specially favourable, 
for stilling the entering waves, and gives easy access 
to the two dock iuit ranccs ; it also affords ani])lc 
area for dredging. The docks and outer harbour 
form artificial sluicing basins, which concentrato 
their scouring current through the narrow entrance. 

Aberdeen Harbour. This harbour con- 
sisted originally of the natural channel of tin*. 
River Dec at its outlet into the North Sea. During 
north-easterly gales a channel over the sandy 
beach could be maintaiin*d only with difficulty by 
the tidal waters, and a bar existed at the inoutli 
of the river. The north pier W’as constructed 
about the year 177;j to a distance of about J,200 ft. 
from high-w'atcr mark, with the object of stopping 
the drift of sand along the shore from the north, 
or of carrying it out to such a distance that the 
main tidal current would convoy it awav, thus 
removing the bar. The scour ^iroduced by this 
work and by a southern ])ier, which was constructed 
parallel to the river on the opjiosib* side, maintained 
a depth oi about 2k ft. over the bar at low-wmter 
spring tides. In order to provide a large harbour 
with^ better shelter, new works were carried out 
consisting of a southern breakwater and north 

em 


pier extension. The sou thorn breakwater was 
completed in 1873, and the north pier extension in 
1877. The construction of both was concrete on 
the upright wall system, and both are somewhat 
similar in section. The works have so far accom- 
plished the objects for which they were designed, 
in having provided a large harbour sheltered from 
south-easterly gales and in giving a wndc entrance 
(1,100 ft.) boiwemi the pier-heads in a depth of 
about 15 ft. at low-wat*r ordinary spring tides. 
The bar which formerly existed has been kept 
down by dredging during the summer months. 

Parallel ji'tty harbours have not ])rov^ed univer- 
sally succcssfid in the North Sea and in the English 
Channel for pioviding a deep entrance without 
constant W'orks of maintenance. Silt generally 
necumulafes outsidi? flu* jetties from the pier-heads 
to dec]) water, and consequently dredging Is re- 
quired ]ier(‘. Parallel jetty harbours arc among 
the most dillicult class of h.arbours to design and 
maintain sueeessfully. hut the eonstruetion of 
sluicing basins, and the dovelo])ment of dre Iging 
plant tend to im])i'ove their condition considerably. 

Lowestoft and Ostend Harbours. 
Ijowostoft Harhoul* was originally formed hv 
cutting a channel from a low-lying marsh, called 
Lake iA)t}iing, to the sea, and ]»arallel wooden 
jetties were carri(‘d out across the beach, on eaeli 
side of the chaniud. to a dc])tb of 12 ft. at low 
water spring tides, l)nt it was found that the scour 
produced in the channel by the ebbing of the tide 
from Lake Lothiug, was not ])Owerful enough to 
contend efl’rctually against the drift of sand aiul 
shingle from the north across the entrance, and 
consequently a bar was formed. Snbse(|uen<ly 
arlditions w'erc made to the harbour by building 
piers on each side of the old entrance channel. 
'I’he harbour authorities have, bad to resort to 
clredging from time to time in order to maintain 
a sullieient de]>t)i of water. 

The peculiarities of the site of Ostend, where 
open jetties control the harbour entrance, lie in 
the fact that as the coast-line j)rojcct.s, the sea 
tends to cnei'oaeli rather tlian to recede, so tliat 
the foreshore has not advanced like other jetty 
harbours. Oroynes formed along the beach to 
the west of the harbour protect the shore. Tla' 
jottie.s cannot be lengthened to reach deep waler 
owing to the “ St room-bank,” which extends in 
front of the entrance at a short distance from tiiy 
shore, and the navigable channel is between thi-i 
bank and the end of the west pier-head. Thougli 
a regular mail service has existed for many years 
between Osteml and Dover, the bar has at tinu's 
hindered the cnirauco and exit of the steamers. 
The sluicing basin near the entrance to the liarbour 
hivs hel])cd to maintain the necessary depth of 
water for the j^assago of the mail steamers, but th<' 
development of modern dredging plant has licjjx d 
to minimise this trouble. 

Dieppe and Boulogne Harbours, 
entrance channel at Dieppe harbour is guided 
and protected by parallel jetties. It has a sluicing 
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GRANV’ILT.E DOCK, DOVER HABBOUB 




Ijashi for niiiintaiiiino: the do])th 
of the channel. 'I’he outer, or 
tidal harbour, gives access to 
the varjoiv? basiri-s, which arc 
entered thiough locks, provided 
with gales for maintaining a 
high-water le.vel. ^’olid masonry 
(piays line the inner portion of 
the jetty channel, except for a 
pf)rtion where there is an open 
jetty of ironwork which com- 
municates with a stilling basin 
for n'dueing the swell following 
the coneave side of the channel. 
Open jetties are construcU^d along 
the outer portion of the channel 
near the pier-heads, with stilling 
basins behind for receiving the 
entering waves, the older WTsteiii 
jetty being made of timber. 
Shingle travelling along tho coast 
used to obstruct the channel to 
a certain extent, by passing 
round the west jetty and settling 
along its inner face, but was 
removed temporarily by the 
sluicing current. This travel of 
shingle has been partially ar- 
rested by a series of groynes 
constructed along the shore to 
tho west. 

Tho south - west jetty at 
Boulogne is built of ma.sonry 
up to high-water spring tides, 
with. 8 supcivStrueture of o])eri 
timber work, and extends out 
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3. WELLINGTON DOCK, DOVEB 
HABBOUR 


beyond the other to facilitate 
the entrance of vessels. Tlie 
north-east jetty is solid alorui 
the inner ]K)rlion and consists 
of open timber-work for tlie 
outer 1,(K)() ft. 

A sluicing basin, having an 
area of 1()3 acres, inaintaiind 
the cbaniiel between the j(‘tties 
at a depth of 5.1 ft. below low- 
water spring tides, but tlie bar 
beyond the pier-heads was some- 
times a foot above low water. 
Dredging by means of saml 
] lumps had to be resorted to 
for improving the depth. 'I'li*' 
south-west jetty has been ex- 
tended and two additional jetties 
eons trnc ted, so as to enclose tin' 
old jetty harbour. Two enlraiK 
are provided facing north and 
w'e.st 1 C.S pec lively, 820 ft. and 
400 ft. wide. Docks and tjuay^ 
have been constructed within 
the area, sheltered by tho brcul 
waters. Tho breakwaters consi^'J 
of a solid superstructure o‘. 
masonry resting at low-vvato 
level nix)n a mound of nibbl' 
with concrete blocks to protect 
the sea slope. 

Calais Harbour. 
jetties forming the entrance to 
Calais harbour consist of 
timber-work resting upon <» 
foundation of pitching 







fascines carried up slightly above the level of the 
l)each, to allow of the free How of the currents, Init 
])revontiug the inroad of sand into the channel. The 
inner portions of the jetties are eonstnictcd with 
masonry up to high-water level. The width of 
the entrance is 430 ft. For sluicing the entrance 
channel, a sluieing basin having an area of 2o() acres 
is discharged, and dredging is also praetis'd to 
ohtiin a ininimurn depth of 13 ft. of water Mow 
ordinary s^n’ing tides in the eliannel. The harlv^nr 
entrance has been im'|)roved as deserihed in a papta* 
read before the Institution of Mechanical Kngineers 
at their visit to Calais in iSHt). 

Harbours with Detached Breaks 
waters. The best })rotection for vessels (next, 
to an estuary) is that afforded by Nature in the 
form of a hay, with projeeting headlands on ea<-li 
side, which re(pn‘res shelter only at. its entraiu*c. 
to form a ])(Tfeet harhonr. 'Die construction of a 


having an area of about 13J aercs, including the 
entrance ])assage. The inside basins form the 
(Iranville Dock [1 and 2], which has an area of 
ahoiil 4J acres within the gates, its entrance being 
Ho ft. wide, with 21 ft. clearance over sill at high- 
water spring tides, and the Wellington Dock, having 
an area of 8]^ acres within the gates, its (mt ranee 
l)eing 70 ft. wide, with 15 ft. clearance over sill 
at lngh-wntx>r spring tides. The Admiralty pier 
was I)egnn in 1847, and coin]ilctod to a length of 
2,1(K) ft. ill 1871. In 1877 a portion of the parapet 
on the west side of the pier was (*arried away 
during a south-westerly gale for a length of 1.0, Yo 
ft., and .suh.socpu'ntl^^ rceonstrucled to an increased 
transverse width. As a. whole, the ])ier has ]irove(l 
to he a stable breakwater, recpiiring only ordinary 
maintenance and affording excellent shelter. M'his 
pier was constructed to form the western anti 
of the large harbour then (•onteni])lated for the 



detached breakwater acros.s tlic entrance provides 
ihc nceessary additional slielter. A .‘<pace h(‘ing 
left between each extremity a detached bieak- 
\'Hter and ihe coast (or between each extremity 
'>f a detached breakw^ater and jetties connected 
"itli tlie coast) tw'o entrances iire formerl. Jf 
• hose entrances are made to face different dire»‘- 
*'ons, an advantage is gained, in that one entrance 
may be used when tlie other, according tt> the 
direction of tho wind, may not be convenient. 
Another important advantage in having a double 
' ntran.ee lies in the fact that a current is generally 
produced through the harliour, which pii^vents the 
tendency towards silting. 

designing harbours, however, exposed to silt ing, 
'I impossible to procure tranquillity without at the 
^'^me time promoting deposit unl(\ss the .silt-hear’ng 
J\;ders are excluded, in wdiich case the silt accumii- 
Outside instead of inside the harbour. 

1 10 entrance to the inner harbour, 

^ ft. l>etweon piers, loads to a tidal harlxinr 


(Jovernment Harbour, and has been lengthened 
to meet present rc(juircment.s, having been n'ccutly 
extended 2,000 ft., and has a ba1((T of I in 12 
on tl'.e outer face, so that, no resistance may he 
op])oscd to the u])ward movement of the water. Tlu‘ 
inner face lias a similar hattcT, with limber fenders 
aitachcjl to enable vessels to be m cored alongside, 
'rir* average heiglit of tlie jiier from foundation 
to roa<lwjiy may be taken at about 78 ft., the haac 
width being nearly 50 ft. 'riu* Prince of Wales Pier 
is 2,010 ft. in length, and was built to give shelter to 
the east side. of the harbour. This pier is 30 f1 . wide, 
but has lieen widened by means of si Ismding-stsvge 
on the w’f’st side to jirovido for a station. This 
pier now' liecomes an inner boundary between the 
Ailmiralty Harbour and the commercial harbour. 

Sites for Harbours. Not only is a geo- 
logical knowdedge useful in .selecting sites for linr- 
bours, but the geographical position must he 
coiwidoved. Hays and indentations of coast-lino 
offer the appropriate sites for harbours, and 
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6. DETAILS OF WELLINGTON DOCK OATES, 
DOVEK ILiBBOUR 


advantajjo should be taken of tl)e 
shelter afforded by natural headlands 
to enclose the greatest area of deep 
water within the works. Rivers, while* 
contributing a ready and sMisfaetory 
position for trade centres, ' may have 
their drawbacks in the shape of swift 
currents ns well as bars and shoals. 

Nat lira 1 harbours form romo of the 
fiiK'sl liarbours in the world, for even 
wlien not com|dcte, they in many cases 
retjuire little alteration to render them 
safe and commodious. 

Breakwaters. ' The type of 
breakwater formed of la,ge mounds 
of rubble, paved on the sea faco from 
low water u]> with heavy stones so as 
to present a smooth slo]>e to the waves, 
has freijuontly been much damaged 
by storms tearing away the paved slope 
and eatinu into the heart of the work. 
The type of breakwater formed of rnhblc 
mounds reaching from the bottom ol 
the sea In a little over low- water lev(‘l. 
along which mound a vertical wall or 
backbone of masonry Is built, having 
its foundations laid at low-water level, 
may fail by the sea washing away tin* 
foreshore of the rubble and imdiT- 
miiiing the masonry wall, which is 
then readily reaehtsl by the wavi's. 
T'lu^ ly])C‘ of breakwater formed of 
rectangular blocks of stone or eon- 
of com])aratively small si/e, bmli 
into a vert ical wall from the bottom n| 
the sea iipwanls, is very costly wluai 
the blocks used are small. The ty])c , 
of breakwater formed of rubble mound 
reaching from the bottom of the s' l 
upwards, along which is built a vertical 
wall formed of comparatively small 
blocks— the foundations of tliis waM 
being laki not at low-water level, but 
several feel below low water -is liable 
to damage from settlements in tlic 
mound and froiri the size and bond of 
the individual blocks proving insufh- 
cient. Ijarge blocks have been used 
at recent harbour works, tlie largest, 
weighing 3ff0 tons, being those used a I 
l)ui)Iin by Mr. B. Bind».ii Stoney. 

Exee])t in rock foimdaticms, more* oi • 
less settlement can seldom be avoided, 
and the greatest occurs in nibble 
mounds. Breakw aters built with slopiiig 
eoiirscis readily accommodate themscK' ^ 
to settlement by an exceedingly sm.il' 
oi»ening of the joints. 

A general settlement is of eompar.i- 
tivcly little importanee. A sottlcincni 
of about 3 ft. f) in. — approximately 
one-fifteenth the height of the niomcl 
— occurred in the Holyhead fire^dv 
water after the Hu])erstructure had bc<ai 
built, but the movement was so gradn.il 
and regular that the work was im’ 
affected by it. In the Colombo brc.it 
water, which is composed of slopiii'-- 
blocks, the settlement amounted 
about one-tenth the height of f''*' 
mound, measured from sea bed to d*' 
base of the supcrslructure. '^Hiesep' ' 
structure followed it down without jO'.' 
a]»prceiablc disturbance of the work. 
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. Breakwatera with side walls of concrete blocks 
and hearting of dry nibble is a form of con* 

• struction which has many disadvantages, and is 
suitable only when the amount of exposure is 
small. The hearting of dry rubble is the chief 
oause of . weakness. There is nothing that com- 
mends iteelf more to the mind of the engineer 
where a foundation is established upon an un- 
yielding strata obtained .at a workable depth 
below low-water level than continuity of a pier 
foundation. 

Concrete Breakwaters. Breakwaters are 
also formed of concrete blocks throughout, laid in 
horizontal courses. The foundation must be 
carefully levelled to receive the first course of 
blocks, which necessarily must be laid by divers, 
the remaining courses of blocks being laid by 
a “ titan,” or setting machine. The blocks below 
low water having to be Ixalded without any cement 
mortar, are ojK'n to the defect of uneven bearing 
and possibility of breakage and settlement. All 
blocks are preferably laid as headers; loose beach 
stones dropped into recesses left in the skies in 
a similar manner to holes for dowels serve ad- 
mirably Ixilow low- water 
l(ivcl to prevent one block 
sliding in front of another. 

1 livers do not care to work 
at a greater pressure than 
45 lb. per square inch or in 
a depth of, say, a little over 
100 ft. of water. The 
foundation sometimes is 
formed with mass concrete, 
or with concrete in bags, 
deposited by means of iron 
skips of from 5 tons to 20 
tons capacity, having their 
bottoms formed of lids or 
fla])S o])pning outwards, or 
with boxes with similar 
a rrangomen ts. Prccaii tion 

must he taken for concrete 
bag work to be deposited 
as soon as possible after 
mixing. Bag work can 
bo roughly levelled by 
divers ])ressing it directly 
after deposit, and before 
setting. The bags may be nuule of jute. 

For concrete used in bag work, tiie most 
suitable pro])ortions arc I of Portland cement to 
■I or 5 of sand and shingle or broken stone, and 
quick-setting cement is usually enniloycd. Any 
voids or spaces between the bags after being 
deposited can be filled up with small bags or 
mass coiicreie. ?.Ioro rapid progress can bo made 
'vith tlie type of b’cakwater composed of conercte 
t)loeks laid in sloping courses, as compared with 
tljc horizontal block type, and less overhanging is 
fciiuired in the ‘‘titan.” The scar or free end of 
the breakwater is Jiiore ea.sily ])rotect<‘d from 
heavy Seas during construction. The inclination of 
the blocks is generally about 70"' to 70 and the 
blocks, besides brccaking joint with each other, are 
bound together by joggles, formed of grooves filled 
'vith concrete in bags. Sometimes the blocks have 
J^rooves to receive the tongues or projections of 
be other blocks. In any tendency of the toe of 
‘e w’ork to got out of alignment with the angle or 
" opc, compensating courses are introduced. 

Stone Breakwaters. Mound 
cttKwaterB of nibble stone are suitable only when 


an abundant and easily accessible supply of durable 
stone is available. A mound of rubW^ deposited 
in the sea will, by the action of tla^ waves, assume 
a profile which will bo subject to variation for' 
possibly many years without any superstructure 
built upon them. Plymouth, Kingstown, and 
Portland are examples of this type of breakwater. 
In some cases the slopes are faced with heavy 
stone pitching down to low water ; but while it 
obviates the disturbance of rubble, it increases 
the .scour at the toe of the pitching. Placing 
a vertical structure U]>on a rubble mound alters the 
])re-cxisting conditions, and an excavating action 
comes into play owing to the .action of the waves 
against the face of the wall. 

The surface of the rubble mound should be 
carried iq) well above higli water, as at Holy- 
head ; or it should be kept at a .sufficient depth 
at low^ water so as not seriously to affect the 
character of the waves, or bo expost'd to their 
tllsturhing action. In the construction of such 
breakwaters the material is generally conveyed 
and discharged by means of barges, cranes, etc. The 
circumstances must admit of an ample wadth of 
base. This type of break- 
water is .sometimes con- 
structed of concrete blocks 
thrown together upon a 
rubble bed or base. The 
voids in mound breakwaters 
materially a.ssist in brc.akiug 
up waves and cheeking their 
])rogre.s.s. Where a reliable 
base can l^e reached at a 
workable depth the pier can 
be built up in regular hori- 
zontal courses, and a side 
batter provided suitable for 
tlic requirements of the 
.section. In laying blocks 
in a built-up picT as headers, 
and making alternate face 
blocks .shorlcr than the 
otlier.s, the benclit of .a 
transverse bond must be 
considered. If face blocks 
in a i)icr exj^osod to the 
action of rough seas are 
not joggled as soon as the 
joints become displaced air settles in the apertures, 
and tlie effect of rising water is to compress the 
air, causing tlie com])res.sed air to force out the 
block. Dow'elling or joggling is adopted in order 
to prevent the withdrawal of individual blocks, 
usually m.ulc of rich, fine Portland cement con- 
crete, and well grouted into the blocks. Iron 
crami)s and bolts are frequently u.scd. 

Timber Pile Breakwaters. Breakwaters 
are also eonstrueted of timber framing filled with 
stonc.s. Where suitable materials can be obtained 
close at hand and cheaply, this tyjw of breakwater 
can l)e constructed quickly, and at a mncli lower 
cost than if built ot .solid masonry or concrete. 

When the ground permits, the timber piles cm 
be driven from a travelling stage, and the ties 
and braces fixed as soon as po.ssible after they 
are driven. The largest stones being selected 
for tlie faces of the breakwater being in their 
rough state, and no dressing being necessary, they 
need to be packed together so as to form as close a 
w'ork as possible.- Smaller stones are t hen used for the 
interior filling. The filling in W'ith stone should 
closely follow the completion of the timbe." work. 
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By MARY 

“INESSA di vooc ” has been defined as ‘‘the 
swelling and diminishing of the sotind of the 
voice upon a holding note.” To obtain this a note 
must be attacked ecn/ cpiictly, gradually increasing 
in force until the Ion est tone is obtained, then 
must be diminished carefully and gradually until 
the original ])ower of tone is reached. 

These swelled sounds are shown thus 
and thi-« sign usually a]) 7 )lies to onf note only, 
although it may happen that .i whole ])hrase is to be 
ineludcd. But in cither ease it must be exeeuted in 
rrne breath. At first the student must practise half 
the exercise — that is, begin very softly, making a 
gradual crescendo from the softest to the loudest 
tone, 'riiis should be practised twenty times, tlum 
the jiroeess should bo reversed, l)(‘gun very loudly, 
gradually diminished to a pp. This, too, should bt* 
laactised many times. Einally the whoN* exercise 
should he jn'aetised. 

Rules for Singing ** Messa di Voce.** 

The following rules must be observed : 

(1) Breath must be inliah'd slowly, calmly, <{uiel1y, 
and deeply !)efore each excacise. 

(2) The vowel sound ?i)ust not alter as the m)te 
becomes louder or softer. 

(II) Once the note is attacked the mouth must 
remain unaltered. 

(4) The ciuality of the note must be unchanged 
throughout. 

(5) 'rhe note must vot be held until the last 
particle of bns'ith has been exhah'd : a little must 
remain in the lungs after the completion of the nolo 
or phrase. 

The “ messa di voc*e ” may bo ])raetise(l on all the 
notes suitable for the respective voices, given in 
Ex. I [pages 0183 4 j, the vowels A (all) and E (ee) 
being used. 

The objeel of “ messa di voce ” is to give colour to 
the singing. It must not be attempted until the 
student has acquired a correct management of tho 
breat li. 

The principal ornament .s used in singing are the 
appoggiatura, aeciaceatura, inordente, gru]»etto 
or turn, shake or Irillo, portamento, legato, staccato, 
and picchettato. 

[For appoggiatura, aceiaecatura, griqwtto or 
turn, shake or trillo, see page 271. ) 

The mordents consists of the written note, the 
note above — cither tone or semitone — and the 
written note. 



Uhere is also the inverted nmrdente. This consists 
of the written note, the note below' and the written 
note. 



By portamento is meant tho “sliding” of the 
voice from one note to another of different pitcL 
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When used with discretion it is very effective, hut a 
eoinmoii mistake made by many siiigers is that they 
use it continually without discretion. As to how it 
must be snug — slowly, or quickly, loudly or softly — 
the student must be guided entirely by the context. 
4 he following sign r' or is used. 

A note must nov^cr be “ slurred ” to and then 
from consecutively. 

f he si gn ca lled a slur, used for the legato, is 
written The nott‘s over which the slur is 

placed must bo sung very smoothly, hut there must 
he no “ sliding ” of tho voice from one note to tlu^ 
next, and the notes intervening between tho written 
notes must twl be heard as in portamento. 

(beat care and ])er.severance must bo exercised 
before the legato can l)e aeipiired ; but once tlu' 
student has mastered its dillieulties, ho is amply 
re]»aid. for, as Signor Bandegger says, “ Effica’ency 
\\\le(j(iU) niiujing is the most prominent and valuable 
attribute of a goo/1 singer.” 

Speaking generally, it may be said llicre arc three 
kinds of siaeeato. 


(1) Writ to Snag 



No. 1 is usually railed staccato, «and No. 2 
pieidieltato. The notes marked picchctlato are 
half as short again ns those marked staccato. 

4'he striidest attention must be given to the rests 
between the notes ; neither the voice nor the breath 
must be heard. 

Breath must not be inhaled between the notes, but 
that which was inhaled at the beginning musi 
be regulated so that it is sufficient for tho wlioli 
phrase. Each note must be tirmly and sharply 
attacked. 

Tn singing No. 3 the notes should be firjnly 
at laekeci, but not .so marked or detached as in Nos. 
1 and 2. The student is advised to write exerciser 
for himself on the different ornaments and einbel 
lisliments, and then practise them carefully and 
diligently in the keys best suited to his voice. 

Word Picturing. Upon “ word picturing, 
facial oxpre.ssion, tone colour, emphasis, expression, 
and phrasing, all to a large extent depend. Each 
of the above will be treated separately ; but it 
essential that the student should first really undet - 
stand what is meant by “ word picturing.” 

Before a student can do justice to a song he 
wants to sing ho must take the words apart from 
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the music, read them through carefully and thought- 
fully, then re-read them. They may be merely 
descriptive, or they may bo of an emotional nature 
combined with description. No matter of wliat 
nature they may be, the student must draw u])on 
his imagination and make mcnUtl pictures of the 
scenes and emotions to be portrayed, as an artist 
has to do before he can place on canvas illustrations 
of a poem. 

To a painter this word picturing is, ]icrhaps, 
more natural than to a singer ; the former is trained 
from the first to make a mental ]»icture of all ho 
reads. Here is this difTcronco between the painter 
and the singer : as the latter wilt probably have to 
cU'seribo the whole of the ])oem, he must, perforce, 
menUtUy see the whole of it, wliercas the painter is 
limited to a few lines, for he cannot paint a ])icture 
illustrating the whole of the poem. 

The student will find it very helpful — until he is 
able to draw upon his imagination more, and 
menially make pictures for himself — to recall past 
cx])ericnccs in his life, and M'ork on them. For 
cxam]>le, if he is singing of a lovely garden, or a 
(jiiiet graveyard, he must think of some garden he 
knows that once a])])ealefl to him, or a (piiet, ]ieace- 
ful gravoyaixl he has seen and noticed ; if he is 
^inging of a ])cjsoii, he may think of someone he 
knows who seems to lit the situation ; if his song 
refers to the ])assions or t‘uiotions, he must think 
of the time when he haled, wms afraid of, loved, or 
was angry wdth some ])erson, and he must try and 
recall some of the feelings ho may then have experi- 
enced, and w'ork thorn into the. song. The whole of 
what is represented in the song must ho uwuinHy 
■seen if he wishes to make the reinJering of it clear to 
liis audience. 

Facial Expression. For examples of real 
facial expression one should look at tlic face of a 
child. How (piickly its little face brightens, and 
w ith what smiling eyes it looks at one when anything 
pleases it! On tin other hand, how suddenly ils 
w'co face (clouds if it is disappointed, and how it 
pouts when it is cross ! 

As tlie(;hild grows up it gradually loses this natural 
iineonscio\isness of self, and ))erhaps unconsciously 
si rives to hide these varying ex])ressions which are 
the outcome of the thoughts and emotions. English 
l»cop]c! are mucli too reserved : they will not .s])cak 
"ith their eyes and the expression of their faces — 
they rely entiiely upon the mere words. 

F'or those whose calling does not bring thorn before 
tbe public, this may be passable ; but to anyone who 
\'ishes to be a- singer, reciter, or public s|»eaker, 
tacial expression -is as essential as a properly 
I'loduccd voice. The ex])ression of the face must 
' li.inge with the mood. 

No hard and fast rule can bo laid down for facial 
‘‘x])rcssioii, as all the expressions natural to one’s 
t<»cp are the outcome of one’s inmost thoughts. 

The student must make a list of the different 
'‘motions — love, hatred, rage, and so ou, and, stand- 
ing before a mirror, practise the different facial 
expressions which represent each. He will see for 
linuself how necessary it is to get a thorough reading 
\Vl song, and practise his “word picturing.” 
Mien these have been mastered, facial expression 
come quite naturally to him. 

, *rone Colour. When the student has 
loroughly grasjied the meaning of the words of his 
^niig and made himself quite familiar with all tht5 
'oods contained therein, ho will unconsciouly have 
‘ < quircwl the correct “ tone colour ” for each 
nusical sentence. Ho would not use the same 
nno colour” for “0 rest in the Lord ; wait 
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ntiently for Him,” that he would for “ Awake, 
aturnia, from tin' lethargy ! ” For the former lit' 
would use a warm, comforting, persuasive tone, 
W'hilst for the latter he would use a shtirp, com- 
manding, peremptory one. Ere the student can 
hope to attain proper tone colour, he must thoroughly 
understand the words he is about to sing. 

Emphasis. Some singers may argue that 
“emphasis” dot's not apply to singing; that it 
ehietiy concerns readers, reciters, and speakers. 
This is not .so ; it is as necessary to the singer as 
to the s]»caker. Every word in a phrase must bo 
given its due importance, but one of them must 
bo more strongly emphasised than the others, to 
point to the real meaning of the sentence. 

’J’he whole .sense of a passage may ho altered if 
emphasis is not put on the right word. The follow'- 
ing examples show the correct and incorrect 
enqdiasis: “ rUeaterlovo hath 7 fo man than Tins, 
that a man lay dowm his life for his friends.” 
Prop)erly om])hasised, the word this” takes the 
espe(dal prominence, whilst the w'ords “no” and 
“life” are the next in importance. 

Wrongly emphasised, it would road as follows : 
“ tlreater love liath no man [as opjiosed to 
“ woman ” J than this, tliat a man lay down (not 
“ take np ”] his life for his friends," 

The student will see for himself how this sentenc-i 
can be turned .ibout. and wrongly einpliasised anti 
made absolute nonsense of : fnrtlier, he will see. 
how essential it is that singers, as well as speakers, 
should emphasise correctly. 

Expression. Eosseau savs: “Expression 
h the pow'tT W’herebj' the music ian conveys to his 
aiitliencc all the ideas and sentiments of the music 
W'hich he interprets, at the same time making it 
evident that he feels them himself.” 

Some natures are less res[)onsive than others, but 
with jKitience, })erseverance, and a tactful handling, 
feeling can be bronglit out of the coldest natures. 
The terms exjiression and feeling, as applied to 
singing, are .synonymoii.s, therefore every person is 
capable of singing with “ expression.” 

Expression cannot actually ho taught, but it can 
he cultivated, and to such an extent that the 
perfornuT really feels what he is singing ; and.wdiat 
is .still more inqiortant, makes his audience feel it, 
too. There are, of cour'-^e, some peo])le whose singing 
is naturally sympathetic and full of feeling, but this 
need not discourage the less fortunate ones, for 
everybody who wishes can sing with expression. 
The*easic.st and (piiekest way to I'liltivate this great 
gift is to read good literature, especially poetry, 
thoughtfully and with understanding. 

Phrasing. Phrasing may moan merely a 
correct pnnot nation of a musical phrase, as: 
" Woe ! Woe unto them who forsake Him ! ” 
(Elijah) ; but when one s])eaks of a song and piece 
being correctly “ jihrascd ” one generally und(*r- 
stands that the best possible etfect has been given 
to eaeh of the musical sen tone s contained therein. 
This can only be acconi})lishcd after the performer 
has thoroughly gra.sped the nuanimf intended by 
the composer, and fully realised his ideas ; he will 
then portray them in such a w ay that the audience 
cannot fail to grasp them too. 

Besides this, he must have mastered the art of 
breathing, have Jiad Iiis voice properly produced, 
have studied articulation and pronunciation, bi^ 
able to keep time and sing “ in tune,” know where 
to take breath, be able to use the correct “ tone 
colour,” be able to sing legato and staccato, and 
Iw thoroughly ])roticient in the singing of all 
the different ornaments and embellishments. 
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Lainporfi, in his hmicms “Art of Snip:in^%” says 
that ‘‘ the whole hcauty of the art of sin}iing 
lies in pluasing.” 

We give on flic next page “ O rest in the Lord” 
fully marked, and the student is advised to study it 
well. For his guidance vve also give a list of the 
signs use<l : 

J Where breafh is fo be inhaled. 

I Voice to cease, but no r<*- inhabit ion. 

y Tiiflection of the voice to rise. 

\ Inflection of the voice to fall. 

A Strong accent. 

“• .Medium accent. 

Articulation, 'rho great mistake so many 
singers make is that they give their undivided atten- 
lion to the fulness and beauty of their voices, 
paying no heed fo the diction ; the words count for 
nothing, and ate never thought of at all. Tt is as 
e,‘!iaentiai in singing ns it i.s in S])eaking that the 
words siiould beelearly heard and the eorreet ac(‘ent 
used — in other words, that the articulation and 
pronunciiition should be irre])ro tchable. 

Articulation must not be confused with prommeia- 
tion, for there is a great difference betw’een them. 
Words are made up of syllables. Each syllable 
contains one vowel and one or more consonants. 
When caeh vowel and eonsonant is clearly and 
correctly uttered, the articulation is perfect, d'he 
rea.son why English people articulate so indistinctly 
is that they hurry over their words. More deliberate 
articulation is needed. The famous Mrs. Siddons 
used to siy to her pu])ils, “ Take time ! ” 

It will be found that the consonants offer greater 
difficulties than the vowels, so the first exerei.ses will 
be on the eonsonautal powers. 

It must be borne in mlixl that tiie consonants 
are not all formed alike. Itoughly .speaking, they 
are divisible into iivo grou|)s : 

1. Labial, formed by tlio approximation, or the 
complete contact, of the lower and upper lips — pen, 
bat, man, wench. 

2. l..Am()-i)KNTAL, formed by the contact of the 
lower lip with the u])per teeth — fine, verse. 

d. Li SCUTA -PALATAL, fonucd by the tip of the 
tongm* coming into contact with the hard i»alato 
immediately behind the two u})per front teeth — ten, 
did, line, night, sell. 

4. LisorA-ijrrruBAL, formed by the back of the 
tongue coming in contaiit with the hard palate ™ 
kind, gag. 

r>. OiML, for)))ed by a full flow of breath through 
th(j mouth — ^liall, yolk. 

'riie student must first persevere with tlic actual 
])Owers tlieinselves, .aud not add the vowels until 
the consonants have been mastered, thus: 


L as in bad N as in name 


0 , 
I) . 

cakes 

P 

„ pill 

da lie 

Q 

‘juilt 

F , 

fight. 

B 

(trilled) as in rat 

C , 

gauge 

B 

(smooth) as in war 

H , 

liat 

S 

as in .sill 

d , 

kt 

r 

„ tone 

K , 

kick 

V 

„ vain 

L , 

fark 

w 

„ well 

M , 

mart 

X 

-KS as in mix 


Wh as in white 

Each of tlie powers given in the above list, 
beginning with B. must be i)ractiscd at first very 
,slowly, thus : BMTITB, breathing after each ]L 
Then in four groups of two, breathing after each 
group; four groups of four, breathing after each 
group; four groups of eight, breathing after each 
group ; then in groups of twelve, sixteen, twenty, 
and so on. The greater the speed, the lighter and 
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en.s])er must be the arfienlation. ^J’hc sound 
actually uttered is not Bee, but B as heard in 
the word “bad” mimrs the “ ad” sound. 

After having practised the above exercise the 
student should make out lists of words for each 
• onsonant, tluis : Ball, bat, bell, bed, bile, bid, 
boy, boil, book, booth, etc. Then sentences 
something like thc.se: “Black Benny Bumpkins 
bought beautiful blackberries, but Bertha Brown 
bartc'iod Benny’s best boat for bananas.” 

This iiiust be practised carefully in two breaths— 
that i.s, breathing after blackberries ; then the 
whole exercise in one breath; afterwards tric(l 
twice, three limes, and four times, if possible, in 
one breath, tlirougliout paying the greatest atten- 
tion to the “ B ” power. 

Having learnt something of the eoii-sonantal 
powers, the student must turn his attention to (lie 
vowel sounds. Whilst only five signs ai’e used — 
.A, E. I, O. XT — (hey re])rcsont a greit many nio:o 
\owcl sounds. 

Five sounds for A, as in ayie, ah, all, at, air. 

’riiree sounds for E „ eel, ell, earth. 

’Pwo sounds for I ,, ice, ill. 

'Pwo sounds for () ,, old, odd. 

Three sounds for tl .. up, (n)iide, (f)ull. 

O is jil.v'o rejiresente.l in the diphthongs, as iu boy 
and owl. 

Although the vowel sound emanates from the 
larynx, the real formation is decided by the different 
shapes assumed by the inside of the month and 
the pharynx. 

The student mtist make for himself lists of words 
on each of the vowel sounds given above, thus : 
\ as lieatd Iri ape, ale, fat (*, pate, grate, and }>raclise 
them many times, listening carefully to each somid 
]iroduccd. and continue until he has thorougldy 
mastered them. 

When he has overcome the difficulties in IliQ 
preceding exercises, he should take sentences 
such as this from Buskin : 

“ Blue, bascle.ss and beautiful 
Did the boundle.ss mountains bear 
Thm'r folded .shadows into the golden air.” 

Beoite them very slowly, an<l ■jironounec eviay 
vowel sound fully, correctly, an<l distinctly. 

Pronunciation. (lood pronunm’ation IS 
really “ ])r()prietry of delivery.” It is not so 
easily taught as is articulation ; so much de])cn(ls 
upon the student’s own intelligenee and liis ca]ia- 
bilities for hearing and discriminating bctucca 
wonis correctly and ineorrectly yironouneed. 

To a very large extent, eorreet jirtmimcialioa 
<lepends u]>on their proper use ; but besides praci ising 
lln‘ vowel .sounds, it is neeessary to hear, listen io. 
and co])y the best orators and actors of the day if 
goo<l ]»rominciation is to be obtained. 

A])art from the different brogues of Scotland. 
Ireland, and Wales, the Englisli counties have 
]ieoiiliaritie.s of proniineia tion that ought to hy 
era<lii*ated, such as: “ t’ cat” for “the cat 
(\orth Lancashire); “ th’ cat” for “the cat 
(Smith Lancashire) ; “ Charing-CVawss ” for “ t ha' ■ 
iiig Cross ” (Cockney) ; “ Eow ” for “ Oh ” (CocU- 
ney) ; and many more that can only be coiTec(c(l 
by listening to a eultunvl .speaker. It is not intended 
that the student .shoidd regard ])ure dialects as 
vulgarisms; it is the mixture of “ polite Speech ’ atal 
dhileet that is so ngly. In a numher of real dialect 
wonts many of the roots of the English language arc 
traceable, for they are chiefly of Celtic, Teutome, 
Feaudinavian, and Anglo-, ‘^axon origin. 

It is generally imagined that the English langT|at^‘^ 
is bad for singing. The sooner this absurd jdea 




Voice 


Aria-“0 REST IN THE LORD.” 

A'ndantino. 

vrv,s. 


(rromisingly) 

V A 






() ivst ill tlic LokI, wait pa-ticMit-ly for Him, and Ho shall 
y (Cf taring If/) (Loringly) 


give thee thy heart's do - sires; (> n^st in the Lord, wait pa-tienldy for 
(Conpdentbi) _ 






Him, and He shall give thee thy heart’s <le - sire , — and He shall 

sj yj (Afh'isinghf) ^ (Solemnly) 

L ^ 






give thee t hy heart’s do - sires. Com-mit thy way iiii - tt> Him, and trust in 

^ (SffUntnly) ^ 


^ (With force) 

£y— - 






Him; com-mit thy way un • to Him, and trust in Him, and fn‘t not thy 




^ (Ruu^snringly) 


V (Lovingly) 


self. . be-causeof cv - il do - ers. <1 rest in the Lord, wait pa-tient-ly for 

,, (Advisiugly) 


y' (Sknvlif) 




(Reaccfnllff) 

: --:f -- , .J 


Him, wait pa -tient-ly for Him. <> ifd in the Loul, Avait [la-tieiit-ly for 
yj (Promisingly) ^ — 


\ ^ 

Him, ami He shall give thee thy heart's de - sires, — and Tie shall 

give thee thy heart’s de - sires, ami He shall give thee thy heart’s de - 
Hi/ \ Coaxi ngly ) ^ (More pers nasi vely ) V *“ rr r~77~ 




' sires. O rest in the Lord, (I rest in the Lord, and wail,. . . 

:j^rry=^^, {Slowly) _ rrr^ - _ rr 


5 


W'ait , 










li 


pa - tient - ly for Him. . . . 
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is aboliNhod the better. 'I’he real reason why a The student must read through the words eare- 
voice does not sound so full and resonant when folly, and when he has graK])ed their meaning reiid 

singing English words as it does when singing them aloud as though they were the outcome of his 

Italian is that the singer neglects to give the full own thoughts, breathing where the sense dictates, 
value to the vow<‘l sounds, and does not articulate Hefore iwginning to sing them he is advised to 

his eonsonaiits sufficiently, besides invariably learn them by heart. He should then give his atteii' 

“ eli|j])ing ” them. Another eommoii mistake tion to the song, first notieing the key, time, and 

made by singeis is that they are not eareful to give marks of expression before uttering a sound. Next 

tM<0i syllable its j)ro])cr accent, for example : he shoidd slowly sing through the melody to 

“La,” keeping ])erfect time; and 
tiiially he should take the words 
etc. and musie together. « 

Keeitativc may be defined as a 
musical declamation or a s])eaking 
insicad of in music. There are two kinds — • 

_ I. _ — . . accompanied and unaecompanied. 

j-I — — ■ 1-^, j- f- j- i singinjr the former the student 

^ I |~ ^ I' '■ ke(‘p strict time. Example: 

poor soul hrtt Mgli -iiin by a s>c - :i • inoie tree. “ Awake, Saturilia ” (No. 2S, 

Handers “Semele”). 

As first marked, the words would read as h>llow.s. When a reeitative is unaecompanied the singer 

and m.ike no sense : makes the time according to the words of the story 

“A poor youl sat .sitjhhif/ by a syc-a-morr tnu." and his own reading of the piece. Exam])le: “ O, 
Wo do not })ionounee the letters s y <• a m o r e worse than death” (No. 17, Handers “Theodora”), 

as nV/c-a-ttnur, hut .syc-amore, so why sing the word For both accompanied and unaccompanied 

with three accents ? recitative singing the nieaning of the wwds must 

The consonants must he more marked in singing he very oarefully stiKlied,so that the sentences may 
than in speaking, heeanse the vowels jire iiion* he correctly iffirased and the jiroper emphasis 

prolonged and have often to he made broader. given. At. all times must the words bo clearly 

(Ireat care must be taken that the end of a word [uonouneed. 
is not carried on to the beginning of the next — that When stialying the unaeeoin])anied style, tho 

is to say, it must be finished on the note intended stuflent is advised to select several recitatives, and 

by the composer : the consonants must bo arlien- take the, words (piite apart from the music and read 

lated distinctly, es]»eeially the d’s and t's ; and tlie them aloud as he would a verse of poetry or a piece 

r’s trilled where necessary, Imt under no eoiisidera- <if prose. Having safisli«‘d himself that he has 

tion must false accents lx; intrcKluced in tho ohtainod the eorreet nieaning and etfeot, he may 

endeavour to begin or finish the w'ord.s. then sing them, but tho ]>hrases must bo the same 

Elocution and Declamation. It is as when declaimed, 

essential that the student of singing should stiuly Three Styles of Singing, flenerally speak- 
elocution and declamation. Unless he does so he ing, there are tlueo styles of singing ])lain, florid, 

W'ill find it almost imiiossiblo to deliver his song to and de<*lamatorv. For the tirst the essential and 

its greatest advantage — to givt? it the ]K)etieal distinct attributes are perfect intonation, correct 

sense and the true expression intended by tho breath management, and faultlesi^ fliction. This is 

eonipoHcr. Man}' teachers of singing are quite the noblest of all styles, and to ithelongeliureh music 

opjio.sed to tiieir jaipils’ studying <-locutiou and and oratorios. Example If w'ith all your hearts ” 

declamation. 'Ihey imagine it injures the singing (Arendelssolm’s “ Elijali '). 

voice; b\it this is an absurd idea. If the student The florid style is not so freipieiitly heard nowa 

uses his s])eaking voice ]»ro])erly and in moderation, days as it was some years ago. It i.s full of oriia- 

no possible harm will result, (.'a va’icn' Alberto Ran- Mieiits-- gra<-e note's, shakes, turns arpeggios, scale 

degg<*r, one of tlic most famous professors of singing. pa.s.sages, etc., and flu* •‘(<*m])o”is usually ejuiek. 

wrib's : “ Elocution and declamatiem should form For the singing of this the voice must be light and 

an integrant fiart of the singer’s education.” (See full. :iml the*, breath well umh'r control. Example : 

Flo( I'TioN, 1 ' Bishop’s “ Lo ! here tlie (ientle Lark.” 

A dictionary would probably describe a .song as a It is to tfic delivery of the words that the attention 
short ])()em, a ballad, a lay or a strain, but none is chiefly given in the' singing of the declamatory 

of these synonyms fully define the word. A .song style.; vocalisation is practically unnecessary, 

is tho combination of words W'ith the singing voice. Exam])le : Schubert's “ .\ufenthalt.” 

One is indispensable to tho other, and they are The Young Singer’s Debut. It is (iuite 
eipially important. When it is remembered that possible that the average student will feel very 

words set to miisie make the conception absolute, nervous and awkward when he makes his debut 

it will be seen how imjiortnnt a ])art they play. either a professional or amateur singer. This is 

The First Song. 'riie first song elioseii natural enough, and only time and exfierieiice will 

should be very simple, slow, sustained, well within enable him to obtain ))erf(‘et self-possession ; but 

the com])ass of the voice, the intervals not too he shoidd bear in mind that how'ever nervous or 

difficult, and thi^ accompaniment quite ea.s3\ so anxious he may feel ho must do his utmost to hide 

that it the student is obliged to play his own aeeom- it, for nothing is more trying to an audience than 

paniment he can do so without paying much a nervous performer. H(* should come well forward 

attention to it, and so give all his thoughts to his on to the stage, and his face should assume a jilea- 

voice and the words. A short song such ns “ The sing expression. The student may at all times bo 

Sweetest Flower that Blows,” by Hawley, or “Tho tmxiom when he sings publicly, but it is certain 

Night has a 'I housand Kyes,” by Frank Lambert, is he will not be nervous if he understands and has 

lecom mended. thoroughly mastered the jiieoe he is about to sing. 

SiNciXG concluded; f(}llowedhy Pi.\xo Tuxixc 
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By Professor R. ELSEY SMITH and R. L. ROBERTS, M.A. 


A t the time of writing the building trade throngh- 
ont the country is passing through a period of 
almost unexampled depression, and cannot be said to 
be a very attractive or lucrative business for a young 
man to enter. This is not the ]»lace to discus*: the 
more iininediate causes of this dc].ression, but it will 
be as well before the subject pvo])er is de It with to 
call the reader's attention to the great changes which 
have taken place within the last tw(‘n>y yoai-s 
in the trade, and have most vitally affected it. 

Changes in the Building Trade. There 
is no doubt that for the moment, though it is to lie 
hoped not permanently, the old-fashioned type of 
builder is on the decrease ; the builder who luul first- 
hand practical knowledge of some or all of the tradi's 
employed in the erection of buildings, who liad gone 
through a most practical training in fhc worksho])s, 
and who, in ])roportiou to the thoroughness of his 
training, took pride and interest in his business — 
this tyi^e of builder is being piishetl to the wall in the 
stress of modem competition. His success depended 
not merely on his ability to undercut his competitors 
in a tender list of twenty but on a reputation gained 
for sound, though not always, it must be oonfessod, 
cheap building ; and it is open to grave doubt 
whether the building public in the end stands to 
gain by the gradual disappearance of this Wpe, 
Into liis place is steiiping the mere (inancier, who 
cliooses the building trade as the field of his opera- 
tions, and whose training has made him a master 
of ofTice (h'tail, but has left him without any 
practical knowledge of the various trades conneefed 
with his business. Besides the change in the ty])e 
of builder, fliero is another tendency to bo noted, 
which is, perhaps, its necessary concomitant — tliat 
is, the tendency on the part of large furnishing and 
drapery firms to establish an architectural and 
building branch of their business, and with the hi Iji 
of the large capital they have at their coininond, 
to entf^r into competition with the genuine con- 
tractor; for in these days of rush and hurry it 
apparently a tempting consideration to be able to 
choose your ho\iso at the same place as you buy your 
furniture. Tt should be noted, however, that the 
eom|ietitiofi of these firms lias at ])reaent more 
effect oil the decorative side of a builder’s business 
than on the actual contracting, (hough not without 
its inti lienee here, too. 

Signs of the Times. TJiesc changes are un- 
doubtedly signs of the times, and must be taken into 
consideration by any one pro])08ing to enter business 
as a butlder ; but, significant as they are, there are 
reasons for hoping that they indicate a mere 
temporary phase, and not a permanent alt<*ration 
of the conditions under wliieh the building trade has 
been carried on in this country. Architects, too, it Is 
to be ho|)ed. will be found on the builders’ aid© in this 
struggle; tlieir work is far more likely to bo intelli- 
gently and efficiently carried out by firms whose 
interests lie only in tho building tracle, and whose 
principals have practical knowledge of building 
detail, for they will thus secure the great advantage 
of dealing direct with such builders instead of with 


the subordinates of great financial houses, as they 
would have to do if the “ trust” methods of business 
were to prevail in the building trade. 

Technical Training. Technical training 
may 1 x 3 said to be the foundation stone of snceos 
for the builder and of most vital imjiortance if h<- 
wishes to have a real knowledge of his trade ami 
a living interest in his business, and in these days, 
such training is open to all. The old order, it is 
true, has changed. The days of apprenticeshi}*, 
whether for good or ill, are gone for ever, but the 
intending bnilVie: has no lack of efficient substitutes. 
Thanks to the various technical institutes in London 
and throughout the country, practical training iu 
all the various building trades lies within his roaeii 
at a very slight -cost. Some of these polytcchnicM 
have a eouise of day classes for intending architects 
and buildiTs, wlie«e they can learn both the theory 
and the practice of theii’ business ; and after having 
been through such a ('ourse, the student, though not 
master of every trade, should be sufficiently 
aeiiuainted witli them to know good construction 
from bad, and to realise whether the workman in his 
employ are elTic'ieiit or the reverse. Perhaps the 
ideal training for a builder is a course of 
technical classes, and at the same time attendanci* 
on a building in the course of erection. From the 
latter he would ho able to learn not only how a 
building is put up from the foundation to the 
finish, Imt also to gain some knowlinlge of the 
handling of worknuMi and tlH 3 general manage- 
lueiit of a job. 

Office Work. With these remarks as to the 
preliminary training advisable for a builder, our 
subject naturally falls under two heads — the 
builder’s work in the office and his work outside in 
supervising and managing his jobs. It is not at all 
nncominon in building firms where there are two 
partners for them to divide the duties, one taking 
entire charge of the estimating work in the office, 
and the other visiting the contracts in hand, seeing 
to tho ordering of mat(*rials as they may be rerjuired 
from day to day, and settling any (luostion that may 
arise on the work if self. The eonvenienco of tins 
division of labour is ipiito olivioiis, hut it is not a 
desirable method to em]»loy. A builder should 
know all sides of his business, that if need arises- • 
as it is sure to do — ho may be ca] 3 able of dealing 
with any branch of it. The office work is by far 
the more important of these two, though the term 
may be .slightly misleading. By it is meant not 
the mere daily routine of the oflioc, which, with 
little variation, would he tlie sanio in a builder's as 
in any other, but more specifically preparing esti- 
mates and all that lias to be done in the attempts 
to secure contracts. This side of tho business 
presents far greater difficulties to-day than it dll 
twenty years ago. Tho tight for w'ork and the 
com|>etition in the building trade beeoine.s fiercer 
every year ; prices are cut to their lowest point, 
not only by those who may bo called the 
“plungers” of the building trade, and in this severe 
struggle for wwk, scientific pricing of e.stimntes is 
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somoiinics thrown 1o the winds, ilio wrilor knowing 
of moTO than one ease wliort^ a b\iilder, after making 
np his estimate, lias taken off a good round sum 
“ for luck,” ns lie says. With this increase of com- 
petition there must he a corresponding increase in 
intelligence on the part of the builder if he is to keep 
his place in the ranks of the .successful. 

'I hc modern builder ?uu.st be ]n'e})ared to face the 
new conditions, for I hough some of the severe 
competition is due to temporary dc])ression, it is 
in the main due to causes that will ]a*obably prove 
'permanent. 'Phe public have demanded the 
cheapnesa that unlimited com pel it ion gives, and 
architects have been compelled to bow to the 
popular demand. The builders, too, have them- 
selves to blame in jiart for this state of things; 
when tender lists were more select, the work was 
often too costly, and the inevitable reaction on the 
liart of the building public was bound to come. 
Under these conditions, the estimating side of a 
builder’s work has become more than ever important 
and increasingly difiieult, and it is no exaggeration 
to say that it is only after the most assiduous 
application that skill and certainty in estimating 
can be obtained. 

Invitations to Tender. There are cer- 
tain kinds of public work that are advert ised, and are 
open to public tender, and tliere are some buildcr.s 
that almost confine themselves to this kind of work. 
iSyieculative work, also, is, of course, open to all 
builders with capital, or with the ability to borrow 
capital. Ihit apai t from these two elas.ses of con- 
tracts, it is dittieult, even in these days of competi- 
tion, for a builder to obtain the opportunity of 
submitting a lender. Arebiteets, quite naturally, send 
their work to the men they know, and of whose skill 
and trustworthiness they have had exiieriencc, and 
unless specially advised, would not include in their 
lists of “ invited to tender ” a builder unknown to 
them; hut if recommended to them, architects are 
not hostile to the young .nul untried man, and arc 
quite willing to give him the necessary opportunity. 
For instance, a London architect, with a job outside 
the l^ondon area, would always ask, in addition to his 
usual list of builders, the local builder to t<'ndor, 
if satisfied of hi.s capacity, because, if for no other 
reason, lie should he able to carry rmt the work at 
less cost than his London coni])elitor.s. Tlie dilli- 
eiilties of obtaining the entn'e into the ‘‘ invited to 
tender” lists are great, but not iiiqiassable, and 
should not debar any man of capacity from entering 
business as a builder. 

Estimating. A builder may have to e.HtiniHto 
for contracts in one of two W'ays — either from 
({uantities or from drawings, and in the latter ease, 
lie will have to take off his own (linieiision.s. Jn 
modern days quantities are almost alway.s supplied, 
and it is only in the case of small alteration jobs 
that a builder would have to take out his own— not 
many of the principal builders W'ould take out their 
own in competition for a large eontraei. It is far 
easier to estimate from quantities than otherwise; 
but even tlicn one of the most difficult tasks a 
bulkier has to do is to prepare a ( orreet and careful 
estimate. It is a comparatively simple matter, by 
low pricing, to secure a contract ; but it is much 
harder to prepare an estimate that will not only 
secure that, but also show a profit at the end of the 
job. To nil who know anything of the building 
trade it is common knowledge that there i.s often 
a variation of from 20 ])er cent, to .30 per cent in the 
prices of different builders tendering for the same 
job, and all quantity surveyors can testify how 
greatly the different prices of different builders xnvy 
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in detail — some pricing their briekw'ork low and 
their joinery high, or vice versa. This variation can 
be easily understood if the detailed and many-sided 
knowledge that is required for accurate pricing is 
taken into consideration. In the ordinary building 
there are a dozen nr so different trades employed, 
and the estimating builder must know not only the 
prices of the various materials needed for these 
lrade.s delivered to a certain site, but must also have 
some idea of what the labour on these materials will 
cost; and it is preei.'^ely tlic latter, or the human 
clement, of Mhicli it is so difficult to ascertain the 
cost. 

In pa.ssiiig, it may he remarked that the pricebook 
is not to be relied on ns a certain guide, although 
it is very useful for occasional reference. A builder 
should be able to ]>riee the bill.s of quantities that 
come to Ills office from liis own first-hand experience ; 
thi.s is not to say that ho is never to employ an 
estimating clerk— most builders do — but it is unwise 
to depeiKl on him entirely. 

Estimating from Quantities. Before 
1) ‘ginning to price his bill of quantities, the builder 
must satisfy himself as to one or two points which 
might seriously affect the estimate he will be giving. 
Common-sense will, of course, tell him that building 
i.s more cx]iensivc in some parts than others — for 
instance, (liat in a hilly suburb of London, like 
Hamiistead, it is more cosily for him to do Work 
than in the cent re of London; all materials would 
cost more, owing to the heavy cartage, but such 
knowledge as this he will have from his own general 
experience. His first husiricss should be to visit the 
site of the pioposed building ; ho should discover 
what facilitic.s there will he for the storing of 
mateiials - limited S})neo for this juirpose will mean 
increased cost — uludher the site is easy of access 
for carts to draw into, and whether there arc any 
.special difficulties connected witli it. He should 
Batisfy himself as to the nature of the soil — whether, 
for instance, if is easy to work or not, and whetlicr 
sand or ballast Can be had from it. Anoflu'r 
important point to see to is wlielher tliere Is likely 
to be much water met with during the excavations. 
There is in most bills of quantities a clause to pump 
or bale out all water met with in the eonrso of the 
work, and this, in some ca.ses, would amount to a 
serious item. 'Pho estimator having ascertained 
.such ])oinl.s as these on the spot, can return to liis 
estimating with the knowledge that will materially 
affect liiin in hi.s j)ricing, and before settling down 
to his work he should call and inspect the drawings, 
that he may know whethoi the pro])Oscd building 
i.s a sinijile one, or likely to be exjiensive, beeansc of 
minute and elaborate detail, the designs of different 
architects varying considerably in this respect, aiul 
ap])reeiab]y affecting the cost of their work. When 
beginning the actual pricing of the bills, the 
builder should have Ixdore him tlie cost of various 
materials, such as bricks, cement, etc., delivered to 
the sif-e, and the cost of carting soil and rubbish 
from the works, this last item varying from 10 ])cr 
cent, to 15 per cent, in different parts of London. 
He can sometimes deduct .something from the 
prices thus obtained before tendering, as the 
merchants aire likely to quote liim lower ]>rices if he 
succeeds in obtaining the work. 

Fluctuation in Prices. It is the more 
necessary to obtain such prices, because the cost of 
some matcrial.s varies appreciably — sometimo.s from 
month to month, .\retals such as lead and iron are 
very liable to be affected in this way, and if there 
is a considerable amount of siudi material in a 
bill of quantities it is advisable to obtain from the 
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merchant a price that will be guaranteed for a 
time siiffioiont to allow of ordering at that price 
if the tender should be accepted ; otherwise the 
builder may find himself in serious difficulties, A 
concrete instance will at once illustrate this. A 
builder gives in an estimate for a contract in which 
there are many hundredweights of load ; he comes 
out lowest in the list of tenders, is accepted for the 
work, and begins operations about a month 
after the sending in of his estimate : ho will not 
recpiire his load either for external or internal work 
for many montlis. Ho has ])riced this in his estimate 
at £15 per ton ; between the time of sending in his 
tender and his wanting the lead it has gone up 
£.‘l or £4 per ton, and if ho has made no contract 
with his lead mereharit at the iirno of starting his 
work for load to bo delivered to his works as and 
when required w'ithin twelve months, he stands to 
lose very heavily in this ])art of lus work. The 
same would, of course, be true of any other materials, 
but metals are particularly liablt; to lluctiintion, 
and the market in them should Ik? very carefully 
watched by the builder. Tt should not be forgotten, 
too, that in the case of lead, the merchants have 
formed a ring, and that tbere is not the free and 
open market in this material that there is, say, in 
h ricks or cement. 

Preliminary and Other Items. The 

|neliminary items should be given careful attention 
ill pricing, especially the tinve given for completing 
the contract — almost always inserted by surveyors 
in the bill of quantities — and the time required for 
iiiaintenaiico after tho building is completed ; 
tliis varies from three months and ujiwards and is 
sometimes .as long as twelve months, and can be 
a very serious item. A ease <'amo within the 
writer s own knowledge where tho time for main- 
(eiianoe was eighteen months ; the contract was 
for redraining a largo estate, the drains of which 
had settled owing to the shifting of the ground, 
riie builder was made liable in tlic contract for 
flarnago to tho houses on the estate? during the tune 
his work was going on, and for eighteen months 
afterw^aixls for any damage due to the work being 
(allied out; it is obvious that with a treacherous 
soil this iniglit be a very si'rious matter for tbe 
contraelor. Tw'o other items that should be 
( arcfiilly noted arc tho fees for the district surveyor 
and local authorities, and for the water required 
tor the works. In the ease of alteration to largo 
buildings, should the quantity surveyor not have 
included a sum for the fees as a provisional amount, 
the builder would be well advis€?d to write to tho 
district surveyor and ask him what his fees would 
h(‘. As to the water, the charges of the different 
water companies vary, but their fees can be obtained 
Ironi any textbook, such as Laxion's. Tlie 
weight of tho pipe required by tho companies for 
services ig tho same throughout the London area, 
but in some cases outside that .area the service 
pifie is required to be heavier even than the London 
board’s I^gnlations, and tho unwary builder may 
K(‘t caught in this way. In such a case the builder 
'‘hould write for tho water company’s regulations 
‘md requirements. 

Specialities and Provisional 
Amounts* Where bills of quantities contain 
!^|»ecialitie8 such as a large amount of granite w^ork 
or terra-cotta, the estimator should always obtain 
piieos, however experienced he may bo ; they are 
outside the run of his ordinary knowledge, 
Old it is imprudent to risk making any mistakes — 
ill estimating are expensive luxuries. 
I I’ovisional sums play a very large part in modern 


building contracts and sometimes form a consider- 
able ])ortion of the whole, and such specialities as 
those mentioned above are very often included 
under the heading. The continued increase in 
such amounts has been brought about by the great 
changes in modern building construction and tho 
consequent elaboration in such matters as steel 
construction, sanitation, and the heating of buildings. 
The gradual elimination of timber and the sub- 
stitution of fireproof const ruction in both floors and 
roofs has de])pived the builder of much of his work, 
and in some c/iscs reduced him merely to the 
position of general banker for the contract without 
any of the usual advantages of that position. For 
tliough in the bills of quantities tho estimator is 
always instructed that he must add his profit to 
such provisional amounts, if ho really wants the 
work ho never puts anything on, and all ho can be 
certain of getting out of them is a small cash dis- 
count su(‘h as 2.V per cent., and this even is not 
always allowed by the special firms employed on a 
building. 

Closing Remarks on Quantities. The 

estimator shouJfl always carefully read through the 
lu‘.ulings that precede the bill of every trade; 
they usually ( onsist of tlie description and quality 
of the iimterinis to be used, but there are sometimes 
items that nupiire pricing and others that call for 
special attention. There was .a bill of quantities 
within the writin's (‘x]>erience where, includotl in 
the headings of the ioiner’s hill, was a clause that 
tho first instalment on the contract would not Ik* 
]>aid until all the doors had been got out and 
framed together, an item that (juito escaped tho 
estimator’s notice. If there is any pulling down 
or any other spot work to bo priceil this should be 
done on the site itself ; it cannot bo properly done 
in the office. If it is stated that the builder will b<* 
allowed to use such of tho old materials as are 
sound and suitable, only a visit to tho site and 
ins]ieotion of tho existing building and tittings will 
enable him to tell what credit he should allow under 
th 8 head. Before finally making iqi his tender the? 
builder should see the sp(‘citieation and contract. 
It i.s true that usually all the items that require 
jirieing aro inserted by the surveyor in the hill of 
quantities, but it is best to make sure. Nowadays, 
in estimating it is usual to add the profit on each 
separate item. A better though little used method 
is to price each item at the prime cost and add a 
IX'rcentago at the end for olliee expenses, use of 
machinery, the general superinteivde.uee of the 
job, and for ])rofit. This way is old-fashioned ami 
the modern surveyor is not used to it, hut it is to 
be preferred, for two reasons — it makes pricing more 
scientific and aecAirate, and in the ease of atlditions 
and alterations it (*er1ain]y tells in the builder’s 
favour to have a definite pere(‘ntago added on to 
the whole, es])eeially where there aro items for 
which there is no ])rice in the schedule. 

Estimating from Drawings. If esti- 
mating where quantities are supplied is difficult, 
tho task is doubly so where there are no quantities 
and the builder has merely the drawings and the 
specification to rely on, or in some cases where no 
drawings are needed, the specification only. Such 
cases axo almost unknown with buildings of any 
size, and only in contracts not exceeding £1,500. 

There are two kinds of work for which it is very 
usual for a builder to have to estimate without 
quantities— sra.all .alterations and additions to 
existing buildings, .and repairs and decorations. 
In the case of the first, drawings would bo supplied, 
and from these the builder can get a surveyor to 

ms 



BUILDINQ 


lake off tlie (luanliticft for him if time should be 
allowed, thouj<h often he has the loan of the draw- 
ings only for a day or two: but, in any ease, builders 
of ejc]ierienee would prefer to take off their own 
ipiantities, and this is not a difficult matter if the 
builder has an ordinary working knowledge of 
ilrawings and diriicnsions. He will not do it, of 
course, with the aeeuraey and fulness of a surveyor, 
and his method will be rather rough, but, backed by 
experience, it will suffice. Without experience, 
however, the bnilder had far better go to the small 
expense of employing a surveyor than blunder 
along as best ho oan. Or if this is not feasible, 
owing to waint of time, he had better decline t(» 
tender. Tn the case of repairs and decollations — 
much the most common— the estimator must take 
the. spoeitiention wdlh him to the job in question, 
and do all ]irieing there, inoasuriiig the work in th(‘ 
different rooms, starting at tlic top and working 
downwards. 

Measuring Up. If imating preliminary to 
the obtaining of contracts is the most difhcult task 
a builder lias before him, a scarcely less difficult one 
is the measuring Uj> tlie ('xlras and omissions on (he 
conn>letion of a contract, and settling u]) the 
accounts. That no contract is ever conflicted 
without extras and omissions is almost a truism. 
Hiiilding o])orations do not lend Ihoniselvcs to 
terminological exactitude, and not the most skilful 
architect or surveyor can foresee all the eoutin- 
geneies t hat may arise during the course of the work, 
much less control the changes of mind to wdiieh 
building clients are so lialde. The (juestions arising 
from these variations in a contract of necessity lead 
to much discussion betwi'cn builder and surveyor. 
an<l the bnilder needs tact, judgment, and good 
temper if he is to deal successfully with them. In 
addition, there may be also matters arising out of tlie 
bills of quantities. 1'he builder may find them defi- 
cient in certain particulars, or may think certain 
items insufficiently described, or the labour to an 
item not properly taken. In all such matters there 
is plenty of room for difference of opinion. Tin* 
builder is naturally anxious to got all that he. con- 
siders himself legitimately entitled to, and tin* 
surveyor is ecjuaily concerned to see that the builder 
does not get more than his rights, though Jiis ]K)sition 
is not one of a partisan, but of an umpire — a ])o.sition 
from wdiieh huildeis can rely on most (plant it y 
surveyors not deviating. \(nv, in measuring np as in 
estimating there are two courses open to the builder. 
He can liimstdf meet the surveyor and go into all 
the various questions with him, or lie can employ 
another surveyor to act on his behalf. In tlic case 
of large co?itracts there is mucli to be said for tlu^ 
latter course, or in eases where the Imildcr forcsec.s 
that acut(^ disputes arc inevitable, and that, in 
consequence, first-class cx])crt advice wdll be of the 
utiiio.st help to him ; for it may well be that in sneli 
eircumstances the builder will Jiave neither the 
time nor the ability adequately to |»resent his owm 
ease, and the extra ex])cuse of enqdoyiiig a surveyor 
will be more than justifh'd. 

Extras. There are two subjects whicdi are very 
liable to cause controversy between builders and 
surveyors — extras, wdiieh there is no srdicdule price 
to govern, and day work. Tn the case of tlr* former, 
wdien tliere i.s any considerable variation — such as, 
say. the substitution of wainscot for deal in n build- 
ing, or any large addition to the contract— it is quite 
usual for iho architect to get an estimate from the 
builder before ordering the work, a preferable 
method to leavhig it to be settled at the end of the 
contract, and fairer both to the client ami the 
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bnilder. Where the variation is .slight, and no esti- 
mate is given — and most contracts w ill show some 
few items for which there is no schedule price — 
compromise as to price ought not to be difficult, 'fhe 
usual method is for the surveyor to price out the 
extra and omission bills, and forw\‘ird them to th(^ 
builder for his approval. He may put the ])riecs too 
low, anticipating that the builder will ask too much ; 
but. in most cases the builder will find himself able 
to aeeejit as fair I he pric^es offered, and will always 
find the surveyor ojien to conviction if he can prove 
that any i>artieular item has been priced below' its 
real value. For it is not the unfairnes.s or ^lartiality 
of a surveyor that the builder has to be on his guard 
against, hut the ignorance that ar ises from know- 
ledge gained by theory instead of practice. The 
writer has in mind one particular instance of this. 
The taking down of a door, easing, ad justing, and 
rehanging in the same ])osilion was ])riee(! by a 
surveyor at Is. 3d. The builder would want 3s. 
for it; the surveyor might say that, theore.ti(*al]y, 
a caiqKUiter should do the work at this price, but 
the builder would know from ]>racli( e that not a 
(‘aiqicnter could be found in London to do the 
w'ork for Is. 3d. 

Day Work. But a more fertile cause of differ- 
ence of o]>inion than extras outside the s('h(‘drde 
price is the ipiestion of day w'ork. 'I'here is not much 
difficulty about the actual prices — foi-, to most con- 
tracts there is a schedule for <lay w’oi k attached — 
hut as to what kind of work a builder is entithal to 
charge uiuliT this head. Where the builder claims 
day W'ork, the usual custom is for him to send into 
the architect wa'okly v(Ui(‘hors of the time and 
materials. Sometimes the architect will accept 
these outright, but inon* usually with (he proviso 
that the surveyor must go into (hem at the con- 
clusion and deride whether the work in (picstion can 
be measured or not. Where tlieri' is a clerk (ff the 
works, he has to sign (he weekly sheets ; ami when' 
this is done, and the ar(*liitect has accepted them, 
the builder should not forgo his claiiu to have (his 
treated ns day work; (lie surv(\vor has then no righi 
to an o])ifnon on the matter. But when, at the end 
of the eontraet, the day-sheets are handed over to 
the surveyor for adjudication, the huilchr miisi 
satisfy him as to the reasonableness of his claim><. 
Some surveyors, unwilling to admit any limitation 
in their owm [)rofi'ssion, are too a])t to think that any 
and every kind of w'ork can be uu'asured. Sliould 
(he buikler have the misfortune to meet such an 
one, he must make up his mind as to wliat he ])aH si 
right to charge day work, and to insist on liis rights. 
A builder's claim to day w'ork may he based either on 
(he nature of th(^ w'ork it.self or the conditions under 
w'hich it is carried out. Under the first head would 
come such work as the cutting aw'.ny for liot-watcr 
tittiiigs, unle.ss the builder has (o take (ho ri^k 
liim.self. 

I’liere is, for example, a provisional nmouni 
in.scrted for hot-water work, and sometimes the 
general contractor has to do the necessary cuttiu': 
aw*ay for the fitters and to price the it(*m as la' 
thinks best; but more frequently there, is a pn* 
visional amount also for the cutting away, and thf' 
buihU^r returns what h ‘does under tliisas daywork. 
It is obviously impossible to measure a bole cut in 
one place niul a hole made good in another. Under 
this head, too, would come alteration to woik 
already done , such as alteration to drainage 
alreadj' laid. Where th3 day work claim is due 
the conditions under which the builder has (•> 
work, it is advis.'iblc for him, before doing the. work, 
to ])oint out to the architect that he cannot do it 
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tiu? ordinary contract rate, always, of course, pre- 
suming that tliorc is no clause in the contract to 
cover work under such conditions. Work of this 
kind would be, fo:* example, that done to the interior 
of a school while inoccupation of the children, where 
the builder has to do the work as best he can, and 
to suit the convenience of the teachers ; and where 
the builder is not required by his contract to work 
under th(*sc conditions, he is ({uite entitled to eharge 
it day work. 

Excess and Deficiency. Before leaving 
the question of settling accounts, one other matter 
must he touehed upon — the excess or deficiency 
of quantities. Bills of quantities can either form 
])art of the contract or not. In the latter case 
the builder's claim, if he thinks there is a 
deficiency iu some particular, would lie against 
the surveyor who had taken out the bills. Wliere 
the quantities form ])art of the contract, which 
is the usual course, the surveyor, when measuring 
up, will not raise the question of excess or 
deficiency, ])resuming that the quantities are 
correct, hut will leave it to the contractor to make 
a claim if ho wishes. But the builder will he advised 
to bo very careful before h<' makes sucli a claim. 
Now'adays, (juantity surveyors arc scientifically 
accurate, and the coritractor, unless he should dis- 
cover any considcrahk' omission, wull not find it 
w'orth his while to raise' e|ucstions on small points 
which, while involving much labour, will bear little 
])i’actical fruit, lu this juattcr thes builder wull do 
well to restrain tlu' zeal of liis foreman. ^lany fore- 
men, when a job is ])ciug measured up, are eager to 
point out that the (juaiitit i('s are short iu this or that 
particular, without, of course, having gone into the 
general question whether it is worth while to raise' 
the question of (juantities, and a foreman should 
always be advised to refer such |)oints for the con- 
tractor’s consideration and decision. One other 
j)oint the builder must be prepareel to meet— the 
itecurncy of his owm ])rices in the hills. This will 
arise only in tlie ease of extras and oini*ssie»ns. For 
example, suppose there is an amount of galvanised 
iron tongue in the bills taken out per foot run. 
priced by the builder either .in ignoraiiee or inistakt' 
at Is. fid. per foot instead of J id. On the coiuj)le- 
tion of the job there is found to l>o a large quantity 
extra, and the surveyor will wisli to ])riee this 
quantity at the usual price. Tlu' builder must her(‘ 
stand linn — the bills of (piantities form a schedule 
that must not he deparh^d from, whether the error 
is in his favour or not. If it had been against him. 
the surveyor w’ould have shown no mercy. Of course, 
in flome r-tises, errors of this kind are detected, when 
the builder deposits his ])riood-out copy of tlie bills 
with the surveyor, and in that case he is asked to 
correct the cito»' without, (»f course, altering the 
total of the contract sum. 

Outside Work. It remains very briefly to 
consi»ler the work that a builder lias to do in super- 
vising and managing the contracts he has in hand. 
This side of his Avork, though second in importance, 
can be by no means lightly regarded. The great 
<iuality he will require, whether dealing with the 
client or the architect or his own workmen, is the 
quality of tael. Personality tells here more than on 
the other side of his business, and the possession of 
tact may make all the difference to tlie kec]u'ng or 
losing of a connection. The jobs on hand should 
•>0 visited frequently, so that the builder may sec 
tor himse|f that satisfactory progress is being made, 
fmd that if any difrieulties arise he may have imme- 
diate knowledge of them. One of his most necessary 
**qinpmenta will be a thorough iiractieal knowledge. 


Questions may arise any <hiy as to the best and 
safest way of carrying out his work when the know- 
ledge of liis foreman will need to bo supplemeiitt'd or 
eorreeted by his own. The foreman may be inclined 
to sacrifice safety to sliced, and needs at times a 
restraining hand in this direction. The architect 
may recpiirc' advi{!e at times as to the best con- 
struction to he used, aiul though, should any tiling 
hajipen to the building through faulty construc- 
tion, the first resjKinsihility is the architect’s, the 
builder would not he guiltless of contributory negli- 
gence if througli igrioiaiiec or carelessness he had 
failed to sec what was amiss. Then the builder 
slioiild liave some ae((uaiiitaneo with the Building 
Acts and the various bylaws of the central and 
local authorities. 'File responsibility of meeting their 
requireuKMjts is always thrown upon his shoulders, 
and liis task is not rendered any more easy by the 
aiioma]i<'s and inconsistencies of which they arc full, 
flis more immediate duty on his visits will be to see 
that the jobs are being ke])t Avell siqiplied with 
materials. In tliis matter he should be very careful 
to look ahead. Foremen arc too aj)t to imagine that 
if tiny givif an ordt'r it can he e.xecuted the next 
day : hut the Imilder who waits for his foreman to 
order the material will find his jobs standing still 
for lack of them, and it often means that, while 
waiting, men have to he taken off from one ]ucce 
of work and put on to another- -a very rt'ady way 
of mounting uj) the cost of a job. 

Defective Materials. Then he will he sure 
at times to have to deal with the (juesliun of had 
mati'iial. lie will come round to his job one day to 
h'arii that tlu* clerk of (he works has coiidenuK'd the 
Inicks or timber as not being up to speeilication, 
and lie w ill have to determine promptly by personal 
inspection whetlu'i* the clerk of the works is justified 
or whether lu* thinks the material good enough to 
defend. In the case of bricks it is usual to deposit 
with the areliitect at the beginning of a job a fair 
avi'rage sanqtli* of the bricks to be us(k 1, and by this 
sample the builder should hind his brick merchant, 
ordering his bricks from it. This course allows a 
fairly w itle latitude, for bricks must be judged in the 
hulk, and what the builder has to determine is 
whether tlu; bricks condemned have been so l>ecause 
of a few’ bad ones among them, or because they arc a 
Ihorougldy bad lot. In tlu^ latter ease he is without 
defence, and he will be well advised if he has one 
load of bricks condemned to warn his foreman not 
to take ui any more of llicm on the job unless they 
are up to sample. His position wuth flu* brick mer- 
chant, if the bricks arc really bad, will be much 
stronger if he refuses to have them unloaded. 

The question of timber will be a far more difficult 
one. It is usually s])ecified to come from certain 
j)orts— in some eases, even, from ports whence 
timber has ceased to be imported for several years, 
q’he builder's Im'sI course is to insjiect the timber 
in the docks before he buys it, ami satisfy himst'lf 
that it is UJ) to his rejjuirements. But really good 
timber is getting scareer and dearer every year, and 
he will often have to be satisfied with the second 
best. If his timber is condemned and he is con- 
vinced that he cannot defend it, his best course is to 
take it off tlu* job at once. That is not to say that 
he is alw ays to give in. Ho may have the niisfortime 
to meet with a clerk of the w^orks wdio has a passion 
for condemning everything both in material and 
Avorkmanship, and who thinks that it is his function 
to hinder rather than to help a job. 

Speed of ’Work. But above all, the builder 
should carefully watcli the ju-ogress of his jf»bs, 
and see that he is not getting Iwhind his contract 





time. It is true that penalties for time are rarely 
enforced, because there are so many contributory 
causes of delay — besides, possibly, the builder’s lack 
of energy — that enforcement is found impossible in 
practice ; but, in any case, slow w'ork in these days 
is bad for the builder’s reputation, and his jiocket. 
It is a matter for discussion whether buildings 
were not better built Avhen they were erected calmly 
and without hurry than they are in these days of 
rush.. But the builder to-day has no time to stop 
and discuss this ; he must move wMth the times, 
or ho will soon oc*aso to do building at all, But w'hile 
taking care that his jobs are being luished on as 
rapidly as possible, ho must see to it that they are 
not crowded with men, or his cost book will bo any- 
thing but pleasant reading. Besides his ordinary 
visits the builder should make a point of some- 
times visiting his jobs at the time of starting in 
the morning ; foremen want ke(^])iiig up to the 
mark in the matter of time, and a late foreman 
moans no work done before breakfast. 

Foremen. The choice of the right men to 
carry out his work is a matter of great importance 
to the builder, and very much depends on the 
foremen he employs. The chief requisite in a fore- 
man is the capable management of men ; he must 
not only have a first-rate knowledge of the best means 
of carrying out work, but he must also be able to 
drive his workmen and get the most out of them he 
can, consistent with safe construction ; and for this 
reason a foreman should bo allowed a free hand 
in the choice of his men, with a few’ obvious limita- 
tions. Should a man be taken on at a job whom the 
employer, from previous experience, know's to be a 
bad workman, the builder iimst, of course, tell his 
foreman that ho cannot have the man on his works ; 
but a])art from such exceptions the builder should 
not interfere w'ith the men the foreman chooses, 
and if he has cause to feel dissatisfied with the men 
employed on the. job, and should the results convert 
that feeling into conviction, the only way is to get rid 
of the foreman. It is almost unnecessary to say that 
a foreman must be .sober and honest, straight not 
only to his employer, but to his employer's clients. 
A man who is dishonest towards the clients will, 
in the end, be di.shonest towards his own cm]iloycr. 
A builder should see that he makes his own interests 
and the foreman s identical ; this can be assured by 
giving the foreman continuous employment, and 
keeping him on even if for the moment another job 
cannot be found for him. Another method by 
which n foreman can bo induced to take a serious 
interest in his work is by offering him a bonus at 
the end of the job should it come out on the 
right side ; but this wants careful consideration, 
and siiecial care should bo given to tlio foreman’s 
character if this bonus is offered. In these days of 
cutting prices, where work is too often taken below 
cost price, it is a tenijitation to a foreman to imxke 
the job pay by scamping the work. How far should 
a foreman be trusted is a question that builders 
are alwa5^8 having to put to them.selvcs. Should 
a foreman be allow’od to pay wages himself, or 
ought it to be the invariable rule that somebody 
from the ofliice should pay ? In the case of 
small contracts, w’hero the wages are not heavy, 
the foreman may be trusted to pay^ but only, of 
course, provided that the builder has hod him in 
his ompioy for some time, and is convinced of his 
trustworthhxcfss and honesty. But with contracts 
of any size, it is the rule for the builder himself 
or a clerk from his office to pay at the job. 
One other piece of advice maybe nscful-~don’t sack 
your foreman for trivial reasons. The old-fashioned 
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method was to send a man away at once if you had 
the slightest disagreement w’ith him ; that method 
is happily passing aw’ay, experience having proved 
that a man who is always in fear of dismissal docs 
not make a good servant. 

Employer and Workmen. The decay of 
such methods of dealing with men, accompanied 
as it has long been by the growth of trades unionism 
and combination of both masters and men, has had 
as its result the development of better feeling be- 
tween employers and their w’orkmen. The master has 
come to re(!02[ni-e that men are entitled to a fair 
wage, and the men that the builder is entitled to a 
fair day’s w’ork in return. It is not too much to 
say — spe iking for London — that the best builders 
are to be found in the membership of the Master 
Builder's Association, and the best workmen in the 
various trades unions. The strength of these two 
combinations has led to a mutual respect on both 
sides, and reduced almost to a minimum the danger 
of strikes. 

The Attractions of the Building 
Trade. It may, perhaps, bo asked, can build- 
ing, under modern conditions and modern com- 
petition, be made to pay ? Bcasous have already 
been given for thinking that the jxrcsent depres- 
sion is but tcmi)oi‘ary, and in that belief tlio wise 
builder will bide his time. It ought to bo au 
axiom, but is not, that no builder should take work 
below cost price, and if for the time he finds it 
iin])ossiblc to compote with modern prices, he luul 
better hold his hand. It is bette'r to play in the 
streets than work at a loss, and continual lowering 
of prices will tell its own tale in the Bankruptcy 
Court. Let him keep his head, get what little work 
lie can at a fair ])rotit, and not plunge by taking 
largo contracts at imjmssiblc ])rices. 

With all its drawbacks one charge cannot bo 
brought against the building trade — lack of interest. 
At the end of most careers a man can only point to 
the amount of money ho has made as evidencjc of 
his work ; the builder leaves a far more enduring 
mark behind liim, and though not, of course, sharing 
the artistic hoiioiirs that fall to tlio architect, la* 
is essential to his work, for without him the archi- 
tect’s ideas would find no permanent or concrete 
expression. For this reason, to say nothing of others, 
no builder who honours his business should consent 
to have anything to do with scamping methods or 
to take work at so low a price that no profit can be 
made without seriously deviating from fair work- 
manship. And hero urcliitects may well be asked 
to lend a hel})ing hand by refusing to hold out to 
their clients delusive hopes as to how cheap work 
can be done. 

BUILDING ABROAD 

In the details of building oiieratioiis and methods 
there is room for much diversity, and ]jractice is 
rcgidated by climatic, custom and materials. 

This course has of necessity in considering the 
detailed methods of building construction dealt 
with their execution as carried out in England. 
To a great extent, in many of the trades the practice 
is much the same in the whole of Greater Britain 
and America, and either an architect or a builder 
who had received an efficient training in his bwn 
country, though he would find — especially in the 
details of practice — divergencies from what he 
was accustomed to, woulil, in a very short time, 
readily adapt himself to them. 

Effect of Climate. In many of the great 
English colonies the climate is essentially different 
from that of the mother country, and the result 
of this difference is frequently that buildings of a 
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different typo altogether from those erected here 
are required, and the disposition of various parts 
of a building have to be modified to suit the changed 
conditions. This is jiartiiailarly the case with 
the humbler class of buildings, in which the desired 
result must be arrived at without any great outlay, 
and in which, on this ground, purely local materials 
must bo employed and used to the best advantage. 
Tho more undeveloped any country or district is, 
the more primitive will be its buildings, and where 
entirely new ground is broken the settler must often 
in the first instance be his own builder and con- 
struct his log cabin in a rough and readj" fashion. 

But as soon as communities collect together, 
building passes into th(‘. hands of a special set of 
people who have had special training or show special 
aptitude ; but so long as the community is some- 
what isolated and difficult of access, the nalnro of 
the material to be obtained lo(ially will greatly in- 
fluence construction, and the best builder will be 
he who can apply them best. 

Means of Transport. Transport, both by 
rail and from the nearest station by road to its 
destination, is in many newly-settled countries 
costly ; as a consequence, when materials are brouglit 
from a distance, those that are comparatively light 
are sought for, and arc employed, even though 
they are by no means the most suitable ones that 
can be used for the purpose. An instance of this 
is tho very general use of corrugato<l iron as 
a roofing material in South Africa ; it is unques- 
tionably as light a material as can well he emjiloycd 
for this purpose, but, apart from the difliculty 
of giving it any artistic treatment, it is on many 
grounds unsuited for use in siudi a climate; yet its 
cheapness and the facility with which it may he 
transported has brought it into very general use. 
not only in South Africa, but in other colonics when* 
good roofing materials arc not ])roduccd. The 
element of cheapness is one that in all countries 
or districts that are not highly dcvolo])ed is usually 
an all-controlling factor. 

A dwelling must he provided, hut it must lx* 
inexpensive, and therefore without many of the 
comforts and even what are considered necessities 
in more advanced districts, and in such cases it is 
naturally the work in the finishing trades that is 
omitted. Tho walls and roof arc essential and 
cannot be omitted, but such matt(‘rs as internal 
plastering and ])luinbiiig work very often must he 
sacrificed in such circumstances. 

Materials and Design, lu a very consider- 
able proportion of newly-settled countries wood is the 
most readily available building material, and. except 
in extremely isolated cases, sawmills arc usually 
c'stablished early and convert tlic timber as felled 
into the various forms required by both caiqienter 
«nd joiner. Wooden buildings are very largely 
used in many such districts and often continue, to 
be employeef long after other clusses of building 
materials are available. Such stnudures arc often 
caiTied out on a largo scale, and in Australia, for 
example, and in America also, houses of considerable 
sir4e are to a great extent constructed of wood in 
suburban and country districts. 

Australia is well sup]ilied with good tim bor, and hard 
woods are largely used in house construction, though 
imported woods are also used for some classes of 
work. The usual construction is that of a timber 
mime with head posts and sills, well braced, and 
covered externally with stout weather boarding and 
plastered or lined with boarding internally. Such 
buildings are most easily constructed as oiie-storicd 


buildings, and as land is of comparatively small 
value in such districts tlw^ large area covered by 
such a building is not a serious drawback; in such 
eases any heavy framing can usually be avoided. 
And buildings of this ty])c also lend thcmselvea 
to the provision of wide verandahs, a feature 
welcomed in countries where the sun has great 
power. 

The Influence of Custom. »Siich a 
verandah is a feature in the life of many of the 
colonies, and is commonly mot with in Australia 
and Africa for instan<‘o ; the type of building 
arising in such eases from the exigencies of tho 
situation, in the first instance, is apt lobe confirmed 
and continued when the neeessity for the original 
methods of construct ion, which produced them, has 
passed away. In Australia, beyond the towns and 
ill country situations houses of considerable size 
and value arc* construeted as one-storey buildings 
sometimes in wood, hut sometimes of more per- 
manent materials. 

TJie influenee of custom and Iradition is always 
strong, and a typ’^of building that has been produced 
to meet the lu'eds of a locality isa])t to be improved 
and develo])<*d, hut not altogether lost sight of when 
somewhat more coiiqjlex structures are required. 
On the other hand, in tin* ease of buildings of a 
class which cannot lx* erected imtil a community 
has heeomo highly devehq>ed, such as large public 
buildings. Ixtnks and chnrchc's, the traditions of 
the mother country often, to a very great extent, 
regulate th(‘ir d(‘sign and development, influenced 
in detail by Icx al n'lpiirements as to construction, 
hut similar in general treatment to tho same class 
of buildings as used in the older European countries. 
Within the limits of tin* same country, especially 
if it is of great extent, varielii's of climate and other 
conditions will ari.«<e which will lead to modification 
of any general tyjx*. mncli as in Knrojic such 
iliflerencos have l(*d to the use of buildings for tho 
same ])urpose hut wholly ditlcrent in character in 
the extreme north and south, for example, though 
in Kuro]H* thesi* variations are further influenced 
by difference of race. 

Blit in a country of even inoth‘iate size, especially 
in tin* case ot countries which have to depend 
largely on importctl materials, tlu>sc towns which 
lie on the coast or arc directly served by a railway 
will have a great advantage over those, less well 
served, and this is particularly the case with all 
those < oast towns tliat hceonn* ])orts. The necessity 
for handling Imilding materials when they arc 
tr.iiisported by different kinds of conveyances — 
from a ship to a waggon, thcinr to a train, and 
again to a waggon — make the cost of dealing with 
lin*m very lu*a\y where* several such changca 
have to he made; in a seaport the cost is ofoen 
greatly reduced by the ]X)ss!biliiy of conveying 
g(X)ds direct from the ship to the site. 

When a country is so far developed as to be able 
to de]»end to a great extent on its own resources 
for all kinds of fittings as well as for the materials 
of tlie carcase work, this s])ecial advantage* is less 
marked ; hut even in countries that have been 
settled and developed for a long time, a consider- 
able number fittings and sjiecial up[)lianccs are 
almost always required to be imported. 

The Rapid Growth of Towns. One 
of the surprising features of many of the iin- 
])ortant cities in the Colonies and America is the 
extraordinarv rapidity with which they arise in 
what has hitherto been little more than a wildernes.s. 
A discovery of gold, or some other cause, attracts 
people to a centre, where buildings of a simple 
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character arc at first hiirricdly constructed ; but in 
a surprisingly short time the original settlcmtmt 
is replaced by a well laid out and well constructed 
city, which almost immediately springs into life 
and full activity. 

In some respects such a city possesses great 
advantages over many of those in older countries, 
as from the very first its disposition and general 
development can be regulated without inter- 
ference with private and vested rights, such 
as prevented the adoption of the magnificent 
scheme for rebuilding London prepared by Sir 
Christopher Wren after the ( Jreat Fire. It is true 
that most to^ms of this class lack, and will ever 
lack, the picturesqueness and charm of an old M'orld 
town, with its streets of irregular width and varying 
line ; but from the purely business point of view 
the orderly laying out of a town on a definite plan, 
designed to facilitate communication between all 
its parts by spacious streets, is of great commercial 
value. Such a disjiosition is not necessarily in- 
compatible with the arrangement of fine street 
architecture, as is evklcncod by Wren’s })lan already 
referred to. 

Tall Buildings. One of the sfriking 
developments of the now Ameri(ian cities is f- e 
enormous height to which buildings are carried 
up, in a manner which in this country, with its old 
laws as to o ivcments and the rights of neighbour- 
ing owners will fortunately never be ])ossible. 
The possibility of erect ing such structures, to which, 
in New York, for instance, there seems to be 
hardly any tinal limit, has undoubtedly led to the 
development of a system of construction difTcrent 
in character to any developed under more reasonable 
requirements. Such buildings are only possible 
when executed, so far as their main structure is 
concerned, practically exclusively of steel. It 
would be impossible to carry up a building of 
20 or 30 storeys, or even more, in height witJi walls 
of either bri(^k or stone without making the lower 
walls of such i?nmcn.se thickness, and the whole 
building of such an intolerable weight, as to defeat 
its own object. 

Si>ecial Methods of Construction. 

With a steel frame, however, the conditions are 
altered, and though the total loa<l on the founda- 
tions will still be enormous, it is possible, by skilful 
disposition, to distribute this over a very large 
area of surface, and to erect structures extending 
to upwards of 300 ft. high and of many store \s, 
enclosed with walls which are mere screens against 
the weather. The walls of each storey are carried 
on girders independently of the storeys either above 
or below, so that it is possible in such a building, 
after the frame is once erected, to start the walls 
at any level without the necessity of building them 
up in the ordinary method from a solid foundation. 
In our own country steel-framed buildings are 
becoming common, but in London, at least, the 
regulations do not permit of American methods 
being carried out to the extent of treating each 
storey as an independent wall, and regulating it as 
regards thickness on this basis ; this is, however, 
an essential feature in the success of such a system 
of construction, if full advantage is to be taken of 
its possibilities. 

Tlie foundations for such lofty erections must be 
prepared with great care ; this is a matter of even 
greater importance than usual, when such enormous 
loads are to be carried, and in America piles arc used 
almost invariably, not merely placed in rows 
under lines of wall, but very usually disposed in 
a series of Jines over the whole area of the site; 
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they are finished with a timl^er grillage and Qpnerete, 
as already described. When once, however, the 
preparation of the foundations is . completed the 
w'ork of the superstructure can proceed with great 
rapidity ; the erection of the steel frame, which 
may be pre))arcd while the foundations are being 
put in, b<‘ing by no means a lengthy operation. 
When once this is completed the filling in of tlio 
walls may be carried out at several different stages 
at one and the same time. 

The erection of such lofty buildings does not 
merely affect the manner in which the carcase is 
erected, but all kinds of internal details — aucli 
m.atters, for example, as those of water supply and 
the means of access to the upper floors, which is 
usually arranged for by means of express lifts, 
Thcpi-oblemsof lieating and ventilation also requires 
8]>oeial eon.sideration and treatment in such lofty 
structures. 

Labour-saving Plant. In the great towns 
of the Norih American continent the builder and 
contractor is often better equipped than in tliis 
country wiMi all kinds of labour-saving plant, and, 
as in the case of many other industries, many of the 
machine.s and appliances now in use in otli(*i' 
countries have been originally invented in Americ.i 
to facilitate rapidity of construction. 

It is largely the desire for extreme rapidity of 
construetion that has led to such modifications as 
have been referred to in building methods, combined 
with the desire to nMlijce to a ininimuni the area 
of the sn])porting and (melosing walls, so as to render 
every possible inch of a site available for use for the 
piiri) 0 sc of bringing in rents. This is largely due 
to the immensely increased value of land in the 
larger and more ini})ortant towns, and with such 
inflated ground rents it is naturally important 
to secure that as large a proportion as possible of 
the area shall earn rent; it is also imymrtant to 
ensure that the site .sludl lie idle for ns short a time 
08 possible. 

All such work requires the most skilful organisa- 
tion and foretliought ; it does not suffice for tlie 
contractor to look forward for a few days and 
weeks, hut lie must from the verj’ first look forwar<i 
and arrange for all the work that will be rciiuired 
to complete his building. 

Drawbacks of Rapid Construction. 

This hasty building, the outcome of commereial 
pressure, is not without its v^ery serious drawbacks. 
It gives no time for the tlioughtful consideration of 
the architect’s work, which, like the builder’s, must 
be turned out as it were from a drawing machine. 
Buildings designed and erected under such conditions 
must, almo.st of necessity, bear a commercial rather 
than an artistic impress. Really good architectural 
work must have time and consideration given to it 
for its careful development, and haaty planning, 
and the im])ossibiIity of modifying in any way a 
design while the work is in progi'css, militates against 
the beat work. 

The system has this great disadvantage, too, that 
it creates a general imyiression that all work can be 
carried out at a much quicker pace than is desirable, 
except for such special structures as have been 
described. It is, however, fatal to really good 
building to hurry it unduly, for work requires to be 
given time to settle into its place ; if walls, there- 
fore, are rushed np hurriedly, too great a load may 
be placed upon the lower portions before the mortar 
is properly set, and the building is not given time to 
dry before the finishings are put in, resulting in 
shrinkage and other evils. 
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Effect of Climate on Individual 
Trades. It is not possible to deal in detail with 
the effect produced on the different trades l)y 
variations in climate in various parts of the world; 
it may be desirable, however, to ]>ointo\it that this is 
a matter that does affect methods of work and the 
possibilities of applying certain classes of malerials, 
and creates a class of conditions which affect certain 
trades in a manner totally different from those with 
which we are familiar. 

One or two examples may suffice to draw attention 
to this point. In some hot climates, for example, 
the plasterer has not to guard against his work 
being damaged by frost at certain seasons, but li ‘ 
may have to fear the effect of hot drying winds that 
will most injuriously affect the plaster; it may be 
just as important to suspend work at su(^h times as 
with us in frosty weather. 

(4reat heat and rapid changes of tem])eratnre, 
such ns occur in some places, render the nsc of lead 
on roofs, and even for pipes, very nndesirable, owing 
to the amount of expansion that is caused, and the 
increased tendency to “ creep.” In such climates, 
substitutes have to be provided, and in many 
similar ways the details of various trades must be 
modified and adopted to suit local conditions. 

Again, in some places, the ravages of insects, sneh, 
for example, as the white ant, are so serious as to 
require special conditions to meet them. 

The builder abroad may, in many districts, have 
a miuffi greater difficulty in finding (he men he w ants, 
skilled in the various trades, to carry out urgent and 
important work, as the su])ply is often limited, 
'riie management and control of Jtien und(*r such 
conditions is one of greater difticnlty than when the 
suptily is greater than the demand. 

"rlie qualities and powers, how'cvc'v, that make a 
man successful as a builder in one country w ill be 
useful in another : and he who has had a thoroiigb 
trjiining, and has this capacity for controlling au<l 
din^cting labour and the complicated work in a 
variety of trades and managing the business of a 
builder’s office, will not find the variation of any 
local conditions so great that tbese cannot, with a 
little time and attention, be thoroughly mastered 
and overcome if circumstances make it desirable 
1 hat W’urk shouhl be taken U]) in other lands than 
that in w'hich he has been trained. 
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A Avord of warning may be added against the 
foolishness of constantly changing the form of 
signature. A sensible business man adopts a form 
and sticks to it. 

Tho signature should be written on the line next 
to tho complimentary close, and should be written 
so as to finish near the right-hand edge of the 
paper. 

Tho manager or secretary of a public company 
usually adds his official position when signing : 
thus, WUlmm Church {Manager), //eilry W inton 
(Sfcreiari/). Strictly speaking, only a ])artner in 
a firm is entitled to sign the name of tho firm ; 
but, in most houses of business certain employes 
are also empowered to sign the firm’s name. 
This authority is often given by means of a legal 
inslrument called a power of attorney, and it is 
usual to publish the names of persons so atithorised, 
or to send copies of their signatures to the corre- 
spondents of the firm. These persons are said to 
sign per procurationetn^ which means ]»owcr to 
conduct another person’s business, and, therefore, 
to sign letters, etc., on his behalf. Per procura- 
tionem is contracted as follows : per pro. ; p. pro. : 
or p. p. For example : 

p p. SmiJe.'i d> Co.t or per pro. Sniiio9 rf* Co., 
Charles Locke. Charles Loch. 

There is no commoner mistake made by junior 
clerks than to sign an unimportant letter or post- 
card given them to despatch with their n.uive, 
])reccded by an abbreviation for per procurationem, 
when, as a matter of fact, they possess no such 
authority. 

An employe liaving no special power to bind 
the firm should sign as in the following example : 
for Smithson Co., or pro Smithson <t* Co., 
Edwin Heed. Edwin Heed. 

Characteristics of a Good Business 
Letter. These arc (1) absolute accuracy and 
clearness as to tho facts, figures, or terms referred 
to ; (2) brevity, so far as this may bo retained 
along with clearness of meaning : and (3) courtesy, 
which is at all times advisable and always jwssible, 
even in a letter which is otherwise disagreeabh* 
to the recipient. 

The business correspondent, therefore, should 
make it a rule to sec that all quotations, terms of 
delivery, etc., are carefully checked before a letter 
is despatched. Xo trace of ambiguity should be 
])resent to make it possible for even the most in- 
genious ])erson to extract two meanings from a 
coiumimioaf ion. It must be remembercil that 
the recipient of a letter will naturally construe it in 
the sense most favourable to himself, which map 
moan pecuniary loss to the sender of the letter. 
The buskioss letter writer should make every effort 
to acquire the ability to express himself clearly 
and concisely, and to adopt a courteous tone in 
l:oth writing and speaking, even when he is most 
Ibu) in his attitude, on a mattor of business. 

Kxcellenee as a business correspondent cj»n be 
ac((uired only by careful study and much practice, 
but the beginner will derive considerable benefit 
b om the perusal of the specimens of actual business 
letters given in “ Pitman’s Commercial Corre- 
M«)udouco and Commercial English” (Sir Isaac 
• fiman & Sons, Ltd., London), which also contains 
Imig chapter of instruction in this necess*ary art. 

, The Arrangement of the Letter. A 
ogical order and arrangement of the various 
|>oint!s treated should always be observed in a busi- 
It is a mistake to refer in the third and 
ourth piiragraphs to a matter which is dealt with 
*he first paragraph. All that requires to be 


written about any subject should bo written in 
the same part of the letter, and not scattered here 
and there throughout the ooinnmnicatioii. Loose 
writing indicates loose thinking, ami gives the 
correspondent a poor impression of the writer. 

Excessive Paragraphing Should be 
Avoided. It is sufficient to l)egjn a fresh 
paragraph when there is a change in tho subject. 
In letters between a firm and its agent it is usual 
to indicate the matter dealt with in each paragraph 
by writing at the beginning some word or words 
which serve as a sort of title to the paragraph. 
This greatly facilitates reference to any point in 
the letter, and the method is accordingly growing 
in favour. 

Punctuation of a Business Letter. 

Punctuation, or the insertion of stops in corre- 
spondence, is necessary to mark the parts and 
sections into which sentences and paragraplis are 
divided, so that the exact meaning may bo quite 
clear. Tlio real use of stops is to cut off and 
separate single v\'ords, or groups of w^ords, from one 
another. 

The ability to pimctuato jiroperly can be acquired 
only by a fairly extensive course of reading of the 
best authors and a considemble amonnt of prac- 
tice in original eomposition. Tho reading and 
copying of liigh-class poetry will be found of great 
assistance in the ac(|uisition of the knowledge of 
tin* correct use of stops. 

It shotdd be remembered, however, that the more 
carefully tlie matter is arranged and written, the 
less need will there be for punctuation marks. It 
is a mistake to depend entirely upon punctuation for 
the correct iutt‘rpretation of a passage. Moreover, 
an exeessivi* use of stops gives a broken appearance 
to the matter, and may lead to confusion. After all, 
]nmctuation is largely a matter of individual taste 
and discretion, and depends to a great extent upon 
the stylo of the writer and the subject of the com- 
position. The following brief hints with regard to 
tho use of stops in the composition of business 
correspondence may be found serviceable to the 
beginner. 

The Full Stop (.). This mark is used: (a) 
at the close of a sentence, as : The (foods were 
forwarded hp L. N. ir. Hp. yesterday. (6) After 
abbreviations, Roman numerals, and headings, as: 
C. Goodman, Ksq., U.A., The Laurels, Ealhuj, W.; 
Chapter XV. ; Sercicc Hep utat ions. 

The Colon ( : ). This is inserted before a 
remark which is of the nature of an afterthought, as: 
Invoices to hr sent direct to customers : copies to me 
at this address. Please sec that the pattern is copied 
exactlp : mere sim ilar Up will not do. 

The Colon and the Dash(:— ). These 
are used before a ([notation or a list of things, as : 
Hefrrring to pour inquirp about Mr. Thomas ThoweJl, 
we hare a letter from our agent this morning in which 
he saps : — “ / have made careful inquiries rc Mr, 
Thomas ThoweU, and / find that he failed in ltX)l, 
with liahilities £3,500, and assets £275.” Phase 
quote ns pour lowest prices, F.O.H. Liverpool, for the 
jrdlowing 

15 ewi, Mpsore coffee 

7 cwt. Trinidad cocoa 

odon lots best cube sugar. 

The Semicolon ( ; ). This mark is cni})loycd 
when two or more sentences are combined, as: 
/ called there io-day ; saw the buyer ; and secured 
the order which is enclosed hereivith. 

The Comma ( , ) . This is used : (a) when it is 
necessary to indicate a short pausa so that tho sense 
of the passage may be quite clear, as: Upon the 
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receipt of yovr cahlc of the lOth inst^ I called npon 
Messrs. Deane ^ who practically control the market 
at present^ and asked them to alter their quotation ; 
bnt they 4 d) 8 clutely declined to budge a cent. 

(2») When it is desired to separate a parenthetical 
clause from the remainder of the sentence, as : 
If this trial order gives satisfaction^ as we have no 
doubt it wiU^ a profitable business may result, since 
our friends do a larger trade than any house in this 
particular market. 

(c) Befor© and after words the insertion of which 
slightly affects the smoothness of a sentence, as : 
Kindly ejramine the account, and, if correct, be e^ood 
enough to send iis a cheque for the amount at once. 

{d) Between two iihrasos joined by the word 
“ and,” as : BV should he pleased to have your 
orders again, and we. feel sure you would he satisfied 
with the quality of the goods ivc are now offering. 

The Dash ( — ). This mark is used to denote 
an abr«i)t break in the sentence, or it may take the 
place of brackets, as : Referring to the consign men f 
of hat trimm ings — which, by the way, we arc ed'peeting 
daily — ive have got into ton eh with severed likely buyers, 
and we hope to effect speedy sales at fair priceti. 

The Interrogation Point (?). This is 
used : (r?) after a direct (juestion, as : May we 
send you a small parcel at this price ? {b) At the end 
of a sentenee which is meant as a ({uery, as : M r 
presume yon would hove no difficulty in making 
delivery of t >c goods by that date / 

The interrogation point is not necessary when the 
question is only reported to have been asked, as : 
/ saw the chief traffic manager, and he. a.d'cd me when 
we could supply the necessary details. 

The Apostrophe ( * ). This is properly used 

(a) to mark the possessive case of iiouus, as : 
BV hai'c forwarded you to-day, per M. Ry. Co., a 
case containing 0 dozen men's caps, 4 dozen boys' 
vests, and 3 dozen girls' Tam-o'-tHhanters. The 
mamige.r 8 clerk called at the company's office yesterday, 
and was shown Mr. Boyd's receipt for the correct 
amount. We, completed Mr. Keans' s order fast week. 

(b) To indicate that some letter or letters have 
been omitted, as : / don't think it's possible to do 
anything unth this man. / can't arrange, an inter- 
view with hinif as he. won't even answer my letters. 

(c) To indicate the jdural of single letters or figures 
used as words, as ; yo?/r correspondent mnst mind 
his p's and q's. All. the. 2’^r and many of the 4\s are 
faulty. 

The Quotation Marks (“ ”). These are 
used {a) when the exact words of another person are 
(j noted, as ; Please note that our bill of £2()0 10s. fid,, 
due on the 2nd inst., has been return^ to ns 7narked 
“ Refer to Drawer," and our bankers inform 7is that 
your account is overdrawn. The exact wording of 
the clause was as follows ; “ If loaded in the Danube 
otherwise thaii at Satina, lighterage on the Danube er 
at Satina, if necessary, to be at merchant's risk, but 
steamer's expense." 

(b) When the titles of books, etc., arc quoted, as 
T asked his authority for the statement, and he told me 
he had seen it in "Pitman's Commercial Law," as well 
as in “ Pitman's Manual of Business Trainhig," 
and he was therefore satisfied as to its accuracy. 

It should l3e noted, however, that a quotation 
within a (quotation is indicated by single marks only, 
as; ilfr. Walker said, " 1 charged him with trying to 
deceive us, and he answered, ‘ 1 am not. / will pay 
you in a week, or I will reXum the. goods,' " 

Parenthesis Marks [( )]. These macks are 
used to enOlose words or figtires not strictly connected 
with the sentenc^} in which they appear, as : Tt^e 
cargo is to be placed on board in fifty running hours 
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(Sundays and holidays excepted), to count from the 
time the vessel is re^y to receive cargo. 

The Exclamation Point (!). This mark 
is not often used in commercial composition, but 
it would be correctly employed to express sudden 
emotion, surprise, etc., as : Ten per cent commis non ! 
Ridiculous ! The terms are absurd ! 

Emphasis. WTiere it is considered desirable 
to emphasise words in a letter, a line is drawn 
underneath the words, as : B’' c wrote yon on the 

ruh April, and again on the \2th April, with regard 
to our overdue account, and must now request your 
immediate attention to this matter. 

Use of Capitals. The following words should 
begin with capital letters : 

(a) The first word of every sentence, as : Please 
instruct your traveller to call. We trust the parcel will 
reach yon safely, and that the quality of the goods 
will flense you. 

(b) The names of the days of the week and months 
of the year, as : Our representative, Mr. T, Kerr, 
will be in your town oti. the first Monday in June, 
and will call upon you as desired. 

(r) All proper names and adjectives derived from 
them, as : .fames Beamish, Esq. ; India, Indian ; 
Harrison , Harrison ian . 

(d) 1'itlcs of persons, as : His Excellency the 
Duke of Uragga Docio. 

(e) Titles of books as : “ Pihnanls Mercantile 

Law," IIarmswortfi SKi.K-Kni;rATOH. 

(/) The first word of every direct quotation, ns : 
"Pitman's Busims^ Mans Ouide" says "An 
e.recntor may be appointed by name, or by im plication ; 
but, in the latkr case, is railed an executor accxmding 
to the tenor." 

(q) The pronoun / and the interjeetion 0, as : 
7/ yon will give me a call, I shall be, glad to arrange 
the matter. K nowest thou not, O stupid man, thy 
time is near ? 

To those who desire to go further in the study of 
]>unctuation, we recommend “ Punctuation as 
a Means of Kx])ression,” by A. K. Lovell, M. A., and 
published by Sir Isaac Pitman & Sons, Ltd. Price 
Is. Gd. 

Spelling- Inaccurate spelling is an unpardon- 
able fault in a business correspondent. With the 
multitude of cheap and reliable dictionaries now 
available, there is no excuse for the habitually 
bad speller. Undoubtedly, many a young man has 
failed in his endeavour to obtain an appointment 
because of the grievous faults of spoiling noticed in 
his letter of ap])lieation. Faulty spelling is difficult 
to eradicate, because, as a rule, the culprit is not 
aware of his failing. The habit of referring to the 
dictionary in doubtful cases can be recommended 
as an almost certain euro for the worst offender. 
“ Pitman’s Pocket Dictionary ” is a useful little 
work for the purpose. The following remarks 
may be helpful in preventing some gross errors, 
which are very common : 

Their is a pronoun, as : Their hooks have a capital 
reputation. 

There is an adverb, ns : 7'kere they were, sloived 
away on the shelves. 

Wlhere is an adverb, as : Where can we lenth tfis 
system ? 

Hear is a verb, as ; IPr hear they are in, liquidation. 

Here is an adverb : Here we met their traveller. 

His is a pronoun (alscr construed as an adjective), 
as : B^e have read his book, bat it is not his best. 

Is is the third person sinpilar of be, as ; He is 
t'cry clearly unexisy in his mind as to the result. It 
is certain thal his influence is diminishing. 



Has is the third person singular of have, as : He 
has seen the sam'ple, and has satisfied himself as to 
its suitability. 

As is an adverb or conjunction, as : As I have 
already stated, such a book as he has written cannot 
be as great a success as he has been led to expect. 

The correspondent will find it useful to keep 
within reach some such book as “ Pitman’s 
Commercial Speller ” or the same publisher’s 
“Pocket Dictionary.” 

Some Faults to be Avoided. A carelessly 
written business letter indicates a certain amount 
of disrespect to the recipient, which cannot be 
cx^iected to lead to satisfactory business relations 
btitween the parties. Blots, erasiues, re]ieated 
interpolations and corrections, as well as positively 
illegible writing, should be scrupulously avoided. It 
is infinitely better to rewi*ite a letter than to 
despatch it with disfigurements of the kind here 
mentioned. 

Keep to Business- It is also a mistake to 
introduce jiurely private affairs, or matters of per- 
sonal friendship, into a business communication. 
Your correspondent may not desire other persons 
to see the remarks of a private nature which you 
have inserted in your business letter to him. Yet 
liow is ho to prevent it if the letter follows the 
usual course, and is filed away by a junior clerk? 
It is, of course, easily conceivable that intimate 
])rivate friendship may exist between persons 
having close business connections. But the rela- 
tions ought to be koi)t strictly separate, as far as 
written communications arc concerned. 

Intemperate Language. Every business 
correspondent has had experience of awkward 
clients, persons whose peculiarities of temperament 
are evidenced in their communications in the form 
of ill-chosen and even rude expressions. The 
most even-tempered man is strongly tempted soiue- 
tinies to write a hasty reply to a letter of the kind 
referit'dto. But the temptation should bo resisted, 
and the answer allowed to wait, when calmer feel- 
ings and further consideration will probably suggest 
a widely different and much more courteous reply. 
A curt reply, dictated in a fit of temper, has been 
the immediate cause of many a closed account. 
A business man cannot afford to indulge in sarcasm 
at the expense of his customers. 

Inaccurate or Insufficient Details. 

In letters ordering goods, asking for quotations, 
or inquiring with regard to non-delivery, etc., 
the writer should be careful to specify exactly 
what is wanted, or what goods are referred to. 
Such expressions as “ Same as we had before ” 
f'ro more than likely to occasion unnecessary 
trouble and annoyance to both parties. 

Abbreviations to be Avoided. The 

abbreviation “ gents ” for “ gentlemen ” is exces- 
sively vulgar, and should never be employed. The 
ampersand (&), while correctly used in the title 
of a firm, as : “ Messrs Browm & Jones,” should 
never be used in the body of a letter. It is also 
wrong to employ “ etc.” in the complimentary 
close. “ Yours, etc.,” should never appear. 

.^*^»®cessarily Long Letters. It is a 

mistake to write unnecessarily lengthy communi- 
cations. Time is an important factor in a business 
® and it is both impolitic and unfair to 
trouble him with a lonfj letter when a shorter one 
would answer the purpose very much better. 
J he author of ” Letters of a Self-made Merchant 
? hia Son ” says that, “ Beginning before you 

now wnat you have to say, and keeping on 
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after you have said it, lands a merchant in a law- 
suit or the poor-house, and one’s a short cut to 
the other.” 

Some Hints on Business Composition. 

The late Sir Courtenay Boyle, in one of his lectures 
to business men, gave the following excellent 
advice : “ If we write a letter (especially if it is 
a business letter), first of all we must be sure that 
wo understand it ourselves. ’J’licii be sure tliat our 
correspondent will understand it. We ought to 
try to put ourselves in the place of the {lerson who 
receives the letter — try to ascertain, as far as we can, 
that he will understand that which we wish to 
convey. Very often both rules are broken.” 

The correspondent should not sacrifice clearness 
to brevity — undoubtedly desirable as the latter 
quality is in a business letter. It is much better 
to write an extra sentence than to send off a letter 
which is in any way ambiguous. A very interesting 
as well as useful exercise for the cultivation of 
clearness of expression without verbiage is to 
take a paragraph from the commercial columns of 
the newspaper, and condense the intclligonco there 
given into as brief a statement as possible, without 
using any unnecessary words. Or, ns a variation, 
to take the leading article in the same paper, and 
delete every word which is not necessary to 
elucidate the writer’s meaning. 

Another useful praetiee is to write out sontencos 
showing the distinction between words which are 
very similar in ap])earance and pronunciation, as: 
The new y)atent calender is mentioned in the 
calendar. He contracted to alter the steps of the 
altar. The holy man was wholly at fault in the 
matter. The lord of the manor has a disagreeable 
manner. The wife of the sower is a good sewer. 
Whether it hail, or whether it blow, the wether must 
weather it, whether or no. Please check the amount 
of the cheque, and, if correct, sign it. 

Technical Terms and Phrases. There 
are certain technical terms and plirascs familiar 
to every branch of commerce, and it is essential 
that the correspondent should have a thorough 
knowledge of those common to the business in 
which hs is engaged. At the same time, ho should 
exorcise prudence in the use of these phrases when 
writing, ami should refrain from using any phrase 
which he is not quite certain that the receiver of the 
letter will understand. Those who wish to possess 
a detailed list of the terms and phrases employed 
in business should obtain “ Pitman’s Business 
Terms and Phrases,” which gives also an explana- 
tion of each phrase. 

Forms of Address. The following are the 
proper forms of address to be used in correspondence. 
As business men have at least occasionally to write 
to ladies and gentlemen of title, the list has been 
extended so as to include the forms proper in such 
cases, as well as the correct manner of beginning 
and ending the letter : 

A Prince of the Blood Royal. 

His Rmjal Highness the Prince of Walts, 

Sandringharn. 

Begin : Sir. End ; I remain. Sir, your Royal 
Highness's moat humble and obedient servant. 

An Archbishop. 

To His Grace The Lord Archbishop of York. 

Begin ; Ymr Grace. End ; I remain, my Lord 
Archbishop, Your Grace's most obedient servant. 

A Bishop. 

The Right Reverend the Lord Bishop of Manchester. 

Begin ; My Lord Bishop. End : I remain, my 
Lord Bishop, Your Lordship's moat obedient servant. 
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A Duke. 

Hia Orctee the Duke of Fife. 

Begin : Your Grace. End ; 1 remain^ my Lord 
Duke, Your Grace's moat obedient servant. 

A Marquis. 

The Most Honourable the Marquis of Ailsa. 
Begin : My Lord Marquis. Ena ; As in the case 
of a Duke^ but using Lordship instead of Grace. 

An Earl. 

'The Right Honourable the Earl of Caudor. 
Begin : My Lord. End as when writing to a 
Marquis. 

A Viscount. 

'The Right Honourable the V iscount 'Gordon. 
Bogin and end as to a Marquis. 

A Baron. 

The Right Honourable Lord Acton. 

Begin and end as to a Marquis. 

Baronets and Knights. 

Sir William Nemo, Bart, (or Knt.). 

Begin: Sir. End: I remain, Sir, Your most 
obedient servant. 

A Member of Parliament. 

Joseph King, Esq., M.P. 

Begin: Sir. End: / am. Sir, Your obedient 
servant. 

An Official. 

'Fhe Secretary, 

Board of Agriculture, 

4, Whitehall Place, 

London, S. iF. 

The Right Hommrtble the Secretary of State for India, 
'Phe India Office, 

St. James's Park, 

Limdon, <SMF. 

The Right Honourable the President, Board of Trade, 
Whitehall Gardens, 

London, /S. IF. 

Begin : Sir, End : 1 am, Sir, Your obedient 
servant ; or, 1 have the honour to be, my Lord, Your 
Lordship's most obedient servant. 

Commercial Firms. 

Messrs. Lorrie cb Sons. 

The Spiegel Electric Co., Ltd. 

Begin : Dear Sirs or Gentlemen. End : Yours 
faithftdly or Yours truly. 

A Firm Composed of Ladies. 

Mesdames Buckley artd Pearce. 

Bogin : Ladies. End : Yours faithfully or Yours 
truly. 

A French Gentleman. 

M. Pierre Dupri^, 

Rue Reaumur, 37, 

Paris, 

France. 

A French Firm. 

MM. Jacques Moet ei Fils, or Messrs. Jacques 
Moet et Fils. 

A German Gentleman. 

Ilerrn Friedrich Werner, 

Jdgar Strtissc, 

Berlin, 

OermaH/L 

A German Firm. 

Herren Weber d? Vie. 

An Italian Gentleman. 

Signor La Cava, 

An Italian Firm. 

Signori Bocconi e Zanardelli. 

A Spanish Gentleman. 

Sr. Don Franisca Bermudez. 

A Spanish Firm. 

Sres. Selek y Cia. 
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Shorthand and Cammercial Carre- 
•pondenoe. A knowledge of shorthand ia 
essential to anyone who desires to take up the posi< 
tion of correspondent in a business house ; of course, 
the practically universal Pitman system is the one 
that should bo adopted. It is a common occurrence 
for one writer in an office to be called upon to 
transcribe another’s shorthand notes, and it ia 
necessary, therefore, that all the shorthand 
writers in the office should employ the same 
system. 

A proper study of Pitman’s shorthand will be 
found a very valuable help to the study and 
mastering of foreign languages. The system has, 
ill fact, boon adapted to twenty different languages, 
including French, German, Japanese, Chinese, 
Spanish, and Welsh. There are numerous maga- 
zines and books iiublishcd in Pitman’s shorthan<l, 
so that the learner has a wealth of high-class 
reading matter always obtainable. ’Fhe t^tbooks 
are cheap, and tlu* study proves quite fascinating 
to thousands who take it up. 

The Training of Correspondents. 

“ Cbinmcrcial (>orreapondenoe ” ia now a regular 
item ill the curricula of day and evening commercial 
schools all over the country, and systematic instruc- 
tion in this necessary branch of a commercial 
(raining is given by men who are not only qualifietl 
teachers, but also ])ra,ctical business men. The 
subject attracts largo numbers of students, the 
majority of whom submit themselves for examination 
in the subjects a(/ the close of the winter session, 
eitlun’ by the Society of Arts or some other well- 
known oxaniiiiing authority. The examinations arc 
eminently })ractical in character, the papers being 
set and marked by men actually engaged in com- 
merce and having the conduct of business corre- 
spondence on a large scale. The iirojiaration 
for the examinations must, therefore, bo very 
thorough, or the candidate will find himself unable 
to pass. 

Oiininercial schools under private proprietorship 
have not only increased during quite recent yea is, 
but they have developed their methods meet the 
demands of the times. Many of these institutions 
now teach languages, bookkeeping, and other 
subjects of business training, by correapondence ns 
well os orally, and lai'ge establishments like Pitnimi’s 
Metropolitan School, Southampton Row, London, 
W.C. (the largest commercial school in the world), 
keey) a special staff of teachers, who devote their 
whole time to postal tuition. There is, therefore, no 
reason why students who find it inconvenient lo 
attend classes should not pursue their studies by 
means of postal tuition, secure in the knowledge that 
they will be guided by experts in the subjects in 
which they desire instruction. 

A Final Word. In concluding this article, 
♦he writer would like to impress upon the reader 
tlie necessity, not only that ho should be absolidt ly 
thorough in his devotion to the interests of 
employer, but also that he should bo possessed of ^ 
strong determination to do everything possible to 
succeed in life. The junior clerk — and even Hf- 
office-boy — .Should cultivate a laudable ambition to 
become one day the senior partner in the firm whose 
service he enters ; and he should fit himself by 
strict attention to duty, earnest study in his spinj' 
time, and absolute fidelity for the position whiek 
it is his ambition one day to occupy, realising the 
fact that the incom^tent or lazy youth cannot 
become a successful business man. 

Continued 
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VV/INE is the fermented juice of the grape, for the 
^ production of which the vine is cultivated in 
the middle and southern parts of Europe, and also in 
other parts of the world, especially in California and 
Australia, The season for gathering the grapes will, 
of course, vary with the climate, but for some classes 
of wines the grapes are allowed to ripen more com- 
pletely than for others. Thus, in the Champagne 
district the grapes arc gathered before they are 
fully ripe, in order that the colour of the wine may 
be as pale as possible. On the other hand, for bur- 
gundy, the grapes are mowed to become fully ripe, 
in order that the deepest coloured wine may be pro- 
duced. Ijeaving the question of colour out of 
account, it is probable that the best wine would l)c 
obtained from grapes fully matured, and allowed to 
remain on the branches as long as possible. 

Expressing and Fermenting the Must. 
When gathered, the grapes are crushed [1]. In 
the case of white wines, it is not usual to remove 
the stalks, as the liquor is strained off immediately 


24 per cent, of total solids, which include albuminous 
and inorganic salts and 0*6 per cent, of free acid. 

The chief products of fermentation are ordinary 
alcohol and carbon dioxide gas ; in addition, there 
are formed small quantities of glycerin, acids, com- 
plex alcohols, and ethers, to which the bouquet of 
the wine is largely due. 

Natural wines fermented from the unadulterated 
must contain from 6 per cent, to 12 i)er cent, of 
alcohol, and glycerin to the extent of from 7 percent, 
to 10 per cent, of this quantity. 

Flavour and Bouquet. The question as to 
the bouquet of wines is of the greatest importance 
from a commercial point of view, and much work 
has been done with a view to ascertaining the cause 
of the flavour and the means of producing it. In 
some cases it has l3een stated to be duo to the action 
of frost on the grapes. It is also affected by the 
matters extracted from the marc (husks, stones, 
etc.), by the fermented juice.^ It appears, however, 
that it is possible to obtain the flavour in the case 


from the residue, and there is little danger of absorp- 
tion of astringent matter from the stalks. For rod 
wines, the stalks are invariably removed, <is the skins 
{husks) are used later to colour the liquor (must). 
The mechanism employed for removing the stalks 
consists of a series of sieves. The grapes are crushed 
cither by treading or by passing between rollers, and 
then passed to the press. The old form consisted 
of a box with perforations, through which the must 
was expelled, pressure being applied by a plunger 
worked by a screw ; but this form of machinery 
has been largely replaced by centrifugal machines. 

The next process consists in fermentation of the 
must, which is brought about by the albuminous 
matters it contains. For white wines, the operation 
is conducted* in covered vats, provided with a hole 
in the cover to allow the escape of carbon dioxide. 

Red wines are usually fermented in open vats in the 
presence of the husks, the whole mass being stirred 
from time to time. In this way much of the colour- 
ing matter is taken up, and the bouquet improved. 
In the course of the operation, which lasts from 
twelve to fourteen days, the yeast cells Isettle to the 
bottom, carrying with them most of the albuminous 
matter. The “ young ” wine is thus drawn off, and 
allowed to settle in other vats. When this second 
sedimentation is complete, it is drawn off into clean 
cfwks and allowed to mature. White wines are liable 
to a second fermentation if the albuminous matter is 
not completely removed with the yeast '; but this 
clo^ not hap^n with red wines, as the tannin and 
acids extraotM from the husks prevent apy further 
fermentation. In the process of maturing, the young 
wine loses any sugar it still contains by such after- 
lormentation : at the same time, albuminous sub- 
stances and colouring matters separate out, together 
With acid potassium tartrate, as a crystalline crusV 
[see AmjSD Chebiistrt, page 4782], 
mforo fermentation grape juice contains varying 
quantities of sugar and acids. From analyses that 
cite the case of must 
ttom me Rhine distriot^ containing about 18 per 
at. of sugar* making, with other extractive matters, 


of inferior wines by the use of ynire cultures of micro- 
organisms, obtained from high-cla.ss vintages. 

It is stated by some observers that yeast from one 
district will produce a wine with the bouquet 
characteristic of that district in a must from a 
different source. Pasteurisation and special cultures 
are also employed to effect artificial agoing. 

Up to now wo have confined ourselves to the 
consideration of natural wines, but, in practice, 
other substances are employed in the course of 
manufacture. Thus, sugar is added before fermenta- 
tion if less than 20 per cent, be present in the must. 
It is also necessary to reduce the amount of acid to 
2 y>er cent, by dilution and addition of sugar. 

Cheap and Unfermented Wines. 
Much cheap wine is made by covering the marc 
with a solution of sugar containing 18 grammes to 
every litre for every 1 per cent, of alcohol required, 
and 250 grammes of marc are taken for every litre. 
After fermentation, the liquor is drained from the 
marc, and treated as already described. Large 
quantities of fictitious wines are prepared from dry 
raisins imported into this country and into Franco. 

Wines containing alcohol are subjected to a duty 
when imported into this country, but unfermented 
grape juice is free of duty. A case arose in 
May, 1906, where, by the addition of a substance to 
the must, fermentation was retarded for some da3rs, 
permitting the importation of the must into this coun- 
try, after which it was allowed to ferment, so that the 

S ine obtained from it could be sold free of duty, the 
|venu6 being thereby defrauded. It is stated that 
nearly 800,000 gals, of unformonted grape juice are 
imported annually into Great Britain, a largo pix)- 
portion of which is fermented and mode into wine 
without payment of duty. Should this practice 
grow, which is quite likely from its profitable nature, 
it will bo necessary to devise some means of dealing 
with the question. Unfermented wines are, however, 
sold for temperance purposes and for sacramental 
use. They consist mostly of unfermented fruit juice, 
sweetenea with saccharin, and preserved with 
salicylic or boric acids. 
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Composition and Analysis. The oom- 
poBition of the different classes of wines varies con- 
siderably. Many wines, such as port, are fortified 
by the addition of alcohol, for natural wines never 
contain more than from 6 per cent, to 12 per cent. 
Below we give results, from 
various sources, obtained from 
analyses of the commoner varie- 
ties of wines. 

Analyses are made for the pur- 
pose of determining the purity 
and detecting adulterants. 

Sugar, as well as alcohol, is 
sometimes added to wines. The 
colouring matter must be 
examined to see if some artifi- 
cial colouring matter has been 
added. Preservatives should bo 
tested for and sulphuric acid 
estimated to see whether calcium sulphate has been 
added {plastering). For this purpose a number of 
determinations are made, including specific gravity, 
total extract, fixed and volatile acids, tartaric acid, 
and percentage of alcohol. 
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The determination of these figures does not 
])re8ent any special difficulty. The total extract 
is obtained by drying down a dcMnito quantity of 
wine ; volatile acid, by evaporating down once or 
twice with water and then titrating the residue ; the 
difference between this 
and the total acid, also ob- 
tained by titration, gives 
Ihe fixed acid. Hie per- 
centage of alcohol is 
obtained by diluting 50 c.c. 
of wine with its own vol- 
ume of water, and dis- 
tilling. The distillate is 
made up to a known 
volume, and the alcohol 
it contains estimated by 
taking the gravity, as in 
the case of beer and spirits. 

Sugar is determined by 
menus of Fehling’s solu- 
tion, while the polarimeter 
also yields useful informa- 
tion. There are generally 
fairly well defined rela- 
tions between the pro- 
portions of these different i ' 
constituents, and if the 


the 


figures do not correspond 

^ 2. STEAM POWER CIDER MILL (Wo.k.„.,. & Sons) 

Fictitious wines are generally deficient in extrax^-, improvement in 
although sometimes common salt is added to make 
up for this deficiency. The detection of added 

sugar is a very difficult matter, as it frequently and from 2 per cwit. to 3 per cent, of sugar. 
Wines and Ciders condvded ; followed by Mineral Waters 


consists of glucose, the most important natural 
sugar present in the wine. 

Cider. British wines is a term applied to 
beverages made in the manner of wine from sub- 
stances other than the juice of fresh grapes. The 
most important is cider, the 
best of which is made from 
astringent apples, special varie- 
ties being cultivated, which are 
suited only for this purpose. A 
good strong soil is required for 
growing the fruit, which should 
be regularly manured with phos- 
phates, potassium salts, and 
charcoal dust [see Manures]. 
When gathered, the apples are 
placed in heaps, preferably 
(Liimley & Co., Ltd.) covered, to pro^t them from 
the rain, until they attain the 
right degree of maturity. The best cider is made 
from a judicious mixture of the different varieties ; 
unsound fruit should be rejected. 

Pulping and Pressing Apples. The older 
forms of mechanism for reducing apples to pulp 
were of a very primitive character. The apples 
were either mashed with a pestle in a trough 
or else placed in a cylinder provided with 
projecting spikes, in which revolved a drum, 
similarly fitted with spikes, and worked by a 
horse. In the more modern plan [2] the fruit is 
passed between wooden or stone rollers geared to 
different speeds. After mashing, the juice may bo 
at once pressed out, as is generally the custom 
in this country, or the mashed pulp may be first 
allowed to undergo a certain amoimt of fer- 
mentation. When fermenting the juice itself the 
temperature should not rise above 40° F. The 
change proceeds rapidly, with much frothing ; par- 
ticles of fibrous material are carried to the surface 
by the bubbles of gas, but 
towards the end of the 
operation the solid particles 
settle to the bottom, leav- 
ing the liquid clear. It is 
immediately drawn off into 
fi*esh casks, where it under- 
goes a second fermenta- 
tion. It is essential that 
the liquor, before fermenta- 
tion, should bo sufficiently 
rich in sugar, as, unless 
enough alcohol is formed 
in the first fermentation 
the secondary treatment 
does not proceed regu- 
larly, and acetic or lactic 
fermentation may set in, 
producing a flat-tasting, 
acid liquor. Somctiiries 
fresh hops are added, as 
the tannin precipitates the 
albuminous matter. No 
doubt, a careful study of 
the most suitable yeast 
plant would result in great 

development of the arom.a 

and flavour, as in the case of wines. Good cider 
contains from 8 per cent, to 10 per o^t. of alcohol 
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Band Re-saws. Band-saws for re-sawing 
are not quite so handy as the circular saws for 
general work, but they are popular in luany cases 
on account of the thinness of the blade and tho 
minimum of waste incurred in cutting. It is not a 
difficult matter to fit a self-acting feed to a band- 
saw table. In a few types a short raok-operatod 
slide is jdaced on top of the table, to traver.se the 
stuff, but the majority of machines use friction 
rollers, either one set, propelling the wood in 
contact with a fence, or a double 
set, both of which roll against 
the timber. An example of 
American practice is shown in 37, 
a Cnement band re-saw (the Ameri- 
can Wood Working Machinery Com- 
pany), having 54- in. wheels, the 
lower one being out of sight in tlio 
]»hotograph. The upper spindle 
is fitted ill swivel bearings to align 
automatically. The pulleys are 
drawn apart and the saw kept in 
constant tension by a balance 
weight, which can be varied to suit 
the blade and tho w'ork it h; s to do. 

Thd! feed works arc driven at vary- 
ing rates by belts and adjustable 
expansion cones, which admit of 
rates from 14 ft. to 120 ft, per 
minute. Tho movement is com- 
municated to the rollers by s])ur 
gears and worm gears running in 
oil. Six feed rolls arc u.scd, three 
on each side of the saw ; the right-hand ones 
are rigid in their bearings, but the left-hand set are 
clastic, to accommodate themselves to uneven stuff 
and so obtain a firm grip. The two .sets may be used 
in a self-centring manner to split timber down the 
centre, or the right-hand set 
can be fixed rigidly to cut to 
one side. Roller guides are 
fitted above and below, to 
support the blade close to the 
wood, the upper guide being 
adjustable, to suit the differing 
thicknesses of stuff passed 
through. Two horizontal 
rollers support the bottom of 
the timber as it passes through 
the rolls. The greatest height 
of stuff which can bo iias.sed 
through is 30 in., and the 
width 20 in. 

A fence and radial arm 
roller-feed is often put on 
band-saw tables, the action 
wdng then similar to that of 
the roller -feed circular -saw 
bench described on page 6145, 

JJn what are termed com- 
oin^um machines the fence 
and feeding arrangements are 
removable, to leave the table 
tree for ordinary work, this 



36. PENDULUM CROSS-CUT SAW 



type being useful in shops which cannot find 
sufficient work fully to occupy tho automatic feed 
devices. 

Cross-cut Saws. Before taking up tho study 
of other classes of band and circular saws for 
kinds of work different from re-sawing projicr, we 
have to note the cross-cut saws, which are employed 
for parting off deals, planks, boarils, etc., to definite 
lengths. A good deal of this work is of a repetition 
character, especially for box-making and joinery, 
and means are provided for cutting 
miiruTOUs ])ieee.s to ganged lengths 
by tho employment of fences or 
guides, or by putting two or more 
saw's side by side to cut off the 
ends accurately. Tlie pendulum 
saw [361 (dolm McDowall & Sons, 
Johnstone) is a pattern that is 
very commonly used, l)ecau.se of its 
c:hea]>nes.s, handiness, and the small 
space which it occupies. It com- 
])risps a rigid frame swinging in 
trunnion bearings on brackets 
attached to the roof or the wall, 
and carrying pulleys which are 
belted down to tho saw spindle at 
the bottom ; the saw can, there- 
fore, he swung to and fro by pulling 
at a handle in the front, while a 
counterbalance, on levers at tho 
upper imrt of the frame, draws 
tho latter backwards automatically 
on letting go the handle, so keep- 
ing the saw out of the way until it is required. 
The spindle i.s started and stopped by shifting the 
bolt Olathe fast and loo.so pulleys at the top shaft. 
The stuff to be parted is supported on the special 
bench seen in the illustration, a ga]> being cut 
througn where the saw swings 
across, 'fhe hoiieh may bo 
constructed of .any length 
required. For cutting pieces 
to uniform lengths there is 
provided an adjustable stopper 
that can be clamped in any 
longitudinal position, for tho 
cn(l of tho timber to butt 
against, and so locate it accu- 
rately. To save lining off 
tho lengths of timber proviou.s 
to cutting Viirious pieces, it i.s 
sometimes tho practice to lit 
a metal rule with clamp 
stops, so that accurate sub- 
divisions of the inch can be 
made by the sawyer. Tho 
largest saws used in these 
pendulum machines usually 
range up to 36 in., capable of 
vi'orKing to 12 in, deep, but 
in a few instances saws up lo 
60 in. are employed for heavy 
work, including small logs. A 
guard is always fitted over the 
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upper portion of the saw» as a protection against 
injury to the attendant. 

Sliding Table Cross-cut Saw. The 

pendulum saw is especially bandy for long or heavy 
pieces of wood, as they remain stationary. But 
when the length and weight of a piece permits, 
one of the several 8]iecial cross- 
cut benches can be brought 
into use. The object is to 
traverse the timber across 
against the saw teeth, this 
being effected generally by a 
table running by rollers upon 
rails. Figure 39 shows one of 
Mfssrs. Robinson’s l>ench('S of 
this pattern, which has the 
table of wood i)laced to the 
right of the circular saw and 
pulled to and fro by hand, as 
it runs with small V -wheels 
upon rails carried out to the 
front a sufficient distance. An 
adjustable gauge, fitted to a 
bar at the front left-hand side 
of the saw, provides for repetition sawing. The 
machine takes saws of 20 in. diameter, capable of 
cutting stuff up to 0 in. thick and 18 in. wide. 
The spindle is mjwlo to rise and fall in some of 
these machines. Double, or equalimuj saws, which 
trim off the two ends of a pic'ce sifnultaneously, 
comprise a table travelling 
above a bed on which two 
headstocks are set in any de- 
sireil position, to give variable 
widtlis. As the stuff is drawn 
over on the table the saws 
part it off at both ends simul- 
taneously. Lengths from about 
4 in. up to several feet are 
handled on these machines. 

Multiple Cross - cut 
Saws. Midtipla saw machines 
are principally of two classes. 

In one a number of saws arc 
sot side by side to the required distance to j>art off 
a length of stuff into several pieces, such as .paving 
blocla, the movement of the saws or of the wood 
carriage being continuous, so that at each stroke 
a piece of wood is completely cut up. Sometimes 
the saws arc of differing diameters, gradually 
getting smaller, so that the 
work of sawing is gradual, 
and does not put so much 
strain on as though all the 
blades jwnctrateti simultan- 
eously. As many as 30, (KK) 
paving blocks can be sawn 
out in one day on these 
machines. In the other class 
of machine several saws are 
set in a long table, at differ- 
ing distances apart, in order 
that stuff may be cut to 
various lengths, the pairs of 
saws being set in advance of 
each other, or, alternatively, 
sets may bo caused to dis- 
appear below the table, leaving 
only those standing up which are required. The 
travelling tables are aoolished in certain designs, 
and their functions performed by endless chains, 
having dogs which engage in the sides of the 
timber, and push it against the saws. These 
lumber trinmere, as they are termed in American 
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practice, are built up with timber framings, 
forming a cheap and satisfactory construction 
Pieces up to 20 ft. or more can be dealt with. 

The pendulum principle, already noted in con- 
nection with a suspended saw, is applied to benches, 
notably for cutting up paving blocks and similar 
work. Tlie saw spindle runs 
in bearings at the end of a 
swinging arm, on the central 
pivot-shaft of which the driving 
pulley is mounted. The saw 
with its arm is pulled over by 
a hand or foot lever, or auto- 
matically by a crank-rod, to 
pass between the opening of 
an inclined fence, against which 
the timber is laid. The auto- 
matic crank-driven machines 
are, of course, the quickest in 
operation, and will cut the stuff 
as fast as a man can supply it. 

One particular design of 
bench, which differs from those 
already described, is intended 
to deal with heavy planks and scantlings that 
are too heavy to be conveniently handled about 
and fed to a saw. The timber is laid upon a 
fixed table, and cut by a circular saw projecting 
up through a slot therein, the spindle running in 
bearings that can be fed longiliidinally on a sub- 
sidiary bed. The foregoing 
machines for re-sawing and 
cut ting off prepare the stuff 
for further treatment (when 
required) on other kinds of 
saws, which we shall now 
deal with. 

Plain Benches. The 

lighter types of circular and 
band saws, which are not 
fitted with mechanical feeds, 
appear in several forms, 
modified variously to suit the 
classes of work they have to 
do. The plain circular saw benches resemble those 
in 33, 34, and 35 [pages 6145 and 6146], but without 
the special attachments required for feeding, the 
only fitting being a fence, which is adjustable to 
and from the saw. The usual method of attaching 
the fence is by means of a cii*eular steel bar at the 
end of the table, enabling 
lateral adjustments to b(^ 
made, or, if necessary, the 
fence can be thrown back 
out of the way, leaving tlio 
tiible quite cltar for cross- 
cutting. The fence profXT 
has a fence-platc bolted to its 
front face, which can be 
moved to and fro as desired 
to suit saws of smaller or 
larger diameter. For bevel 
cutting, a canting movement 
has to be provided for the 
fence. The larger machines 
have roMers placed at each 
end of the table, similarly 
to 35 [page 614flJ, to assist 
in the easy handling of heavy pieces. 

Portable Benches. Portable saw benches, 
mounted on four trolley wheels, are used by ship- 
builders and contractors, the machines being run 
to any locality where they are wanted, instead of 
transporting the timbers to the saw. An electric 
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motor drives the spindle direct, and the table is 
swivelled upon a turntable, to present the saw at 
any horizontal angle to thp work, instead of shifting 
the latter. The limits of dimensions in these machines 
usually range up to about 4 ft. by 3 ft. 8 inw tables. 

Wood Framings. A difference in the framing 
and the table is made in many 
benches, especially American, 
wood being employed instead 
of cast iion. The uprights 
and horizontals are mortised 
and bolted together, like a 
work bench, and the table is 
built of a number of narrow 
strips of different woods, 
glu^ together, and fnstenecl 
to cross-girts, so that warping 
or splitting is impossible. Or 
the framing is made of oast 
iron, and the table only con- 
structed with strips. 

Rising and Falling 
Types, The range of the 
plain benches is rather limited, 
and other types are therefore 
used for an extended class 
of operations, especially in 
joinery work. In one typo, 
with rising and jailing spindle, 
the spindle may be moved 
upwards or downwards in 
relation to the table ; in the 
other the movement is imparted to the table. 
The object in each case is to vsiry the depth of 
cut, so that the machines arc adapted for grooving, 
tonguing, rebating, beading, and tenoning, by 
fitting special saws, or cutter blocks to the spindle. 
The saws are either thick for grooving, or drunken 
for grooving and tenoning. Those tools will be de- 
scribed later, together with the 
cutter-heads employed. Figure 33 
represents one of Messrs. Robin- 
son’s rising spindle benche.s. The 
l)earing8 for the spindle ore carried 
on a sliding bracket, which is ver- 
tically adjustable, by turning the 
hand wheel seen at tlie front. 

A boring apparatus is sometimes 
added to those machines, by 
fitting an auger in the end of the 
spindle, and attaching a sliding 
table to a bracket standing out 
from the side of the frame. The 
objection to altering the spindle 
height is that the belt-driving 
arrangeinents are complicated by 
the variations, and the rising 
and falling table machines are, 
therefore, preferred. The only 
disadvantage possessed by them 
is that the cUffering height of 
the table is sometimes apt to 
^ome awkward to the sawyer, 
hut there is not much weight in 
wis objection. There are two 
devices employed for operating 
the tables — racks and screws. 

The latter are better for the 
purpose, and are used in the 
majority of machines. The appearance of a 
teble bench is shown in 40 (Robinson), 
K , being effected by the hand 

wheel at the right-hand end, operating bevel 
gears connecting to two vertical square-tnreaded 
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screws which cause the table to move by me;uis of 
extensions in gibbed guide ways. 

A groove is sometimes planed longitudinally in 
the tables to take a sliding fence, for use in cross- 
cutting, the fence lying at right angles to the main 
one ; mitre cutting can be done by attaching a 
supplementary mitre fence. 
The lighter classes of rising- 
tiible machines are constructed 
with a narrow pillar or column, 
instead of the spread- out cast- 
ing seen in previous illusira- 
tions. 

Ditnension Saws. The 

dimeMsion or two-apindle saws 
are designed for both ripping 
and .cross-cutting, and have 
two saws sharjxjned for cutting 
wiili and across grain 

respectively. The spindles 
rim ill bearings at the opposite 
ends of a strong arm, pivoted 
about its centre in order that 
either of the saws may be 
brought up to the top ready 
for action, a hand wheel accoiii- 
plishing this movement. The 
drive to the spindles is ar- 
ranged so that the lower saw 
is tlirown out of action. The 
special value of the dimension 
saws lies in repetition work, 
where largo numbers of pieces have to be sawn 
to uniform sizes, as in cabinet work, pattern 
making, parcpietry work, etc. Angular and bevel 
sawing is readily done by the aid of the canting and 
swivelling fence. 

Universal Benches. Universal saw- 
benches embody the two-spindle arrangement, 
together with a tilting motion ot 
tho table, to present the stuff 
angularly in relation to the saw. 
Several auxiliary fittings, as 
gauges and angular fences, are 
provided, so that every class of 
sawing can be done, to build up 
intricate framings accurately. 

Band>saws. The band-saw 
machines are particularly useful 
for general sawing which includes 
curved work, because they can 
tackle sweeps for which tho 
circular saw is useless. Tho chief 
drawback is the trouble caused by 
breakages of saws, though this in 
many eases is avoidable if care is 
exercised. 

Figure 41 gives a good idea of 
the general a PI loaninee of a typical 
machine, and 43 shows the same 
in side and front elevations, the 
example being from the practice 
of Messrs. Thomas White & Sons, 
Paisley. The saw pulleys are of 
30 in. diameter and make 400 
revolutions per minute. The 
framing A is of box section, 
cored out, which affords a very 
stiff form, able to resist the 
effects of vibration at tho high speed neces- 
sary. The cast-iron pulleys B, C have no 
flanges, and are rubber tyred to avoid damage 
to the saw teeth, and the top wheel 0 is 
mounted on a spindle which runs in a hinged 
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bearing, that can be tilted to make the saw run on 
any part of the pulley. The hand wheel D operates 
a screw which slides the bearing of the wheel C 
up or down to suit the length of saw, and a constant 
tension is maintained afterwards by the coiled 
spring at the top. A balance weight and lever is 
fitted in some machines instead of a spring. The 
bolt drives to the fast and loose pulleys at E, and is 
shifted across to start or stop the machine by the 
forks and hand lover passing tlu'ough the frame. 
F is the table, constructed with an extension to 
cover over the pulley B and prevent pieces of wood 
from falling on it. The table is tilted or canted 
for angular sawing by turning the hand wheel (il, 
which rotates a worm engaging in a worm segment 
on a quadrant bolted to the tiible, and turning the 
latter upon its pivot. The saw passes through a 
timber casing at H, and through a guide at J. 
The latter is an important feature, as it has to 
receive the backward thrust of the saw, and must do 


A special olass of baad<sawing machine, used 
chiefly by shipbuilders, coachbuilders, and others 
who have to cut out heavy ribs and bevelled pieces, 
is constructed with the top pulley to cant over 
bodily jgilong with the upper part of the frame, so 
that the saw lies at an angle to the table. The 
latter remains horizontal, a fact which renders the 
handling of heavy pieces of timber much easier 
than as though they had to bo moved about on a 
sloping table. 

A fence is fitted to the tables of band-saws when 
wanted, to guide straight stuff past the saw, other- 
wise the operator must work to a scribed line on 
the timber, as in sawing curves. Combination 
machines, embodying both circular and band-saws, 
are designed chiefly for small works which either 
cannot afford or cannot spare space for two separate 
machines. The band-saw framing is built on the 
end of the saw bench. The smallest machines are 
hand-driven. 


this without undue friction, or heating and crystal- 
lisation will occur, resulting in breakage of the saw. 
Bolling contact is the pro|)er method, and there 
are several designs of guides in use. Jiickson’s, 
which is fitted 

to the 111 a- J 

chine illus- ^ fitV 

trated, cm* A® 

bodies a f iJwW/ \ 

revolving j / 

disc, mounted 

on a spindle, i ’'j 

and running w 

by its back 1 \ 

a ring of ila ' 

hardened j // [|t 

steel balls. j // IIh 

The back of f B 

the saw boars /Imh 

across a good ' w '/ 

portion of the 

fluje of the jiV / 

disc, and the •,/’ \ 7 

latter runs K ■ ■( 

with perfect ||^ \ 

freedom. The iX / \ 

blade is con- / \ // \ 

lined side- / xK \ 

ways between _ |-- rj. 

two hard- HAND 

wood strips, 

adjustable for width of opening. The guide 
is brought down as close as possible to the 
stuff being sawn, and is, therefore, hold in a 

vertical bar passing a socket in the frame x\, in 
which it is clamped in any position by a hand 
screw. The bar is counterbalanced by a rope and 
weight to prevent it from dropping wiien the hand 
screw is loosened. 

TJie saw piissos through hardwood strips let 
into the table, and a rotary guide is also often 
fitted below the table, though in some instances 
nothing but wood guides are employed. The 
lower saw pulley is in many machines provided 
with a little brush, which is a considerable advan- 
tage, keeping the pulleys clear of sawdust, etc. 


43. 30-lN. HAND-SAWING MACHINE 


Fret or Jig or Scroll Saws. These have 
but a limited scope, and are used for internal 
cutting and scroll work which a band-saw could not 
manage, as the fret-saw blade can bo disconnected 

and passed 
ffl . through a hole 

^ in the piece 

1 - to cut out a 

J central por- 

1 '-'ir -A 

' — '! ^ mechanism is 

sim})le, com- 
‘ i ; ; ; f;;^| - prising a small 

‘IJ c r a n k - d i s c 

Lh driven at a 

I jiiA high speed, 

, ; ^ M working a con- 

j 1 necting rod 

. 1 which reiuxiro- 

C j- *•- '1 cates the saw- 

? 1 ■■ ■ : 1 10 blade, gripped 

in sliding 

1 ! holders above 

and below a 
.,,Kr 1 tabic. The 

^ 4. 3] — ^ work- 

i i ‘ i! ‘fi ing is about 

^ I y 1,000 strokes 

/ \ jxir minute. 

fl:* '"'a Thei*e are two 

iWING MACHINE types O f 

machiiio ; one 

has a curved cast-iron framing reaching round the 
table and up to the top holder, the framing, there- 
fore, preventing very large work from being 
placed in position. In the other type, a suspendcil 
tension head of wood is used, consisting of a vertical 
beam attached to the coiling, and strained tightly 
by three tie-rods, put in tension, by nuts on right 
and left-hand screws [see 421. The entire space 
around the table is free, ana work of any area 
can be put on. In the machine illustrated, tension 
is given to the saw by means of a couple of spiral 
springs, which constantly maintain an even pull. 
A boring attachment is shown alongside the 
framing, to prepare w'ork by making holes where 
they are necessary to insert the saw. 


CorUintied 
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'T'HE supremacy of British shipping is duo princi- 

* pally to the efficient working of its commercial 
side. Nearly one out of every two merchant shi])s 
{) float is under the Red Knsign, and this because 
shipping in this country is a highly organised com- 
mercial business, free in its working from control of 
any Government department. Subjected as it is to 
free competition of home and foreign rivals, every 
improvement in steam navigation has been eagerly 
taken advantage of, and every economical device 
to save fuel or the cx))enses of working a ship is 
tried, and, if effective, adopted by the British ship- 
owner. 

Management. Each of the large shijiping 
companies has its own method of management, which 
his been evolvinl by its directors and managers 
from their experience and knowledge of the par- 
ticular requirements of the services their vessels 
])erform. 

In the case of a large limited liability company, 
such as the principal liners belong to, there are, of 
(!Oursc, the directors el(‘Ct<’d by the shareholders, 
and a manager or secretary appointed by the 
directors. In the case of jirivately owikmI firms, 
there are one or more managing partners, who 
look after the business. The directors or part- 
ners decide the general policy and tb^ particular 
trades on which their vessels run ; they fix rates 
of freight and passage money, sometimes in con- 
ference with other shipowners, more frequently 
in rivalry with them, and in deciding these matters 
the directors have available their managers or 
other experts, who are usually the heads of de- 
partrnente. 

As methods of management vary, so does 
organisation ; but, generally speaking, in the larger 
companies, at any rate, it would be somewhat 
as follows. First would come the manager or 
secretary — in some cases there are both — who, 
subject to the directors, is in charge of the whole 
business, and under whom (!ome the heads of 
the various departments, who report to the 
manager and take their orders from him. The 
various departments, generally speaking, would be 
as follow. 

Accounts and Statistics Department. 

Jhis department is usually under charge of an 
accountant well versed in 8hip])ing matters, and 
is one of the most important branches. All the 
bookkeeping is done here. Voyage accounts are 
compiled, profit and loss sheets made up, statistics 
of all sorts brought out, and generally everything 
l)eHaining to figures and working costs are fur- 
nished at call from this department. 

The shipowner of to-day can quote can intending 
charterer with a rate for his steamer at once by 
referring to his accounts department, and if he pro- 
FKwes to send his steamer on a particular voyage out- 
® ® ordinary run, he calls for and is furnished 
With a pro forma voyage account, which puts before 
am? probable voyage expenses and earnings, 
ana he quotes his rates accordingly. An account 


of this kind would be drawn out something as 
under. 

IMU) VOYAr.K ACCOUNT 

8.8.——— -tons gross nett 

Voyage from to daj's speed — knots. 

DrSBUltSKMKXTS 
Wages of crew — (lavs (fii 

£ - £ 

Port and light din s . . — £ 

Victualling - days lu — 

J.oading and discharging 
— tons nv . . . . . 

( ‘oal — per da y 1 otall ons 

tfi' — 

l)(*pre(*iutiun on £ («, per 

cent 

Iii.suraneeon £ '•a] percent. 

Deck stores . . . . 

Kiigiiic stores - 

Repairs and sundries 
Commission account =: 

Total £ Total £ _ 

Ksti mated prollt on the voyage £ 

Rate per ton per moutli — £ 

Of course, for steamers going through the Suez 
Canal the canal dues would ap|)car as a big item 
on the disbursement side. The department has 
records showing the port dues, loading and 
discharging rates, and cost of coal at practically 
every commercial port. The depreciation and 
insurance are calculated on the book value of the 
steamer, and the average cost of many voyages 
gives the figures for deck and engine stores and 
repairs. In this department a practical knowledge 
of bookkccjiing, of exchanges and figures generally, 
arc necessary. 

Marine and Engineering Department 

In small comiianies owning up to, say, half a dozen 
small steamers, or of one or two steamer companies, 
the masters and chief engineers of the vessels discuss 
with the owner the repairs, etc., required, and 
tenders for these arc called for, and, as a rule, go to 
the cheapest offerer. I" very big line, however, has 
a marine superintendent and a superintendent 
engineer ( usually one of the moat efficient and trusted 
commanders and chief engineers selected and taken 
ashore on the staff for the purpose), and they are 
responsible for all technical details connected with 
the deck and engine-room departments. In their 
hands, too, are left the selection and aiipointment of 
officers and engineers, as well as the promotion and 
transfer of the marine and engineering staffs. All 
(piestions of repairs, alterations, and so forth are 
de-alt with in this department, and in the case of 
new vessels these officials give to the directors and 
managers the benefit of their technical advice. 

These experts report on new inventions, and 
recommend their adoption or otherwise. When a new 
patent is adopted, close observation and record is 
made of its efficiency, and this department looks 
after all such records. The logs of the various 
steamers are entered up, their mileage and speed 
tabulated, their coal and oil consumption noted, 
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and in the case of excess over the usual average the 
captain and chief engineer are called on to explain 
the reason. In this way a check is kept on coal 
and oil expenditure, and careful and efficient marine 
and engineering superintendents mean much in the 
economical working of a big line. Besides the 
superintendents, the staff in this department is 
usually made up of one or more draughtsmen, an 
electrician, two or three junior clerks, and a few 
typewriters. 

The young man entered in this department should 
apply himself to obtaining an accurate knowledge 
of the technical names of the different parts of a 
ship and her machinery. 

Coal and Stores Department. On an 

estimate prepared for the year, this department 
will call foL* prices from contractors on their 
“ suppliers list/^ and make contracts for the stores 
and coal retpiired for the period fixed, usually six 
.months to a year. In the stores department will be 
found samples of all the innumerable articles required 
by a modern ship, such as cordage, manilla and wire 
ropes, oils and paints, canvas, ironmongery, lam]).s, 
electroplate, cutlery, earthenware and glass, napery 
and linen, etc. These samples are carefully com- 
pared with the goods delivered by the various 
contractors, and any departure from samjde is 
brought at once to the notice of the offending party. 

When an “ indent,” as it is usually termed, mean- 
ing a requisition for stores sent in by the deck and 
engine departments, has been passed by the super- 
intendent concerned, it is sent to the stores depart- 
ment. Hero it is dissected, and orders sent for the 
stores indented to the various contractors, 

A few junior clerks suffice for the work here, 
which is mostly routine, sending out orders and 
carefully checking suppliers’ invoices with the 8hii>s’ 
receipts and contracts. The responsible official in 
charge of this department is known generally as 
** the ship’s husband,” a happy description indeed. 

Victualling Department. In close con- 
nection with the stores department is the victualling 
department. In some companies, in fact, they are 
one, and the stores do the victualling work as well. 
The shore purser or superintending steward is in 
charge here. 

Into this department comes the indents from the 
chief stewards of the various steamers, giving their 
requirements for provisions, meat, wines, etc., for 
the next voyage. These requirements arc based, of 
course, on the number of j)as8engers to be carried 
and on the length of the voyage. Striking figures have 
been published of the huge piles of perishable stores, 
of the mountains of bread, fish, fowls, meat, hams, 
eggs, and so forth, consumed on a voyage of one of 
the Atlantic greyhounds, but such statistics scarcely 
come within the scope of this article. 

Regular and careful accounts are kept, and on 
the averages a daily victualling scale is fixed to 
which chief stewards have to conform. The picking 
and selection of the chief stewards is in the hands 
of the shore chief, and a good and careful chief 
ashore is usually reflected in the work of the men 
afloat. 

General and Correspondence Depart- 
ment. This department has usually at its head 
the general manager or secretary. In the case of 
firms owning a few steamers it is run directly, very 
often, by the partners themselves. The staff is 
usually the largest in a shipping office, as all the 
.general routine work of an ordinary business office 
^18 dealt with here. Here, also, is the cash depart- 
ment presided over by the cashier. 
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Passengers are booked, passage tickets issued, and 
inquiries answered. Sailing and advertisement cards 
usually adorn the walls, and cabin plans of the com- 
pare’s steamers lie on the counters. 

Tlie young man entering a shipping office usually 
begins here, being drafted to other departments 
later for experience, or according to his aptitude. 
Ho starts, as a rule, by copying letters and docu- 
ments and fetching and carrying for his seniors. 
A knowledge of shorthand should be possessed by 
every youth, and if he is able to use a typewriter 
so much the better. Typewriters, however, are 
usually engaged as such and kept to that work. 
There is a call also for a knowledge of languages, 
particularly French and German, and especially 
German, for the German is found running practically 
everywhere now, entailing correspondence regarding 
freights, passengers, and general interests. 

Freight and Bills of Lading. This de- 
partment looks after the engagement of freight, etc., 
and is usually divided into export and import sides. 
The export issues bills of lading for goods shipped 
from the home ports abroad, while the import 
department deals with the manifests and bills of 
lading for cargoes coming into the home ports. 

In these days of keen competition the shipowner 
has to hustle to seoiiro his freights. He docs not 
wait for the shipper to come to him, but looks after 
tlic shipper. In Tiondon a representative of this 
department will be a member of the “ Baltic.” In 
Liverpool and Glasgow business is done on the 
“Exchange,” and in Newcastle on the “Quayside,” 
as the shipping exchange there is called locally. 
The “ Baltic ” in London is a ])alatial edifice in 
8t. Mary Axe, replete with all comforts for its clients, 
and this may be termed the hub of the freight market 
in London. Here shippers and shipowners have 
full information as to freights and rates, and hen; 
they do their deals. 

The freight department watches the trade journals, 
notes all big orders placed for railway materials 
for abroad, and then puts freights forward to the 
firms concerned. Here the early bird often catches 
the freight worm, and canvassers with a keen 
eye for business and an attractive manner are 
invaluable. 

The freight being engaged, arrangements an* 
made for shipment by a particular steamer. It is 
sent alongside by rail or barge, as is cheapest or most 
convenient, and is at the ship’s risk from the time it 
leaves the quay wall or barge till clear of the ship's 
tackle when landed at the port of destination. 
As cargo comes on board, it is “tallied” — that is, a 
note is taken of the cargo, whether it is case, package, 
etc., and the “ mark.” A receipt is given, and this 
receipt, being presented to the freight department 
along with a bill of lading (which is usually in tripli- 
cate), is signed by the department “ for the master,’’ 
and it is then the merchants title to the goods 
described. Only on production of this bill of lading, 
or an indemnity freeing the shipowner of all lia- 
bility, will the goods be delivered to the consignee. 

Particular trades, such as the Black Sea, Medi- 
terranean, etc., have their own particular form of 
bill of lading, and most of the large companies have 
also a special form bearing their house flag or dis- 
tinguishing emblem. 

*lbe Bill of Lading. The biU of lading 
gives the names of the shipper and the consignee, 
the name of the steamer and master, the port 
of shipment and the destination, the number 
of packages, and the date. On the margin 
detailed the number of packages, their contents, 
and marks. Freight is payable on delivery of the 
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bill of lading ** ship lost or not lost,'’ and a recital 
is given of all the liabilities from which the ship- 
owner frees himself, including “ the act of God, the 
King's enemies, robbers by land and sea, restraint of 
princes, rulers, or people '' ; and such commonplace 
things as “ strikes or stoppages of labour.” 

The shipowner has a lien on goods shipped for his 
freight. He is held responsible for loss or damage 
or short delivery, provided he has granted a “ clean ” 
bill of lading — this is a B/L without any remark as 
to the cargo being damaged or in bad condition. 

All packages, as a i-ule, bear a mark, not an 
address, and all large shippers have their own par- 
ticular mark, many of them well known in trade to 
the general public. Underneath the mark is the port 
of destination, and the package is usually numbered 
as well. 

Sample marks are given below. 

NevrYork. Sydn^ Calcutta Bombqy 

A mate’s receipt granted on delivery to the shi]) 
and on which the bill of lading is made out would 
read something like this : 

H.S.-- 

Hate 

H ceived in good order and condition on hoard the 
$ 8 . , Mast r, the undernoted goods. 

$ 1/3 3 cases hardware. 

New York. 

(sjd.) ./, SMITH, 

2/ mate. 

A considerable number of clerks are employed in 
the freight department. Bills of lading for large 
porta have each, as a rule, a separate desk assigned 
to them, and the clerks employed check the bills of 
lading produced by the shipper with the mate’s 
receipts, and make out the freight notes. This 
requires careful calculations. (jIoocIs are shipped on 
weight or measurement at the option of the steamer, 
and one freight note will involve many calculations 
of weight and measurement rates of freight. 

The young man coming to this department needs 
all his wits about him. He must be careful and 
methodical, with a (^uick and accurate knowledge 
of figures. Here outside woik is regarded as the 
“ plum,” and the ambition of the smart man is 
to get on the “ Baltic,” or shipping exchange, and 
do the outside freight work. 

There is also usually an expert attached to this 
<lepartmeiit skilled in estimating damage and settling 
losses. The outside public have little knowledge 
how many and various are the claims made by 
shippers for damaged or missing cargo. A smart, 
tactful man can save his employers thousands of 
pounds a year in the working of the ” claims ” 
department. 

Insurance Department. In all large ship- 
ping companies there is an insurance department. It 
is usually in charge of an experienced man well versocl 
in marine insurance law and customs. Many of the 
hirge shipping companies insure their steamers in a 
special fund of their own, and find it pays them to 
do so. The premiums, ranging as a rule from 4 per 
«ent. to 6 per cent., are charged against each 
earnings, and credited to the ” insurance 
fund. Against the insurance fund all claims 
for damage and losses are debited. The larger 
companies insure the cargo carried by their own 
steamers, and the baggage of passengers. In the 


case of companies where the insurance is done 
“ outside,’* the risks are taken by Lloyd’s and the 
other great maritime insurance companies. 

The biggest outside policy for marine risks W'as 
the ten millions placed by the Government to cover 
the risks to merchant shipping during the summer 
manoeuvres last year (IfiOfi). 

Lloyd’s. In marine insurance matters liloyd’a 
overshadows every other concern. It is also the 
great organisation for the collection and distribu- 
tion of marine intelligence. All round our coasts 
and in every part of the world Lloyd’s agents advise 
the movements of the ships of all nations, and not 
one vessel in ten bound to ports in the United King- 
dom arrives as her terminal port without being 
“ reported at Lloyd s.” 

Lloyd's, too, has a “Captains’ Register,” showing 
the service of every in aster in the mercantile 
marine, and in this connection much valuable and 
confidential information of great value to under- 
writers is available for the benefit and guidance of 
members and subscribers. 

.An inquiry office is also maintained by Lloyd’s 
wlu*re relatives of the crew or passengers may obtain 
without cost information regarding the movements 
of the vessel in which they are interested. 

It is scarcely within the province of this article, 
and space forbids any particular descri])tion of the 
business of Lloyd s, or the clauses which make up 
its marine policies, but to anyone engaged in ship])ing 
a knowledge of the abbreviations used is not only 
useful but necessary. Hereunder is a table of 
common abbreviations. 


H.C 

Held covered. 

S.A 

Sul)iect to approval. 

N.ll 

No risk. 

U.K.orC. 

United Kingdom or Continent. 

Coni. II. and H. 

Continent between Hurve 
Hamburg. 

Cent. B. and H- 

Continent between Bordeaux 
Hamburg. 

F.O 

For orders. 

O.P 

Open i)oljcy. 

F.C. and S. 

Free of capture and seizure. 

1).C 

Deviation Clause. 

T.L.0 

Total loss only. 

F.A.A. 

Free of all average. 

F.ti.A. 

Foreign gein;ral average. 

y.A.K 

York Antwerp rules. 

U.T 

Ileinsiirance. 

ll.D.C 

Itiinning down Clause. 

V.V 

(Continuation Clause. 

R.C 

Detention Clause. 

L.O 

Label Clause (Bottled goods). 

F.F.A 

Free of particular average. 

P.A 

Particular average. 

(J.A 

(General average. 

P.L 

Partial loss. 

S.L 

Salvage loss. 

C.T.L 

Constructive total loss. 

T.L 

Total loss. 

W.P 

Without prejudice. 

Wd 

Warranted. 

W.A 

With average. 

P-IM 

Pcdicy proof of interest. 

A. 11 

Against all risks. 

W.O.B. 

Washing overboard. 


Lloyd's has a close connection indeed with the 
commercial side of shipping, and from the “Al at 
Lloyd's,” which describes the highest class granted 
to a merchant ship when she starts her first voyage, 
(ill her disapiiearance through loss or breaking up 
Lloyd’s never loses sight of her. 

In Lloyd’s Register appears the name of every 
steamer and sailing ship afloat, showing the owner’s 
name, the name of the builder, the classification, 
tonnage, and her general measurements, as well as 
her official number and port of registry. 

The Merchant Shipping Act. This Act 
defines the duties and responsibilities of owners, 
master, and crews, as well as the macliinery of the 
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Board of Trade Mercantile Marine Offices (known to 
Merchant Jack as “ the Shipping Office *’) and 
<^hers authorisiod to deal with shix)s and seamen. 
Tne Act of 1894 in its 744 sections provides for prac- 
tically every j)oiiit likely to ^^^i8e in connection with 
the owning or management of British vessels. 

The first section of the Act gives the qualifications 
necessary for owning British ships, wherein it is laid 
down that a ship shall not bo deemed to bo a British 
ship unless owned wholly by persons of tiie follow- 
ing description -“namely : 

(a) Natural born British subjects. 

(ft) Persons naturalised by or in pursuance of 
an Act of Parliament or ordinance in a British 
X)OSsession. 

(c) Persons made denizens by letter of denisation, 
and 

{d) Bodies corporate established under and 
subject to the laws of some part of the King's 
dominions, and having their principal place of 
business in those dominions. 

It is under the last qualification, of course, that 
the great majority of British shipping is registered. 

The second section of the Act provides for 
the registry of every British ship, and accordingly the 
first proceeding of an owner of a British vessel is 
to register her, and the procedure as to this is 
laid down in Sections 4 to 20 of the Act. 

Registering a Ship. IVhen a new steamer 
is built she is measured for tonnage by a Board 
of Trade surveyor, and the measurement.^ so 
ascertained are embodied by the shixduiilder in 
a document known as “ The Builder’s Certificate,” 
which is handed to the owner, who, on the figures 
given therein, makes out his “ declaration of 
ownership.” This document gives the name of the 
owners, their principal jdaec of business, and the 
number of shares in the vessel. A vessel is divided 
into 04 shares, so that a sole owner would be 
described as owning ()4/()4th shares. This document, 
then duly signed before a shipi)ing master or a 
commissioner of oaths, is handed in along with the 
builder’s certificate find the certificate of the master, 
to the registrar of shipping at the port where the 
vessel is to be registered. The registrar then allots 
the vessel her “ official number.” This number 
having been carved on the main beam of the vessel, 
and her port of registry x^ainted on the stern, and 
a carving note signed by a surveyor to that effect 
being furnished, the registrar grants the “certificate 
of registty.” This is the vessel’s most im])ortant 
document. It is at once her birth certificate and 
passport; without it she cannot obtain clearance 
from any port, and failure to produce it would render 
a vessel liable to seizure a.s an ownerless and sus- 
picious craft. The certificate of registry shows the 
vessel’s name, official number, and x>ort of registry, 
gives full details of her measurement and tonnage, 
and the name of her owners and her master. 

Selling a Ship. In the x>urchasc or sale 
of a British ship there is little formality, no 
need for a lawyer, and the process is simplicity 
itself, a steamer valued at a million fiounds being 
more easily disx>osed of than land or a house 
worth a hundred. The seller signs and seals a docu- 
ment known as a biU of which gives the name 
of the steamer sold, and other particulars from 
her certificate of registry, the names of the sellers 
and buyers, and this document being handed over 
to the registrar of shipping at the steamer’s port of 
registry, the old register is closed, and a certificate 
wanted to the new purchaser, and the business is 
done. The bill of sale in its wording is a quaint sur- 
vival of the days when the merchant ship was armed, 
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as in its wording it transfers the shares in the ship 
above particularly described, and in her boats, guns, 
ammunition, small arms, and appurtenances.” 
The modem vessel, however, as a rule, has neither 
guns, ammunition, nor small arms, but the form 
survives. If a British vessel is lost, taken by the 
enemy, or sold to foreigners, notice of the fact must 
be given, under penalty, to the registrar, who there- 
upon closes the vessel’s register. The owner is bound 
to give up the ship’s certificate of registry if the 
steamer is sold to foreigners, or if it is saved in the 
event of wreck. 

Legal Rights of the Crew. The Act 

provides and lays down conditions for the en- 
gagement of a crew, and every member of 
the crew must have the agreement read and 
explained to him by the shijiping master or his 
deputy. Facilities are granted to seamen to coin- 
])lnin of any grievance, and i^ains and penalties aiq 
enacted to protect the seamen from imposition of 
any kind. Even his food is provided to scale 
laid down in his agreement, and his quarters are 
certified to accommodate the number of crew. 

The framers of the Act evidently looked on the 
sailor-man as a fool or /i simpleton, and provision is 
made for him accordingly. “ Jack,’^ however, 
nowadays, at least, is (jiiito competent to look after 
himself, and demand what he terms his “ rights.” 
In the agreement with the crew the freeboard 
of the steamer is given. This is a change from the 
bad old days of the “ coffin ships,” and the fixing of a 
safe freeboard was one of the points so strenuously 
fought for by the “ seaman’s friend,” the late Samuel 
Plimsoll, M.P. The load-line cut and painted on 
the aide of every British ship is known universally 
ns the “ Plimsoll Mark,” and is shown below. 

The letters shown on 
the load-line mark are 
FW, fresh water ; the 
load draft of the vessel 
in fresh water, IS, Indian 
summer; S, summer; VV, 
winter; and WNA, winter 
North Atlantic. 

Part It. of the Act 
deals with masters and 
seamen, and makes pro- 
vision for ax^prentices being carried. It also provides 
for the examination and grant of certificates to com- 
petent men, and states the conditions for the issue 
of licences to supply seamen, and for their engage- 
ment. The rating of AB — that is to say, able- 
bodied seaman— is granted only when the seaman 
has served at sea for four years. 

Elaborate instructions are laid down regarding 
the discharge of seamen, payment of wages, seamen’s 
money order and savings banks, and the prox)erty of 
deceased seamen. By law, everyone on a 8hi])’s 
articles is a “ seaman,” and when a seaman dies on 
board a British ship his wages and effects must bo 
handed over by the master of the ship to the Board of 
Trade, who transmit these through a shipping oflicc 
to the relatives of the deceased. Provision is nia^lo 
as to discipline, and for an official log, wherein is 
entered the record of any offences, births, deaths, 
etc. To be logged, to a seaman means much tho 
same as a police conviction to a landsman. 

The records of the service of all persons who 
serve in ships is kept at the office of the Registrar- 
General of Shipping and Seamen. The appoint- 
ments of the Registrar-General and his staff are matlo 
by the Board of Trade, which, with the consent 
of the Treasury, regulates their salary and allowances. 
In this office are collected all the statistics as to 




seamen, etc., also records of deaths, births, and 
marriages on board any British ship. 

Provisions for Passengers. Part 111. 
of the Act deals with passenger and emigrant 
ships, and regulates not only the equipment of 
such vessels, but fixes the number of passengers 
or emigrants such ships may carry. As to 
emigrants, the Act fixes that as regards steerage 
passengers no ship may carry more than : 

(a) If the ship is a sailing ship, one adult to 
33 tons of the ship's registered tonnage ; and 

(b) If the ship is a steamship, one adult to 
every 20 tons of the ship’s registered tonnage. 

Provision is made for the survey of passenger 
steamers, for the general equipment, for the main- 
tenance of order, for the supjdy and inspection of 
provisions, water, and medical stores, and so forth. 

Sundry Regulations. Part IV. of the Act 
deals with fishing-boats, and relates to “ all fishing- 
boats and to the whole fishing service.” 

Part V. is headed ” Safety,” and deals with regu- 
lations for the prevention of collisions at sea, 
regulates the lights to be carried and exhibited, 
the fog signals to bo used, and the steering and 
sailing rules to be observed. It also deals witli the 
load-line, the loading of timber, and carriage of 
grain, »ind unseaworthy ships. 

Part VI. sots up the machinery for .special shipping 
inquiries and courts ; and 

Part VIT. deals with delivery of goods and lien 
for freight. 

Part VIIT. defines the liabilities of shiiiowncrs, 
which the Act declares to be 

{l)'In respect of loss of life or ])crsoiial injury, 
either alone or together, with loss of, or damage to, 
vessels, goods, merchandise, or other things, an 
aggregate amount not exceeding £15 for each ton of 
the ship’s register ; and 

(2) In respect of loss of, or damage to, vessels, 
goods, merchandise, or other things, whether there 
be in addition loss of life or personal injury or not, 
an aggregate amount not exceeding £8 for each ton 
of the ship’s tonnage. 

Part IX. deals with wreck and salvage, the regis- 
tration of marine store dealers, the appointments 
of receivers of wrecks, etc. ; and 

Part X. fixes pilotage, and applies to all ships, 
biitish and foreign. 

Part XT. deals with lighthouses and the. levying 
of light duos, which under present arrangements 
are all borne by the shipowner, and which he justly 
claims should, in the United Kingdom, as elsewhere, 
i>e borne by the State. 

Part X1 1. refers to the Mercantile Marine Fund, 
which deals with all charges in respect to fees for 
survey of ships, fees paid at the various shipping 
office.^, etc. 

Part XIII. deals with the methods of legal pro- 
cedure ; and 

Part XIV. is supplemental, and defines the general 
control of the Board of Trade, the appointment of 
surveyors, and insjxictors, and the power of Uolonial 
legislatures in regard to shipping. 

The Mercantile Marine as a Profes- 
®ion. The mercantile marine to-day offers an ox- 
eellent career to the man who has steadiness and 
mtelligenoe to recommend him, and, as a rule, no 
other recommendation is necessary, for there is 
always a vacancy in the larger companies for the 
young man duly qualified as Junior officer or 
engineer. The sea as a profession should certainly 
oe considered by parents who have difficulty in 
deciding ” what to do with the boys.” 

There are three departments open to the youth 
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who decides to follow the sea : (a) as a deck officer ; 
(b) as an engineer ; and (c) the saloon department, 
as purser or steward. 

To qualify as a deck officer, the youth must servo 
an apprenticeship, and he may do this in several 
ways. He may bo sent by his parents to the train- 
ing ships Worcester or Conway, for the two years* 
school course there. This will cost parents about 
£60 a year, but the boy gets a splendid training 
in seamanship and navigation, as well .as an excellent 
general education. These two years in the Worcester 
or Conway are allowed to count as one year's sea 
service, but to be qualified to sit for examination for 
a }-ccond mate's certificate the youth must now 
serve three years at sea ; this he can put in ns an ap- 
prentice in a sailing ship or as cadet or midshipman 
in a steamer. There is no difficulty in getting a 
youth apprenticed or appointed as a cadet. The 
large steamship companies, such as the British India 
1 ine, the New Zealand Shipping Company, Shaw 
Saville & Albion Co., Bucknall Bros., the Gulf 
Line, now carry cadets or apprentices, the premium 
ranging from 30 to 100 guineas, which is returned to 
the boys as wages. These companies endeavour to 
give the cadets a knowledge of seamanship, naviga- 
tion, and the gencTal duties of a navigating officer, 
but the steamer-trained officer is seldom up to the 
st andard of the youth trained in a sailing ship. 

A young man may also qualify by serving before 
the mast, as boy and O.S. (ordinary seaman), 
and many excellent captains and officers have 
begun their sea profession in the forecastle. 

Nautical Examinations. After comple- 
tion of the four years sea time the youth goes 
up for the Board of Trade examination, for a 
second mate’s certificate, and this obtained, he 
is fully qualified ns a junior officer in the mer- 
cantile marine. The supply of officers is less than 
the demand, and the young man should exyiericnce 
no difficulty in obtaining a berth as fourth officer 
in one of the “ liner ” companies. His pay will 
run from £5 to £6 a month, with ‘‘all found ” — that 
is to say, assuming a youth goes to sou between 
15 and 16 years of age, by the time he is 20 he is 
in a position to keep himself. Uis first step is to 
third officer, when he is in charge of a watch : this 
step ho should got in from a year to eighteen months 
in most large cornijanics, and he now puts in his time 
for chief male’s certificate. This obtained, he is 
eligible for promotion to second officer, which rank 
he should reach after three to five years’ service. 
Then ho passes for master, and obtains afterwards, if 
he can, an extra master’s certificate as the result of a 
further and special examination. Promotion to chief 
officer reaches him after seven to ten years, de])0nding 
on the company ho serves, and he reaches command 
after fifteen to twenty years’ service. His i:)ay 
as chief officer will rim from £12 to £18 a month, 
and as commander from £20 to £60 a month, and in 
some exceptional lines and services ho may get 
£800 to £1,000 a year. 

Promotion. Promotion to command goes 
by seniority, tempered by selection, and the sn) art 
and efficient chief officer, as a rule, gets his com- 
mand before men senior to him, who have not shown 
themselves so zealous for their employers’ inteiests. 

The large shipping companies, as a rule, engage 
only young officers, and train them themselves. 
These juniors receive promotion to the higher 
grades as vacancies occur, and only in exceptional 
cases is an officer or commander brought in ovei- 
the heads of men in the service. 

Application should be made in writing to the 
manager or marine superintendent of the jJne 
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selected, and the letter should be accompanied by The young man who desires to go to sea as a 
copies of testimonials. This, as a rule, brings a steward must begin at the very bottom of the 

reply, asking the applicant to call for a personal ladder, and, as a rule, he learns his experience 

interview, and the interview being satisfactory, find in a hard school. The river and pleasure steamers, 
his papers in order, an appointment follows. or in the steerage department of an Atlantic liner. 

Marine Engineers. To qualify for a marine would give an opening, and experience gained, 
engineer, an apprenticeship of at least five years the efficient steward works his way upward 
must be served in an engineer’s establishment — a to chief by his own efforts. The pay of assistant 
marine engineer’s shop for preference. Here the stewards is nominal, and they depend on tips from 
youth should begin at the age of 15 or 16, so that passengers to a great extent. A chief steward will 

he will finish his time when he is between 20 and 21 be paid from £8 to £12 a month. A knowledge of 

years of age. During his apprenticeship the youth catering for passengers is essential to the efficient 
who desires to get on will attend evening technical steward, and second only to this is tact, 
classes in drawing, machine construction, and Royal Naval Reserve. The officer or 
kindred subjects, all of which he will find most engincerdcsirousof serving his country. or ambitious 
helpful when he goes up for his Board of Trade of social advantages, joins the Royal Naval Reserve, 
examinations, and throughout his career. The The qualifications necessary, aside from the fact 
great marine shops are on tJie Clyde, in ScotlanJ, that the applicant for a commission must be a 
and on the Tyne and the East Coast of England, British subject, are as under : 

and Belfast in Ireland. As a rule, no premium is For midshipmen: a two years’ course in one of the 
charged, and in fact the majority of engineers mercantile marine training ships, or a year at sea 
regard the premium apprentice with suspicion, on board a first-class British ship. For sub-lieii- 
consideringhe is likely to have too much false dignity tenant : service as first mate of a first-class British 
to learn his business pro|jerly. Wages are generally steamship of at least 1,500 tons, or a sailing ship of 
paid the apprentice, say 4s. a week the first year, 1,000 tons, and the possession of a master’s certificate, 
rising by Is. or 2s. a week each year of the five ho Second and third mates are eligible provided that 
sorv’es. His apprenticeship completed, the young they have served for not less than six years at sea, 
man should send in his application to the superin- excluding their time as apprentice, and for lieu- 
tending engineer of three or four of the big com- tenant, service in command of a steamer of 1,500 
panics. He should state clearly where he served tons or a sailing ship of 1,000 tons is necessary for 
his time, what special certificate he holds, his age, not less than one year. 

and send a copy of his apprenticeship certificate. A senior engineer must hold a first-class engineer’s 
When appointed, it may be as tenth engineer, or certificate, and have not less than 10 years’ sea 
oven as iifth or fourth, depending on the size and service, including three years as chief of a steamer 
power of the steamer to which ho is jxisted. His of not less than 500 nominal horse-power. * 

ambition is now to get Jiis time in as a watch- An engineer must hold a first-class certificate and 
keeping engineer, to enable him to obtain his have seven years’ sea service, including one year’ll 
second and chief engineer’s certificate. Usually the service as chief engineer of a steamer of 200 nominal 
second’s examination is passed after about eighteen horse-]>owcr, or as second of a steamer of 600 horse- 
months to two years' sea service, and a chiefs certifi- power, and an assistant-engineer must hold a 
cate is obtained after four to five years’ sea service. first or wsecond-class certificate and have served at 
Promotion depends on the lino in which the engineer least one year in a steamer as a certificated engineer, 

serves. He should be third after throe to four years. Qualifying Drills. It is necessary for the 
second after seven to eight years, and chief engineer lieutenant, sub-liou tenant and midshipman, to put 
after 15 years’ service. The pay of a junior engineer in qualifying drills at stated periods, and such 
begins at £7 to £8 a month, with “all found”; officers may volunteer to go through a twelvemonths’ 
as third he will receive £10 to £12, as second £14 to course of training in H.M. licet. This course coin- 
£18, and as chief £20 to £40, depending on the ])leted satisfactorily, officers ajro granted certificates, 
number of years’ service. The chief engineer earns and become entitled to the following annual 
a bonus on savings in coal and oil consumption. allowances : 

Pursers and Stewards. Only the large Ijicutenants . . £25 a year, 

passenger boats carry pursers, and their duties Sub-lieutenauts 20 a year, 

vary according to the line on which employed. In Midshipmen . . 10 a year, 

some of the companies he is a clerk pure and simple. Officers of the reserve when called out for training 
doing the captain’s correspondence, writing out receive the same pay and allowances as officers of 
manifests, passenger lists, etc.; while in other lines the corresponding rank in the Royal Navy, and 
he combines these duties with the general oversight while on service they are treated in the same 
of the saloon department. Generally speaking, manner in every respect. 

however, the duties of purser and steward are Besides the experience, and the social polisli 
separate. The purser usually secures his appoint- which a training in the Navy undoubtedly gives, 
ment through the nomination of a director, and and considering that an officer can live on his pay 
puts in a few months or a year or so in the office while serving, the annual allowance granted certainly 
of the company before he is sent afloat. There is makes it worth while for a merchant service offiet*r 
nothing particularly exacting in the duties of this to serve in the Reserve. 

office, and a young man of average intelligence The tonnage of the mercantile marine under tb<' 
can easily acquire a knowledge of them. Vacancies, Red Ensign grows and increases with the years, 
as a rule, seldom occur in the big lines. Pay will and the shrewd brains which control it are as 
run from £6 to £12 a month, capable now as ever, and if only the youth of tno 

Pursers are carried by river and pleasure steamers country, gentle and simple, would do their share, 
during the summer months, and here the duties are and come forward as they did in the years gone Ijyr 
more concerned with the collection and issue of as officers and seamen, there seems no reason why 
passengers’ tickets. There are many applicants, the preponderance of our lead in shipping matters 
and the pay is small, from 10s. to 30s. a week, should not be maintained. 

Continued 

6366 



DYEING MACHINERY 

Group 28 

DYEING 

Hand Dyeing. The Introduction of Machinery into 

6 

Dyeing Practice. Typical Machines in Dyeing 

<'ontliiiiMl fmiu 


IMitce 


By HERBERT ROBSON 


ACHINERY driven by power canio into uso in 
dyeing practically with the artificial dyes, and 
the subsequent enormous expansion of the trade. 
When the dyer had to deal with small quantities 
of goods — a few bundles of yarn or a small piece or 
two of cloth — he was content to use vats sunk to 
the level of the dye-house floor, as in the old and 
still-used process of indigo dyeing, and with tubs 
and kettles, working the goods with his hand, or, 
if the heat would not allow this, with rakes or 
forks or with a long crutch-like stick known as a 
“ jigger.” The resemblance of a billiard-rest to this 
article has given us a familiar slang- word. 

Hand Dyeing. These hand-dyeing ap]>liances 
do not require illustration. In cases where small 
(piantities are to be handled, or when special care 
is required, they are still used. Moreover, it 
frequently hapiicns that metal must not come into 
contact with the dye-bath, and in this case the use 
of a wooden vessel is compulsory, 'riic ordinary 
form this takes is simply a strong, oblong box, lilted 
with a steam pipe below a perforated false bottom. 
The steam may be either blown in direct, or a 
closed steam coil may be used. 

In dyeing hanks or skeins in this simple dye- vat 
the hanks are strung in festoons on sticks. These 
arc ordinarily straight, but in some oases — in using 
the sulphur "dyes, for instance — they are bent so as 
to keep the yarn constantly um^cr the surface 
of the bath. The hanks are dipped into the bath, 
raised and lowered in the liquor a few times, and 
then left in the bath with the ends of the stick 
resting on the edges of the vat. The next stickful 
is then introduced in the same way, and when all 
have been entered, leaving a space between each 
to y)revent entanglement, the first is lifted by two 
men standing one at each side of the vat. One of them 
thrusts a stick through the hanks and when the 
other has grasped his end, they lift the hanks so 
that they are well turned on the stick and the part 
of the yarn that was resting on it is now in the bath. 
The others are treated in the same way, and the yarn 
is said to have had ” one turn.” The men go on 
to give ” three turns,” or more, according to their 
judgment or 'nstructions. 

Dy««hou8e Machinery. In the hand 
dyeing of cloth the goods are simply entered and 
worked about in any of the already-mentioned 
ways. A simple wince or skeleton roller may bo 
provided over the dye-bcck, and the goods, stitched 
in an endless band, are put over the wince and 
under guide rollers in the bath. The wince is 
then revolved and the cloth run through the bath 
until it is evenly dyed to shade. 

This dye-beck, with wince, represents the simplest 
u hi dye-house machinery, and it is evident 
t^t it may bo driven cither by hand or power, 
rhe last thirty years or so has, however, seen the 
introduction of a great variety of machines for 
g^eral use and for particular purposes. 

Broadly apeaking, the form of machine used 
diners little with the kind of fibre under treatment, 
but widely with the state of manufaotuce and the 
variety of material. In other words, a cop of yam 


cannot be dyed like a piece of cloth nor will muslin 
stand the treatment of strong cloth or felt. 

In this connection, however, silk must be looked 
upon as coming under the description of a ” variety 
of material.” The careful manipulation required 
makes it necessary to dye it by hand or with a 
simple form of machinery not liable to damage the 
fibre. The quantities ordinarily dealt with, more- 
over, allow most of the dyeing to be done by hand 
in wooden dyc-vats or even in earthenware or 
porcelain vessels. It is dyed in the form of yarn 
or cloth ; and in a few of the largest silk dye-house.s 
some of the simpler form of machines used for 
dyeing cotton in the hank and in the piece have 
been adopted, in order to handle quantities rapidly. 

In one form of special maebine for silk yarn the 
hanks are placed over a reel, free at one end, so 
that they may be readily put on and taken off and 
run through a dye-vat, the reel or rollers revolving 
so as to pass every part of the hank continuously 
through tlio dye liquor. In another form, the 
hunks are hung on a pole, or between two poles, and 
carried through the dye-bath with a revolving action, 
to ensure even dyeing. As regards pieces, the wince 
arrangement already described is used, or a simple 
which will be described later. 

Wool and Cotton Dyeing. Wool and 
cotton are dyed in the raw or loose condition; 
in vuriou.s states of jaoparation for the spinning 
frame, as rovings, .sliver, or slubbing, for instance; 
as spun in cops ; as hanks and warps ; and in 
the form of woven fabrics. For each of those 
states a mulfiplicity of 8|)ccial inacliinciy has been 
devised, and in this cofirse it will be requisite to 
confine qurselves to typical machinery for each 
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form of material. It may bo here stated, without 
fear of contradiction, that our British engineers are 
pre-eminent in this branch. 

Loose Fibre. The advantage of using 
coloured weft cops, obviating the necessity of any 



8. COP DYEING MACHINE (Walker A Rose) 


subsequent reeling before introduction into the 
shuttles, is evident in the manufacture of fancy and 
parti-coloured fabrics. It is obvious that one way 
out of the difficulty of dyeing tightly wound cops 
through and through is to dye the wool or cotton 
before spinning. Technical difficulties, however, 
stand in the way, and the dyeing of loose fibre is not 
practised to a great extent. The (lyed material injures 
the cards and soils the preparatory machinery 
generally. Wool, moreover, is liable to felt in the 
process, find cotton loses its “ nature,” as tlio 
spinners say, so that in cither case the spinning is 
imperfect. In repeated attempts on a large scale 
to got over these difficulties, an acquaintance of the 
writer’s lost a substantial fortune. 

Still, in addition to the advantage of using 
coloured weft cops, there are other jnirposes for 
which raw cotton and wool are dyed. Different 
colours may be mixed and spun to produce rc(|uii*ed 
shades or fancy effects, or the looae fibre may be 
dyed to be used as coloured fillings. Moreover, 
another advantage, as concerns light shades, is that 
a faster colour is produced by mixing a dark coloured 
cotton with white, and then spinning, than by 
dyeing the cotton uniformly. , 

The Klauder-Weldon machine has been used for 
loose cotton, but it is unsuitable for wool. It is 
very similar to the modern washing machine in the 
steam laundry; a drum of copxier netting containing 
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the loose material revolves in a heated dye-bath 
until the dveing is effected, and it is obvious that by 
changing the baths the same machine may used 
,£or DleAching, mordanting, or washing. A much 
.‘better machine for loose material is that of Ober- 


maier, manufactured by Messrs. Mather & PlatL 
In this, the loose material is stationary, the liquor 
being forced through it, a (mint particularly 
important in the case of wool, as felting is avoided. 

Sliver, or Stubbing. The advantages of 
the dyed cop are better obtained by dyeing what the 
spinner calls “ preparation ” — that is to say, the 
cotton in some state of preparation for the spindles. 
After it has been opened and scutched, a great 
amount of dirt has been removed, which interferes 
with the purity of shade when raw cotton is 
dyed, and if it has been carded, of course the injiury 
caused to the cards by the mordant is obviated. 

A fresh difficulty, however, arises. The slubbing, 
or sliver, must not bo broken, and even cotton 
rovings would not stand the treatment which is 
allowable w ith raw cotton. The Oberma ier machine 
[7J, in which the material is left undisturbed, is the 
standard apparatus for the purpose, and this is 
illustrated in diagram. The movable copper 
cylinder (!an be lifted out of the dye-vat, as shown 
in the dotted lines, by means of the travelling crane. 
The vat is heated by steam, as shown. When the 
cylinder, which is varied in formation somewhat 
according to the material to be dyed, is packed with 
the gootls, it is lowered into the vat, steam is turned 
on, and the centrifugal pump is set in ac ion. 
This circulates the dye-liquor in the vat through the 
goods by means of the perforated centre tube, and 
back info the vat again. When the desired shade 
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is obtained, the cylinder is lifted, the goods aro 
removed, and hydro extracted. They may bo 
Washed in the same receptacle, or dried in it by 
means of a current of hot air if desired. 

Cop Dyeing. The cop is yarn as it is taken 
from the spindle. It is very compact, and conse- 
quently very difficult to dye. The advent of the 
direct cotton dyeing colours has, however, assisted 
tho cop dyer, as they have great solubility, and do 
not require mordants, which, forming a solid lake 
on the fibre, interfere with tho penetration of the 
inner layers of the oop. In dyeing, the cop 
mounted on a hollow i)erforated spindle, and placed 
in a machine which forces the liquor completely 
through the yarn, or sucks it inwardly, or both. 
Weft cops for dyeing or bleaching are not mounted 
on the narrow paper tubes ordinarily employed in 
spinning weft (paper bottoms), but the first layers 
of yarn on the spindle are stiffened with a little 
paste (paste bottoms). 

The cop dyeing machine of Walker & Rose, of Stm‘k- 
port [8 and 9 ], is shown herewith. The dye- vat is id 
one end of the machine, and the liquor is circulated 
by a centrifugal pump. Between the vat and the 
pump connecting piping is fixed, two taps being 
employed to allow the liquor to pass from the vat fo 
the pump in either direction, as required. The 
advantage of an arrangement of this kind will bo 
readily seen, as by reversing the liquor it can he 
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passed through the cops from the exterior to the 
interior, and vice versa. The dye-vat can be made 
to receive any number of cops up to 1,200. The two 
stands to carry the cops are made portable, and arc 
perforated to hold the hollow perforated skewers 
upon which the cops are mounted. At the base of 
the stands a chamber is formed, the bottom part 
being provided with a socket, so that when the 
perforated plates carrying the cops are in position, 
a water-tight joint is formed between the inlet pipe 
and the chamber, the liquor being thus confined and 
compelled to pass through the perforated plates and 
skewers, and con- 


more thoroughly penetrate to every fibre of the 
hank. 

Wa^ Dyeing* Warps are collections of 
yarns in long lengths ready for the loom. They 
come into the dyer’s hands in .several forms, but 
usually in large balls of about 12 in. in diameter 
(ball warps). In the process of dyeing the threads 
must not be entangled, otherwise they will not lie 
straight on the loom or pass freely through the 
eyes of the liealds, and so breakages will occur that 
are undesirable. 

The usual plan of warp dyeing is to have a vat 
with a number of 







sequently through 
the cops. The vat 
is heated by steam 
as usual. Ordi- 
narily cop-dyeing 
machines are ■ 
closed when in 
action, but this 
apparatus has the 
advantage of re- 
maining open. 

Cheeses (small 
warps resembling 
a single Gloucester 11. SPIRAL DYEING 

cheese) and spools 

(yarn wound, for instance, by means of a split 
drum) are dyed and bleached in the same form of 
machine, with slightly different mounting arrange- 
ments for the cheese or spool. As the yarn is 
less tightly wound, it is easier to get level shades 
throughout than in cop dyeing. 

Hank or Skein Dyeing. The hank is the 
reeled yarn, and presents the form that is familiar 
to the public in skeins of thread. It requires very 
simple machinery ; in fact, in dyeing yarn in hanks, 
the only thing to be avoided is the entanglement of 
the yarn. A typical form of yo^n-dyeing machine 
is the Klaiider-Wcldon. In this, the yarns are 
arranged on a pair of rods sus- - 

pended between a pair of re- 
volving disc.s, which carry the 
yarn through the dye liquor 
contained in a scmi-cylindrical 
vat. Tho hanks are steadily 
<‘arried through the dyo liquor, 
and there being no motion of 
the hanks, there is no chance 
of any entanglement. The 
machine works very success- 
fully, is simple in operation, not 
liable to get out of order, is 
capable of dealing with large 
quantities of yarns, and is ' 
economical of dyestuffs. 

A very ingenious yarn-dyeing 
machine in that of Corrom In 
til is, a rectangular dye tank is ^2. circular 
jH’ovided, and over it a travel- (Elkanah l 

hug arrangement which, in 
passing from one end of the tank to the other, 
picks up the rods full of yarn, turns them over, and 
drops them back again. 

A perfect hank-dyeing machine would seem to be 
one in which either the banks are kept still and the 
liquor is caused to circulate tlvough them, or one 
jn which the hanks ore carried through the dye 
•iquor, but must not, while doing so, be subjected 
to any rapid movement tending to tiding about 
^ntanglement of the hanks one with another. The 
flanks should not be tightly stretched, but hang 
somewhat loosely, because then the dye liquors can 
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11. SPIRAL DYEING MACHINE (Mather iV Phitt) 


J guide rollers at 

I tho top and bot- 

r tom, and to pass 

I the waqi round 

these rollers, and 
thus, as it passes 
W through from the 

f first to the last, 

jJIT roller of the set, 

it travels several 
^ times through the 

running tho war]> 
iCHlNE (Mather iV Platt) backwards and 

forwards, giving 
it several “ ends. ’ it can be effectually dyed. This 
method works well ; the threads of the warps can 
be kept level and straight, and the dyeing is uniform. 
It necessitates the unw inding of the ball of warp 
in the first instance on to a winding roller, and 
when dyed, rewinding back again into the ball 
form again, although if the dyer be also the manu- 
facturer, this rewinding may be omitted, and the 
warp wound ready for use on the warp beam. 

The problem comes up whether the warp could 
be dyed in tho ball form, with all the threads in 
position and undisturbed. If it could be done 
efficiently and tlie colour be level throughout then 
this method would save the 
trouble of unwinding and re- 
winding the warp. Now, simple 
immersion of the ball of warp 
into the dye liquor will not do, 
for it w ill not come up of a level 
shade. The dye liquors arc found 
not to penetrate right into the 
centre of the ball of warp, and 
vso the outside gets dyed the 
deepest shade while the centre 
either does not get dyed at all 
or only a pale tint. This want 
of penetration is caused by the 
tightness with which the ball is 
w ound acting as a resist to the 
penetrative capacity of the 
liquor ; and, secondly, there is 

CIRCULAR BACK MAC.lIXE 

, „ , . N >n the interstices of the warp in 

(Elkannh Hoyle & Son.) pf^ventH 


the liquor from getting into tho central parts, 
because tho liquor in turn prevents it getting away 
with sufficient freedom. What is wanted in order 
to dye a ball w^arp is some means of forcing tlie dye 
liquor right to the centre. Winding the warp into 
an Obermaier apparatus would do very well and 
perfect results can be obtained, but, as with the 
w^arp-dyeing machine, this necessitates unwinding 
and rewindinff of the balls. Placing the warp into a 
closed chamber, and circulating tho dye liquor 
through is an improvement, but oven then there 
is much chance of the centre being paler than th(3 
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outer portions. A better plan would be to wind the 
ball on a spindle in the first instance, and then to put 
the ball on a hollow ])crforated spindle through 
which the liquor can be forced. In this way a modi- 
fied Obermaier can be used, and good results 
attained. 

Jigger Dyeing Machine. The action of 
this simple “dye jig” is sufficiently explained in 
the illustration [10]. The cloth is wound on a roller, 
round the guide rollers shown at the bottom of 
the vat, and round a second roller. This is revolved, 
drawing the cloth through the bath and winding it. 
When all the cloth wound on it has had one 
end ” the action is reversed, and it is given as many 
ends as necessary. Then it is “ batched ” on to 
the large roller shown to the left of the figure. 'J’his 
“ batching roller ” is then removed for subsequent 
ju-ocesses, washing, drying, etc. The reversal of the 
motion of the rollers is autoiuatic, and there arc 
simple arrangements for regulating the tension of 
the eloth. In dyeing calico 
and unions in the full width 
this is perhaps the most 
universally used machine. 

The jigger is used fdr dark 
shades, as short strong baths 
can be used. When heavy 
drills or thick cloths generally 
are under treatment, the 
squeezing rollers are advisable 
as they drive the liquor into 
tho goods. Only one batching 
roller is shown, but a similar 
roller can be mounted on any 
of the outstretched arms 
cither to the right or left of 
fhe vat. For the purpose of 
attaching tlio cloth to the 
rollers it is a common practice 
to sew a piece of cloth tightly 
round each roller, leaving a 
loose end to which the piece can be attached. 

Spiral Dyeing Machine. In this machine 
[llj the cloth is not in tension and may be dyed in 
separate pieces between each peg or stitched to- 
gether “on the. endless system.” The dye- beck is 
of cost iron and the section to the left shows the 
drain below, tho “ midfeather ” acting as diaphragm, 
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the beck, the peg rail at the top to keep 
the pieces from entangling, the wince, 
and the necessary steam fittings. The 
pieces, or the continuous band, traverse 
the beck in a spiral, as shown to the left 
of the figure, the loop at the bottom 
keeping the cloth fairly slack. This slack 
loop allows the cloth to remain longer in 
the liquor and promotes even dyeing. 
The machine is much used in dyeing on 
a large scale as the beck can be made of 
any practicable length, capable, say, of 
dealing with 30 pieces at a time. 

Circular-back Machine. This 
[12] is a form of the dye- beck and wince 
for cloth already described. The illustra- 
tion of the machine made by Klkanah 
Hoyle & Sons hardly nwds description. 
It will be scon that this has a small 
cylinder engine attached, and the wince 
is driven by a reversible eccentric so that 
the cloth can be run through the bath 
either way as desired. This is nrincipally 
used in Leeds and Huddersfield for West 
of England cloths. 

Hawking Machine. This is used in 
dyeing when it is necessary to keep tho cloth under 
the .surface of the liquor throughout the operation 
to guard it from exposure to the aii-. It consists of 
a series of guide rollers arranged in the dye-vat 
so that they arc completely covered with th(‘, 
liquor. The pieces are sewn together in an endless 
band and drawn continuously at full width through 
the bath by means of a pair of rollers, also, of course, 
under the suifacc of the liquor. 

Padding. As the name implies, this is a rapid 
method of dyeing cloth suitable only for light shades. 
AVhcu one side of the cloth only is coloured this is 
called “ slop-padding,” a style of work very suit- 
able for discharge effects. The ordinary padding 
machine consists of a trough containing guide 
rollers and with a pair of squeezing rollers above 
it. The cloth passes through the dye-liquor in 
the trough, round the guide rollers, between tl)c 
squeezing rollers and away. 

The machine illustrated [14]. 
that of Elkanah Hoyle & tSoiis, 
has a pair of cast-iron rolleis 
turned true and ground with 
emery so that the piece is 
nipped evenly from end to end 
including the .selvedge. The 
rollers are wrapped with eoai'sc 
padding cotton. Tho wooden 
trough underneath is for filling 
purposes, if filling should b'* 
requhed, and also can dy^‘ 
cotton with cold dye tinting, 
and is very useful should m 
piece be a little off shade. 
The machine i.s made to batcii 
on arms from the top roller, 
which is of ^eat assistance 
in keeping Sie piece well 
fixed on roll, aa well^ 
for “ cuttling down.” Thi^ 
is an ordinary form of delivery from dyeing 
and finishing machines. It will be noted that the 
long arm delivering the cloth swings to and irn 
with the revolution of the wheel. This lays the clotii 
in long even folds on the floor below. 

Steaming. After dyeing, some colours--fer 
instance, aniline black, Turkey red, and many of tne 



(Elkanah Hoyle & Sons) 




alizi'irinegHH'equire steaming under pressure to 
develop and brighten the colour. The “Cottage” 
steamer [13] of Messrs. Mather & Platt is univer- 
sally used. This is a strong wrought- iron cylinder, 
one end of which gives access by means of a sliding 
door with counterweights as shown. The section 
of the shell is removed merely for explanatory, 
purposes. It is used either for yarn or cloth, and 
the position of the goods round the rollers can be 
vari^ from time to time by moving the exterior 
handle. Any pressure up to 30 lb. per square inch 
(roughly two atmospheres) may be used. 

Soaping and Washing Machine. This 
continuous open width machine is shown in 15. 
It can be made with any number of cisterns from 
one to twelve. In its most general application it is 
used as a combined raising or fixing, soaping and 
washing machine. Besides this use, it can also be 
employed with advantage for “ cutting *’ indigo- 
dyed goods, developing naphthol colours, or 
‘chroming aniline blacks. 

A medium-sized range, with six cisterns, can bo 
used, utilised as follows : Starting from the right 
(1) raising or emetic cistern, (2) washing cistern, 
(3 and 4) two soaping cisterns, (5) clean soap 
cistern, (6) washing cistern with heavy squeezing 
bowls. The guide rollers are all of solid drawn 
metal, and the squeezing bowls of brass and rubber, 
or of brass and sycamort\ With the exception of the 
raising cistern all the cisterns arc fitted with 
heaters of non-corrodible metal placed below the 
surface of the liquor, and between the vertical lajvs 
of cloth. These beaters are driven independently 
at a high speed, whatever may bo the speed of the 
cloth through the range, and they dash the liquor 
with great mree upon both sides of the cloth, thus 
thoroughly cleansing it and loosening and removing 
any thickening matter which may nave been used 
in the colours, and any by-products from the use of 
mordants or “ cuts,” while not the slightest injury 
is done oven to the most delicate fabrics. 

Wringing, Squeezing, and Hydros 
extracting. The wringing-post has a hook 
or sort of short perch upon which yam can be 
twisted by hand to drive off excess of moisture. 





HYDKO-EXTRACTOR (Thos. liioiMlhent & Sons) 

In squeezing, rollers are provided upon many 
machines, through which the yam or cloth passes, 
and the excess liquor runs back into the bath. By 
taking advantage of the law of centrifugal force 
much more moisture can be driven off by means of a 
hydro-extractor. In wringing, less than 50 per cent, 
of moisture is removed ; by squeezing, about* 70 
per cent. ; whereas over 80 ‘per cent, is driven off 
by “ whizzing,” as it is familiarly termed. The 
hydro-extractor is now largely used in the steam 
laundry, and the economy of this prelim inary drying 
process will be apparent. 

The hydro-extractor is a perforated metal 
basket, mounted in an outer case so that it can be 
revolved at a high rate of speed. The goods lire 
packed into the inner basket and the maehino is 
set in motion, revolving at the rate of 1,500 
revolutions per minute. The water expressed by 
the powerful centrifugal force is thrown into the 
case, and escapes by means of a drain-pipe. 

^ Hydro-extractors vary in detail 
according to the special use to 
which tliey are put. The tyjw 
sliown [16], manufactured h) 
Thomas Broadbent& Sons, Ltd., 
is that ordinarily used in the 
dye-house. 



15. SOAPING AND WASHING MACHINE (Mather <fe Platt) 
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17. DRYING CYLINDERS (Elkaiiah Hoyle tt Sons) 

Washing- Thorough w.isliing is one o{ the 
most important processes in the dye^iouse, and it 
is one that may have to be repeated several times 
in the stages through which the goods pass before 
they are ready for the market. All surplus mordant 
must bo washed off before dyeing, otherwise it 
forms insoluble lakes in the dye-bath, wasting 
colour and leading to spotty dyeing. As a rule, but 
not always, the goods must be washed after 
dyeing to clear the fibre and to freshen the colour. 

As we have seen, the mordanting, dyeing, and 
washing may proceed as a continuous operation 
in a machine with several “ holes,” or the beck, or 
jigger, may be cleared of liquor and fdled with 
clean water. Special machinery, however, is useful 
in some cases. 

Drying Cy« ri 

linders. The ]r 

machine for dry- ^ f 
ing both sides of 3 ) 3 

the cloth takes ^4 j [ t ^ 

the form of a r 

number of cy- “ 

linders heated ^ n 

by steam. These ^ /(\ 

were all for- fff / \ f 

merly, and are / \ § 

still, as a rule, ^ / \ ^ 

made of tin- ^ j \ ll 

plates, and hence ^ / \ ^ 

arc commonly ^ / I \ ] 

known to the X. ’ 

finisher as "tins.” . 

” Drying over ' ^ * ’ ' 'i ^ 

tins” is there- ,y I ' 

fore the tech- > w C 

nical expression 19. steaming and ageing 31ACIIINE (Mather & rJatfc, Ltd.) 

when the cloth 

is dried on both sides, while “drying over cylinders” 
is used when the cloth is dried on one side only. 

The cylinders are heated by steam passing 
through ‘ their hollow axles, and revolve as the 
cloth passes over them, thus constantly bringing 
up a fresh heating surface. The machine shown 
in 18 is that of Dlkanah Hoyle & Sons, and each 
cylinder is fitted with a patent water- bucket, which 
is emptied of the condensed steam every time the 
cylinder revolves. 

The upright machine [17], also made by ^^Icssrs, 

Hoyle, is provided with a “ five-holed squeezer,” 
which is exactly similar to the crabbing machine 
already described, with the exception that there 
are five pairs of ii*on rollers and cast-iron troughs. 

This machine is largely used for all classes of 
ladies’ dress goods, ladies’ macintosh mantle 


18. DRYING CYLINDERS (Elkanah Hoyle & Sous) 

cloths, and also for mohairs, and in it a continuous 
oiK'ration can be carried on of scouring, washing, 
setting, .stiffening, and drying. 

Steaming and Ageing. The continuous 
sicaming and ageing machine [19] is referred to in 
all Icclmical literature as the “Mather & Platt,” a 
sufficient testimony to its universal apxdication. 
It is a chamber tlttod with a number of copper 
rollers to guide the piece while passing through. 
It is used for a large number of colours, which are 
developed by steaming, and for ageing anilitu' 
black, the steam acting as an oxidising agent. In 
the latest machines two or more “ runs ” of cloth 
<‘an pass abreast. This enables a chamber of half tlu‘ 
lieiglit nr length of those constructed for asingle 
run of |)ieces to turn ont the same quantity of cloth. 

p-i 111 the oldoi- 

— - machines it is 

1 -t: necessary for the 

— '""f j metal rods upon 

■ _ ^ ^ ^ ^ ^ labour in every 

i’ f ease, and also the 

r ; I oxDOsure of the 

rods to a miuh 

LCIIINE (Mather & Platt, Ltd.) ^ow’er temi>era- 

ture outside the 

chamber. To avoid the condensation which might 
form on their surfaces and xiroduoe stains on tlie 
cloth on re-entering the chamber, the rods ait* 
re-heated. In the new machine the rods are 
carried automatically within the chamber, from 
the point w’here the cloth leaves, back to the point 
where it enters the chamber. The machine re 
quires no attention beyond seeing that the clotli 
enters straight into the chamber. A further im- 
provement consists of an arrangement by whieli 
the rods revolve slowly, as they pass from one end 
of the chamber to the other, in such a manner that 
no portion of a piece of cloth remains in constant 
contact with the hot surface of the rods diirimi 
the whole of the time it is pa.ssing through. I» 
the steaming of some colours this is of great iia- 
portance. 


Continued 
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Group 21 

SOLUTION OF RIGHT-ANGLED TRIANGLES 

MATHEMATICS 

Ratios of 45®, 30®, 60®, 90®, 180®, 0°. Relations between the Ratios of 

44 

an Angle and its Complement and Supplement. Compound Angles 

THIDOMoMhlRr 

continued from pnge iiSfeJ 


By HERBERT J. ALLPORT. M.A. 


18. The Trigonometrical Ratios of 
Certain Well-known Angles. The ratios 
of a few angles which are Ruh-multiples twf» 
right angles can easily be found. 

The Ratios of 45“. Let z.POM=45''. 
In one of the lines bounding 
the angle take any point P and 
draw JL to the other 
bounding line. Then, since 
the /.s at O and M make up 
one and a half right angles, 
the remaining L 0PM must be 
half a right L. Hence, MP 
“ CM = m, say. Therefore, if OP = a;, we have 
X- — {Prop. lU). 

X = m 

Hence, 



OIVI 

450 — 

MP_ 

___ 

1 

lalll 


OP " 

'tHi 2 

x/2' 

cos 

45® = 

OM_ 

m __ 

1 


OP 

mj 2 

/s/2 

tan 

45® = 

MP_ 

II 


OM 

m 



The Ratios of 60® and 30®. Let OPQ 

be an equilateral A> Then 
each of its Z. s is one-third of 
180®, i.e., 60°. Draw PM ± 
to OQ. Then 

AOMP = 19). 

/. ^OPM-^QPM, 
so that each of them is .‘KP. 
Also 0M=s QM. and OM is 
therefore half of OQ. 
if OM = m, we have OP = 2/u, 

MP 2 = OP^-OM^ (Prop. 

= 4m^ - 
MP=mv/3. 



and 

Hence, 


sin 60 '>=JJJ = 


m .JS 


n'-'* 


cos60“=-^= = 

OP 

tan60“=?*E = 


V:5. 


2oi 

m 
2m 

OM m 
Also, .since L MPO = 30®, we liavo 

sin 30' 


co8 80®="A£=!!!-V£ 


tan 30® = 


OM 

m _ 

1 


OP 

2m 

2 


MP 

m s,/8 


\/*» 

OP 



0 * 

OM 

m 


1 

MP 

m y/li 




We 


Iwve already seen, from Arts. 16, 16, 17. that 
sin 0®=0, cos 0°=1, tan 0=’=0. 

«m 90* =1, cos 90° =0, tan , 90°= » 

sin 180° = 0, cos 180° = - 1, tan 180° = 0. 


The values of the ratios thus found should bo 
known by heart. Any required ratio is best 
remembered by thinking of the lengths of the 
.sides of the triangles from whicli they are 
obtained. For example, if the value of cos 69’ 
is re(iuircd, think of the equilateral triangle, 
and it will easily be remembered that OM is 

half of OP, and therefore cos 60® - J . In the 

same way, if sin 90° is required, think of the 
figure of Art. 15, and remember that as the 
angle ai)proachea 90°, MP becomes nearer 
and nearer in length to OP, until finally 


19. Solution of Right-angled Tri- 
angles. The angle which the straight line 
joining the observer’s eye to a distant point 
makes with the horizontal is called the 
of elevation or the anijle of depi'ession of the 
point, according as the point is above or behnjo 
the observer. 

The Trigonometrical Ratios are, in most 
cases, incommensurable numbers. Their 
approximate values have been found for all 
angles, differing by 1', from 0® to 90®. It will 
be seen later that this is sufficient to determine 
the ratios of any angle whatever. [(IJhambers’ 
Mathematical Tables. 3s. 6d.] 


Kxamplk 1. The angle of elevation of the 


(op of a tower is 80® 



zsoft. 


From a point 250 feet 
nearer the foot of the 
tower the elevation is 
00®. Find the height 
of the tower. 

Let PM represent the 
tower, and let A, B be 
the points of observa- 
tion, so that 


Let 

Then 

and 


AB - 250 feet. 

PM - a; feet, BM = y feet. 


MP 

BM 

MP 

AM 


= tan 60° 


= tan 80°, 


Hence, 

and 


if _ 

. 

. . . (1) 

?/ 

if 

1 

■ 

. . . (■-') 

y -f 250 



The solution of these two equations gives 
a’= 216*5 feet. 


Example 2. Find the distance travelled in 
ah hour, in consequence of the earth’s rotation, 
by a person situated in latitude 43® ; given that 
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MATHEMATICS 


COS 43® = *73135, and that the earth’s radius 
= 4000 miles. ^ 

Let NS be the earth’s 
axis, and P a point in 
latitude 43®, t.e., aEOP f A \ 

= 43®. Draw PM ± to jv [ | 

ON. Then, owing to y ^ 1 

the earth’s rotation, P y / 

describes a circle about 
M as centre. Also 

os MPO = cos KOP = cos 4:^“ 

OP 

MP = OP cos 4 :!° = 4(KK)x -TSlSr) miles 
-= 2925*4 miles. 

Hence, in one hour, the point P travels 
of the O'** 0 ^ describes, 


= x27r. PM 

24 


2 X 22 X 2925^4 ^ 
24 X ; ' 

7 b(J miles. 






20 . Complement and Sj^pplement of 
an Angle. We shall now prove that 

(i.) The sine of an angle — the cosine of its 
complement. 

(ii.) The sine of an angle — the sine of its 
wipplement. 

(iii.) The cosine of an angle = - (the cosine of 
its supplement) 

whatever the magnitude of the angle may be. 
(i.) Let OP, starting from OR, trace out the 
angle A ; and let OP' trace out 90® - A, 
i.fi., let it first trace 4- 90® by turning 
in the positive direction up to OQ, and 
then turn back from OQ through the 
^ QOP', equal to - A. 

Thus, in whatever 
quadrant OP lies, the 
I.ROP which OP de- 
scribes from OR is 
always equal to QOP' 
/? wliich OP' describes 
from OQ in the nega- 
tive direction. There- 
fore P'N must always 
Q/ be equal to PM in 

magnitude, 7.e., OM' 
— PM in magnitude. Also, by drawing figures 
in which OP lies in any other quadrant than tlio 
one shown, it will be seen that when P is ahore 
ROR', P' is to the right of QOQ', and when P 
is belotv ROR', P' is to the left of QOQ'. . , . 

Hence PM and OM' always have the 
mme sign, 

for all values of the L A we have 

MP^ qw 

OP OP'’ 

i,e.y sin A = cos (90® - A) ; Again, 

or, the sine of an angle = the cosine / a 

of its complement. ' 

(ii.) As before, let one revolving 
line OP trace out the lA, 
and let the other, OP', trace 
out 180®- A, by turning hist 


Again, 
cos (A 


into the position OR' and tlien back 
tlirough R'OP', equal to - A. 

Hence, since the angle 
wliich OP describes from 
OR is always equal to 
the angle whicli OP' 
describes from OR' iii 
the opposite direction, /? 
we have M'P' always 
equal to MP in magni- 
tude. Also P and P’ 
must always bo both on 
the same side of ROR', 
so that MP and M'P' have the same sign. 

MP M'P' 

<‘lways equal to 

i.e., sin A = sin (180° - A). 

(iii.) Again, OM and OM' are clearly always 
ecjiial in magnitude, and on whichever 
side of QOQ' the point P lies, the point 
P' will lie on the other. Hence, OM 
and OM' are always of opposite sign. 

. OM^ OM' 

••OP OF’ 

i. p . , cos A = - cos (IHO"" - A). 

21. In the same way, the student can easily 
prove for himself such formulm as 

sin A — - cos (90® -h A ). 
cos A — sin (90® 4- A), 
sin A-:- sin (180® 4- A). 

22. Trigonometrical Ratios of Com- 
pound Angles. The ** A, B** Formulae. 

To prove that 

sin (A 'I- R) = sin A . cos B 4- cos A . sin B 

and 

cos (A I B) — cos A . cos B - sin A . sin B. 

Let ROL be the angle 
A, and LOK the angle* 
p/ B. Then ROK is the 

/\ angle (A +B). In OK, 

/ of fhe arms of this 

/ y angle, take any point P, 

/ and draw PM, PN ± 

to OR, OL. Draw NX, 
o NY ± to OR, PM. 

PNO are right ^ s, . a © on OP as diameter 
Avill pass through M and N (Prop. 39, Cor. 1). 

.IS MPN, MON are in the same segment, 
and therefore are equal (Prop, 40). Hence 
z.MPN=Z.A. Then, 

. MP^ ^N4- YP XN YP 
^ "OP OP OP 0"P 

= sin ROL . cos LOK 4- cos MPN LOK 
= sin A . cos B H- cos A . sin B. 


XN YP 
OP 0"P 


(Art. 73, page 546) 


OX-YN OX YN 
^ OP OP ”OP OP 
OX ON^YN PN 
ON Op PN OP 

cos ROL . cos LOK - sin MPN . sin LOK 

cos A . cos B - sin A . sin B. 
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MAKING FELT HATS 
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The Process of Manufacture. “ Planking” and “ Proofing.” 

44 

How the Shape is Blocked. Pressing and Finishing 

men’s hats 
coiitinuod fniin 
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UUNDREDS of machines have been invented 
^ ^ for the manufacture of felt hats, the end 
in view being to obtain the best machine possible 
for converting the wool into a good felt hat by 
the aid of heat, moisture, and friction. 

As nearly the whole process of their manu- 
facture is by machinery, we shall here consider 
the materials used, quantities required, the 
machinery employed, and so on. 

Cleansing the Wool. Felt hats are made 
from the fur of the rabbit, beaver, nutria, ct-c., 
also from the wool of sheep and other animals. 
After obtaining the wool, it is necessary to give 
it a thorough washing to free it from the natural 
yolk or animal grease, or any foreign substance 
the wool contains, before the felting operation 
can be begun. It is afterwards passed through 
a “ willow ” for the purpose of opening it out. 

The carbonising process may bo done in a 
variety of ways by using a dilute acid, the object 
in view being to de- 
stroy all the vegetabk* 
matter which clings 
to the •wool, for the 
presence of any such 
matter has a tendency 
to disfigure the appear- 
ance of the hats when 
finished. The wool is 
then passed tlirough a 
carding engine, with 
its several rollers, wire 
combs and cylinders, 
which opens it out to 
an almost cobweb -like 
texture. It is next 
taken to the foiming 
<’ard, in front of which 
is placed the “forming 
machine” flO], and, as 
the w^ool is stripped 
i)y the comb from the 
doffer, it is taken up 
by the forming cone, which revolves upon four 
rolling cones. This machine has an oscillating 
motion from left to right, and vice versa. 

The *• Forming Process. By this 
means the wool coming from the doffer is crossed 
as it is received upon the double cone. This 
crossing of the wool upon the cone greatly facili- 
tates the felting process. The reader will under- 
stand why this is if he refer to the articles on 
fibres on page 1995 of this work, and notice 
the structure of the wool fibre, the serrated ends, 
and the scales overlapping each other, whicli 


become interlocked in the operation of felting. 
When sufficient wool has been delivered upon the 
double cone, it is cut in two by the insertion of a 
pair of light i^eats in a recess which runs round 


the larger diameter. The fonning is conducted by 
women, whose sensitiveness of touch enables them 
to determine when a sufficient weight of wool 
has been delivered on the cone [13]. After leaving 
the forming department, they are passed on to 
the hardener. There are two different methods 
of doing this, called “ cup and cone ” and “ flat ” 
hardening. The “ eup and cone ” hardener is a 
machine possessing a slow rotary movement. 
The wool “ forms ” are placed on a perforated 
copper cone, heated by steam : between each form 
i.s placed a cone-shaped cloth, to prevent the 
forms adhering to each other ; the cup is then 
placed upon the cone, and its quick reciprocating 
movement gives the first operation of felting. 
The “ flat ” hardener performs precisely the same 
function as the “ eup and cone ” hardener ; 
hut in this ease the felting is performed by 
friction between two plates [12J. 

“Planking.” Planking — the next process — is 
the second operation in felting; the “ forms” are 
the same length and width as when they loft 
the former — 14 in. by 
21 in., but the soft 
wool-like appearance 
they possess has been 
changed to a cloth - 
like texture by the 
first felting process — 
that of hardening. In 
the planking depart- 
ment, “ batteries ” are 
arranged to accommo- 
date from four to six 
men, the planks being 
about 30 in. by 40 in., 
in the centre of which 
is a large kettle filled 
with water, and 
heated by steam or 
tiro to boiling poir.t. 
Then the planker 
takes three or four of 
the forms, rolls them in a cloth, dips them in 
the boiling water, and rolls them on the plank 
to assist the shrinking operation; afterwaids 
taking them from the cloth, to change their 
position before again rep(‘ating the same opeia- 
tion, to keep them in shape and prevent adhesion 
to each other. They are then taken to the 
“ settler,” who rolls the forms in a cloth and 
places them between the four rollers of the 
‘‘ settling ” macdiine, the rings of which run iu a 
transverse direction, the rings on the front 
rollers running from right to left, those on the 
back ones vice ver8& [11]. 

The hat “ forms ” are felted up by this machine 
4 in. or more if required. They are then placed 
in the ” bumpers,” which machine contains a 
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superfluous proof, then croze it, and repeat the 
operation. Now allow it to set while a few 
more brims arc done. The hats are then dipped 
bodily into the weaker solution for the crowns, 
the “ draw-board ” being used to draw off the 
excess of proof. Then allow them to drain and 
set, after which they are placed in an iron steam- 
chest, containing cone-shaped stands. Put a 
dozen hats on each stand, cover with a cloth, 
close the chest, and turn on the steam, which 
must not be below 30 lb. pressure to the square 
inch. Allow them to remain 40 minutes, then 
shut off steam, and spread bodies to cool. Now 
put them in a stove heated to 120^^ F., where 
they remain three hours. Again steam for 
another 40 minutes at 30 lb. pressure to drive 
the proof to the interior of the body, so that 
the surface of the hat will be free from all foreign 
matter. After taking them from the steam- 
chest, allow them to cool. Take a stiff brush 
11. THE “ SETTLiN(i ” MAcmiNE «wd brusli tlic lials well, inside and out. Up 

to this time the hat body is yet of a conical 
pair of large blocks of oak, in the pit of which you shape ; forming, hardening, planking, and proof- 

place the hat “ forms,” or “ hoods,” where they ing have followed each other in turn, 
are pounded and milled up to the required size. The hat is now taken to the “ blocker,” and 
The finishing touches in this department, so far by him the cone-shaped body is pulled out 

as machinery is concerned, arc given on the round the edge to develop the brim, and the 

“ stumping ” machine, which is somewhat like upper part is widened out to foim the tip and 

the “settling” machine in construction. side crown. 

They are now given the finishing touches by Next fill a largo tub with water, bring it to the 
hand at the battery, after which they are boiling point ; then dissolve 6 oz. bichromate 

put into hot water and washed to free them of potassium, and 6 oz. of copper sulphate, 

from the suli)huric acid, used in planking to After dissolving these in boiling water, put in 

assist the process of felting. Now they arc 15 dozen hat bodies, keeping them on the move 

placed on a wooden cone-shaped block to free for 30 minutes, afteiAvards passing them through 

them from the marks that have been caused clean water. The process described is termed 

by doubling them in planking. .They are 
then placed in the stove to dry. We have 
now reduced the hat from 14 in. by 21 in. 
to 9| in. by 15J in. The best bodies are 
produced by the subtlest of all macdiines — 
the human hand. No machine yet con- 
trived for body-making can equal the fine 
machinery of the human fingers. 

Stiffening the Shape. The next 
process is that of “proofing,” or “stiffen- 
ing,” so that the hat will retain its shape, 
and become impervious to rain. For this 
purpose a double-jacketed pan is required, 
to dissolve the necessary ingredients, heated 
by steam, in which place 14 lb. of resin, 
lb. of borax, GO lb. of button shellac, 
and 20 qt. of water. Dissolve the resin 
and borax in the water before entering the 
shellac, and after the whole mass has dis- 
solved shut off the steam and allow it to 
cool down a little ; then add water until it 
is the strength required for the purpose of 
stiffening the hats. Two large mugs, or 
troughs, are now required, to be filled with 
proof of different strengths — the stronger 
for the brims, and the weaker for the crowns. 

The hat bodies are still cone-shaped, and, 
to start proofing, take hold of the tip or 
crown with the left hand, immerse about 
4 in. in the strongest proof, place it on the 
bench, and with a piece of wood about 6 in. 
square held in the right hand draw off the 
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“ mordanting,” which prepares the hat to receive 
the necessary colouring matter. By the time 
“mordanting ” is finished the vat or dye-kettle 
should be ready to receive the hats. Take 36 lb. 
logwood, place it in a coarse bag, swing it in 
the dye-kettle, and allow it to boil until the 
dyeing material is extracted from it ; then take 
it out and put into the vat IJ lb. verdigris and 
IJ lb. iron sulphate. 

This may be improved , 

by the addition of 2 lb. . 
indigo extract. See that 
all the materials arc dis - 

solved before putting in - 

the hats. After putting 

in the goods, keep the 

solution near the boiling 

point for 90 minutes; 

by that time the hats ^ ^ 

should be of a good ■ 

black. Tlien take tlicm I .5 

out of the vat, providing ■ | ^ 

the necessary depth of I J | 

Lrolour has been got, and B j| . I 
them in a tub of IW 
cold water, and allow 

them to remain some 13 . puttinc; the 

I ime before washing 
them in warm water. 

The hat is now re- 
turned to the blocker — 
a man working at a 
battery similar to that 
described in “plank- 
ing” — who is provided 
with wooden blocks, 
tlic size and shape the 
hats are required. He 
softens the body in 
boiling water, then 
pulls it on the block 
and slips a cord over 
it to keep in position 
the part intended for 
the crown. Ho then 
softens the brim part, 
takes hold of the edge 
between fingers and 
thumb, working round 
the hat, and following 
with left hand flat on 
the brim until it is the 
required shape. Ho 

then dips it in cold 

water, takes it oft* tho 14 . hyduaulic < 

block, and allows it to 


13 . PUTTING THE WOOL OK THE CONE 


i 


14 . hyduaulic curling machine 


drain before placing it in tho stove to dry. 
When dry, brush it well with a stift’ brush. 
The hats are now taken to the “ presser,” a 
nian provided with iron moulds or dishes. He 
places the correct size and shape in a hydraulic 
press, puts the hat in a steam or gas oven to 
soften, then places it in tho “ dish,” closes tho 


press, and turns on the pressure of 400 lb. to 
the square inch. The presses are provided with 
indiarubber bags containing the pressure, so that 
it may be evenly distributed over the whole 
surface of the hat. 

The Finishing Process* The “finisher” 
then takes the hat in hand, and on a quickly- 
revolving lathe smoothes its surface with glass- 

paper, afterwards 

// polishing with tallow, 
dissolved by a gas 
heater and applied with 
a 

The rough edge 

by the rounding ma- 
chine. Up to this time 
. the hat brim is perfectly 

fiat, but now taken 
in hand by the curler, 
and placed on a steam 
baker, so the brim 
only is 
put on 

frame, which is placed 
in the hydraulic curl- 
V'OOL ON THE CONE ing machine [ 14 ]. After 

closing, the pressure 
is turned on from 
the accumulator, en- 
tering an indiarubber 
bag, by which it is 
distributed over tho 
surface of the brim at 
the rate of 400 lb. to 
the square inch. The 
frames are made in all 
tho shapes and sizes 
letpiircd, and being 
made in sections, they 
can be taken from the 
brim without altering 
tho shape or breaking 
the curl. A hot iron is 
now run over the edgti 
so that it will retain its 
shape ; then cut the 
rough edges from the 
curl until it attains its 
proper dimensions. 

It is next sent to the 
“ trimming ” depart- 
ment, where the brim is 
wired, the banding tied 
URLING MACHINE iu a bow and fastened 

to the band of the hat, 
the binding sewn round the curl, and the leather 
and lining stitched and fastened m their respec- 
tive jiositions by women, after wich they are 
velured. 

For illustrations 10, 11 and 12 , we are indebted 
to the courtesy of Messrs. Turner, Atherton & 
Co., Ltd., Denton. 


Men^s Hats concluded ; followed by Furs and Furriers 
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Angere (poot.), to grieve 
lnd» Pres, (third pers. sing.). — Ange. 


Ardire, to dare 

The forms that might be confoimded with 
the corresponding forms of the verb drdere, to burn, 
as ardiamot ardentct etc., arc not used. 

Arrogere, to add 

Of this verb only the form arroge (impcrat.) is 
now used. 

Atterrire, to terrify 

The forms that might be confounded with the 
corresponding forms of atterrare, to cast to the 
earth, as atterriamOf attcrriate, arc not used. This 
verb has no present participle. 

Cal ere (im])or8.), to matter 
I lid. Pres, (third pers, Suhj. Pres. — Cdglia. 

sing.). — Cede. Imperf. — Calesse. 

Imperf. — Calc va. Gerund — Calendo. 

Past Def. — Cedse. Past Part. — Ceduio. 

Of this verb only the third persons of the present, 
imi)erfect, and past def. arc sometimes used. 
Capere« to hold [see page 4504] 
hid. Pres, (third pers. sing.)^ — Cape; plur., cdpono. 

Colere* to worshij) 

Ind. Pres. — Colit cole (poet.). 

Past Part. — Colto and culto. 

Gire (poet.), to go 

Ind. Pres. — Cite. Suhj. Imperf. — Gissi. 

Imperf. — Giva and gia. Future — Gird. 

Past Def. — Oistij giy Condit. — Girei. 
gimmo, giste, girono. Past Part, — Gito. 

Ire (poet.), to go 

Ind Pres, and Impcrat. (second pers. plur.). — Ite. 
Imperf. — Ivoy ivi, iva ; third pers. plur., ivano. 
Past Def. — Istiy irono. 

Past Part. — Ito (gone). 

The compound tenses are formed with essere— 
ns, Se rCi ito, He has gone. 

Eicere (poet.), to be allowed 
Ind. Pres. — Lice (tece). 

Imperf. — Liceva, lic^vano. 

Svbj. Imperf. — Licesse, lichsero. 

Past Part,~--iJLicito) licito. 

Lucere. to shine 
Ind. Pres. — Luce, Hcoiio. 

Imperf » — Luceva, lucivano. 

Pres. Part.^Lucen*e. 

Molcere (i^t.) to mollify, to mitigate 
Ind, Pres. — M^i, molcc. 

Imperf. — Mokeva. 

Suof. Imperf. — Molccssi. 

Qerundr-Mekendo. 

This has no past participle. 
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Olire (poet.), to smell sweet 
Ind. Pres. — Olisci, olisce. 

Imperf. — Oliva. 

Pres. Part. — Olente. 

Redire, to go back 
Imperf. — Rediva, redivano. 

Past Part. — Redirono. 

Riedere, to go back 
Ind. Pres. — Riedoy riediy riede^ riMono. 

Suhj, Pres. — Ricda, riedano. 

Subj. Imperf. — Riedesse, riedessero. 

Serpere, to wind about 
iTid. Pres, (third pers. sing.). — Serpe. 

Instead of serperc, the verb serpeggiare is generally 
used. 

Solere, to be accustomed 
hid. Pres. — Soglioy suoli, etc. 

Subj. Pres. — Sdglia. 

Past Part. — Solito [see pige 4.'304J. 

Suggere (poet.), to suck 
This verb has no past part. Instead of siujgerey in 
colloquial language, succhiare and succiare are used. 

Tangere (poet.), to touch 
Ind. Pres, (third pers. sing.). — Tange. 

Suhj. Pres. — Tanga. 

Pres. Part. — Tangcntc 

Urgere (imi)ors.), to urge 
Ind. Pres. — Urge, urgono. 

Imperf. — Urgeva, urgh'ano. 

Subj. Imperf. — Urgesse, urgessero. 

Future. — Urgerd, urgeranno, 

Condit. — Urgerebbe, urgerebbero. 

Pres. Part. — Urgente. 

Gerund — U rgendo. 

In familiar language the verb kscre followed 
by the pros. part, urgente is used. 

Vertere, to be question of 
Ind. Pres. — Verte, v^rtoyio. 

Imperf. — Verteva, vertevano. 

Pres. Part. — Vertente, 

Gerund — Vertendo. 

Vigere, to be extant 
Ind. Pres. — Vige, vlgono. 

I mperf. — Vigeva, vigevan o. 

Fuhirc — Vigerd, vigeranno. 

Svbj. Imperf. — Vigesse, vigessero. 

Pres. Part. — Vigente. 

Gerund — Vigendo* 

All the forms : 0 f this verb belong’ to the official 
language. 

PROPOSITIONS 

Attributive and Appoaltive Proposi* 
tione* Attributive and appositive propositions are 
constructed with the relative pronouns the, il 
la quale, etc., and they generally require the indi- 
oative, as : Lt aedudo la Uttera cm ho rieevuto, 
I enclose you the letter that I have received. 
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But 'When the attributive proposition has the 
meaning of a final or consecutive proposition, the 
subjunctive must be used, as : Si era comprato 
un ombretto, che h servisse (affinche h servisse ; 
tale che le servisse) ancheda parasole. She had bought 
an umbrella which she could also use as a sunshade. 

Temporal Propositions. Temporal pro- 
positions are constructed with the conjunctions 
quandot (dlorche, apptna, finche, qualora, etc., 
and they require the indicative if a fact is 
expressed as real or past; and the subjunctive 
(or the future of the indicative), if they refer 
to a possible or future fact, as : Qvando si e 
commesso un errore, bisogna pensare a rimediani. 
When one has made a mistake, one must think 
of how to correct it ; Appena sentl il mmpanello, 
si precipito gih ad aprire^ As soon as she heard the 
bell, she rushed down to open [the door] ; Aspettern 
finche fdccia (or fara) giorm, I shall wait until it 
is day ; Capii Udto prima che aprisse bocc-a, I 
understood everything before he optmed his mouth. 

Instead of the conjunction qiiando, we sometimes 
use the past participle followed by che, and the 
auxiliary verb, as : uiunto che fui (qimndo gmtisi) 
doniandai di lui. When I arrived I asked for him ; 
Finito che ebbe di mangiare {quando fini or ebbe 
fi,nito) undo a fare una passegginta in ginrdino. 
When ho had finished eating, he went for a walk 
in the garden. 

These })ropositions arc also constructed wuth flic 
gerund or the infinitive preceded by prepositions, as : 
Lo inconirammo andnndo [mentre andavamo) a 
teatro, We met him while we were going to the 
theatre ; Nel fare wia cosa {mentre faccio) dimcntico 
Valtra, In doing one thing I forget the other ; 
Detto do {avendo detto cid ; dopo che ebbe detto cm) 
andd via. After he had said this he went away. 

Note. In Italian the gerund is never preceded 
by prepositions. 

Local Propositions* Local propositions 
arc constructed with adverbs of place, dove, 
dovunque, etc. They require the indicative, and, 
if the meaning is indefinite, also the subjunc- 
tive, as : Vado dove mi pare e place, I am 
going where I like ; Dovvnqm butte {hntla) cuor 
di popolo, i posteri leggeraimo Garibaldi {JHorio), 
Wherever the heart of a ])eople beats, posterity 
will read of Garibaldi ; Doimnqac il guardo io 
giro {giri), Immenso Dio ti redo. Wherever I turn 
my glance, I see Thee, Almighty God ! 

Causal Propositions. Causal propositions 
are constructed with the conjunctions perch', 
giacchc\ etc., and they require the indicative, and 
sometimes the conditional, as: Non scherzare col 
fuoc^, perche altrinienti ne r ester ai (or ne r ester esti) 
bruciato, Do not play with the lire, because other- 
wise you will be burned. 

The subjunctive is used when the subordinate 
proposition depends upon a negative, as ; Lo 
fhedo, non percM ne dbbia voglia, ma perche sono 
costretto a fario, I do it, not because I wish, but 
because ! am compelled. 

When a causal proposition has the same subject 
as the principal one, and the verb is in a past 
tense, the infinitive or the gerund may bo used, as : 
"cr voUr trop'po {perchl voleva troppo) non ebbe 
nxala. He had' nothing, because ho wanted too 
nnmh ; visto cosi afflitto {perchl lo vidi) 

^ di non dirgli niente, Seeing him so 

anucted, I though^ it wise not to tell him anything. 

Final Pronosttlons. Final propositions are 
onstrocted with the conjunctions accicichl, afUincMt 
perche, che, etc. The verb must always be in the sub- 
junctive. If the verb of the principal proposition is 


in the present, past indefinite or future, the verb of 
the final proposition is in the present or past 
indefinite; if the verb of the principal proposition is 
in the imperfect or conditional the verb of the 
final proposition is in the imperfect or pluperfect. 
Kxamp'es : Lo dico a ie, perche tu lo dica a lui, I tell 
it to 3 ’ou, so that you may tell him ; 11 ragazzo 
fingeva di dormire, afjinch^. la madre non lo sgridasse. 
The boy pretended to be aslcc]) in order that his 
mother might not scold him. 

When the principal and the final propositions 
have tlic same subject, the aim is expressed by the 
infinitive ])reced(‘d by per ; so if we turn the final 
proposition of the above example into the passive, 
wre must say : Flngeva di dormire per non essere 
sgriduto da sna madre. 

Comparative Propositions. Comparative 
propositions are constructed with che non, or with 
di queflo die, and they may be used with either 
the indicative or the subjunetive: as, //o guada- 
gnnto pi it che non sperassi (or di quello che sperassi), 
I have gained more than I ho])ed ; La nebbia du 
venae pit) spessa che non era prima (or che non fosse 
prima ; di quello che era, or fosse prima). The fog 
became thicker than it was before. 

Notk. Che non is used only before a verb, as in 
the above examples ; in any other case the 7ion is 
omitted : Uccide pin la gala che la spada, Gluttony 
kills more than the sword; Kgli ha speso pin parole 
chr danaro. He has spent more words than money. 

After the relative su])erlaf iv(‘, the subjunctive is 
used : F la pin bella donna che io abbia mai vedvia, 
Mic is the most beautiful woman 1 have ever seen ; 
Questo e il pin gran pontc che sia mai stato costrxiito, 
I’his is the largest bridge that was ever built. 

Conditional Propositions. Conditional 
propositions are eonstnieted with se, pitrche, caso 
mai, qualora, quando, dove, etc. With the con- 
junction sc, the verb is in the indicative if the 
condition is assumed to be real : and in the 
subjunctive if the condition is only imaginary : 
Se avetc volonta di Invorare, ?>'i prenderd nel mio 
ttff eio. If you arc willing to work, I will take you 
info my ofiice : Se lo sapessi, ve lo dtrei. If I know it, 
I would tell you. 

With other conjunctions and adverbs, the sub- 
junctive is generally used : Quando tiitto vada bene, 
non avrd gundagnato nulla. If everything goes well, 
I shall have earned nothing ; Noi non vogliamo 
fargli del male, purchd dbbia (jind'zio. We do not wish 
lo do him any harm, provided he is (be) reasonable. 

(Nmditional pro])ositions may also be constructed 
w'illi the infinitive, ]u-eccded by prepositions, with 
the gerund, and the past participle: A dire il veto 
(se vogliamo dire il vero) non ci aspetiavamo tanto 
succcsso. To tell the trutli, wc did not expect so 
much success ; Vedendetlo (se lo redi\, digli che. 
l-aspetlo. If you see him, tell him that J '»m waiting 
for him ; F una specie di musiea che, rseguita bene 
(se fosse eseguita bene), potrebhe passare. It is a kind 
of music that, if well executed, might pass. 

Concessive Propositions. ^ncessive 
propositions are constructed with henche, sehhene, 
quantimque, non ostante che, per quanto, se anche, 
quando anche, con tutto che, etc. 

The verb is in the subjunctive : Egli ha sempre 
qualche cosa da dire a tutti, quantunque nessuno gli 
voglia dare asCAjlio, He always has something to say 
to everyone, although no one wishes to listen to him : 
Quando anche dovessi perdere tutto quello che ho, non 
abhandonerei rimpresa. Even if I had to lose all I 
possess, I would not give up my enterprise. 

Consecutive Propositions. Consecutive 
propositions are constructed with che, a segno che, 
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ianh ehe, di mmiera chef di guisa chcj etc. The 
verb is in the indicative if the consequence is 
expressed as a fact, and in the subjunctive if the 
consequence is only considered as possible : Ha 
insistito tanto, che ha ottenuto qtteUo che volevaf He 
has insisted so much that he nas obtained what 
he wished: Disponete le cose in modo che vi eia 
un eerto drdine, Arrange the things in such a way 
that there may be a certain order. 

Consecutive propositions may also be constructed 
with the infinitive preceded by the preposition da : 
Gli mlsero tanta paura addosso, da farlo stare 
rinchitiso in caaa per un mese intero, They frightened 
him so much, that he remained indoors for a whole 
month. 

Note. With trovpo, the preposition per is 
generally used: Egli e di cHorc iroppo nofjile, per 


Bchjdere a una tale hassezza. He has too good a 
heart to descend to any such meanness. 

Key to Exercise LV. 

1. I heard someone knocking ; 1 opened [the 
door], but I did not see anyone. 2. "May God 
bless you,** said the poor mother. 3. When Mr. 
N. returns to the ofiice, I will tell him that you 
called. 4. If you had told me the truth, I would 
have forgiven you. 6. We offered him five hun- 
dred francs, but he did not wish to accept. 6. If 
you do not mind going up to the fourth floor, I 
will show you the violin of which I spoke to you 
the other day, 7. Tell your cousin to come to 
me to-morrow, because I want to speak to him. 
8. You cannot believe how much that unhappy 
man has suffered ! 9. This bridge was constructed 
four hundred years ago. 


ESPERANTO 


Coiitlinu'd from 


By Harald Clegg 


Participial Adjectives 

Passive Voice 

Tlie passive voice in Esperanto 
is formed by tho addition of the 
participial endings ata (present), ita 
(past), and ota (future) to transi- 
tive verbs. Intransitive verbs are 
incapable of receiving these. 

Tlic rules for the formation of 
the compound tenses of the pas- 
sive voice arc exactly the same as 
those for tho active voice. When 
used predlcativcly the particii)le8 
accord with the noun or pronoun 
in number only. When used to 
qualify, they agree in number and 
case. 

Nine compound tenses may he 
obtained by combining tho three 
passive participles with the three 
tenses of the auxiliary verb esti, 
(These throe participles may also bo 
combined with esti, estus and esiu.) 

Mi estus lavaUif I am (being) 
washed ; mi estas lavitUf I have 
been washed (lit. I am having 
been washed) ; mi estas lavota, 
I am about to be washed. 

Mi estis lavatay I was (being) 
washed ; mi estis lavita, I had been 
washed (lit. I was having been 
washed) ; mi estis lavotu, I was 
about to be washed. 

Mi estas lamUtf I shall bo (being) 
washed ; mi estos lavita^ I shall 
have been wash^^d (lit. I shall le 
having been washed ; mi estos 
lavota, I shall be about to be 
washed. 

Mi estus lavatUf I should be 
(being) washed ; mi estus lavita, 
I should have been washed (lit. 
I should be having been wa.shed) ; 
mi estus lavotu , I should bo about 
to lie washed. 

The present, past, and future in- 
finitives are; Esti lavata, to be 
( being) washed ; esti lavita, to have 
been washed; esti lavota, to be 
about' to be washed. 

TW complement of the passive 
voice is introduced by de (by) to 

esso 


indicate the agent, and by per (by 
means of, with) to indicate the 
instrument : 

jlfi estis lavata de mia pntrino 
per sapo, I was (being) washed 
by my mother with soap. 

The distinction of these prepo- 
sitions is sometimes a little obscure, 
but if it be rememliered that dc 
must bo used to introduce the iwr- 
former of tho action, and that per 
indicates tho moans or method 
used, a little forethought will de- 
termine which preposition must 
be used. 

Example : Mi estis koirita 
de la knahoj per koto, I was 
covered with mud by the boys. 
La leieroj estis skrihitaj de H per 
plumOf The letters were written 
by her with a pen. 

The simjile tenses will show more 
clearly the agent and tho imlrit’ 
merit : 

IMie boys covered me with {per) 
mud ; 8he wrote the letter willi 
(/er) a pen. 

Suffixes 

AD denotes the continuation 
or repetition of an action. 

Example ; Promeni, to walk ; 
promenadi, to walk about ; in- 
stniif to instruct ; instrvudo, in- 
struction ; pafo, a shot ; pafado, 
a fusillade, 

ID denotes a child or descend- 
ant, also young of animals. 

Example ; Princo, prince ; 
prineidOf prince’s son ; princi- 
dino, prince’s daughter; koko, 
cock ; kokido, chicken. 

1ST denotes a person following 
the occupation indicated by the 
root-word. 

Example ; Paroli, to speak ; 
parolisto, a professional speaker, 
a lecturer, an orator. 

Note the customary .habit here. 
An occasional speaker Would be in- 
dioated by tho use of the partici- 


ples parolavtUf parolbito, or paro- 
lontOf according to whether the 
time referred to bo present, past 
or future. 

ESl’R denotes a chief or leader 
(not a master). ^ 

Example: Sipo, ship; Up- 
estrOf captain ; klubo, club ; 
kluheMrOf leader of a club. 

Master of an hotel is hoh/ mnstro, 
not lotelcstw. 

Vocabulary 

anas', duck rigl\ bolt (v. t.) 
anser', goose rimed', remedy, 
art', art means 

henk', bemdi ring', ring 
hw’'-', biitc her (subst . ) 

(v. t.) sang', blood 

iarpent', car( en- sap', soap 
try sat', satiated 

rerp', draw, ex- se-'X, scat, chair 
tract serv', serve 

denunc', de- sever', severe 
nounce sit met', situa- 
esplor', explore tion 

fleg', nurse, take skulpt', sculp- 
care of ture (v.t. ) 

for{j', forge {v.t.) son dream 
juej', judge (v.t.)5pcr', kind, sort 
komerc', com- stel', star 
merce, trade suker', sugar 
komiz', clerk suspekt', sus- 
kondamn', con- pect (v. t.) 

demn Mm', foam 

kort', court- tapin', spin 
yard (threads) 

kugV, bullet Hat', state 
kurac', treat, (country) 

cure teks', weave 

paH', pasture, tent', tempt 
feed cattle /rodiiA;', trails* 
pot', pot (earth- ' late 
en) ver', true 

predih', preach verd', green 
rab', rob verk', work 

rajt', right (literary) 

rekomend', re- ve^s% verse 
commend ' 






Exbbcise XVII. 

1. Servistino, kokidaro, ku- 
racisto, rabistestro, spinisto, 
tentado, carpentisto, bucisto, 
servado, flegistino, anasido, 
esploristo, pastisto, ariistino, 
Imndido, cevalidino, skulptisto, 
kuracistino, predikado. La ra- 
bistaro estis kondamnita do la 
jugisto. Verkisto verkas librojn 
kaj skribisto simple transskribas 
paperojn. Tli audis la pafadon 
kaj la kuglojn flugantajn. La 
komizo estas konfesinta, kc 
li prenis la ringon, kaj nun li 
estas juOota do la jugisto. Kiam 
la Apinistino estis malsana, la 
kiiraoisto vizitis Ain, sod, post 
iom da tempo si mortis. La 
fero estis forgata de la forgisto. 

2. This is the remedy which 
is recommended by the sailor. 
The door whs locked against the 
robber. The suspected person 
has been denounced by the clerk, 
and he will certainly be severely 
punished. These verses were ex- 
tracted by the translator (pro- 
fessional) from the works of the 
best writers. Some stood on eh airs 
and benches in order to sec better, 
but the orator could not be heard. 
It is not possible to see a flying 
bullet. He was dreaming about 
his far away home, wfiich, possibly, 
he would (will) never see more. 
Nobody has the right to judge. 
Remember that he who judges 
will be judged. Now it is night, 
and we can see the shining stars 
above the foaming sea. Friends 
seldom seen arc friends forgotten. 

Note. The participles to be 
used in translating. 

Participial Nouns and 
Adverbs 

Active Voice 

Tn the two foregoing lessons the 
fonuatiou of adjectival participles, 
active and passive, has been ex- 
plained. There remain, however, 
two other participial forms, ob- 
tained by substituting o or e 

for the final a, by which tdiange 
we get substantives and adverbs 
respectively. Examples ; 

La‘i)antOt the person or thing 

that is performing tho action ex- 
pressed in the root. 

LavintOf the person or thing 

that has 'performed the action ex- 
pressed in the root. 

the person or thing 

which is about to perform tho ac- 
won expressed in the root. 
l^muAe^ whjle washing. 

after having washed. > 

f^vonte, when about to wash. 


The term adverb in Esperanto 
has a much wider application than 
in English. Not only roots, but 
their derivatives can be made into 
adverbs by the addition of the 
adverbial termination e. Thus, a 
phrase may be. represented by one 
word, aa. dirinte, having gone out. 

The adverbial form, being ex- 
ceedingly convenient and ex- 
pressive, is much used in Esper- 
anto, but its functions must bo 
carefully noted, as tlio adverbs so 
constructed may only relate to tho 
subject of the sentence in which 
they actually appear. 

Example : Lavintc sin, la 
knahoj iris al la texitro. Having 
washed themselves, tho boys 
went to the theatre ; Estante 
sa<ja]\ Hi tuj konsentis, Heing 
wise, they at once consented. 

Rut when, however, such an ad- 
verbial phrase in English does not 
relate to the subject of the .sen- 
tence, then the meaning must be 
expressed in Esperanto in a dilTer- 
ent manner. The sentenei* : “ I 
having been wounded, the doctor 
visited me,” cannot he translated 
by Vunditeja kvracido min 
because here the subject of the 
sentence is la kuracisto, by which it 
would ap})oar that la kuracisto was 
wounded. Such a sentence must be 
translated (Jar (aii kiam) mi estis 
mindifa la kuracisto vizitis min, “As 
{or when) T had been wounded, tlie 
doctor visited me.” 

In English sentences the word 
after is very often placed before 
the gerund : “ After eating, 1 

plept well.” The Esperanto past 
participle, however, fully expresses 
time, and consequently after must 
not be translated ; say Mamjinte, 
mi hone dor mis. 

The word “without” before the 
partici])les is rendered by nc. 

Ne. pensante, mi sendis la 
Ictmm, Without thinking, I sent 
the letter ; Ne pentintc, li mortis, 
Without having rcjicnted, lie died. 

Extraneous Words 

There exist, in use throughout 
the world, a large number of words, 
principally scientific and technical, 
which, derived from a common 
source, have already become inter- 
national. The fundamental vo- 
cabulary of Esperanto need not, 
therefore, be swollen by their in- 
clusion, inasmuch as a very slight 
phonetic and orthographic ad- 
justment turns them into suitable 
Esperanto words. But since Es- 
peranto is primarily intended for 
those who have not acquired 
foreign languages, and, therefore, 
are not in a position to judge what 
words are international, nor to 
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discriminate between concurrent 
cognate woids, the bcstdiciionai ics 
arc gradually inc luding these words 
in their approved forms. 

Such words are : 
telefonOf telephone 
markonigram-e, by marconigram 
omnibus-if to go by omnibus 
helinrfi'Of helium 
teleskop'O, telescope 
aatomobil-e, by motor-ear 
teJefondnda, worth telephoning 
mih'ofon-a, microphonic 

Vocabulary 

aeid\ acid, sour migr\ migrafo 
anim\ soul ornarn\ adorn 

atest', attest, cm*/', bone 

affirm pik\ prick, 

azen\ ass, don- sting 
key plad\ dish, 

bitton\ button plate 
dec\ becoming, plal\ flat 

decent 'porcdan% porce- 

dese(jn\ design. lain 

draw prefer'^ prefer 

difln', define prepar\ prepare 

drap\ cloth, prezent\ present 

woollen goods ( v. t, ) 
ekscit'y ex(ute privat'y private 

emharas'y cm- prude7ii\ rea- 

harass sonable 

fend', split, rive rand', edge 
fleks', bend reg', rule, govern 
(v.t.) rihU', relate to 

fiindameni', rost', roast (v.t.) 

foundation sag', arrow 
Jiered', inherit sankt', sacred 
kadr', frame sene', sense 
komod', chest of sid', sit 

drawers ^dg^iif', signify, 
knmpost', com- mean 
pose (print- sudd', society 
ing) sonar', give out 

kunsdenc', con- a sound (as 
science bell) 

king', tongue sari', fate, end, 
Hgn', wood (sub- lot 

stance) spert', expert 

mason', build sprit', wit 
with stone stal', state, 
masin', machine condition 
mehl', piece of spar', spare 
furniture save 

Exerci.se XVIII. 

I shot an arrow into the air, 
hut having lost it, 1 conclude that 
I am not an expert. This set of 
exercises, after having been printed 
by a linotype machine, is now 
ready. In painting that picture, and 
drawing this design, he attracted 
much attention. You have spoken 
(a piece of) nonsense. Having ad- 
mired the beauty of the furniture 
and ornaments, they presented a 
silver coin to the doorkeeper. Steel 
is flexible, but iron is not flexible. 
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All the emigrants wasted their 
money, and having arrived in a 
pitiable state, they excitedly com- 
plained about their misfortune. 
That singer is worth neither hearing 
nor seeing. The writer of this letter 
is the first witness. After finishing 
his meal, he rang. Here is the roast 
beef. Do you prefer veal, mutton, 
or lamb, sir ? That sort of witti- 
ness signifies nothing. Take away 
this sour stuff. When the mason 
was about to die, his inheritors 
came to receive his blessing and 
divide his fortune. Their rapidity 
afterwards pricked their con- 
sciences. It is better to die poor 
than unloved. The proposal was 
carefully prepared, and afterwards 
presented to the society-member- 
ship. You would be much em- 
barrassed if you knew how impru- 
dent he is. The tree was split by 
the woodman with an axe. I can 
conscientiously affirm that. 

Participial Nouns and 
Adverbs 

Passive Voice 

The participles in the passive 
voice may, in the same way as 
those in the active voice, take the 
substantival and adverbial forms ; 


SunsTANtivEs ; 

Lavato, the person or 

being washed. 

Lavito, the person or 

{having been) washed. 

LavotOf the person or thing 

abovt to he washed. 

Adverbs : 

Lavnte, in being washed. 

Lavite, having been washed. 

Lavoie, being about to be washed. 

These adverbial participles must 
always relate to the subject of 
the sentence in which they appear. 

Examples : Vundite, li alvokis 
helpon. On being wounded, he 
called for help ; KaUte, la ringo 
ne povas esti trovata. Having been 
hidden, the ring cannot be found ; 
Batote de Vpatro, la infano 
ploris. About to be beaten by 
the father, the child cried. 

The remarks on the construction 
and general use of participial 
adverbs in the active voice apply 
equally to the adverbs in the 
passive voice. 

Key to Exercise XVI. 

Forte blovas ekstere. Kiam li 
cstis faldinta la fakturon kaj 
skriliinta sian adreson sur la 
koverton, li donis ambau al mi. 

Cordinned 


Kia stranga vetero estas hodiau ! 
thiug Jen negas, jen hajlas, jen fulmas 
kaj tondras. Oni neniam povas 
esti certa pri gi. Tiu 6i ceno 
havas tridek sep ^enerojn, <3iu 
el oro. Li ne Satas la frostan 
veteron, kaj estas 6iam felifia 
kiam ekdegelas. Li estis de- 
fendanta. Hi estas melkontaj. 
Mi estos Panginta. Ni ne e'stas 
pretendantaj. Vi estos savinta 
(au savintaj), Li estis defendonta. 
Mi estis ofendinta. Hi estos 
ripozintaj. Mi estas ordoninta. 
I§i estas spiranta. Tiuj kiuj 
estas mortontaj vin salutas. 
Hi estas ofendintaj min. Hi 
estis tuj savontaj sin. La 
vilaganino estis melkinta siajn 
bovinojn. La policano estas 
trankvile dormanta. Mi sentas 
min kvazau mi esti mortonta. 
Se mi havus ombrelon, mi estus 
povinta (au, povus) viziti vin 
malgrau la pluvo. Polvero estis 
falinta cn sian okulon. §i estis 
tremanta, kaj apenau povis spiri. 
Se ili scius la rcgularon, ili no 
estus farintaj (au, farus) dufojo 
la saman eraron. La blindulo 
estis falonta en la flamojn, 
kiam tiu kuragulo savis lin. 
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SECTION I.~PREPOSITIONS 

The prepositions in Greek, as in English, were 
originally adverbs, and this adverbial use i.s 
clearly seen when prepositions appear in com- 
position with verbs — e.g., Kara-pabw, I go down. 
The Greek prepositions govern various cases, as 
will be seen from the following scheme : 

I. Genitive only : durl, dwd, is (e$ before a 
vowel), and irp6. 

dvrl, instead of, for the sake of — as : dvrl crov, 
instead of you, or for your sake. In composition 
w'ith a verb it means against (dvreivelp, to 
speak against) ; instead {dvriXafifidpciv, to receive 
instead) ; in return {dvndldu)iJLi, I give in return). 

dird (Latin a, ab ; English off), from, nv^y 
from — as : diro to6tov toO xp^^ov, from this time ; 
d<f> tirirov fidxesOai, to fight from a horse-— a.f., 
on horseback. In composition with a verb it 
means from, away, in return — : dwwrriWw, 
send away (“apostle”). 

iK (Latin e, ex), from, out of — as : iK rain-vis rijs 
He is banished from this city ; 
4k rod vvv, from the present (time) ; “Omfi 4 k Aids 
4(Trl¥, The dream is from Zeus. In composition, 
it means oiU, away— as ; iKirlima, I am driven 
out (lit. 1 fall out, used as the passive of 
iKffdXKt^, 1 expel). 

sepd (Latin pro), before, on behalf of— as : vpb 
roO peih, before the teniae ; wp6 rrjs iiAx-ns, before 
the battle ; wpb rarpldos pdxecrBai, to fight for 
fatherland; rpb rsdrm, in 'preference this. 
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In composition it means before, forth — as : irpo- 
Ka\4uf, call forth. 

II. Dative only : 4v and aiv. 

4v (Latin in with ablative), in — as : 4v rij 
PTjaip, in the island j 4p roinrip, meanwhile (under 
standing xp^^v)f \4yeip, to speak among 

the people. In composition it means in, on 
(iyKtifiai, I lie on). 

avv or ^ifv (Latin cum), together with, with the 
help of— as : rols deois, with the help of the 

gods ; aifP ^ePotpQvri i-iropeijeTO, Ho went witli 
Xenophon. In composition it means with, 
together — as : aviifxdxo/iai, fight along with. 
(This preposition appears in our English word'’ 
beginning with syn, sym, syl, sys, etc.). 

HI. Accusative only : sis or 4s, into, to 
(Latin in with accusative) — ^as : etV 'AOtipas tipryov, 
They fled to Athens ; eh vi/Kra, till night ; 
tKarop, up to a hundred ; xP’ll^^P^^ vdXep.ov. 
useful for war. 

The form ws is sometimes found, but only witli 
persons ; us KOpop ei<ri4pai, to go to visit Cyrus. 

IV. Accusative and Genitive : bid, Kurd. 
Mp. 

did, through- 1 • With accusative on account oj • 
Sid rovTo, on this account; Sid rifP rdsop, <>»• 
account of the disease. 2. With genitive through : 
Sid pvktSs, through the night; Sid 
through the eountry; Si oSSivos iroie'urHi, to 
value at nothing ; Si Spyvft Sx^ip, to be in angoi 
(Sx^ip is often used intransitively * to be). 



In composition it means through, in different 
directions, mutually — as ; SiapplirTw, throw in 
different directions. 

Kard, down. 1. With accusative down along, 
at (of time), according to, by (distributively) — as : 
Kard povv, down stream ; ol Kad' 7j/xds, those at 
our time ; Kar according to mo ; KaO' hy^pau, 
day by day ; Kara rpets, by threes. 2. VVith 
genitive down from, below, against — as ; Hard yijs, 
below ground; Kard Wrpas &X\€(r0ai, to leap 
down from the rock ; Kara tlvS^ to speak 

against someone In composition down, against : 
Karaffalpw, go down ; Karaxj/iiffdofiai, tell lies against. 

Mp, over (Latin super ; note that a rough 
breathing in Greek is often represented by s in 
Latin : sex ; iirra, septem ; sal). 

1. With accusative beyond — as : Mp diL>vap,iv, 
beyond one’s strength. 2. With genitive above, 
on behalf of — as : hvlp rrjs Ae^aX^y, over his liead ; 

’Tivos, to fight for someone. In 
composition over, exceedingly, on behalf of. 
(English hyper, as in “hyper-critical”). 

V. Accusative, Genitive, and Dative : 
iiri, /xerd, Trapd, irfp/, Trpds, U7r6 (and very 
rarely dvd). 

dp,<pl, about (Latin avih-, both), on two sides of. 
1. With accusative about (time, space, number, 
or circumstances) — as ; oi dp.(t>i WXdrujva, those 
about Plato {i.e., the Platonists) ; dpipl ti 
to be busy about a thing. 2. With genitive 
about (of subject matter). I'aro in iirose ; usually 
wepi. 3, With dative about (of place), for the 
sake of, owing to — as : dpL<fi 'EXlerf pdxe<T0ai, to 
light for Helen ; dfx<f>l </»6/:f<p, for very fear. 

iirl, on, upon. 1. VVith accusative on to, to, 
towards, against — as : irpoeXO^iP iiri rd ffripa, to 
come forward on to the platform ; rrXeiP iirl rof-s 
Xdrjpalov^, to sail against the Athenians. Also 
ill phrases like rd ctt ip.€, as far as T am coii- 
(jerned ; M tovto, for this imrpose ; iwi to ttoXv, 
for the most part. 2. With genitive on, towards, 
in the time of — as : ewi ffnparos, on a platform ; 
fTri '^dfjLov irXeip, to sail towards Samos ; 
in our time. 3. With dative on, at, on condition 
of, in the power of, in addition to — as : rb cV’ ipoL, 
so far as is in my power ; iirl tovtois, on these 
terms, or, in addition to this ; p4ya <ppop(iP iwi 
TIPI, to be proud of a thing. 

fi€Td, among, with (akin to liatiu medius), 

1. With accusative after — as: /xtra Tbp vbXfnop, 
after the war; /xerd raOra, tlicreaftcr. Also 
rarely (!n poetry) it = into the midst of — as : 
n€Td oTpuTdp, into the midst of the Jiost. 

2. With genitive with, on the side of (implying 
closer union than <njp ) — as : /xerd tipos ird^x^f-p, 
to suffer with i^bmeone ; /xcf \\07jpalrjs, with the 
kelp of Athena. 3. With dative among (only 
used in poetry) — as : /xerd KOfiaai, among the 
waves (Homer). In composition ficTd often 
denotes change — as : /xera/xdp^wo-ty, transforma- 
won ; /itrapoiio, I change my mind, repent. 

irapd, near, alongside. 1. With accusative 
Jo the side of, along, during, because of, contrary 
with — as : KaTa<l>vyh w-apd 0/Xoi'9, 
a night to one’s friends ; irapd rbp fflop dirapra, 
during the whole of life; arapd roOro yiyopep, It 
nas happened because of this ; vapd tptjirip, con- 
traiy to nature^ -jrapd woXd, by far. 2. With 
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genitive from the side of, from — as : dyyeXos Trapd 
Tivos, a messenger from someone. 3. With 
dative at the side of, near — as : arijpai trapd tipi, 
to stand by someone. In composition trapd 
often means beyond, over, wrongly — as : trapa- 
potxluj, I transgress the law. 

TTtpt, around, about. 1. With accusative about, 
near (practically the same as — as ; ol trepl 

KOpor, Cyrus and his attendants. 2. With geni- 
tive about, concerning (Latin de), above (in 
jioetry) — as: trepl tipos X4yeip, to speak about 
someone ; also the common phrase ; tr^pl troXXou 
iroieiadaL tI, to reckon a tiling worth much. 

3. With dative around, about, by reason of (rare 
in Attic proso) — as : OujpaKa trepl toU cT^ppot-s txetp, 
to have a breast ])lato round the breast ; trepi 
Sel/iaTi, for fear (Latin prw). In composition 
trepl often denotes excess — as : tr€piKaXXr}s, very 
beautiful ; trepideidiv, I fear exceedingly (r/. Latin 
permagnus, exceeding great). 

trpos, in front of, at, by, 1. With accusative 
to, towards, against, in reference to — as : KXaleip 
trpos ovpaubp, to cry to heaven ; Trpos Oebu ipl^eiP, 
to strive against God ; trpbs iatr^pap, towards 
evening; trpbs top X6yop, in reference to the 
argument ; and riften adverbially — as : trpbs 
ffiap, — litalws, forcibly. 2. With genitive from 
(rare), by (of agent), in the eyes of, and in oaths 
— as : TeTipLrjaOai trpbs tipos, to liave been honoured 
by someone ; trpbs dvOpdbtnop, in the eyes of men ; 
trpbs OeGtp, by the gods (I swear) ; also in sentences 
like Or trpbs laTpov aoepov Bpi)v(ip, It is not the part 
of (or it is nob fitting) a wise physician to wail. 
3. With dative at, near, in addition to — as : 
rdxos trpbs ttJ BaXdaaj), a wall near the sea ; trpbs 
TobTois, in addition to this, furthermore. 

vtrb (Latin sub), under, by. 1. With accu- 
sative to under, touxirds (ot time) -as; Upai btrb 
yaiap, to go under the earth {Le., to die) ; 
iitrb pl'KTa, towards niglit (Latin sub noctem). 
2. With genitive from under, through (causal), 
by (of agent, after passive verbs ; Latin a&)— as : 
Xbtiv Toi's itrtrovs vtrb toO ^uyoO, to loosen tlie horses 
from under the yoke ; vtrb diovs, through fear ; 
Ti/ndadat vtrb tup troXiTup, to be honoured by the 
citizens ; also in such phrases as : vtr avXov, to 
the acconi])animent of the flute. 3. With 
dative at, under (place and circumstances) — as : 
eVSetp vxb triTpy, to sleep beneath a rock. In 
compo.sition r7r6 often means secretly, or slightly, 
or gradually — as : inroObu), I make a secret attack ; 
vtrbXevKQs, somewliat white. 

dvd, up (op^iosite of A'ard). 1. With accusa- 
tive up, along — as : dvd Tbv troTa/jibv, up the river ; 
dpd vbKTa, all night through. Distributively — as : 
EffTYjaav dvd f^arov, They stood in hundreds ; dvd 
trevTriKovTa, by fifties. 2. With genitive, only in 
the phrase dvd vribs ffalveiv, to go on board ship 
(Homer). 3. With dative on, upon (only in 
poetry) — as : dv Cnup, upon the shoulder. 
In composition dvd denotes up, hachi repetition, 
strengthening — as : dvaxwp^w, I retreat. 

In addition to the above, which are the pre- 
positions proper, there arc some adverbs used 
as prepositions. These cannot be compounded 
with verbs, and are called improper prepositions. 
They are : dvev and Arep, without ; dx/^t and 
fdXP^^y uwtil; fiera^b, between; heKa, 
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for the sake of ; irXifiv, except. These all govern 
the genitive. 

Attgmekt of Verbs Compounded with 
Prepositions. In the case of a verb com- 
pounded with a preposition, the augment follows 
the preposition — as : irpoirXafipdvu), TrpotriXafiop ; 

iK\elirw, i^iXiTTov ; eUraKo^u, €ia-i^Kov(ra ; avyKplvWj 
ffvveKpiffyiv ; auWapL/ayu, (rvviXa^oy ; (ry/4/^dXXw, 
ffvvipaXov ; {Tv-tTrAXw, (rvv4<rraXKa. 

Prepositions that end in a vowel drop the 
final vowel before the augment e, except vepL 
and irp6 — as : diro/3dXXw, M^aXXov \ but Trcpi- 
4fiaKKov and irpoi^dXXov. (vpd is usually con- 
tracted with the augment — as : vpoii^XXov for 
"irpo^^aXXop . ) 

A few verbs take the augment before the pre- 
position — as ; KaBLtb), ; while some have 

both augments — ^as : ‘nvetxdfirfy- 

i^TTonrei^u), suspect, makes vTibirrevov ; and 
TcpavofjLicj, transgress, makes Taprjvdfiow (very 
irregular). 

The Irregular Verba eifii, Be, and 
(tfjLi, Go. 

eifil (stem cV-, Latin esse), be. 

Indicative 


Present 

Imper- 

fect 

Future 

Present 

Sub). 

Present 

Optative 

Present 

Imperative 

tipi 

9jp or Ij tcropai 

S) 

etrfp 

— 

et 

^ffSa 

iaei or kerri rjs 

eirif 

XaBi 

kart 

¥ 

karaL 

V 

elv 

ka-roj 

karbp 

Tfrop 

^creerBop 

Ijrop 

etriTOPf 

kOTOP 





elrop 


iarbp 

ijryfp 

kaeoBov 

IjTOP 

ei-firvy* 

kariav 





etr^v 


iapkp 

^fxep 

eaSfi^Ba 

(hpev 

eXnp-tP. 

— 





eTfiev 


iari 


kcrecrBe 

^T€ 

eirfre, 

lerre 





elre 


e'eri 

^(rav 

kcropraL 

dxri 

etyjaap. 

karwaav, kcr- 





eltp 

TOJPf 6pr<ap 


Present Infinitive : dvon., to be. 

Present Participle: u>p, oDo-a, 6v {gen. 6 vtos, 
6pto9 ; nom. pi, Bpres, oiVat, 6pTa), being. 
Future Infinitive : ttrevdai. 

Future Participle : iadfiepos. 

Verbal Adjective : 4<rrtop. 

There is also a future optative, iirolixyjp, Utroio, 
iffoiTo, etc., quite regular. 



elfii (stem i-, 

Latin i 

-re), go. 


’ Present 

Imperfed 

Present 

Present 

Pies^nt 

Indicative Indicative 

Sub). 

Optative 

Imperative 

elfjit 

peip or pa 

toj 

lol’qp 

— 

el 

^fets or peicrBa 


tois 

tBi 

elffi 

pel or peip 

tv 

ioi 

(rid 

Hp 

peirop or ^rov 

Irjrop 

(oirop 

(top 

trop 

•peirriP or jriyt 

Irfrop 

lolrrjp 

(riap 

tp.ep 

pec/aev or ni^eu 

tcofiep 

(oifltP 

— 

(re 

^eire or pre 

(rjre 

hire 

Ire 

(atri « 

¥<rav or J<rai' 

tuai 

(0l€P 

(rtmrap or 


idPTUP 

Infinitive : ieVat, to go. 

Patiiciple: hitp, ioOua, 16p (gen, l6prot, etc.). 
Verbal Adjettive : lr6s and Hop. 

Kote. The present €tfii has usually a future 
^$eiise, X shall go^ and is used as Uie future of 
The two elpPs are liable to be confused 


by the beginner, and there is a third verb, oida, 
know, which is somewhat similar in parts. Thus — 
oTda, I know. 

(otSa has no present, being a second perfect 
from the stem Id- ; see etSop in dictionary.) 


Period Indicative Pluperf. Indicative 
o2da pbeip or pbis 

oX<r6a pdeuOa or ijdeis 

ol8e pdei or pdr) 

tffTOP pdeiTOP or piTTOP 

tarop jjdelrrjp Or parTrjp 

tcr/iep pbapLCP or pffucp 

tffre ydeiTc OV pare 

iaacTL pSeaav or ptrap 


Perfed Imperative 

taOi 

toT(a 

terrop 

tartap 

tare 

t<rr<o<rap 


Perfect Infinitive : eldipai, to know. 

Perfect Participle : eldtbs, eidvia, eldds, knowing. 
Verbal Adjective : iariop. 

Subjunctive: elbC), eidfjs, eidji, etc. 

Optative: eiSelriP, etdelijs, eldelij, etc. 

Future Indicative: etaopat, etaei, etaerai, etc. 


SECTION III.— TRANSLATION 

The First Glimpse ^ the Sea 

(This io from Xenophon's “Anabasis," one of the most 
ffibcmatinx lK)oks in the world. Xenophon has led a liody 
of Greeks into Peisia to help Cjius to wrest the crown firnn 
his elder Inother Artaxeixes II. Cyrus is slain, and the 
ifiecks have to retreat. It is a time of terrible danger and 
liaulship, and when one day in FehriiaiT 400 n.c. the vanguard 
catch bight of the Black Sea in the distance and call out “ I'lie 
Sea ! The Sea !" the jo> of the whole army is unbounded. 
Let the gallant leader tell the story in his own^words] 

’Ei'TcO^ei' ivopeWntrap SiA, XaXi'f^cop Kal ^X 6 op{^) 
Trpds irdXiP peydXnP, ^ iKaXetro Yvpplai. iK raijrrj^ 
rrjs w 6 Xt</)s 6 TT}s dpx^^ ntpirei. '^ye/udi'a rots 

"EXX^yatv iXBd^p dt tk-eipoi eXirep Brt A^ot (‘^) ai>roi!'j eit 
Xf*>piop SBep 6 \f/oiPTO (®) OdXaffaap. 6 dt i}yeTTo(*) oiVots* 
Kal d<pikPovprai itrl rb bpos rj) Trt/JLirrjj i}fxipg.' iirel di 
oi vpibroi ^yipoPTo{^) tnl rov 6 povs Kal Kareidop ri\p 
BdXaaaaPy Kpaiyj) voXXn tyhero. b 5 ^ *S,epo<f>{af kai 
ol bTTKfBoipvXaKts axoiVavres ipifBriaap V') voXe/xioi^ 
eirirlBeoBai rois 'ipirpoaOep. iireidn 8 k TrXeiwi' 
tylypero, Kal ol del kiribyre^ij) kBeop 8 p 6 fjupiTri toi's det 
/^owvTtts, i 86 k€i dr; np ^ePO<f>u>PTi pel^bv rt elpav Kal 
dpa^de ittitop Kai dpaXafiujp robe Ivirtae, irapt 
/ 3 o,) 0 e..(*) Kai rdxa Stj dKovovai twp oTparnaTUP 
(iofbPTWP 'OdXacraa, BdXacrad, kal TrapaKeXevofxipoop 
dXXijXoie. kvBa 8 ^ irdpree tBeov’ eirel 8 k d<lflKovro eirl 
rb dKpop, kpravBa 8 ^ wepii^oXXop (^) dXXifiXovs kal 
arpaTYfyobs Kal Xoxa 7 oi>s SaKpboprer Kal ebBbs oi 
arpariQrai <l>kpovai XlBovs kai froiovat, KoXiOPbp jxkyap. 
fierd ravra ol "EXXiyvcs d 7 ro 7 r^/Li<iroi»<rt rbp TtyepLbpa 8 Qpa 
ddrres (*^0 enb-y, Ittttoi' Kai <j>idX't)v dpyvpdp Kal (TKev^p 
llepaiKTfp kal b 8 k deltas (^^) abroU Kibpnv, 

o 8 #dct CKYipeip, Kal Hjp 68 op ^)p vopebcoivro, tpx^ro 
rije pvkrde. 

Notes. (1) Irregular aorisfc of (pxofMi (par- 
ticiple IXBdtp). (2) Future optative of dyu. 
(3) Future optative of bpdw. (4) Governs the 
dative (from ijyiopai). (5) Second aorist of 
yLypopai. (6) Aorist of otofiai. (Note that verbs 
beginning with a diphthong take the temporal 
augment on the first vowel of the diphtnong, 
at becoming % and ot becomings — 

1 ask, prrpra; olxo/tae, (px^MP, aS below 
rijt pvKrbe.) (7) Present participle of iTct/at, cOme 

near. (8) and (9) Imperfect of rapapond^a and 
T«/)«j8dXXw respectively., (10) Aorist plarbiciple of 
(11) AoHM/ participle tktxrvfu. 
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DESIGN 

TEXTILE DESIGN 

The Work of the Textile Designer. Making Patterns for 

5 

Axminster, Brussels, and Wilton Carpets. Reversing Patterns 

Continued from 
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By H. NAPPER 


fN the following articles, containing practical 
* knowledge necessary to the maker of patterns 
for all materials that require a pattern, it is 
intended to give, without being severely tech- 
nical* juet the amount required by the designer 
to make a design suitable for showing to a 
manufacturer ; and also to serve the purpose of 
connecting the course on Design with the prac- 
tical articles of weaving in all its branches, 
wluch are included in this work [see Textiles, 
paM 2939, 3153, 3357, 5507]. 

Drawing for Textiles. The designer 
of to-day must, if he wish to be successful in 
his calling, be able to make patterns for all 
materials that require them, be they carpets, 
tapestries, silks, muslins, cretonnes, velvets, wall- 
papers, eto. He should ^o interest himself in 
furniture and carving for wood or stone, otherwise 
he will soon find that to limit his invention 
to one branch becomes irksome ; but by 
taking up others he will return refreshed, and 
probably with ideas suggested by the change of 
thought. 

The great difficulty in the way of the young 
designer is how to acquire tms knowledge. 
Although we have schools for design, the prac- 
tical side seems to be ignored. This is a great 
mistake. Moreover the ordinary productions 
of to-day are generally held in contempt. To 
give an instance. In looking at a collection of 
aesigns exhibited by young designers from any 
school of art it will be found invariably that they 
are only suitable for working in the most expen- 
sive cloths, and are costly in production because 
the same effect could be realised by the design 
being half its length, or by the reduction of the 
amount of warps and wefts. 

The same remarks apply to wallpapers, where 
nearly all the designs could be produced only by 
block — that is, by hand — whereas this process of 
productiem represents only about one- tenth of 
the output by other processes used for wall- 
coverinff, 

MmrK0t Requirements. The manufac- 
turer depends tor his ideas on the designer, 
his best work invariably buys from 
we designer who is working for himself — that 
18, for the general market, and not for any 
particular, firm. Theie is generally a large 
staff of designj^rB kept by uie manufacturer; 
™waJ<>ritvof these are busy with the technical 
?*^®-^*^4oIouring, re-suranging, and adapting 
the consideration of new effects in 
wod printing. If possible, the young 
TOO can spare the time to go thoroughly 
^iioh, and feels inclined to speoi^se, 
«bould endchtour to get into a factory. 

neoesaary that the designer should 
In ioQxitk with what is beipg produced 


for the market. He should look around at the 
principal shops and take note of the class of 
goods, not with a view to copying the designs, 
but for the purpose of seeing what other people 
are doing and the kinds of cloths that are in 
demand, and also with the view of getting some 
notion of the scale of pattern ; one year the 
fancy may be for large pattern, another for small, 
full or empty in material. These are all points 
the designer must take into consideration 
if he wish to be successful. Do not try to force 
your ideas on the manufacturer; ho will come 
probably to your way of thinking in time. 

Thero are so many hands for the design, 
when in the material, to go through, before 
reaching the ordinary buyer, that even the 
manufacturer cannot see his way to produce 
novelties without consulting others. 

Axmlnster Carpets. Our object in taking 
the carpet as the first of this series of woven 
goods is because of its importance in the field of 
design, its variety, and also its difficulties. The 
fact of the carpet being looked at from above, 
unlike other woven fabrics, increases the difficulty 
of making a satisfactoiy pattern [see also 
Textiles, page 3357]. 

Axminster is the most interesting from the 
designer's standpoint, especially if he be a good 
colourist. In fact, it is not much use doing 
designs for it unless he is, for colour is its 
main feature, drawing counting for very little. 
This will be seen plainly by referring to the illus- 
trations of a design transferred to the ruled or 
“ point” paper [1, 2, and 8]. 

When the size of those blocks of colour which 
represent your outline — and these are the sizes 
generally used — is considered, it will be under- 
stood that delicacy of drawing, small detail, etc., 
would be unintelligible when woven, and get more 
so by constant repetition. The best method 
to start with Axminster is to find out the “ pitch,” 
or range of points used to the square inch by the 
manufacturer for whom the design is required. 
The variety is so great that it is imposible to 
give them all, but from five to seven to the inch 
are the pitches most generally used. Sketch the 
rough idea on this paper, say, in charcoal ; experi- 
ment with the outline by filling in the squares 
along the lino — this will enable you to get the 
** scale ” required ; it will also show, what is aneces- 
sity in all carpet work, how to get roundness,” 
or, in another word, “ fatness,” into the drawing. 
Having experimented on the ruled paper, and 
brought the idea into shape, the next question 
that will occur is the length of the pattern. 

The width of the material and the drawing is 
always 27 in.; borders from 13 in., 18 in., or 
22} in. For length there is no fixed rule, but 
from 27 in- to 36 in, should be sufficient. Of 
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course, if it be necessary to make' a pattern 
which drops iA the 27 in. or width of material, the 
designer can go up to 54 in. in length. These large 
sizes are not much used to-day, probably owing 
to a better understanding of design by the 
public and the improvement in design generally. 

Manufacturers have seen that a large repeat 
does not j^ve the most artistic result, or make 
a more serviceable carpet. The number of colours 
for Axminster is unlimited, but for all practical 
purposes thirty to forty will bo found sufficient. 

Preparing the Design. There are various 
method of preparing carpet designs. The 
best, of course, is to put tne drawing direct 
on to the ruled paper, thus making a practical 
drawing ready to go into the machine-room. 
It has its disadvantages, however ; to the 
novice it would take a long time to cover, 
say, a square yard, keeping the colour exactly 
in these small squares, thinking at the same 
time of the drawing and colour. His time also 
would be in a great measure wasted, because 
colourists employed by the manufacturer would 
be able to do it in a third of the time, and see that 
the ranges of colour come within their collection. 

Should it be decided to work it out this way, 
see that the design is complete in drawing 
before starting to paint. First put in the out- 
lines, afterwards the ground, and then the filling 
in of the shapes. Bo careful to use solid colour — 
that is, dry powdered colours mixed with gum. 
This is vefy necessary to cover over the squares, so 
that only the indentation made by the printing 
of the lines remains. No uneven or transparent 
effects should be seen, and every colour used in 
gradation or shading must keep a definite shape, 
which will be repeated exactly in the cloth. 

Do not start colouring with primaries ; break 
them well up, and mix various ranges of green, 
red, etc., by adding white or yellow, so that a 
perfect set is obtained, definite in tone, of each. 

A splendid scheme can be made in this way 
of black, raw umber, burnt umber, and burnt 
sienna, broken with white only, giving the effect 
when massed together, of the richest reds, 
greens, and blues. 

Making the Sketch. Some manufacturers 
buy small sketches made to scale, say one-fourth 
of the full size, or one-sixth, the latter preferred. 
This metbr>d is very imsatisfactory, both for the 
designer and manufacturer ; it is impossible to 
^ve the right effect in such a small space of the 
detail, colouring, etc. But a great deal can be 
done in this way by repeating it roughly several 
times, and experimenting with border, etc., 
beffire drawing it full size. 

. The best method to make a satisfactory draw- 
ing is to start by considering the mewses of 
colour [ 4 ]. After having decic^ on the length 
nt pattern, take a piece of ordinary brown or 
tinted paper, and rule it out in square inches, 
^th pencil, so that they can just be seen ; then 
? bither body colour or pastel. The latter 
better, as it can be taken out easily with 
V , K^ves a certain amount of texture, 

^ lealise the effect of the cloth, 

an? pkttming of flowers and leaves, 

» too pattCT is to repeat, sayd;wioe or 


three times in the 27 in., the squares will 
help to plan the colour arrangement without 
the trouble of tracing. Place the drawing as 
often as possible on the floor, and look at it n'om 
different points of view. Do not be afraid of 
making the design look hard, but endeavour 
to cultivate definiteness,’' so that nothing is 
left to chance. The material being thick, with 
a rich pile, tends to soften both the colour and 
design when woven [6]. 

Axminater Borders. Borders for Ax- 
minster can bo drawn in the same way as the 
filling or body [6]. They should be constantly put 
on the floor ty the side of it to obtain the neces- 
sary contrast. Always make the border design 
larger or smaller than the main design, and get a 
good outer and inner guard, so that there is some 
plain colour near the floor and a definite line to 
separate it from the filling. A greater contrast 
can be made by having an entirely different 
scheme of colour, for the border in the usual 
make is woven separately from the filling. 

There are other uses to which the same design 
can be applied — for staircase, landings, hearth- 
rugs, etc. ; but it is better not to consider these v 
at first. The manufacturer usually has these 
arranged by the copyists or designers kept in the 
firm. There are other kinds of Axminster in 
which the borders are woven with a part of the 
filling ; others with the complete design — that is, 
filling, borders, and corners woven together. The 
colours in these are generally limited, and, owing 
to the technicalities, the design also becomes 
limited, and can be produced only by designers 
with a complete knowledge of the working of 
the loom. 

Brussels and Wilton Carpets. In 

preparing designs for Brussels or Wilton carpets, 
it is not necessary to make any difference in the 
appearance of the designs, for they are practi- 
cally woven in the same way. The difference in 
effect is given to the cloth by what remains in a 
finished Brussels — the loop or thread, which fills 
the square in the design. This loop is <$ut 
through, making a tuft, thus making the 
Brussels into a Wilton ; this gives a pile similar 
to an Axminster, but with* a limited number 
of colours. 

The sizes of Brussels — that is, width for 
borders, fillings, etc.— are precisely the same as 
Axminster ; the great difference is the size of 
the points or loops. The point paper is ruled to 
about 85 points to the square inch, or 9 by 9J, 
nearly. Ordinary Axminster runs u.sually from 
27 to 70. It will at once be seen that this gives 
a better chance for the expression, by drawing 
in the design. 

Drawing, or the design, plays a very im- 
portant part in Brussels, owing to the limited 
colour, wtxich must be made up for in other wa}^ 
by richness of material or by the careful disposi- 
tion of the colours one against another. S(Hne- 
times by reversing them the same colours 
can be made to give a totally different effect. 
There is a new feature which can be introduced 
in this fabric — that is, by changing one colour 
(sometimes more) hj piarUing, This we will 
endeavour to explain more fully. The top 
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surface of a Brussels is usually composed of 
five layers of worsted threads, which are called 
frames ; these run the lengthway of the material, 
and are looped over wires to form the pile, the 
different colours required to form the pattern 
coming to the surface in a row of loops, each loop 
making the size of the points on the ruled paper. 

Colour Arrangement for Brussels 
Carpels. The desisfner must not use more 
than these five decided colours. Now, if 
one of these be taken for outline purposes, 
there will be four only for ground, leaves, 
and flowers, or whatever material is used in 
the design. It follows, then, that any method 
which any one of these colours can be clianged 
gives an advantage to the designer. Care must 
be taken to start with this idea, for to do it 
satisfactorily entails an amount of thought and 
trouble not obvious to the ordinary buyer of 
carpets. These five colours runmng along the 
carpet are decided only in their number ; one 
can change as many times as required so long 
as one keeps always to five colours in one lino. 
This is called “ planting ” The djs gner can use 
it to give gradation if tiie design is planned for it ; 
but the best method Is to reserve it for giving 
bright effects in small parts of the pattern, so 
that the great error of making colours look like 
stripes is avoided. This will not be an easy 
matter at first, but after a while it will be 
found that in nearly all woven fabrics th^'se 
technical difficulties often result in giving 
character to the work. 

A good method is to make a strip of paper, 
with the range of colours marked in the line in 
which they are to be used, so that one can pass it 
up and down the design, and be certain the colours 
do not overlap. Anot her g^eat point with regard 
to Brussels is that with the change of ground 
colour only the manufacturer can get an entirely 
different effect, in some cases making it look like 
a fresh design. This is a detail which should 
be always borne in mind, for, strange as it m ly 
seem, a design woven with a dark ground may 
not sell at all, but with a light ground may have 
an enormous success. 

Reversing an<i Other Carpets. There 
is a great variety of oth^r makes of carpet 
which cannot be explained by writing or 
iUustration, owing to the complicated method 
of weaving. Tapestry carpet is one. This is a 
very common effect, usually woven in squares, and 
of a very cheap quality. In nearly every case, 
the cheaper the material, the more difficult it is 
to make a pleasing or satisfactory design outside 
the factory. 

There are exceptions, however. The cheapest 
and best is what is generally called a “ Roman ” 
carpet, wovtn in squares of varying sizes, in 
two colours, giving, when reversed, the same 
Mttem [6]. It is almost impossible to make a 
CMid floor covering in this material, owing to its 
simplicity. The chief points to be noticed are 
that the filling must repeat with the border, 
both ways ; that the detail must be always on 
th« large or coarse side ; and that the effect of it 
Wh^ repeated must be borne in mind so that a 


good effect on both sides is obtained. Sometimes a 
third colour is introduced. This serves to make a 
better or thicker material, and helps to give a 
bloom of colour, but obviously m^es it more 
difficult, and generally destroys its use for 
reversing. 

In illustration 6 the repeat of borders and 
filling and the method of making comers are 
roughly suggested, as well as the reversal of the 
grounds to make the border stand out distinct 
from the filling. The hearthrug contains the 
whole of its design in one quarter, but, by revers- 
ing exactly in the centre both ways, economy is 
obtained in design and weaving. This also 
applies to the stair carpet, in which the design, 
instead of reversing, is turned over. These 
methods of saving in production are more' fully 
described in articles on woven fabrics. 

There are at the present time a great many 
hand- made carpets to be seen. These, owing to 
their cost and primitive method of weaving, are 
generally used for special purposes. Hioy con- 
tain no special tc'chiiical limitations, such as 
repeats or limited colour. The designer, havini{ 
a free hand, can carry his idea with variations 
all over the surface or change the colour in any 
way he may wish. 

Examples of Carpet Design. In re- 
ferring to illustrations of carpets it will bo seen 
in the case of Axminster and B ussels [ 1, 2, and 
8 1 that any small breakings or ser ations of out- 
line in the draA\ing become meaningless or im- 
possible to express when placed upon the ruled 
paper. The ha dness is, of course, slightly 
modified when the design is woven, owing to 
the tuft spreading a little. This is more noticeable 
in Axminster and Wilton. 

The illustiation of a Bnissels [9] gives a piece 
of the complete carpet with border, with a detail 
of filling nearly full size. In tho filling the 
method of planting in tho full width of material 
is explained. Although it is marked in four 
different colours, it is possible to introduce 
changes again, and give a graduated effect of 
the same colour. 

The method of planting the border is also 
shown. In this more contrast can be obtained, 
as it will not again repeat as in filling. Brussels 
and Axminster are made up to size of room by 
mitring the corner of the border and joining to 
strips of filling. If the length of filling repeat is 
long, some parts will have to bo cut away and 
consequently wasted, in making up [10]. 

Hearthrugs and stair carpet are made in 
Brussels and Axminster with the border and 
filling complete, as in the illustration to reversing 
carpets 1 6 j. 

We would advise tho young designer to lake 
every advantage of tho collections of Indian 
and Persian carpets in the museums for purposes 
of study. Their perfect colour, invention, and 
planning make them for all time the ideal to be 
aimed at in a floor covering. There is always ft 
market for designs of this class, not necessarily 
copies, but wim the spirit, and the^ designer 
cannot do better in making a style for himseu 
than learn from the great craftsmen of the pa^t. 


\ OanHnued 
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2. SYPHON-FILUNQ MACHINE 


Agitation is promoted by a longitudinal shaft 
provided with triangular pcrforaf-ed paddles, and 
revolving at 00 to 80 revolutions per minute. 
The gas and water arc pumped into the cylinder by 
four pumps and four sets of pi()es, pairs of which can 
be worked independently fl]. 

The water which has thus been aerated thence 
passes to the filling machine at a pressure of aiwut 
180 lb. if retpiircd for filling syphons, and 120 lb. for 
filling bottles and “plain goods ’’ — that is, not con- 
taining syrup or sugar — and about 90 lb. for sweet 
drinks. The actual pressure in the syphons or bottles 
is about half that at which the water is forced into 
the vessel. The biggest carbonating cylinder will fill 
about 1.800 30-oz. syphons per hour. 

Fillinis Aerated IVater Bottles. In 

filling bottles fitted with glass marbles as stoppers 
the marble is forced into the nock of the bottle by 
the pressure of the gas inside the bottle. 

With screw-stoppered bottles, the stopper is 
screwed loosely into the neck of the empty bottle ; 
it is then placed under the machine, which removes 
the stopi)er, fills the bottle, and screws the stopi)er 
in firmly. 

Bottles fitted with ordinary corks are held in 

C ition by the machine and the cork is placed in a 
der. When the machine is started working, the 
bottle is filled, the cork dropped into position, and 
rammed into the neck by means of a small ram. 
By the thrust of an arm, the bottle is thrown out of 
nositioir and pushed down a chute. To avoid 
“ cork dust/’ the corks are previously washed in 
water, but as an extra precaution, the ram delivers 
a spray of aerated water, so as to further cleanse 
the cork at the moment of insertion. In 
all the machines, the aerated water is forced 


into bottles by the ^pressure of the carbonating 
cylinder. If syrup is to be added, as in the case of 
lemonade, ginger ale, etc., it is admitted to small 
pumps from the tanks above, which deliver at each 
stroke the requisite quantity to the bottle, which is 
made up at the same time with the proper proportion 
of aerated water. All the modern filling machines are 
fitted with a syrup and aerated water saving device. 
By this means, no water or syrup can flow unless the 
bottle to be filled is fixed in its place. In this way, 
a great deal of unnecessary waste is saved. 

When the aerated water is forced into the bottles 
the air in the bottle is driven out. This is called 
“ sniffng.” In the case of syphons, the “ snift ng ’’ 
gases are collected and used again, as they consist 
of pure carbon dioxide left from the last filling, but 
in the case of bottles they are allowed to escape, 
as they contain a large percentage of ordinary air. 

Syphons. Syphons are filled through the spout. 
They are fixed so that the spout is pressed against 
the pipe through which the water is to be admitted. 
The lever is then pressed down, by means of a small 
arm actuated by means of a pedal, and the soda-water 
is forced in so that the pressure in the syphon is 
equal to that at which the water is entering. The 
water valve is then closed automatically, and the 
“ snift *’ valve is opened to allow the gas inside to 
esca|)e. The “ snift ’’ valve then closes again, the 
water valve is oj^ued, and the syphon is filled 
up [2]. I’he gas in the l^ist soda-water syphon con- 
tains about 0 6 per cent, of air, the rest carbonic acid. 
There must not be more than 2 per cent, of air, or 
the syphon cannot be projx^rly emptied. After the 
syphons have been filled the tops arc burnished by 
means of a revolving calico disi', and then the body 
of the syphon is washed and the labels stuck on. The 
syphon tops of the Camwal Co. are made of pure tin, 
with only sufficient antimony and bismuth to give 
the re(piisitc hardness. Some are silver-plated, but 
this is merely to give them a better appearance, as 
the tin is absolutely safe. 

There ar(5 two sorts of sy])hon tops — viz.^ those 
with the long lever, and those with the short ones 
[41- With the long lever tops, the lover is raised to 
deliver the liquid, while with the short valve, the 
valve is depressed. The former work against a 
spring, which must be strong enough to prevent 
leakage ; but in the latter, the pressure forces the 
valve against its rubber sotting, and so makes its 
own joint. Opinions differ as to which is the better, 
but the public seem to like the long lever, as it gives 
better control when pressing. The sudden spirt 
when starting a new syphon is duo to the valve 
sticking and coming away suddenly. The Idris 
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Company make a china plug and nozzle fitted 
i^ide, 80 that none of the liquid comes in contact 
with the metal top. Metal contamination results 
from the use of unsuitable metal tops. 

The Preparation of Syrups. The best 
crystallised cane sugar is boiled in a steam -jacketed 
copper. The stren^h of the S 3 rrup is made up to 
from 40® to 60® Tw., 2 cwt. of sugar being used at 
each boiling. The syrup is then run into a cooler [31, 
and fru't acid essences are added to give it the 
necessary flavours. The mixture is then filtered 
through a bag to the tank, whence it is led to the 
various filling machines. 

Soda-water varies in strength between 5 gr. and 
30 gr. of bicarbonate per pint. The British Phar- 
macopoeia formerly gave soda-water at 30 gr. per 
pint. Prosecutions are usually instituted where the 
amount is under 5 gr. per pint. The strength is 
largely a matter of taste. The amount in the case 
of litnia is 10 gr., according to the British 
Pharmacopoeia, 1885. Potash is 6 gr. to 15 gr. 
Seltzer water, pro]ierly prepared, is a mixture of 
sodium bicarbonate, sodium chloride, and magnesia, 
but, as generally sold, 
means nothing. There 
are, in addition, aerate<l 
distilled water and car- 
bonated water. 

Preparation of 
Ginger - heer. The 
water is first boiled in a 
steam - jacketed copper, 
and is then passed into a 
mash-tun, where it is 
mixed with crushed 
ilamaica ginger. The 
whole is then run into a 
settling tank where fruit 
acids are added, and 
the liquid, after reduction 
to proper temperature, is 
drawn off into the fer- 
menting vat, where it is 
mixed with sugar (1 lb. 
ixjr gallon), and allowed 
to ferment for twelve 
hours. It is then run 
off and filled into stone 
bottles in special filling 
niachines, after which it is stored for about a fort- 
night, during which time the proper aeration is 
promoted as a result of the fermentation which 
takes place. Ginger-beer so prepared contains 
from 0*6 per cent, to 1*4 per cent, of alcohol. The 
extreme legal limit is 3 per cent., but manufacturers 
are warned if 2 per cent, is exceeded. 

Preparation of Carbonic Acid Ga9« 
Many firms still make their own carbonic acid gas 
by adding sulphuric acid to whiting or sodium bicar- 
bonate, To a largo cylindrioal tank, half full of 
water, a ohar^ of 2 cwt. of bicarbonate is added. 
Sulphuric acid is then run into it from a reservoir 
situated at the top, and oarbonic aoid gas, so called, 
is drawn off by a pump to the aerating machine. On 
ite paseage it is purified free from nitrates by ^sing 
through alkaline potassium permanganate solution, 
which also removes any spray of sulphurio acid 
wh oh might bo parried over mechanically. This 
inethod of producing carbon dioxide gives trouble 
on seopunt of the amount of air it is liable to 
contain, honoe tbo use of pure natural gas. 

wge quantities of sulphurio aoid, m jars, sur- 
^undM urith whiting, are shipped to India and the 
^loniea for the promiotlon ot carbon dioxide to be 
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used in the manufacture of aerated waters. If these 
jars should break during shipment the aoid is absorbed 
by merely converting the whiting into plaster of 
Paris. The empty jars are cleansed, refilled with 
Indian pickles, and shipped back to this country. 
Carbon dioxide is also produced during the process 
of fermentation in breweries, where it is compressed 
into cvlinders and sold to makers of mineral waters. 

Perhaps the most advanced method of producing 
the gas is from coke, according to Stead's ana 
Leslie’s patents. A very ingenious process (Stead’s 
patent) has been installed by the Idris Company, 
whereby gas of the highest degree of purity is pro- 
duced. The process consists in the main as follows : 
The products of combustion of special coal or coke 
are forced, under pressure of 20 lb. to 30 lb. per square 
inch, into carbonate of potash solution, which is 
thereby converted into bicarbonate, after which it 
is heated with the evolution of pure carbon dioxide, 
and the re-formation of ordinary carbonate. 

Domestic and Automatic Aeration. 

Retailers of mineral waters can now prepare their 
own if they so choose. Attempts have been made 
from time to time to 
introduce a inimhine tor 
this purpose. From the 
description already given 
of the manufacture of 
“ minerals ” on a largo 
scale, the principle of the 
ingenious “ multum in 
parvo” machine known 
as the “Consol” (British 
Automatic Aerators, Ltd.) 
[8] will bo grasped 
readily. 

It enables the retailor 
to deliver at the point of 
consumption an aerated 
water of good quality, 
freshly made for each 
customer, and also en- 
ables him to dispense 
with the cumbrous boxes 
of bottles formerly needed 
for his business. 

This machine occupies 
a space only slightly 
exceeding I sq. ft., and 
can be fitted to any bar or shop counter, in ad^tion 
to ordinary aerated water, it can be made to pro- 
duce soda, potash, lithia, lemonade, ginger-b^r, 
ginger-ale, etc., by adding the necessary amount of 
soluble constituents, according to well-known recipes. 

It differs from other “ draught apparatus,” such 
as soda fountains, various forms of draught arms, 
etc,, in that it manufactures each drink as required, 
whereas ordinary apparatus has to draw from a 
previously manufactured store, which deteriorates 
on keeping. The entire operation is performed by 
a right and left movement of the handle, whicJli 
occupies a period of not more than five seconds, so 
that it is possible to draw on draught the equivalent 
of 60 dozen bottles per hour. 

A filter should always be fitted where any doubt 
exists as to the purity of the water, and in all cases 
where it is desired to produce the highest class of 
“ minerals.” Suitable germ-proof filters have been 
designed for special use with the aerator, all that is 
necessary being to introduce the filter at any con- 
venient point in the water supply. 

Aerated Water in Open Juga- It is 
claimed by some that aeration on a small scale pro- 
duces a (ufferent result to aeration in bulk. It is 
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laid that it lo saturates the water with the gas 
(GO,), that it is actually held in solution, and not 
given oS in a violent eruption upon the removal 
of outside pressure. Ihe experiment described 
below may be taken as showing that water aerated 
m bulk does not retain the gas for any length of time 
after opening the bottles We cannot undertake to 
sift the eviden^'c on this point, and as “ minerals ** 
from bottles and syphons, especially the latter, are 
oonsumed almost immediately after opening, we 
need hardly concern ourselves with it Nevertheless, 
domestic aeration makes it possible for aerated water 
to be served in open jugs, without detriment to its 
sparkling qualities, a point which should prove of 
decided gam to the public 
The following simple expenment illustrates this A 
tumbler of aerated 
water IS drawn 
from the small 
hand machine, 
and a similar turn 
bier IS filled from a 
bottle or syphon 
supplied from an 
oroinary mineral 
water factory. The 
two are left side 
by side tor halt 
an hour or longei , 
each IB then gently 
stirred with a thin 
rod or knitting 
needle. That from 
the bottle will bo 
comparatively 
flat, whereas that 
from the small ma 
chine will “ bead ” 
round the rod and 
effervesce freely 
Although the 
aerator has been 
designed primarily 
to make and sup- 
ply aerated water 
straight into the 
glass, yet both 
screw - stoppered 
and corked L ottles 
can be easily 
and rapidly fillecl 
Where it is desired 
to bottle under 
isure, an at- 
ohment is added 
for filling any de 
scnption of bottle, 
particularly suited 
tor ball stoppered 
bottles (known in 
the trade as cod bottles). This is attached to the 
aerator by removing the delivery vessel. The 
illustration [fi] shows the attachment. 

Another Simple Machine for Bottling 
Only. Another machine, worked somewhat 
differently, is shown m 9 . In this case the bottles 
have first to be filled with the water to be aerated. 
They are then clamped on to the attachn'ent 
oommumoating with a tin ball full of gas under 
Pressure By pulling up the lever, the bottle is 
in erted, causing the water to flow into the bill, 
where, by the aid of shaking, it becomes aeratecL 
The lever is then lowered, so that the bottle is tlM 



right way up, when the aerated water finds its way 
back into the bottle. The machine is of cheaper oon* 
struction, but slower m its action than the ** Consol,’* 
and it will not deliver direct into the glass. It 
appears to answer its purpose. 

SparKlet Aeration. We will conclude our 
account of mineral waters with a short description 
of the Sparklet syphon (Aerators, Ltd.). By means 
of this ingenious system anybody can make at any 
time and in a^ place as much freshly aerated water 
as desired Tho principle of the sjrstem consists 
in the sale of carbonic acid gis strongly compressed 
in small steel bulbs which are fitted on to the syphon 
and pierced by turning a screw, which allows the gas to 
escape and saturate the water with which the svphon 
IS previously filled The bulb ooutaming the carbonic 

acid gas, and the 
bulb - holder into 
which it 18 slipped 
neck downwards, 
aro shown in 8 and 
10 Ihe vase of the 
>yphon, the upper 
part of which is 
shown in 7 , is filled 
with water to a red 
mark neai the top, 
the glass tube is 
inserted, and the 
head screwed down 
without employ- 
ing undue force. 
Tho bulb - holder, 
containing the 
bulb, IS held with 
the thumb on the 
bulb 80 that tho 
neck of the latter 
protrudes slightly 
below the bottom 
of the holder The 
protruding neck ot 
the bulb IS now 
inserted centrally 
into the hollow 
formed by a 
washer and gently 
screwed down In 
side this hollow 
and projecting 
outward is a pm, 
which enters the 
end of tho bulb 
and pierces it, m 
this way admitting 
the gas from the 
bulb into the 
syphon. The bulb 
oldi 
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Sparklet syphon top 8 Sparklet gas bulb 9 Mineral watci bottle 
filler (H roomer & Co , Ltd ) 10 Sparklet bulb holder 


holder is screwed 
down gradually, 
shaking the syphon well from time to time and 
oontinumg alternate sciewing and shaking until no 
more bubbles of gas are given off. The syphon is 
now reidy for use, but the aeration is improved if 
the syphon be aUowed to stand a few minutes 
before drawing off the contents. 

The glass vases are covered with a metal wire, and 
are tested to a pressure of 220 lb. per square inch 
Either plain watei alone can be aerated or small 
quantities of soda, potash, lithia, or fruit crystals 
may be previously added m the form of “spark- 
loids,’* thus producing soda, potash, or lithia water, 
or other effervescing dnnks m various descriptions. 


HmsBAL Waters eoTioMedf; folhwid by Tea, Cobtbe, and Coqoa, 
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HAND & MACHINE-MADE PAPERS LSIKt 


Plant and Processes in Making: Paper by Hand and by 
Machine. Uses of Wood Pulp. Representative Papers 
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By CLAYTON BEADLE and HENRY P. STEVENS 


'T'HE process of making paper by hand is the 
* same to-day in principle els it was long before 
the Christian Kra. The Chinese and Aztecs, 
independently and without knowledge of one 
another’s craft, employed a rough frame covered 
with hair or fibres through which the water 
drained, leaving a wet film of pa^r on the surface 
to be transferred for drying. To-day not more 
than 1 per cent, of the output of this country is 
made by hand, the rest being made by machinery. 
There is none made by hand in the United States 
and Canada, but considerable quantities on 
the Continent. 

All hand-made papers in this country and on the 
Coatiaent are made from cotton and linen rags and 
hemp. In the East they are made from the 
native fibres. In a “ hand mill,” as it is called, 
the preliminary processes of dusting, hand sorting, 
boiling, bleaching, “ breaking-in,” and beating are 
conducted in a similar manner to the treatment 
of rags in a machine mill, as already described, only, 
of course, on a smaller scale. As only the best 
papers are made by hand, the best rags have to 
ne selected, and every care has to be exercised that 
they are free from dirt. The beating engines are 
nearly always of the “Hollander” type and of 
small capacity, the most convenient sizes being 
such as will take 105 lb. to 260 lb. dry weight of 
rags. 

Tubasising. The general principles of tub 
sizing paper are more or Ijss common both to ma- 
chine and h«ni made papers but hind-made papers 
— at l<'ast a 1 those w^orthy of the name— are always 
tub sized with gelatin to make them ink bearing. 
The tub-sizing process is, perhaps, the most difficult 
branch of paper-making to master in all its multi- 
farious details. 

Waterleaf, or unsized paper, in addition to being 
porous, has little or no wearing qualities, and is 
deficient in strength. It lacloj what is appropriately 

but vulgarly described ^ 

as “ guts.” Up to the 
waterleaf stage, for 


waterleaf stage, for 
ninety-nine purposes out 
of a hundred such p^or 
would be useless. The 


gelatin supplies it with , 

additional strength, its I 

original strength is very 
often more than double !, 
it makes it inkproof, gives 
it firmness, “ rattle,” 

“ feel,” and such de- 
sirable qualities. In the 
trade language, it puts 
guts into it. There is 
as mqeh difference be- 
tween waterl^f and 81 . sn 

sized paper as there 

» between glazed and unglazed earthenware. 

The aiding Solution. The size solution 
oan be made by extracting wet hide pieces, etc., 
warm wat0ir-<-a complex industry in itself, but 
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one which up to recently the paper-maker had to 
conduct on his own premises ; now ireque.itlf he buys 
sheets of ready-made gelatin or glue, according to 
his requirements. 

In the latter case the sheets of gelatin are soaked 
in water for twelve hours, the cold water being then 
run off, and hot water introduced to dissolve 
the gelatin. Alum is almost imiversalW added as 
a preservative and means of control. This is then 
reduced to the necessary consistency or strengh 
with or without the addition of soap. The solution is 
introduced into the sizing trough f34', which, at 
one time, was a mere tub — hence the name of the 
process — but now consists of a vat heated either 
by steam coils at the bottom or by a jacket, and is 
preferably made of copper. The temperature is 
maintained at 100*^ F. to 120° F. 

The “ sizeman ” has to control the quantity of 
gelatin entering the paper. This object is to 
get the best sizing effect with the least quantity of 
gelatin. The addition of small quantities of alum 
has the effect of thickening the size, and so reduc- 
ing its penetrating qualities, although, curiously 
enough, if too much alum is added, the size is said 
to he killed ; it becomes thin, and, in consequence, 
will readily peneti*ate the paper. Ihis, however, 
is an effect to be carefully avoided. Alum, never- 
theless, affords the chief means of controlling the 
quantity of gelatin that ento s the paper. Increase 
of temperature means decreased viscosity and 
increased penetration. The temperature may be 
varied only within certain limits. 

The soap in the size — which, by the way, must be 
of special composition —renders it opaque, somewhat 
improves its colour, and imparts to the paper special 
qualities, the chief of which, perhaps, is in re- 
endering the paper more easily cut under a 
guillotine. If no soap were used the knife might 
go through with a bang. Soap also* helps the 
glazing and surfacing under the action of the 

calender rolls, to which 

reference will be made 
later. Alum, if added to 
the chest, causes the 
waterleaf to be less easily 
penetrated by the size. 
As the penetration takes 
time, the immersion in 
the sizing vat must be 
prolonged to complete 
the penetration to the 
centre — ^that is, if hard 
sizing is required. The 
squeezing after immer- 
sion removes a pa t of 
what has penetrated 
according to the pressure 
LE VAT applied, but assists 

in the removal of the 
air from the centre, which air is* replaced by 
gelatin. If the sheets come gradually into the 
solution between perforated felts running nearly 
horizontal in a shallow trough, the saturation takes 
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place feom the under side, slowly driving the air to 
the top side. This is the modem mode of sizing 
hand-made sheets or cut sheets of machine-made 
paper. The sheets, fanned out in bunches in three 
rows abreast, at e placed on a table, whence they are 
fed on to a travelling felt, 
which slowly carries them 
through the size. The upper 
felt holds the paper down. The 
paper, rising out of the vat 
thoroughly saturated, passes be- 
tween the squeezing rolls, from 
which it is removed for drying. 

Drying. The proper dry- 
ing of the sized sheet is no 
easy task. It is here that the 
paper-maker frequently fails. The sheets are re- 
moved to a loft and hung in bunches over strings or 
laths until air-dry; the arrangement is somewhat 
like that used for drying the hand- made waterleaf. 


copper rollers, should fise vertically upwards ahd 
pass through the nip ** of the bronze rolls. This 
keeps the inside of the paper air-looked, and so 
retards penetration. 

Making Hand-made Paper. The bleached 
and beaten stuff, containing, as 
a rule, no size or mineral, but 
starch, and sometimes colour- 
ing matter, is now emptied 
into the stuff chest. From 
this it is raised by lifting 
buckets to a small box at the 
head of the vat, with overflow 
back to chest. This gives a 
constant head of stuff for 
supply to the vat. 

The vat [31] in which the handmade paper 
is produced, may be of wood or stone, but 
is usually of iron, lead lined and rectangular in 
shape, and smaller at the bottom than at the top. 
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83. PLAN AND ELEVATION OF A FAST-RUNNINO NEWS MACHINE (James Milne & Son, Ltd.) 
i. Beating engine 2. Stuff chests 3. Strainers 4. Wire 102 in. wide 6. Couch rolls ’ 6. Gangway 7. Ist press 

rolls 8. 2nd press rolls 9. Felt stretch 10. Leading cylinder 11. Auto guide 12. Felt dryer 13. Drying 

cylinders 14 Auto stretch 16. Hand guide 16. Calenders 17. Slitters 18. Reels 19. Reeling and slitting machine 
20. Stuff pumps 21. Ban<l tables 22. Mixing box 23. Shake 24. Back water pumps 25. Bockshaft steam engine 
26. Auxiliary pump 27. Vacuum pumps 28- Breast box 29. Breast roll 30. Tube roll 31. Vacuum boxes 32. Speed 
cones 33. Coupled steam engine 34. Fan for cold blast 


except that the temperature is kept down. To 
produce a perfect result it is imperative that the 
temperature should be below that of the melting 
point of the jelly with which the paper was sized. 

Tub - sizing 
Machine Papers. 

W ith m achine-made papers , 

the sizing vat is either a f 

rontinuficion of the paper i “ 

machine itself, coming 5 

next to the drying cylin- 
ders, or the operation is 
conducted in a different 
room by attaching a reel of 
waterleaf paper removed 
from the machine to the siz- 
ing vat. The reel is un- 
wound and passed through 
the vat containing the size, 
then through a pair of 

bronze squeezing rolls, which remove any surplus, 
after which the sized paper is usually re-reeled. 
If only surface sizing is required, the web should, 
dip vertically downwards into the vat [84B], and 
after .passing round two immersed wood^ or 
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In it is a “ hog,” so called from its turning up 
and disturbing function, revolving horizontally near 
the bottom to secure uniformity and consistency 
of pulp through its entire depth in the vat. The 
heating arrangements by 
steam, as well as the regu- 
lation of flow to the vat, 
are under easy control by 
the vatman, who stands 
against the middle of the 
front side of the vat, a lean- 
ing board being provided 
for his support The 
strainer is on his right 
hand, and just in front 
of him, resting on the 
ends of the vat, lies the 
bridge. 

The bridge, made of 
wood, has several uses; 
upon its top side half round brass strips enable 
the mould to pass easily and rapidly to and fro. 
It also forms a rest for the motdd, ready to 
vatman^s hand, and, further, being provided with 
a curved support at its lower end called an 
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“ ass/* the mould with the freshly made sheet 
upon it, rests and drains until taken away by the 
“coucher” 

The mould [82] next occupies our attention. 

There are two to each vat, and each is a mahogany 
frame about 1 J in. deep, as light, true, and rigid 
as possible, and of the size of 
the required sheet of paper. 

Transverse brass .wires pass- 
ing through and over light 
wooden bars help to keep the 
frame taut, and form a sup- 
port for the top wire which 
covers its entire surface. The 
covering wire determines the 
markings of the sheet of 
paper, and, as with machine- 
m^e paper, are described as 
“ laid ” [32] or “ wove.” 

These are called ” face ” 
wires and upon them the 
device, name, daip., etc., are 
fixed by fine wire, and this form^ the water- 
mark. Fitted to each mould is the “ deckle,” also 
a light mahogany frame, having a rebated edge 
which accurately fits over the mould frame and 
forms a raised edge above the face wire all the 
way round. Only one deckle is in use to a pair of 
moulds, and it is in the hands of the vatman 
practically all the time. 

The “ coucher,” or 
the man who turns oft’ 
the sheet of paper 
from the mould, stands 
at the bottom end of 
the vat and opposite 
to the vatman, and 
the “ layer,” usually a 
lad in his apprentice- 
ship, is still further 
away from the vat and 3g lechler’s SPRAY 

practically in lino with 

the vatman. Those three are a ” vat’s crew.” 

The Vathouse. The vatman, taking a 
mould with its deekle in position, dips it into tho 
pulp which, flowing over the deckle edges, forms 
a. regular stratum on the upper or wired face of 
the mould. As the mould is lifted clear of the 
pulp. a partial vacuum draws the stratum of pulp 
on to the wire, and then 
with an individuality 
separate and distinct from 
all other vatmen he 
weaves and interlaces the 
fibres by shaking the mould 
and contents transversely 
and longitudinally, and 
finally by a fillip throws 
the surplus water from 
off the mould ; and within 
the deckle edges lies the 
sheet or sheets of paper. 

There may be two, three 
or even, four sheets on 
one mould, but usually 
only one. It is just here 
that the secret of ” bund 
madra ” lies. No me 

chanioal device can, or will, adapt itself to changing 
oo^itions and perform similar and equal work. 

The Coucher. Meanwhile the coucher takes 
the resting mould with its paper and turns it edge 
jownwaids on to a pfie of soft felts, slightly larwr 




37. CUTTER 


ArfLIBD OHKMI8TRY 

^uliar to each man, the mould is pressed face 
downwards, and, as it is again lifted, it leaves the 
paper on the felt. The mould is returned to tho 
bridge, another felt is laid over on the paper just 
deposited, and then the operation of couching a 
second is repeated. This goes* on, paper and felt 
alternately, until a ” post ”— 
that is, a certain number of 
felts — are piled upon an equal 
number of layers of paper, the 
pile supported upon an elm 
plank, which, with its load, 
is placed under a pressure of 
200 tons between head and 
table of an hydraulic press. 

The effect is that enough 
moisture has been removed 
from paper and felt as will 
enable the sheets to be taken 
safely from the felts, and yet 
not to crush the paper. Again 
the post retraces its steps, 
this time to the layer, who takes each sheet of 
paper with both hands, and evenly and exactly 
places them one upon each other, and with his 
right hand throws the felt for the coucher to use. 
In this way with perfect regularity of time and 
motion, the sheets of paper are made, couched, 
and laid, and instead of a post, the wet sheets 
of paper are laid to- 
gether and called a pack. 
The day’s work, how- 
ever, is reckoned by posts 
— a certain number of 
posts corresponding to a 
given size and sort is 
mutually agreed’ upon 
between the trade and 
the employer. 

’J'hc pack, as we now 
describe tho sheets of 
paper in bulk, is pressed 
between zinc plates, and then taken to pack sorting- 
room. Here, women and ghls sort again every 
single sheet, keeping each pack intact, and these 
are now sent to the drying loft. 

Drying Lofts. The drying of hand -made 
papers is usually done on “ cowhair lines,” which 
are found to be cleanly, and leave no stain — an 
important consideration. 
’J’he “dry workers ” take 
the packs, and with these 
rows of cowhair lines 
overhead, pick up several 
sheets of paper with the 
left hand, and, holding a 
wooden tee in the right 
hand, catch the suspended 
sheets as nearly as possible 
in the middle of their 
lengths, and raising them 
by the tee, pass up one 
end over the hair line. 
Two men work side by 
side, and these linos are in 
frames holding 15 to 25 
lines, long enough to take 
from six to eight widths of 

K *. When filled as described, the frames arc 
up on the shoulders of the dry workers, who 
stand on ladders, and the vertical posts, four to 
each frame or ” room,” as it is called, are fitted 
with movable pegs, which support the weight and 
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The lofts are usually high and narrow ; t#o rooms 
in width are rarely exceeded, but in length any eon- 
Tonient number. When filled, thousands of sheets 
hang in these lofts, tier above tier regularly in rows 
and even in line. The heat for drymg is obtained 
from steam pipes on the floor, ventilation by 

louvre ” windows and other methods. Under the 
roof, all lofts should be ceiled, and wooden parti* 
tions effectively divide lofts. When dried, the paper 
is taken down from the 
lines, and it is called 
“waterleaf” — that is it 
is absorbent, really a 
blotting paper — and‘ be- 
fore it can be used for 
writing and printing it 
must be sized. 

When successfully sized, the sheet of paper may 
be written on and erased, written over and erased 
asain, still opaque and resisting the ink to the last 
thread. The sizing proc ss has already been de- 
scribed. The hand-made, sheet, after tub sizing, is 
dried on lines in the same manner as the waterleaf, 
but a continuous web is treated differently. 

SKeleton Drum and Festoon Driers. 
For the production of a continuous web the dr 3 ring 
is effects by 
passing it over 
skeleton drums 
in the centre 
of which small 
fans revolve at 
different speeds 
according to 
the condition 
of the paper. 
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made a success. We have already traced the pra^ 
gress of the beaten stuff to the stuff chests. These 
are large reservoirs made of wood or metal, and 
provided with mechanical agitators [85]. 

The pulp from the stuff chest is raised by means 
of a stuff pump to a constant head, whence it 
is delivered by an automatic control arrangement 
to a mixing-box, where it is diluted with watOT, 
and, if necessary, heated by steam. The stuff in 
the chest contains, say, 5 
per cent, fibre and 05 per 
cent, water. After passing 
the mixing-box, it con- 
tains, say, from J per 
cent, to 1 per cent, fibre 
and the rest water. It 
then flows over a sand 
table, a wide trough fitted with numerous cross- 
pieces of wood at intervals of about 3 in. ; in 
oetween these cross-pieces any heavy impurities, 
such as Sind, grit, particles of buttons, etc., settle. 

The Strainer. The stuff then passes to the 
“knotters*’ or “ strainers.” These are of different 
forms. A common form is the bellows strainer. A 
substantial plate of brass or gunmetal perforated with 
numerous very narrow parafiel slots, and having sides 

to it — in old 
types provided 
with lugs — is 
fastened to an 
outer frame of 
iron, the bot- 
tom of which 
consists of a 
movable plate 
attached to the 


elevation of triplex cardboard machine 

(James Milne & Son, Ltd ) 


These cause the cool air to impinge on the surface 
and accelerate the drying. A long dryer may be suffi- 
cient to accommodate three-quarters of a mile of 
continuous web. Perhaps the more modem method 
is to dry paper by means of a festoon machine*. The 
latter permits free shrinkage of the paper, and^does 
not cause a “ quiver,” as with the skeleton drums. 

When the sized paper is dried it passes over a 
cutter. If necessary, it is slit longitudinally with 
circular knives, and then cut 
transversely into the sizes re- 
quired by the wholesale stationer. 

Single-sheet Sizing of 
Machine-made Papers. 

To obtain the best possible 
results with machine - made 
papers the waterleaf can be cut 
mto sheets before immersion in 
the sizing trough, when it is 
treated by one or other of the 
methods employed for sizing and 
drying hand-made papers. 

An excellent method of pro- 
viding heat for single-sheet dry- 
ing is by turning the steam 
boiler economiser into an air 
heater. This is done either by 
entirely replacing the ordinary 
economiser or by putting down a 
supplementary air-heater. Hot air so produced can 
be used for drying either waterleaf or sized sheets. 

Paper Machine. Up to 100 years ago all 
paper was made by hand. The paper machine was 
the invention of a Frenchman, Louis Robert, who 
brought his invention to England, where, with the 
iseistaaoe of Henry and Sealey Fourdriniw, the help 

’ bv awii Didot. a nd the iimenuitv 

^ Deolfin, the liiTention was ulpa^ldy remed^; Icth 
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frame by an indiarubber connection. The plate, when 
in operation, lies horizontally. The movable plate 
forming the bellows is actuated by an eccentric on a 
shaft, or by a toggle joint, which gives to it a very 
rapid up-and-down motion or quiver, causing the 
stuff in the ” knotter ” to vibrate and to draw at 
lightning speed in and out of the slots. The principle 
is this. All fibres tend to point in the direction of the 
current. As the current is promoted in and out of the 
slots, the fibres pass through end 
on, whereas all luiots, untreated 
stuff, and other particles tfo 
large for the slots are retained 
on the surface of the ” knotter.” 
The “retained Imotted stuff,** as 
it is called, was formerly removed 
by hand by scooping it out from 
time to time, but is now auto- 
matically removed by an arrange- 
ment which scrapes the surface ' 
at regular intervals. It would 
be impossible without such con- 
trivances to make clean paper. 
The progress of the stuff from 
start to finish is shown in 88. 

The stuff next passes to the 
breast-box of the machine, where 
it overflows a lip on to an end- 
less wire band, which latter, in 
addition to travelling forward at from 40 ft. to 
600 ft. per minute according to circumstances, 
receives a lateral shake to promote the felting of 
the fibres. The wire oloto is supj^rted on a 
number of tube rolls, which are aotuatea by the wire 
passing over ^m. The formation bi foam of^ 
gives much trouUe on the paper machine, detached 
particles come away and spoil ^uyitities 
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Lave been suggested and tried from time to time. 
Perhaps the most effective method of destroying 
the foam is to direct a fine spray on to the 
b^astibox or between the sieves, as shown in 
36. A large amount of water drains through the 
wire into the saveall,” a tray placed beneath to 
catch it, whence it is returned by auxiliary pumps 
to the mixing-box to be used over again. 

In between two of the suction boxes is some- 
times fixed a '"dandy roll” [88], by means of 
which the “ laid ” and the “ wove *’ texture, as 
also the water-marking, is iipparted to the web. 
The dandy roll rests on the surface of the w^et 
stuff, and is revolved by contact with the moving 
wire. It is made of brass or gunmetal, and 
consists of two spindles, one inside the other, to 
which are fitted at regular intervals numerous thin 
discs or fiangcs as support to the w'ire gauze 
which covers the roll. It is necessary to provide that 
just sufficient water remains in the stuff as it reaches 
the dandy ; this is controlled by the suction boxes. 
On the surface of this gauze is fastened the water- 
mark, consisting of lettering and design. In place of 
vacuum pumps a vacuum ejector is often used where- 
by an absolutely uniform vacuum can bo maintained. 

After the suction from the last box, which makes 
all the difference between a “ Avet ” and “ dry 
surface, . the wire 
bearing the web of 
partially- formed 
paper dips down and 
passes between the 
“ couch rolls,” the 
top roll of which is 
covered with a thick 
specially manufac- 
tured felt jacket, 
made all in one piece 
so as to fit on without 
a seam. Pressure ex- 
erted by this upon 
the lower roll bearing 
the wire further re- 
moves the water. On 
the top of the “ couch 
roll ” is a ” doctor,” 
consisting of a cross-piece of wood covered with 
felt, pressing tight against the surface so as to 
form a channel along which water can be made 
to flow to remove any dirt or loose material. The 
paper, which can now move without a support, 
passes from the couch rolls to the first wet felt, 
which is a continuous web of felt passing between 
squeezing rolls where more water is removed, and 
thence to the second wet felt and squeezing rolls, 
and sometimes to a third. The web of paper is 
manoeuvred so that first the unden side and then the 
top side comes into contact with the wet felts, thus 
insuring that both sides receive as far as possible 
equal treatment. The web now contains, say, 
27 per cent, dry weight of fibre and 73 per cent, 
water. This water has to be driven off by heat, 
as pressure has removed all that it possibly can. 
This 18 accomplished by leading the web in 
zig-zag fashion over cylinders usually heated by 
edaust steam from the engine which drives 
the paper machine. The web is kept in con- 
tact with the cylinders by the “ dry felts,” and 
When perfectly dry is either passed over the 
oalend^^rs, reeled and sold in the rough, or taken 
to the sizing room. The dry felts are kept 
dry by additional cylinders (felt dryers) kept 
ttraig& by autogukles and kept taut by auto- 


Finished paper generally reaches the cutter [87] 
or reel [4lJ in an over-dry condition — that is, 
containing less than its normal moisture. On 
storage or exposure the paper, of course, regains 
its normal moisture. 

Board Machine. In 1809 Dickinson in- 
vented a machine for making paper on an entirely 
different principle to the Fourdrinier. It consisted 
essentially of a cylinder covered with wire gauze 
revolving vertically immersed in a trough of beaten 
pulp. The water passes through the gauze, leaving 
a film of paper on the surface, which was pressed 
against an upper roll revolving in contact with the 
gauze-covered cylinder, and then passed by means 
of an endless felt to the couch rolls and afterwards 
dried over steam cylinders. These first machines 
were, and still are, used for making special papers ; 
but the principle is applied in the modern board 
machine. Figure 39 shows a machine on the above 
principle which will make triplex boards. Each 
cylinder gathers up its quota of pulp and transfers 
it to a felt which moves in the direction of the 
arrows. The mass on the *felt, from being one thick- 
ness or ply at the first cylinder, becomes successively 
2, 3, 4, 5, fi j)ly. The two outside cylinders constitute 
the outside surfaces, which may be of different 
colours and composition. The four middle cylinders 
build up the ” mid- 
dles.” The middles is 
all of one composi- 
tion, and is reckoned 
as one, so that the 
board is called triplex 
because it has three 
distinct layers. Three 
cylinders are enough 
for a thin board, but 
five are needed for a 
thick one, and as the 
thickness of the 
“ middles ” is often 
much more than half 
iho total thickness, 
more cylinders are 
required to build it 
up. The outer cylin- 
ders often give merely a thinnish coating of superior 
material, the middles being often made of mechanical, 
broke, and very cheap materials. 

Uses of Wood Pulp. There are a number 
of ways in which wood pulp is used outside that of 
making “ news ” and other cheap papers. One of 
these, which is likely to attain consicierable impor- 
tance in the future, is the manufacture of paper yarn. 
This, as the name indicates, consists of continuous 
threads of paper which can be woven into the form 
of a material either with or without the addition 
of a small quantity of cotton, wool, “ shoddy,” 
etc., and the resulting products arp likely to prove 
valuable substitutes for jute baggings, coarse tailor- 
ing stuffs, etc. 

If we refer back to the different fibres used 
in paper- making it will be remembered that the 
length varies very much, cotton, linen, and some 
wood fibres being an inch or more in length, while 
straw and esparto fibres measure only a small 
fraction of an inch. Although the ultimate fibre 
of jute is short, the filaments, the real spinning units, 
are long. The paper maker can 'use any of theiw 
fibres, but the spinner only the longer ones. This is 
largely owing to the different methods employed in 
the two industries. 

In the manufacture of paper yam, two qualities 
are combined— namely^ the felting and spinning 
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^ualitfea. The fibres are first treated so as to make 
paper, which is then cut into long strips. These strips 
are then treated in spinning machinery, similarly to 
“ sliver ** [see page 1723], with the formation of 
threads. Although the process is a new one, it has 
already imdergone^^uite a number of modifications 
and improvements. We shall confine ourselves 
to a description of the most recent. 

How Paper is Prepared for Spinning. 
Of ’the modern methods there are two, known 
respectively as Turk’s and Kron’s processes. Both 
of these start by making a thin sheet of unsized 
pulp, and the fibrous material is usually wood-pulp, 
preferably chemical wood. Although it is quite 
possible to introduce rag, hemp, linen, or other fibres, 
it has yet to be proved whether the advantage gained 
would compensate for the extra cost. It is considered 
necessary to form the thin sheet of pulp into a 
number of individual strips, to avoid the expense of 
cutting a ready-framed wide web into continuous 
narrow strips, as well as to give the natural or dockie 
edge which, to a paper-maker, has obvious advan- 
tages. Tilrk, who uses a cylinder or board machine, 
fixes to the wire cloth a niimbor of 
parallel metal strips encircling the cylin- 
der. As the water cannot permeate the 
doth where it is covered up by metal 
strips, no fibre is deposited on these 
points, and the sheet *bf pulp, when 
formed, is already separated into a 
number of strips corresponding to the 
distance between the strips of metal, or, 
in other words, to the available width 
of exposed wire cloth. The general 
arrangement is shown in 40. M is the 
cylinder of the board macliine, F' the 
endless felt, DD' couch rolls, and N the 
condenser. [For a description of the 
action of a condenser, see page 1546.J 

Kron proceeds by a somewhat im- 
proved method. He uses an ordinary 
Fourdrinier machine, and divides the 
thin sheet of pulp by numerous fine 
jets of water directed on to it, so that 
a sheet is obtained divided into 8tri])s 
and held together only hero and there 
by stray fibres. It is partially dried by 
passing round a big steam-heated drying 
cylinder, and is then wound up to form 
a reel. By working with the Fourdrinier 
machine it is claimed that thinner pulp 
sheets can be produced, the machine can run more 
rapidly, and there is less waste space on the wire 
cloth than in Tiirk’s process. A sheet produced 
on a wide machine may be divided into as many 
as 400 strips. 

Paper Strips Spun. A reel of strips still 
damp — that is, containing 30 per cent, to 40 per 
cent, of moisture — is now taken to a spinning 
frame, by the aid of which each thin strip is twist^ 
into a thread. The twisting of the strij) greatly 
increases its strength. 

As the strip contains 30 per cent, to 40 per cent, 
of water, when twisted into threads the resulting 
threads have to be dried before final reeling. For 
this purpose the material is placed in special 
drying rooms supplied with hot air. 

The chlsf use of pulp yam, or “ silvaline,” as it is 
called, when prepared by Kron’s process will pro- 
bably bo to replace jute for preparing coarse 
Sacking, jute bagging, etc. Figure 48 is a piece of 
OMdeing made from paper yam ; 43 shows samples 
ol oOBa mad# from toe same material The yam 
^oan be dyed as easily as paper, either by adiding 



eolour to the pulp or by dyeing the woven or spun 
material. Figure 44 is an example of a woven 
design. 

Papers in Common Use. Even to enume« 
rate m an article of considerable length the 
different kinds of papers now manufactured 
would be an impossibility. The classification 
below is merely one to give the student some 
^neral idea of those kinds of paper which must 
bo more or less familiar to him. We have, further- 
more, generally omitted such kinds as have been 
already referred to when dealing with the actual 
manufacture of paper. 

Blotting Paper. Formerly made entirely from 
soft rags, but now often made from social kinds 
of wood pulp and other fibres. Should be soft to 
the touch and handle well, and possess spongy, 
pliable qualities. Should be capabje of being used 
repeatedly without smudging the writing. 

Bank and Loan Paper-?. These arc generally 
made of rags with a preponderance of linen. Beaten 
a long time with dull tackle and well sized with 
gelatin. Thin papers with good rattle. 

“ Browns.” The best are made from 
rope sized with glue or gelatin and “ loft 
dried.” The commoner are made with a 
mixture of jute bagging, and unbleached 
wood pulp. Sized with resin and dried 
over cylinders. Should fold well and have 
good strength and stretch. Improve on 
keeping. 

Book Papers. Edition de luxe, hand- 
made rag papers sized with gelatin, 
leaving deckle edge untrimmed. Less 
expensive, made with a mixture of wood 
pulp on machine. The best printing 
qualities got by addition of esparto pulp. 
Common printings made with mixtures 
of chemical and mechanical pulps. Tho 
commonest for cheap literature, little 
better than “ news.” 

Bible and India Papers. Monopoly 
of one firm in this country, who make 
the finest Bible pa])er in the world. 
Excellent substitutes in Italian and 
Gorman makes. Pleasing surface, and 
very thin and smooth. Highly opaque 
to prevent printed matter from being 
seen through. A thousand pages of 
thinnest occupy a little over i in. thick- 
ness, and yet hardly show printed matter 
through when read. Composition and mode of 
manufacture a profound secret. 

Cartridge. Thick papers of various composi- 
tion. Must have good resistance to penetration and 
stand contact with powders. It has recently been 
discovered that nitro-glycerine exudes through 
some papers— rendering the cartridge useless — but 
not through others. 

Coupon. Best hand-made with linen, well sized. 
Special water-mark designs. Such paper must be 
specially beaten to give a clear water-mark. 

Celluloid Paper. Very thin tissue, specially 
made with pure cotton for nitration and conver- 
sion into celluloid. 

Corpse Wrapping. Very tough, black paper. 
Betaina strength when wetted ; very lasting quali- 
ties. Suitable for wrapping and conveyance of 
fish, fruit, and other perishable articles that require 
protection from damp. 

Copying Paper. Thin tissue, usually made 
firom rags. Must stand wetting and take transfer 
ol ink. Generally British^ but sometImeB Jai^aoise 
manufacture firom native ibee. 
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Chart Paper. Must retain its dimensions and 
surface under changes of atmosphere. 

Cutlery Papers. Usually strong manilla; 
rough texture* good strength and stretch. Must 
be free from all substances calculated to rust 
or tarnish cutlery. Specially made. 

OioABETTS Papers. Foreign manufaeture. Best 
made from rice straw. Thoroughly freed from 
encrusting matter, ash, or trace of chemicals. 
Must possess proper wrapping qiialilies. 

Drawino PAPER'S. The best are hand-made 
from rags. Must possess special ‘‘tooth,*’ which 
improves with storage 



and age. Some dates 
of “ Whatman’s ” are 
specially prized by 
artists on account of 
pleasing surface. 

Cheaper drawings 
machine • made froni 
rags ; suitable for 
dr a ugh tsmen, 
engineers, and others. 

All tub - sized with 
gelatin. Should take 
the wash properly 
and show small but 
regular expansion 
when wetted so that 

the sheet stretches iinifotinly flat on drying. 

Duplex Papers. Made on cylinder machines 
one-half one colour and the other half a different 
colour, according to requirements. Suitable for 
box-making. Trii lex made similarly in three layers 
or plies. 

Usually made of commoner material such as 
“ mechanical ” or “ broke ” palmers. The outside 
surface is sometimes made of mixtures of straw and 
chemical pulp ; with or without colouring. 

Filter Papers. Made somewhat like blottings, 
but with special texture so as to retain sufficient 
strength when wetted. Made mostly from rags. 
For (diemical work specially treated 
with hydrochloric and hydrofluoric 
acids to get rid of ash. Largely 
of foreign manufacture. Good Alter 
paper now mode with wood pul]). 

Feather • weight Papers, 

Popular with publishers of books. 

Can bo made of bleached sulphite or 
of esparto. Bleaching done quickly. 

Machine tackle must be manipu- 
lated to give large “ bulk.” “ Wet 
felt” must be of close texture to 
avoid felt mark. Press rolls and 
coiichers should be hung a little so 
«s to give “ bulk.” 

Insulatiko Paper. For wrap- 
ping round wires for cable insula- 
tion. Large quantities used. The 
wst made from manilla or hemp. 

Very strong, thoroughly thick 
and pliable. Mostly sized with resin. Prepared 
80 as to ensure the greatest possible durability. 
Some now prepared from wood pulp. 

“Kraft* Unbleached paper, mostly Swedish 
manufacture, prepared from a particular kind of 
Wood pulp, A large firm are about to make this 
paper in England. , Good rattle, hardness and 
Muqh In favour for wrapping, etc. 
MtfrAtdao ARD Similar Papers. The fibres 


particles, and used for book covers or the surface 
is coated with aluminium, bronze powder, etc., for 
fancy pulses 

Marl Paper«<. Brown pa^rs with “ marl,” or 
mottled effect, produced oy use of material 
specially manipulated. Strong and excellent. 

Mottled and Marbled Papers. Made with 
cotton, linen, cotton and union rags, or with 
specially and separately dyed cotton, jute, wood 
or sulphite wood fibres. The Silurian writing 
papers are made in this manner. 

” News.” By far the greatest output of all 
kinds, and lowest 
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in price. Formerly 
made with rags, 
esparto, but now from 
mixtdres of mechani- 
cal and chemical wood. 
The cheapest news 
made in England con- 
tains 80 per cent, 
mechanical and 20 per 
cent, sulphite, sized 
with a little resin. 
The custom of adding 
about 10 per cent, of 
clay is largely aban- 
doned. The better 
qualities contain 
larger proportions of sulphite. 

Paroumext Pai‘ER. Made by passing an end- 
less web of paper through a bath of sulphuric 
acid, which is washed out and the paper dried. 
Special qualities, strong when wet, water resistant, 
suitable for protecting foodstuffs against damp 
and air, as for tops of jam-pots and similar purposes. 
Takes the place of real parchment for such purposes, 
where moderate strength only is require. 

PiiOTOoRArHiG Papers. Specially made from 
rag. Manipulation of fibres a secret. The best is of 
foreign manufreture. The plant used is of special 
construction so as to render fibres free from all 
injurious metallic and chemical sub- 
stances. Must have suitable surface 
and stand the washing. Good photo- 
graphic now nuule in England. 

Tytewritino Papers. Suitable 
composition for high class, 40 per 
cent, bleached sulphite, 00 wr cent, 
strong linen, well beaten and passed 
through refiner. Some American 
papers are mostly sulphite and are 
very well milled. Sized slightly 
with resin. With or without mineral. 

Writing Papers. Made for- 
merly entirely of rags ; well sized with 
gelatin, and coloured where neces- 
sary with ultramarine or smalts. 
Loaded with pearl hardening, and 
sized with resin and gelatin. Now 
increasing quantities of wood pulp 
in admixture. Some writings con- 
tain esparto with other fibres. Commoner writings 
contain “ broke,” some ” mechanical,” the rest 
chemical and clay. Sized with resin only. 

Willesden Paper and Canvas. Treated in 
solution of copper dissolved in ammonia, which 
makes the paper strong and rot proof. Suitable for 
building purposes, and for use where great dura- 
bility is required. Colour generally of greenish oast, 
due to presence of copper, which, however, can be 
obviated by substituting zinc for the copper. 
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OOP fti the Morning Star which heralds the appear* 
ance of the snn. 

Apparent Motiona of Mercury and 

Venue* the essential peculiarity of the motions 
cd Mercury and Venus is that they are never seen 
very for away from the ^n. Mercury never 
remains visible for more than an hour or so after 
the sun has set, and Venus is always seen as an 
evening star in the west or a morning star in the 
eastern sky. They are never visible, like others 
of the planets, right overhead. If we study the 
motions of Mercury or Venus from night to night, 
we very soon b^in to perceive their regular 
changes. Venus, being so much easier to perceive, 
offers a very good object for the young astronomer 
to watch from week to week. 

After a while it becomes apparent that this 
planet moves backwards and forwards on either 
side of the sun, within a limited range. Suppose 
that at the time of beginning our watch Venus is 
shining as the brilliant Evening Star after sunset. 
For a time it seems to 
travel farther and farther 
eastward, or away from 
the sun, and consequently 
to remain visible for a 
longer time each* evening. 

But the time soon conics 
when we notice that it 
ceases to go farther away 
from the sun ; it remains 
stationary for a night or 
two, and then it begins 
to travel back towards 
the sun until it is entirely 
swallowed up in the solar 
radiance and is invisible 
for a time. After a short 
period of invisibility, 

Venus emerges on the 
other side of the sun and 
consequently becomes 
visible in the morning 
shortly before sunrise. As 
it continues to move to 
the west of the sun, it 
rises earlier and earlier, 
till again it reaches the 
limit of its western motion, 
remains stationary for a short time, and then 
again starts on its eastward journey back toward 
the sun, ultimately to emerge on the eastern side 
of the sun and again become the Evening Star. 

At the dawn of astronomy the Morning and 
Evening Star were supposed to be distinct bodies, 
which were named Phosphorus and Hesperus ; one 
of the first astronomical discoveries was that they 
were really che same star, which journeyed back- 
wards and forwards from one side of the sun to 
the other.^ The apparent motion of Mercury is 
pTMisely similar, though less easy to watch because 
it is confined within much narrower limits. The 
wwilar dist^ee of these planets from the sun on 
^ther aide as known as their don^gation. When 
wey ore In a straight line with the sun and earth, 
w®y are said to be in conjtenc/ion. 

The OrUto of the E^vonitig Stars. The 
wal expiaiiatfoti of these motions is not difficult to 
Qomprwend. Venus and Mercury both move round 
remghly oiroulor orbits inside that of the 
* 5 ™ [ 8 B], Oons^uently, the effect of perspective 
wows thm to us as if they moved in a straight line 
forwards from the sun pS]. If the 
ek Jiety wortd complete its 
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double oscillation in the period of its year. Venus, 
for instance, would pass from her farthest eastern 
to her farthest western elongation in 225 days. 
But as the earth is also in motion round the sun 
this simple motion is complicated by our own 
motion. Instead of the easterly and westerly 
motions of Venus or Mercury being completed in 
the same time, the westward swing appears to be 
completed much more rapidly than the eastward, 
because in the former case the earth’s motion 
assists that of the planet, but in the latter it detracts 
from it. Thus, Venus moves rapidly from its 
easterly elongation as the Evening Star to its 
westerly elongation as the Morning Star, and 
travels back again much more slowly. 

Its synodic period, or the period in which it 
completes this cycle with reference to the earth, is 
584 days ; more than three-quarters of this period 
is occupied in the slower half of the journey, 

85 modic period of Mercury is 1 16 days. The greatest 
elongation of Venus, or its apparent "di^timce 
from the sun, varies from 
47® to 48®, which means 
that when it is farthest 
away from the sun it 
may be visible for more 
than three hours after 
sunset or before sunrise. 
Mercury’s greatest elonga- 
tion varies from 18® to 28®, 
so that under the most 
favourable circumstances 
it is visible for less than 
two hours before sunrise 
or after sunset. 

Phases of Mercury 
and Venus. One of 
the first discoveries made 
by Galileo’s telescope 
was that these two 

planets, Mercury and 

Venus, exhibited phases 
like those of the moon. 
The other planets always 
shine with a full circular 
disc, though it varies in 
apparent size with their 
varying distance from the 
earth. But Venus and 
Mercury, when seen through a telescope, present the 
phases with which we are so familiar in the moon. 
These phases will be read il y understood by a glance at 
the diagram [23]. Tliey depend, of course, upon the 
fact tluit the planet derives its light by reflection 
from the central sun, and moves round the sun 
between it and the earth. When at inferior con- 
junction the planet is between us and the sun ; we 
see only its dark side, or, in other words, do not see 
it at all. As a matter of fact, it is then swallowed 
up in the sunbeams, and the only occasion when we 
have an opportunity of testing the truth of this part 
of the theory is when Venus or Mercury passes 
right between us and the sim. It then appears in 
transit as a circular black spot on the sun’s disc. 

At the superior conjunction it is beyond the sun, 
and nearly in a straight line with it from the earth. 
At these times we cannot see it at all, because of 
the solar brilliance ; but if we could see it we should 
see its disc fully illuminated like that of the moon. 
At the times of greatest elongation the planet 
appears like a half-moon; a good field-glass or 
small telescope will clearly fihow these phas^ when ^ 
Venus is shining as the Evening Star, from two to 
three houm aner mmset. At other times the 
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planet exhibits rarioUs lunar phases, being gibbous 
as it passes from one elongation to the other beyond 
the sun, and waning to a crescent as it completes 
the other half of its orbit The same explanation 
applies to Mercury, though its proximity to the 
sun makes its phases less easy to follow. 

The Earth as a Planet* The third planet 
in order of distance from the sun is by far the most 
interesting of all, because it is the earth on which 
we live,! Some explanation must here be given 
of the way in which astronomers have measured 
the size of the earth’s orhiU or annual path 
round the sun, which affords a basis for all our 
measures of celestial distances. In the first 
place it must be said, though the explanation 
of the fact must be looked for in more advanced 
treatises, that the mathematical theory of astro- 
nomy, based on Newton’s law of gravitation, gives 
us all the relative measurements ot the solar system 
with great accuracy, but docs not determine any 
one of them ahsolutdy. That is to say, if we know 
any one of these measiiroments, we can easily 
cafculate all the others in terms of it. The most 
obvious measurement to use as a basis or unit is the 
distance of the earth from the sun. '^I’ho early 
Greek astronomers made ingenious but futile 
attempts to calculate this by geometrical con- 
structions, but the problem was too eoraplicated 
for them. Modern researches have been carried 
on by means of two distinct methods, which have 
yielded results practically similar, and have enabled 
us to measure the earth’s mean distance from the 
sun within a very small margin of error. 

The Sun*s Parallax. The first and older 
of these methods depends on what is called ^araUwe, 
Parallax is a name given to the difference between 
the directions of a celestial body as seen from two 
different points. It is the same principle which is 
utilised in the trigonometricaroperations of ordinary 
surveying. The surveyor measures tlie base line 
AB of a triangle [26] in order to determine 
the position of a third point C. He then sets up his 
theodolite first at A, and then at B, and measures the 
angles CAB and CBA— or, in popular language, the 
difference of direction of C, as seen from A and B. 
When the length AB and any two of the angles of 
the triangle ABC are known, it is a simple trigono- 
metrical calculation to find the length of the "other 
aides CA and CB [see Mathematics, pages H231 
and fi373]. In celestial surveying, or astronomy, 
we begin by measuring a base line on the earth. 

We can now understand the principle on 
which the measurement of the sun’s distance by ifs 
parall;.^ is based. In the diagram let A and B 
represent two stations on the earth, separated by a 
known distance AB, and let C represent the sun or 
planet whose distance it is desired to measure. If 
two observers simultaneously observe the direction 
of the sun or planet, and combine their observations, 
we then have a triangle in which the length AB and 
the angles CAB and CBA are all known, and it then 
becomes possible to calculate the distance AC or BC. 

This is merely a rough illustration of the method 
used, which is really much more elaborate, and 
involves a great many minute corrections which we 
have no space to explain. But the principle of it 
wiU now be clear. Such measurements require to 
be made with the greatest accuracy, because 
the distance of the sun from the earth is so great in 
comparison with the longest base that can be drawn 
on the earth that the difference between the direc- 
^ionfi from which it is seen from any two points at 
the same time k exceedingly small. 

mi 


There is, however, another quite independent 
method of estimating the distance of the sun. It 
will be clear that wc could measure the distance 
from London to Edinburgh with considerable 
accuracy if we knew that a motor-car, built so 
as to run uniformly at twenty miles an hour, had 
taken a specified time over the journey. We 
have a messenger of this kind, warranted to move 
with a perfectly uniform swed, in the ethereal 
vibrations which constitute li^t. It was discovered 
200 years ago that light did not traverse space 
instantaneously, but took a definite time in com- 
pleting a journey of a given len^h. In the course 
of its yearly journey, the earth moves from end to 
end of the diameter of its orbit — a gigantic base 
line of more than 180,000,000 miles. 

The Sun's Distance Measured by 
the Speed of Light. The Danish astronomer 
lloemer found that his observations of the eclipses of 
Jupiter's satellites, whose motions are so well known 
that the times of these eclipses can be calculated in 
advance, varied as much as sixteen minutes from one 
another at different times of the year. Some of his 
observations showed that these eclipses happened 
about eight minutes sooner than the predicted time. 
Six months later the observation was eight minutes 
behind the time given in the tables. It is from 
such discrepancies between calculated events and 
observations made as accurately as possible that 
a great many of the most valuable scientific dis- 
coveries have arisen, since they always point to 
the existence of some previously unsuspected 
cause which modifies the phenomena under study. 

B-oemer, on thinking it out carefully, saw that 
the only difference in the conditions between the 
two sets of observations was that the earth was 
at opposite ends of its annual journey ; in other 
words its distance from Jupiter, which does not 
move far in six months, varied in that time by 
about the diameter of the earth’s orbit, or twice 
the distance from the sun to the earth. He then 
saw that if he assumed that light took about 
8 minutes to travel from the earth to the sun, the 
discrepancies between his observations and the 
predicted times of eclipses might be satisfactorily 
explained. These eclipses having been calculated 
with the sun as stiirting point, when the earth was 
at its nearest approach to Jupiter light from that 
planet, bearing the message of the eclipse, would 
reach it eight minutes sooner than the sun, and, con- 
sequently, the eclipse would seem to happen eight 
minutes too soon. Similarly, six months after- 
wards, when the earth had rushed to the other end 
of its orbit, the light would have to pass the sun 
and travel on as far again, and the eclipse would 
api)ear to happen eight minutes later. 

The Fundamental Astronomical 
Unit. It is possible with the exact instruments of 
modern science to measure the velocity of light in 
our laboratories, and from such observations as those 
of Roemer can be measured, with equal accuracy, the 
time which light takes to travel from the earth to the 
sun. This physical method of vneasuring the sun’s 
distance is quite independent of the parallactio or 
astronomical one, and the two dve results closely 
in accordance with one another. From these various 
methods the earth’s distance from the sim is known 
to be about 92,900,000 miles, the probable error 
not being greater than 100,000 miles either way< 
This distance of the sun is the fundamental unit 
of astronomical measurements, in terms of which 
all others are calculated, though we shall see 
when we come to the fixed stars that another 
and larger unit has there to be adopted, 



When the actual distance of the earth from the 
gun has been found by either of thesr methods, all 
the other dimensions* of the earth’s orbit and the i 
rest of the solar system can be calculated from it. 
Another very important unit is the earth’s mass, 
which is found by experiment, and from which the < 
laws of dynamics enable us to calculate the mass 
of all other bodies which compose our system. 
There are various methods of weighing 
the earth, which all depend on the same 
principle as that by which the mass of /* 

any comparatively small quantity of *0 

matter is determined. « , ^ 

The Mass of the Earth. 

The most trustworthy of these is that 
used by Cavendish, the famou.s chemist \ \ 
of the eighteenth century, and generally \ \ 
associated with his name, though later \ 

workers have obtained still more accurate 
results from its use. The law of gravi- 
tation tells us that two masses attract \ 

one another with a force which is always 
proportional to the product of their 
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only about t^tb [24]. The points in the orbit at 
which the earth is nearest to and farthest from the 
sun are respectively known as the perihelion and 
the aphelion* The earth reaches its perihelion 
about December 31st, and its aphelion early in 
July. It would seem at first that the earth should 
be nearest to the sun in summer and farthest from 
it in winter. But our seasons depend upon 
the fact that the earth rotates about 
an axis which is inclined to the plane 
of its orbit at an angle of rather 
. more than 23®. This axis always remains 
pointing to the same points in the sky, 
I* which are known as the celestial poles. 

When the earth is in perihelion its 
north pole is inclined away from the sun, 
whence it follows that in the northern 
hemisphere the nights are then longer 
than the days, and the total quantity of 
light and heat which that hemisphere 
receives from the sun is a minimum, 
while in the southern hemisphere these 
conditions are exactly reversed. Con- 


masses. The C'at7c?idwA experiment con- 23. apparent motion sequcntly when the earth is in perihelion 


sists in measuring the attraction which OP ^ 

a massive globe of lead has for a small 
pith ball, and comparing this attraction with the 
weight of the pith ball. The weight of a body 
is simply a convenient way of measuring the 
attraction which the earth has for it ; we are, 
therefore, able to say that the mass of the earth 
is to the mass of the leaden globe as the weight of 
the pith ball is to the force with which the leaden 
globe would attract it if placed at the same distance 
away from it as the centre of the 
earth, from which terrestrial gra- 
vitation is measured. The obser- 
vation is a very delicate one, as 
it involves measuring forces not 
greater than the weight of the / § 
millionth part of a grain; but 
considerable reliance is placed on \ ^ 
its results, and the density of the 
earth is known w’ith fair accuracy 
to be about times that of water. 

Other methods used for deter- 
mining the mass of the earth, 24. THE E / 
such os the Schehallien and the 
Harton experiments, are much less trustworthy, 
but on the whole lead to the same result. From 
the known size of the earth we can calculate its 
volume, and its mass being determined by the 
Cavendish experiment gives us its mean density. 
The actual mass of the earth is O x 10^^ tons — 
or 6 with 21 noughts after it. This gigantic mass 
cannot be realised by any mental process of which 

we ajo capable. In astrono- a, 

mical worlc the mass of the 
earth is taken as the unit to 
which the mass of other ce- 

lestial bodies are referred. 

Thus, the mass of the sun is ® 

given as 332,000 times that of 25. triqonomet 

the earth; and Jupiter, the DETBRJ 

Ingest of the planets, is 3177 

times as massive as the earth. The smallest of the 

telescopic planets is probably much less than 


24. THE earth’s orbit 


25. trigonometrical parallax 
determination 


rsWth part of the earth’s mass. 

The Orbit pf the Earth. The earth’s 
wbit, as we have already seen, is an ellipse of which 
the sun occupies one focus. This orbit is very 
AWly circular, the eccentricity of the ellipse being 


fjus it is mid- win ter in the northern and 

mid-summer in the southern hemisphere ; 
when it is in aphelion it is mid-summer in the 
northern and mid-winter in the southern. 

A Model of the Season Changes. The 
student will find it quite easy to understand why this 
is the case if he will make a rough model of the earth 
by running a knitting-needle through the core of an 
apple, and trace the equator round the middle of the 
apple at right angles to this axis. If he then takes 
a lighted candle to represent the 
sun and moves this model earth 
round it, taking care to keep the 
axis inclined at an angle of about 
\ 23° to the plane of the table on 

\ . which th? lighted candle stands, 

fpurtd ho will get a very good idea of- 
® the seasonal changes which are a 
necessary consequence of such 
physical arrangements. 

He will also see that there are 
two, and only two, points in the 
ph’s orbit earth’s orbit at which the plane of 
its equator passes tlirougli the sun. 
When the earth is at these points both hemispheres 
are equally illuminated, and day and night are of 
equal length, whence those points in tho orbit are 
known as the vernal (or spring) and autumnal 
eqnim>xes* The points in the orbit at which the 
northern hemisphere has resi)ectively its maximum 
and minimum illumination are the summer and 
winter solsiitxSf because at these points in the orbit 

Q the sun has reached its highest 

^ ^ place in the sky and appears 
to stand still for a day or two 
before begiiming its reverse 
journey. The sun’s apparent 
motion in the sky is com- 
CAL PARALLAX pounded of the earth’s rotation 
rATiON and its revolution in the annual 

orbit. Every day it travels 
across the heavens from east to west, because 
the earth ii rotating from west to cast and 
carrying the observer with it. Every year the point 
where the sun ctdminates, or reaches its highest 
place at noon, travels steadily upwards in the 
sky from mid- winter to mid-summer and then 
sinks down again at the same rate. 


Continued 


6405 







SAILOBS* KNOTS AND HIT0HB8 

!• Oveifiand knot 2. klgure of eight S« Handspike hitch 4. Sheet or common bend 5. Common bowline 6. Reef knot 
7. Carrlbk bend 8. Flemish loop 9. Chain knot and toggle 10. Bowline on a bight 11 Sheepshank 12. Oatspaw 

18. Haaibitoh 14 Timber hitch 16. Clovehitch 16. Rollinghitch 17. Timber and half hitch 18. Blacki^ hitch 

19. FUtherman’s bend 20. Round turn and half hitch 21. Waif knot 22. Crown knot 23. splice 24. Crutcbmg 

or manying a splice 


ftemiCAN'8 Bend [19]. This is used for fasteninff a 
cable to A shackle or ring. Pass the rope twice round the 
ana put the end through the turns. For security the 
<md xnuit be tied to the standing p8ud> with fine cordi or 


•tepp^^k/’ 

Eotod and Half ] 

Pass end twice round the ring, and make half 


' as the proper term is. 

f &TCS [20]. Used for the same 


„2), wwiiit th« tbtM iteMid* of ibe rop. for a diitanoe 


(2) Haul ends taut, shaping the knot evenly with the 
fingers. 

Cbown Knot [221. This is a further oompleUou of the 
wall. Make wall and then take strand 1 over centre of wall. 
Place strand 2 over 1 and 8 over 2. and under 1 ; pull these 
taut. Shaping with fingers Is necessary, and the crown Is 
complete. 

With a sound knowledge of these knots the 
sailor will be able to make hm way as far as knotting 
is oonoemed ; but to join ropes permanently he 
must be able to splice, which we shall now explain. 

SpUoliig. Splicing is the art of interlacing 
the strands of ropes so aa to make them practically 
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one cord. To separate the strands a marlinspike, 
which is an exaggerated steel needle, is n^'cessary. 

Eyb Splice. This f28j is the method of making a 
permanent loop at the end of a rope. Take the 
end of the rope and unlay the three strands for 
about 4 in. Then place these against the standing 
part at the spot which will give a loop of the desired 
size. Take the middle strand ana after prising 
up one of the strands of the standing part pass 
the free strand beneath it. Pass the other two 
strands, one on each side, under the other strands 
of the standing part, and work the loop up tight. 
Slightly taper the strands, by pulling off a little of 
■ the hemp (the usual practice is to cut one or more 
of the yarns composing the strands of the ropcl, 
after first tuck has boon completed with all strands, 
and pass them under the strands of the standing 
part again, taking care that each free strand passes 
over one of the standing strands before entering 
beneath the next strand. The ends are now again 
further tapered and the process repeated a third 
time. All ends are now clip])od off short, after the 
splice haij been well hammered, and then fine spun- 
yarn is bound round the joint. Binding with 
spunyarn when done the reverse way to the lay of 
the rope is called serving. 

Short Splice. To make a short splice, or join 
between two ropes, the ends of each must be un- 
Jayed, or unravelled for a few inches. Then fit 
the ends of each rope accurately together, so that 
the ends of one lie between the ends of the other. 
Tliis is called crutching or marrying the ropes 124). 
Now pass each strand over one strand of the 
opposite rope and tuck it under the next strand. 
When this has been done once with each strand 
of each rope, taper the ends a little and repeat the 
process a second time. Clip off the ends, and if 
necessary serve with spunyarn. 

Long Splice. This is used where no increase in 
the circumfoi;ence of the rope is required. To 
begin with, each rope must bo unlayed about three 
times further than for a short splice. Then the 
parts are married. Now take one of the straq^s of 
the right-hand rojs} and unlay it still further, 
hlling up the groove thus made with the corre- 
sponding strand of the left-hand rope. This must 
be done till only a short end of the left hand 
strand remsins free. Rex)oat the operation on the 
left-hand rope, filling up with the corresponding 
right-hand strand. You will now have two long 
strands in the middle, and at some distance on each 
side of them there will be a very long strand and 
a very short one. Deal with each of these three 
points separately. Divide the strands at each 
point and tie the corresponding divisions together. 
Then take the ends at each point thus formed and 
tuck them under the second strand, having passed 
over the first one. Taper the ends and tuck them 
a second time over a strand and under the second 
from it. Hammer and stretch the rope well and 
cut off all loose* ends. 

Worming and Parcelling. Worming is 
filling in the grooves of a rope with spunyarn so as 
to make the surface absolutely smooth, and to 
prevent water from reaching the heart of the rope. 
It must be done in the direction of the lay of the 
tope. Parcelling is bandaging the rope with 
strips of tarred or oiled canvas about two or more 
inches wide, according to size of the rope dealt 
with. This must be done with the lay of me rope, 
attd each lap must overlay the one prior to it. in 
peroelliPg parcel from bjolow upward, so 

^ overlays 9hed the weter. Serving is done 


against the lay, as we have indicated. The rule is 
easily remembered : 

“ Worm or parcel with the lay. 

Turn and serve the other way.” 

Purchases and Tackles. For lifting 
heavy weight, and obtaining increased power for 
hauling on the various ropes in a ship a number of 
combinations of blocks and ropes are used. The 
simplest is a single whif, whi'^h consists of a single 
pulley over which the rope runs. The pulley is 
made fast to a spar or to some portion of the 

Next comes a double whip. One end 
of the rope is made fast to a spar or the rigging, the 
other passes through a block fitted with a nook 
on which the weight is to be lifted. The rope then 
runs up and through a second block fastened to 
the spar or rigging beside the end of the rope, and 
thence to the winch or to the men who are to 
haul. A gun tackle is similar, save that the end 
of the ro])e is fastened to the second pulley, and 
there is, therefore, only one point of attachment 
to the spar. A luff tackle has a double -wheeled 
pulley at the top. and .a single pulley with a hook 
at the bottom to attach to the cargo or sheet. The 
rope is fixed to the single pulley, runs up through 
one wheel of the double block, then down and round 
the wheel of the single pulley ; up again, then 
round the second wheel of the double block and 
thence to the men or the winch. A runner and 
tackle is simply a luff tackle, the top block of 
which is suspended from a single whip. A four- 
fM purchase has a double block at the bottom as 
well as at the top. The rope is attached to the 
top block and passes twice through the pulley 
holes of each before being led to tlie winch. It is 
a very powerful purchase indeed. A long tackle 
differs from the previous purchase only in being 
made of two single blocks strapped end to end at 
each end in place of a double block. The rope is 
attached to the lower of the* upper two blocks, 
passes through the upper of the two under blocks, 
through the lower of the two upper, then to the 
lower of the lower pair, and finally over the upper 
of the uyjper pair. A Spanish Burton is a useful 
tackle for lowering weights (cargo) into a vessel’s 
hold and is almost solely used for that purpose. 
It consists of two blocks, one cargo-hook and a 
long rope (fall), and can best be explained by the 
annexed sketch [25]. 



In reeving this purchase it is necessary to know 
the distance from position of block A (which is 
generally secured to a span stretched betwm 
vossers masts in such a manner as to be vertical 
over % t^tcl^wa^l tq tjjxo bottom of vessel^ hokl, in 



order that the block B may not touch the upper 
Hook A before the weight attached to cargo>hook 
C has reached the bottom of hold. * The two parts 
of the tackle-fall are strongly seized together at 
point D after ita being rove through the eye of 
said cargo-hook and holding same in desired 
position. 

A few days at sea will suffice to teach the would- 
be sailor the names and uses of the various parts 
of the shin, of the standing and running rigging, 
and we will at once give a few rigging details which 
the sailor may well have to perform at sea. 

To Send a Topmast Down. Ihe same 
instructions apply to a topgallant mast. Reeve 
the mast rope through a block at the lowermost 
head, through the sheave hole in the heel of the 
mast, and make it fast at the other side of the mast- 
head. Come up all the gear, back stays, rigging 
and stays, sway a little and then get the fid out. 
Then lower away and surge quickly just before the 
croBstrees come on the lowermost head. Send 
down all the gear with gantlines, or auxiliary ropes 
rove through blocks. Single the mast rope and 
lower the mast on deck. 

To Send a Topmast Up. The same in- 
structions apply to a topgallant mast. Lay mast 
on deck, after side up, and heel aft. Hook a block 
to eyebolt at one aide of the cap, and reeve the 
mast rope from aft, down through the square hole 
in the trestle trees, along the mast, and through the 
sheave hole at the heel of the mast. 

Bring it back along the mast, and hitch it round 
the masthead and the standing part of itself, leaving 
enough end for doubling. Rack the two parts 
together below the hitch. Now hoist away and 
point the head of the mast through the hole in the 
trestle trees. As soon as it is through, cast the 
hitch adrift and double the mast rope by taking end 
up through trestle trees, making it fast at the other 
side of the cap. Como up (slacken and let go) the 
racking and hoist away again, until the masthead 
is a few feet above the cap, and then lash gantline 
blocks to the topmast head, reeving the gantlines 
from forward and overhauling them down to the 
deck; bend them to the after crosstrec legs and 
stop them to the fore ; hoist away till you can rest 
them with the after part resting on the lower nnist- 
head, fore part against the topmast, and underside 
forward. Cut the stops, and the crosstrees will fall 
over the masthead, then heave away till the cross- 
trees are in their proper place. Next put on the 
gear of the mast ; for a topmast, first the bolsters, 
then starboard rigging, next port rigging, star- 
board backstays, port backstays, and topmast 
stay last of all; for a topgallant mast, first the 
funnel or grummet, then the topgallant stay, next 
rigging (starboard side first), and last the backstays. 
A royal mast is rigged the same as a topgallant mast. 
In topgallant and royal mast riggings, the gear is 
put over the masthead as soon as the mast is 
pointed through the topmast cap. This done, the 
mast rope i$ hauled upon and the mast placed in 
position, and fastened by a fid, or otherwise, accord- 
ing to the mast. All rigging is then tightened up 
and made fast 

Sending Down Yards in a Gale. These 
directiions are fop topsail yards, and for all above 
them ; those for main or fore yards will follow. In 
^ooth weather, such great precautions need not 
be taken, but it is well always to remember the 
proyerb : “ Better be sure than sorry.” 
rastunreove the tie and reeve the vard rove through 
hole at the masthead. Tai3 a hitch round 
wmI ma3ee\the end fast to the weather 
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quarter of the yard. Clear the yard of buntlines, 
clewlines, and leechlines, and of foot-ropes from the 
after side of the mast. Lash a preventer parral 
round yard and mast to keep the former close to the 
latter, till all is ready for lowering. Now sway away 
a little, and so take away the strain off the lifts. 
Unparral the yard, leaving the preventer parral. 
Take the lifts off ; top the yard and stop the yard 
rope to the lee yardarm. Cast off preventer parral, 
and lower away abaft all and to windward, sliding 
down the other part of the yard rope, or steadying 
the yard as she comes down with a tripping rOpe. 
The braces are taken off as the yard comes down. 
When a yard is very heavy, a double purchase 
must be used. 

Sending Down Main and Fore Yards. 

These, being very heavy and very long, have to be 
lowered athwart ship. A powerful purchase is made 
fast to the centre of the yard, suspended from the 
lowermast head, or the to;ymast head. At each arm 
a guy rope is fixed to keep the yard level as it comes 
down, and from the centre a whip is rove through a 
block on the fore side aqd led well forward. The 
purchase is hauled upon, and then the* sling is 
unshackled and the truss unfastened. Then lower 
away, steadying the yard with the guys and keeping 
it close to the mast by the forward whip. To send 
up a fore or main yard, reverse the above proceedings 
exactly. 

To Send Up a Topgallant or Top* 
Gallant Yard. Reeve the yard rope, abaft 
everything and to windward, through the sheave 
hole at the masthead ; overhaul down to the deck 
and make fast about the middle of the yard, and 
stop it to what will become the lee yardarm. Put 
all gear on the yard, except the braces. Heave 
away, and when high enough, shackle on the braces. 
Cast off the lee yardarm stop when the centre is 
high enough. Put on the lifts and parral the yard. 
I^t the yard take the lifts and haul on the braces. 
Then reeve the halyards and any other gear. For 
heavy yards, a purchase must be used instead of the 
simple yard rope rove through the masthead sheave 
hole. 

Remember that all yards that hoist are supported 
by parral, lifts, and halyards, the lifts and halyards 
taking the weight when the yard is down, and the 
lialyards when the yard is up. P'ixed yards, such 
as fore, main, crossjack, lower topsail, and lower 
topgallant yards, are trussed. 

To Send a Jibboom Out. Reeve a haul 
rope through a block at the cap of the bowsprit, 
through the heel of the boom, and make fast to the 
bowsprit cap on the other side. Overhaul fore and 
aft stays, back ropes, and guys ; make flying jib 
halyards fast to end of boom, to keep it from trip- 
ping. Heave away till boom is far enough out, 
then down with the heel. Clamp it and lash 
preventer round boom and bowsprit. 

To Send Jibboom in. Reeve heel ro()e as 
before, and slacken all gear. Make flying jib hal- 
yards fast to end of boom, and heave a little to get 
the heel clear. Get tackle on to heel and haul into 
place. 

Reducing and Setting Sail. The order 
in which the square sails of a ship are usually set is 
as follows ; Lower main toraail, lower fore topsail, 
lower mizzen topsail, foresail, orossjack, main upper 
topsail, mainsail, fore upper topsail, mizzen upper 
topsail, main, fore, and mizzen topgallant sails, main 
fore and mizzen royals. In some ships the crossjack 
is not set till after the mainsail. When reducing 
sails, the general practice is to take them in in the 
reverse order to setting them. The staysails are set 


inuMtiT 

and taken in in no legular order. They are rety 
useful in keeping steerage way on a ship, and in 
keeping her on her course ; and the officer of the 
watoh generally tries to keep at least one set. Here 
is practical example of taking in a setting sail, taken 
from Heed’s Seamanship.*^ 

** In a fulhrigged ship, the wind begins to get up. 
The officer first takes in royals, flying jib, small 
staysails. The wind increases and all topgallant 
sails are stowed. As it gets worse, each topsail is 
reefed. If the wind gets worse, the fore and mizzen 
topsails are close reefed, or where a ship carries 
double topsails, the upper ones are stowed, the 
courses are reefed, and the mizzen taken in. As the 
gale gains power and the sea gets up, everything is 
stowra but the three lower topsails, the reefed fore- 
sail, and the fore topmast staysail. These would be 
kept set as long as the ship could stand it ; then the 
sans would be reduced to two lower topsails, and 
if these could not stand, they would be taken in, the 
fore one first, and a storm sail set. If possible, the 
royal and topgallant yards would be sent down 
before the gale reached its height. Should the 
Storm staysail blow away, a tarpaulin would be 
dashed in the rigging to take its place. 

“The weather moderates, and the three lower 
topsails are set, with the reefed foresail and the fore 
topmast staysail. As it improves, the three upper 
topsails would follow, and then the jib and lower 
staysails. Next, the mainsail and mizzen or cross- 
jack. After that, all reefs would be shaken out, and 
lastly the topgallant sails and royals would be added, 
witk any staysails that had not been set.” 

Tacking, or Putting Ship About. First 
give the order “ About Ship.” See that all is clear, 
and the hands at their proper stations. Ease the 
helm down and haul the mizzen boom amidships. 
Order “ Helm-a-lee.” Watch, and as she comes 
to, and shakes, give order “ Tacks and Sheets.” 
When she comes within one point of the wind, give 
order, “ Mainsail Haul.” Down main tack and aft 
sheet. Trim the head sheets and shift helm, if 
necessary, to bring her round. When round enough 
for the head yards to fill — that is, when the mainsail 
is full, and it seems likely that the foresail will fill — 
give order “ Let go and Haul ” ; down tack and aft 
sheet of foresail, brace yards, and haul out bowlines, 
and the ship is on her new course. If she wi]l not 
come round, and gathers much sternway, then she 
has “ missed stays,” and you must bring her round 
on her heel. Shift the helm a-lee again, square 
after yards, haul head sheets aft, and brail in the 
mizzen. When she gathers headway, shift helm 
a* weather and keep her so till the aftei yards shiver. 
When before the wind, square the fore yards, and 
as soon as the wind comes to the other quarter, 
haul out the mizzen and brace the yards up as the 
sh^ comes on her new course. 

To wear an ordinary shin, brail in the mizzen, 
hard up the helm, and as sne goes off, square the 
after yards, keeping them just shaking. When 
before the wind, square fore yards and brace up 
for the other tack. As soon as the ship begins to 
come to, brace up after yards and set mizzen. 

Setting and Taking In Salle. Instruc- 
tions for, setting and taking in sails are as follow ; 

To dxx A CouasB. Courses are the lower sails. Loose 
the ssih overhaul all gear, let go lifts, haul alt the slack of 
the sheet, down with the tack, and haul the sheet flat aft. 

To Tabs m A CouBsi. Keep ship well full, steady the 
lifts, esse off the lee sheet a little : man weather clewgamet, 
buniUnes end leeobUnes ; ease away tack and haulon dew 
ggniet. and bnnUines. The tack being dose up, man 
flamct, buntltnei and ieedilines, ease away the 
dew garnet, buntUnes and leeoliniiis. 

MIS . , 


, To Sn AloMAiuin Sin, Uotal os Sihoui Topsus. 
Loose the sail, overhaul the gear, haul home the lee sheet, 
then the weather sheet. Hoist the yard tending the weather 
brace, and haul tight the lee brace. 

To Take in the Sahb. Clew down the yard, check the 
weather brace, haul up the lee clew line, bunt line and leech 
line. Then the same on the weather side and stow the sail. 

To Sbt Upper Topsail or Upper Topgallant Sail. 
Loose the sail ; let go the downhauls and sheets of the sail 
above. Overhaul the gear, and hoist away on the hal- 
yards, tending the weather brace. 

To Take in the Same. Lower away, haul on the down- 
hauls, take in slack of weather brace, haul on the buntlines ; 
steady tight the halyards, and braces, placing the yard 
parallel with the lower yard, and then stow the sail. 

To SET THE MIZZEN. Kase off the weather vang and boom 
sheet ; let go the brails, haul on the foot outham, and then 
on head outhaul, and when the head is full out tauten up 
everything, and trim sail. 

To Take in the Same. Ease off weather vang and boom 
sheet, haul down the head, slack away tfie foot outhaul, 
and haul on the lee brails, taking in the slack of the weather 
brails. 

To Set a Jib. Loose the sail, haul sheet aft. let go down- 
haul, and hoist away on lialyards, tending the sheet, and 
when set trim. 

To Reef an Upper Sail. Lower the yard, haul in the 
weather brace, and check the lower yard ; haul out the 
reef tackles, if any, steady tight the halyards and lay aloft. 
Haul out the earings and tic the points, slack away the reef 
tackles, let go lee brace, and hoist yard, tending the weather 
brace as yard goes up. 

To Reef a Course. Hook a reef pennant on to the weather 
clew and haul tight the lifts. Haul sail up the same as for 
stowing, but not quite so high, then haul out reef tackles. 
Lay aloft. Haul out earings and tie the points. Black away 
reef tackles and set sail again. 

To Shake out a Reef. Haul reef tackles well tight. 
For a course ease tack and sheet , for an upper sail settle 
the halyards and haul tight the downhauls. Lay aloft. 
Each man begins untying points at the middle of the 
yard and works outwards. The earings are eased off to- 
gether, reef tackles let go and sail set. 

The Rule of the Road. This is one of the 

most trying branches of seamanship, and one wnich 
can be learnt from books. Vessels at night carry a 
red light on the port side, and a green light on the 
starboard side. Steamers also have a white light 
some distance up the foremast. Now, the primary 
rule is that all vessels overtaking another have to 
keep clear of the one they are ov^ertaking. With 
this sole exception, all steamers under way have 
to keep clear of every sailing vessel. 

The most common ease is that of two steamships 
meeting. If they are end on — that is, when each 
can see all three lights of the other — then each has 
to alter her course to starboard. 

When all three lights you see ahead, 

Port your helm, and show your red. 

If two steamships are meeting, but are passing 
clear of each other on the starboard side, the meeii 
light of the other vessel’s starboard light w3l be 
seen, or on the port side, the red light. By day, it 
is easy enough to see whether the vessels are in the 
proper position for safety. The rule can • be 
remembered by; 

Green to green, or red to red, perfect safety — ^go ahead. 

When two steam vessels are crossing, the vessel 
which has the other on her starboard side shall 
keep out of the way of the other. That is to say, 
that if a steamer is crossing you coming towards 
your starboard side, or at night you see her red 
light, then you have to keep clear ; if she is coming 
the other way, she has to keep clear of you. The 
fixed rule is thus memorised : 

If to my starboard, red appear, 

It Is my duty to keep clear ; 

To act as judgment says is proper : 

To port, or starboard, back or stop her. 

But when upon my port is seen 
A steamer’s starboard light of green, 

There’s nangbt for me to do but see 
That green to port keeps clear of me. 

In the event of the lieht appearins very close up» 
both vessels must do whii| judgment sog^ts. 
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Sailing Ships Meeting. When two sailing 
ships are meeting, or liable to cross, the following 
rules have to be observed : 

1. A vessel which is running free — that is, with 
the wind on the beam, or abaft it — must keep out of 
the way of a vessel which is close-hauled. 

2. A vessel which is close-hauled on the port tack 
must keep out of the way of a vessel which is close- 
hauled on the starboard tack. 

3. When both are running free, with the wind on 
different sides, the vessel which has the wind on the 
port side shall keep out of the way of the other. 

4 . When both are running free, with the wind on 
the same side, the vessel which is to windward shall 
keep out of the way of the vessel to leeward. 

5. A vessel which has the wind aft shall keep out 
of the way of the other vessel. 

Every vessel which is directed to keep out of the 
way shall avoid crossing ahead of the oncoming 
vessel if such is possible. 

Vessels which are being overtaken at night shall 
show a white flare over their stem, as a warning to 
the oncoming vessel. 

Direction at Night. To tell at night the 
direction a vessel is steering, the rule is as follows : 

Fob Steamships Appro achino. If a green li^ht 
is seen, tak^ the bearing and the vessel will be steermg 
between six points to the right of that bearing and 
the opposite point of the bearing nearly. If she 
was steering exactly to the opposite po nt of the 
bearing, all her lights would be seen. If a red light 
is seen, the direciion will bo between six points to 
th^ left of its bearing, and the opposite point of the 
bearing nearly. 

For Sailing Vessels. The same rules apply, 
but you must also take the direction of the wind, and 
remember that very few sailing ships can sail within 
six points of tho wind, so all directions which lie 
within six points of the wind have to be eliminated. 
For instance, with the wind north, a sailing ship’s 
red light is seen bearing due south. She must be 
steering between E.S.E. and E.N.E., because, 
though the rule gives you between E.S.E. and north 
as her direction, she could not sail between E.N.E, and 
north- because E.N.E. is six points from the wind. 


Lights and Signals 

Steamships under way carry White masthead light, 
green and red side lights, 
some have second masthead 
light. 

Have ready red and green 
hand lamp, or a lantern 
showing white light . 

Two white masthead lights 
vertical, 0 ft. apart. Hed 
and green side lights. If 
towing more than one vessel, 
or if tow be more than 600 ft. 
long, then an extra light 
must be shown. 

Might . Two red lights, 
vertical, 6 ft. apart. Day : 
Two black balls or shapes in 
same position. If making 
way at night, side lights as 
usual. 

Night : Three lights, red, 
white, red, vertical, 6 ft. 
apart. If making way, side 
lighta as usual. Day : Red 
ball, white diamond, red ball 
In same positions. 

Red and green side lights. 


Vessels under gars or siwls, 
less than 20 tons burden. 

Sj^eamships towing. 


411 vessels not under com- 
mand. 


Telegraph ships. 


way. 


Sailing vessels under 
or any vessel being towed. 
Own nshlpg boats under 

Vessels at anobor. 


Lantern with red and 
green sides. 

White light visible aU 
round horizon. If over 160 ft. 
long, two white lights, for- 
ward one at least 20 ft. 
above hull, and after one 
It. below forward light. 


Lights for ancdiored vessel 
and for a veesil not under 
command. 

White masthead light, and 
flare up at Intervals ox not 
more than 16 minutes. Also 
side lights at short intervals. 

White masthead light, and 
red below it. Side lignta, and 
flare when anchored, mast- 
head lights and white flare 
as above, but no side lights. 

Two bright lights, visible 
all round horizon, where best 
seen. Flare at approach of 
other vessels. 

Same as other steamers 
under way, or red and green 
lights to show four points 
abaft the beam. 

Masthead lantern with red 
and green lights showing 
over 12 points each, and be- 
tween 6 ft. and 12 ft. below 
them a white light. Or 
same as ships under way. 

Night : Red light forward, 
and similar light aft. Day : 
All distinguishinff marks 
struck, and red flags fore 
and aft. 

In thick weather vessels are required to keep a 
foghorn or syren sounding at regular intervals when 
under way, and to ring the shi^s bell every minute 
when not moving. 

Warning Signals. The Morse code can be 
uti'ised for warning signals, either by giving blasts 
on the foghorn or by flashes of a lamp. Short blasts 
and flashes are of one second’s duration ; long blasts 
or flashes are three seconds in length. Between 
each flash or sound, a second should be allowed to 
elapse. Morse alphabet, as used in telegraphy, has 
been ^iven on page 4382. When used in ship 
signalling, dashes are long flashes or blasts, and dots 
are short ones. 

Special signals are as follow : 

Preparatory signal to attract attention etc. 

Answering sismal. I understand etc. 

You are standing into danger • . 

I want assistance. Stand by me • • . 

Have met ice . 

Your lishts are out or bad , mmm mm, , 

Way on my ship. Come past carefully . . 

Stop ; I have something to communicate • m • • 

Am disabled ; communicate with me , , mmm , 

Between Vessels Towinq : Steer more to starboard . 

Steer more to port . . Cast off hawsers .... 

Pilot Signals. By Day: (1) Union Jack, 
with a white border, at the foremast ; (2) Inter- 
national Code Pilot Signal PT : (3) International 
Code S, with or without pennant over it ; (4) Distant 
signal, consisting of cone, point upwards, having 
above it two balls or shapes like balls. 

By Night: (1) Blue light firework every 16 
minutes ; (2) bright, white light just above bulwarks 
shown for a minute at a time, constantly repeated. 

Signals of Distress. Distant signal of 
cone, point upwards, and above or below it a ball or 
a bundle resembling a ball. 

Morse Code V. 

A flare-up or any detonating signal, or a burning 
tar barrel on deck, or rockets. 

International Code Signals. These 
are made with coloured flags, as mven below. The 
ordinary signals will be found in uie ** International 
Code of Signals,*’ a book which every ship carries. 
The names of vessels will be found in the British 
“ Code List,” which is also found on most ships, and 
Is supposed to be oarrieci by all. The flags are as 
follow : 

A A burgee, half white, half blue. White next the mast. 
B A red burgee. Alto ilgnifles carrying powder. 

C A white pennant with a red spot in centre. Alone 
means ** Yes.** 
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Vessel aground. 

Sailing pilot veuelt. 

Steam pilot vessels. 

Vessels drift net and line 
fishing. 

Steam vessels trawling. 

Sailing vessels trawling. 

Light vessels out of place, 
and BO useless for naviga- 
ting by. 
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D » A blue pennant with white spot in centrSc Alone 
means “ No/* ^ ^ 

E »> A red, white, and blue vertically striped pennant. Bed 
next mast. 

F «» A red pennant with white St. Oeorge*s cross on it. 

G A yellow and blue pennant, divided vertically in half. 
Yellow next mast. 

H ~ A square flag, half red, half white, vertically. Bed 
next mast. 

I A yellow flag with blue spot in centre. 

J ^ A flag striped horizontally blue, white, blue. Three 


stripes only. 
= A yellow and 1 


Yellow 


O 


blue flag, halved verticallyc 

next mast. 

~ A flag quartered yellow and black. Alone means 
cholera on board. 

A blue flag with white St. Andrew’s cross. 

» A blue and wliite chessboard pattern flag. Sixteen 
squares. 

« A red and yellow flag divided diagonally in half. 
Yellow next mast. 

« A blue flag with wliite square in centre. Means “Am 
putting to sea.” 

A yellow flag. Means “ Am In quarantine." 

A red flag with yellow St. George s cross. 

=« A white flag with a blue squard in centre. Means 
" I^ilot wanted." 

« A red, white, and blue flag. Bed next mast. 

» A flag quartered red and white. Quarterings vertical. 

. = A white flag with red St. Andrew's cross. 

W ~ A red, white, and blue flag ; red in centre, white round 
and blue round that again. 

X » A white flag with blue St. George’s cross. 

Y A flag striped yellow and red diagonally. Ten stripes. 
Z = A flag quartered diagonally. Top quarter yellow. 
Bottom quarter red ; quarter next mast black, 
outside quarter blue. 

Code Pennant. A pennant striped red and white, live 

stripes. Bed next the mast. 

Urgent and important signals arc either one or 
two-£ig signals, and will be found on pages 10 to 19 
of the International Code of Signals,’" which wa 
shall call the “ Signal Book.” Three-flag signals are 
either compass signals in degrees and points, on 
pages 20 and 21 ; money, on pages 22 to 25 ; 
measures and weights, pages 26 to 31 ; fractions and 
decimals on page 32 ; metrical weights and measures, 
pages 32 and 33 : auxiliary short phrases, on pages 
34 to 63, or are general vocabulary on pages 64 to 
414. Four-flag signals are geographical signals, on 
pages 422 to 515 ; alphabetical stalling, pages 516 
to 534, or are names of vessels. These last will be 
found in the ” British Code List.” The names of 
men-of-war have the G peimant uppermost ; 
merchant ships have a square flag uppermost. When 
a ship is signalling, you must keep the code pennant, 
or answering •pennant, as it is called, hoisted as long 
as you understand. If you do not understand the 
signal, then dip the pennant, and it will be repeated. 
While waiting between signals, keej) the pennant 
at the dip. 

Distant Signalling. When you wish to 
make a signal, and the ship or point you wish to 
communicate with is too far away for the colours of 
the flags to be distinguished, you must use the 
distant signals, which run as follow ; 

Four signs are used, namely, a cone, point 
upwards, which we will call 1 ; a ball, which we will 
0^1 2 ; a cone, point downwards, called 3 ; and a 
square, which we call 4. The following alphabet 
must be road as follows ; The first number given as 
at the top of the mast ; the second just below it, 
and KO on. Distant signals are only throe-sign 


8 « 2.4.1. 
T » 2.4.2. 
U - 2.4.3, 

V - 3.1.2. 
W « 3.2.1. 
X ** 3.2.2. 

Y » 3.2.8. 
Z -i 8.2.4. 


A « 1.1.2. 

J 

« 2.1.3. 

B « 1.2.1. 

K 

« 2.1.4, 

C - 1.2.2. 

L 

« 2.2.1. 

D » 1.2.3. 

M 

« 2.2.3. 

£ « 1.2.4. 

N 

2.2.4. 

F - 1.3.2. 

0 

* 2.3.1. 

a - 1.4;2. 

P 

2.3.2. 

n - 2.1.1, 

Q 

« 2.8.3. 


2 

- 2.8.4. 

!%'■ 

403 -4 




Code flag sign, 4.2.1. Alphabetical sign, 4.2k2. 
Numerals, 4.2.3. End of word or number, 4.3.2. 

With these signals, aiiy of the methods given in. 
Signal Book can be used, the distant signs being 
hoisted instead of the flags, only, of course, the 
equivalent of each flag must be hoisted separately, 
and when the end of each hoist of flags is reached, 
4.3.2. is sent up. 

Law of Storms. The ordinary casual storm 
which we know in this country is also found at sea. 
It is not a storm following any specific course, and 
so is not liable to be reduced to rule. The revolving 
storms, or cyclones, which are really dangerous, 
follow definite rules. The first point of importance 
when a cyclone is met is to be able to determine the 
probable bearing of its centre. This is done by 
the following rule : 

Take the direction of the wind, and in the 
northern hemisphere, from 12 to 8 points to the 
right of the direction of the wind for the probable 
bearing of the centre. In the southern hemisphere, 
allow from 12 to 8 points to the left of the direction 
of the wind for the probable centre. These points 
are allowed as follows : At the beginning of the 
storm allow 12 points ; when the barometer has 
fallen three-tenths of an inch allow only 10 points ; 
and when the fall is six-tonths, or more, allow about 
8 points for the centre. 

if during the oyclone the wind changes towards 
the right, then the ship is on the right hand of the 
line of progression ; if to the left, it is on the left 
of the line. In the northern hemisphere, in the 
first case, it is advisable to heave to on the starboard 
tack : in the second case, run with the wind on 
starboard quarter, or, if compelled, heave to on the 
port tack. In the southern hemisphere this would 
be reversed ; with the ship to the right of the line 
of progression, run with the wind on the port 
quarter, or, if compelled, heave to on the starboard 
tack ; with the ship to the loft of the track, heave 
to on the port tack. If the wind docs not change, 
run with the wind on the starboard quarter in the 
northern hemisphere, and run with it on the port 
quarter in the southern hemisphere, till the 
barometer has ceased falling. 

When the ship is in the line of progression of the 
centre of a cyclone, the wind does not shift, but the 
barometer falls rapidly and the sea increases. When 
the barometer falls rapidly and steadily, the wind 
and sea increase, and the wind shifts about fitfully, 
then the ship is approaching the centre of the 
cyclone ; the opposite conditions mark departure 
from the centre of the storm. 

Storm TracKs. The following are the 
principal tracks taken by cyclones: 

In the North Atlantic. Storms begin generally 
in lit. 8 to lat. 20 N., travelling to the W.N.W. 
and N.W., and when in aboutlat. 30, to the N., N.E., 
and E.N.E., gradually increasing in diameter, but 
getting less violent as they expand. They occur 
most frequently from July to October. 

Bay of Bengal. The track runs westerly to 
north-westerly during May, June, October, 
November, and DecemW. 

The China Seas. Cyclones run westerly to 
north-westerly in July and August, and south 
westerly to north-westerly from Sept, to Nov, 
Indian Ocean. Cyclones begin generally in 
lat. 6 to 20 S., travelling to W.S.W. and S.W*» 
when in 30 S. change to S., S.E., and E.S.E. in 
direction. They expand after that rapidly, and 
blow themselves out. They ace most frequent from 
January to April 
OonUnued 



A SHORT DICTIONARY OF NAUTICAL TERMS 


A.il.^Able (bodied) sefttuan. 

Ab^k^Wind Btrilctiig forward side 

Abaft^Xearer the stern. 

Abeam—Abreast ship ; in the distance 
at right angles to the keel. 

Aboard — Upon or in a vessel. 

Aboutshlp— Tack, or turn head of ship 
to wind, so that the lee side becomes 
the weather or windward side. 

Ahead — Object in advance of a vessel. 

Aloft — ^Above deck, in rigging. 

Astern— Behind. 

Athwart— Across. 

Avast— Stop. 


back a bail — L et wind press on fore 
side of sails to stop ship’s way. 

Backstay — Rope supporting upper 
mast, secured to gunwale abaft same. 

Batten down— Fasten down all hatch- 
ways by means of covers or tarpaulins. 

Beam— Extreme width. 

Beam ends — When a ship lies on her 
side so far as to be unmanageable. 

Bear up or away— Steer for desired 
point or destination. 

Bearing— Direction. 

Beating — i^igzag progressing of a 
sailing vessel against head wind. 

Belay — To secure a rope. 

Bells — Half hours of a watch struck 
on ship’s bell. 

Bend— To fasten; sails are bent to 
yards or to stays. 

Bight — A loop in a rope; the middle of 
a slack rope suspended horizont/ally. 

Bilge — A channel at bottom of ship 
each side ; the union of the flat of a 


Cathead— Projecting piece of timber 
' on each bow. It is fitted with sheave 
holes, tiirough which a purchase, 
called a cat-fall, is rove for hoisting 
anchor from hawse pipe to cathead. 

Chain-hooks — Iron rods about three 
feet in length, hook-shaped at one end, 
for handling cables or other chains. 

Chain-locker — A trunk made of wood 
or iron, usually situated underneath 
the windlass, and extending from 
deck to keelson, used for stowing 
chain cjiblcs. 

Chain plate — Iron plate fastening 
deadeyes of rigging to gunwales. 

Cleat — Appliance used in belaying; 
piece of wood to reeve anything 
through. 

Clew of sail — Corner to which sheet is 
attached. 

Clew line— Ropes for hauling up clews 
of square sails. 

Clew garnet— Ropes for hauling up 
clews of square sails and courses. 

Clew-up — To haul up square sails to 
yards by attached gear (ropcjs). 

Club haul— To tack by letting go and 
then slipping the hawser atta*;)ie(l to 
an anchor. 

Coamings — Frame of hatchways ex- 
tending alH)ve level of deck. 

Courses — Foresail and mainsail and 
cross jack of square-rigged vesstds. 

Crank — Top heavy, easily heeled over 
on to side. 

Crosstfess — Spreaders on masts to 
support topgallant rigging. 

DAVIT — A crane to lift boats or 
anchors. 


Forecastle— Forward part of upper 
dock. Sailors’ quarters (geueraliy). 

Foul— Entangled, contrary, dirty. 

Freeboard— Distance between deck 
and waterline. 

Furl— To roll up square sails and secure 
to yards. Others are stowed or made 
fast. 

QAPP— Small spar abaft a mast to 
which the head of a fore-and-aft 
sail is bent. 

Galley — Cooking place on board ship. 

Gangway — Entrance to ship. Nar- 
row passages fore and aft. If under 
bridge or upper deck, called ” alley- 
w'ays.” 

Gantline — Small rope rove througli 
single block, used for lifting or 
lowering purposes. 

Gar board —Lowermost strake of out- 
side plating, and connected to the 
keel. 

Gaskets — Plaitod bands, generally 
small manilla rope, to secure furled 
sails. 

Ground-tackle— Term applied to a 
vessers ancliors and cables. 

Guys — Ropes to keep small spars in 
position. 

Gybe — To let fore-and-aft sail shift 
from side to side by action of wind 
changing from quarter (of ship) to 
quarter. 

HALYARDS— Ropes for hoisting sails. 

Hard down or hard a lee— Position of 
hcilm the reverse of hard up ; com- 
mand given in tacking ship. 

Harness casks — Teak wood bar- 


vessel’s bottom with its sides. 

Bltts — Appliance constructed of wood 
or hollow cast iron fastened to upper 
deck or rails, for the belaying of 
hawsers, warps, etc. 

Block— A pulley. 

**Blue pigeon^* — Seaman’s term for 
hand and deep sea lead. 

Bollards — see hiUs. 

Bolt rope— A rope of superior quality 
to which the canvas for sails is 
attached. 

Booms — Spars of light character. 

Bow — The fore end of a vessel. 

Bowers — The principal anchors. 

Bowline— A rope to bow leech of sail 
forwards; a knot; '* to sail on a bow- 
line ” ; to sail close to the wind. 

Box — To “ back " all foresails ; to name 
the 32 points of the compass. 

Braces — Ropes from yardarms by 
which sails are trimed. 

Brace up — Haul yards further for- 
ward. 

Brail up — Take in sails attached to 
masts by the brails. 

Break bulk— Ck)mmence discharging 
cargo. 

Bring to^To stop a ship by anchor or 

Broach to — To come to the wind 
gainst the helm. 

BiH Knead — Partitions of wood or iron 
by which compartments arc formed ; 
or transverse water-tight divisions 
la vessel’i hold, usually constructed 
of steel or iron plating. 

Bunk— Beaman’s bed on board ship. 

Bunt — ^Middle of furled sail ; buntline 
roj^ from foot of sail to haul it up. 

Bunting— Light fabric of wWch flags 
are made. . 

^ropeof nine strands. 
Cant— To turn over. 

Joining upper and lower 

A yertical winch worked by 

eJSSJ or 11>y capstan bars. 

ft. ol water. 
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I— Lai^e block and 

enchory 


Deadeye — A block of wood with three 
plain holes; a rigging frame. 

Deadlight — Cover or shutter, fitted 
to protect the glass of a skylight 
or sidelight during stormy weather. 

Derrick— A spar of wood or iron held 
by guys and topping lifts for lilting 
weights. 

Dog Watches— From 4 to 6 and 6 to 
« p.tn. 

Downhaul— Rope attached to head- 
cringlo of fore-and-aft sails for 
furling same. 

Drag — An anchor not holding drags. 

Draught — Depth of ship’s Immersed 
surface below waterline. 

Draw— When sail takes the wind 
properly. 

Draw-bucket — Appliance made of 
canvas in the shape of a bag, with a 
strong hoop lltletl to keep tlic mouth 
of same open, to which a rope lanyard 
is attached, used for drawing water 
from over side. 

Driving— Dragging anchor in gale or 
tideway. 

Drop of sail — Distance from foot to 
yard. 

Dunnage — Odd wood placed in 
stowage of cargo as required. 

BARINQ8 — Upper corners of square 
sails and ropes fastening them. 

Ease helm — Move It more amidslijps. 

Ease her— Go slow. 

Ease off— Slacken rope. 

Even keel— Drawing same water fore 
and aft. 

PAIRWAY — Free passage to or from 
harbour ; deepest channel. 

Fall— Part of a tackle hauled upon. 

Fill— To make sail take wind. 

Fish— Strengthening piece of wood or 
iron. 

Fish davits, blocks, fall, etc.— Crane 
and tackle for hoisting flukes of 
anchor. 

Flatten sail— To make it taut. 

Flowing sheet — Sheet eased off to 
fair wind. 

Foot-ropes— Ropes below yards on 
which sailors stand ; rope attached 
to lower side of sails. 

Forp ABd aft—Lcngth^Fs of keel* 


rels of peculiar shape for holding 
salt beef and pork for immediate 
use. 

Haul up— Alter course to windward; 
to furl a sail. 

Hawse holes, pipes, etc.— Part of ship 
through whicli anchor cables run. 

Headsalls— Jibs and fore topmast 
staysail. 

Heave In stays— To come up into the 
wind while tacking shin. 

“Heave or cast the lead”— Com- 
mand given when depth of water 
in which vessel is sailing is desired 
to he known. 

“Helm’s a lee” — Helm is down. 
Answ'er of helmsman to order given 
in tacking ship. 

Home — When sheets are close to yard, 
or when anchor is at hawse pipe. 

Hove to — To lay aback main or fore 
yards in order to stop ahip's progress ; 
in heavy weather to keep ship’s head 
(or bow) os dose to the wind as pos- 
sible. 

IN IRONS— When ship will not obey 
helm in tacking. 

In stays — Term used when the 
manwuvre of tacking ship is being 
performed, and vessel has lost 
headway. 

JACK8TAY— Tight rope to which 
otiiers are fastened; the iron rods 
secured to yards by eye bolts to which 
sails are attached. 

Jacob’s ladder— Rope sides and wooden 
treads. 

Jettison —To sacriflee, by throwing 
overboard, part of a vessel’s cargo 
in order to tighten her, with a view v 
to saving the vossei from some 
imminent dahger. 

Junk — Old, condemned rope. 

Jury mast, ete. — Temporary substi- 
tutes. 

KBDQINQ— To move by means of 
small or kedge anchors. 

Keelson— Timber or Iron vertical 
plate on top of keel. 

Keep away— Steer farther from wind. 

“ Keep her Full ’’—Command given 

■ when* ship’s sails are not filliag 
properly. 
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DIOTIONAliy dr HAUTtCAL TKlIMi 


> to the wind! Steer nearer to 

> your lulT / wind, 
^-jtledge — • Plgi of iron or lead 
when used lor permanent ballast. 

Knot— A nautical mile. 

LAMURINQ (of a vessel)— EoUlng 
and pitching in a heavy sea. 

Lanyard— A rope for tightening 
larger ropes. 

Lash— To secure by ropes. 

' Lay to— To stop : to heave to. 

Lazaret— A compartment above the 
after peah in a vessel for the stowage 
of provisions, etc. 

Lead— eight* usually made of lead, 
to ascertain depth of water. It is 
often '* armed ” — a cavity in bottom 
3 lead filled with tallow, to And 
nature of bottom. 

Lee — ^The side to which wind is blowing, 
opposite to weather. 

Leeon— Either side of square sail. 
The sides of triangular sails are 
named leech, luff, and foot. 

Leech Lines — Small ropes attached to 
leeches of square sails and used 
in “ clewing up ” same. 

Leeway— DrSt to leeward; out of 
course indicated by compass. 

Lifelines— Protection lines on yard, 
roars, or on deck to hold on by. 

Lift— Eope near end of each yard 
to lift It or top it up. 

List — Heeled over ffom upright 
position. 

Load line — Water line along ship’s 
side when fully laden. The statutory 

. mark painted on outside plating or 
planking amidships of British vessels 
beyond which they may not be loaded ; 
thus <0- (upper edge of bar passing 
through disc must not be submerged 
in salt water). 

Luff— An order to steer nearer the 
wind; the fore part of a 8tay>sail, 
trysail, or lib. 

Lying to — ^Keeping ship’s head close 
to the wind, under storm sails, 
during stormy weather attended 
with a heavy sea. 

MAKB SAIL— To set sail. 

Mapl — To secure things by a row of 
half hitches. 

Mapllne spike — Steel spike used for 


e— A tackle and spur to 

prevent Jib-boom from topping up. 

Miashlps— The centre line or middle 
section of ship’s deck. 

Misstays— To try to tack and fail. 

Moopings — Chains, hawsers, and 
warps used for securing a vessel to 
a quay or wharf. 

NBAPKP — To be in dock or on shore 
when neap tides do not provide 
enough water to float ship. 

Neap— Helmsman is too near the wind 
when steering by same. 

Nip— Part of rope subjected to greatest 
strain. 

•‘No higher** — Command given to 
helmsman when ship’s course is 
directed too close to the wind. 

Nun buoy— Double cone buoy. 

lOFglNQ— 'Distance from shore. 

Off the wind— Not so close as she 
might be if sailing on a wind. 

Orlop deck — Lowest in large ships. 

0«S, — Ordinary seaman. 

Overhaul—Slacken tackle ; to examine ; 
overtake. 

FAINTBR— Hope by which boats are 
m ade fast. 

Palm-^lmplement made of stout 
leather. Into which a steel Indented 
disc is fitted, used by sailmakers to 
protect the palm of the hand when 
lorcing a satl-needle through canvas. 

PArbuoKle— Holst by rolling a thing in 
the bight of two ropes. 

ParOdl— To cover a rope with strips of 

Oirbolar ^nged hand of iron 


Pay a zeam— To fill it with melted 
pitch. 

Pay away op out— To slacken ; to run 
out ; generally applied t6 cables or 
warps. 

Pay off— To sail off the wind ; to pay 
and dismiss crew. 

Peak— Outer part of gaff and of gaff 
sail; compartments at extreme ends 
of hold. 

Pendant — ^I^arge rope with tackle 
attached. 

Plain sail— All except studding sails. 
Pooped— When wave comes over stern. 
Preventer brace or stays— Additional 
supports to spars during a gale. 
Purchase — ^A tackle or lever. 

QUARTER — Part of sides near stern ; 
middle halves of yards. 

RAKB — Inclination of masts aft or 
forward from the perpendicular. 
Ratlines-Ladders made of rope secured 
to the shrouds of masts ; also the 
rope from which same are made. 
Ready about, ready o’ ready— Warn- 
ing for tacking. 

Reef points — Small ropes fixed to sails 
for roofing them by. 

Reef tackles and pendants— Lines 
for hauling up leeches of sails before 
reefing. 

Reeving line — Small line passed 
through block to drag larger one 
after it. 

Rendering— Slippiiig, not holding. 
Right the nelm — Bring it amidships. 
Rolling tackle — Hopes to relieve 
strain on yards in bad sea. 

Round down — To overhaul. 

Round to— Heave to. 

Rudder — An appliance fastened to 
stern-post by means of gudeons and 
pintles, which controls the direction of 
vessels’ movements when under way. 
Running rigging — All ropes used in 
handling sails or yards. 

8AQ TO LBKWARD^Difference be- 
tween sliip’s course as shovn by 
compass and that actually made. 
Sail close to wind — Sails of ship barely 
full. 

Sail free— To keep sails clean full ; off 
the wind. 

Scarph — The connection of two 
pieces of timber or iron by shaping 
and overlapping their ends. 
Scudding — Hunning before gale. 
Scupper— Channel at side of decks, 
for water to run off by, through holes 
pierced in vessels’ sides for that 
purpose. 

Scuttle — Hole in side for light and air; 

to sink ship purposely. 

Seizing — Small cordage, or flexible 
wire, by which two pieces of rope 
are firmly bound together. 

Serving or service— Covering of rope 
with spun yarn or other protection. 
Shackle— A U-shaped Joljiing for 
chains. 

Shears— Two large spars like an in- 
verted V for lifting heavy weights. 
Sheer — To swerve from course ; the 
curve of the deck line between stem 
and stern. 

Sheet — Hope holding lower loe corner 
of sail. 

Sheet homer-To liaul sheets attached 
to clews of sails to position when 
setting same. 

Shift helm— To put it over the other 
way. 

Shorten sail— To take in some sails. 
Slew— To turn or cant. 

Splice — To join two ropes by inter- 
twining strands. 

Spunyara— A thin line of two or three 
yarns of loosely twisted tarred hemp. 
Squape-Plgged— Having yards on the 
masts* 

Stand by— Be la illness. 

Standing parW^raed einds of running 
gw. 


wires ofsmp^s equipment. 
Staysails— Sipail sails set on stays 
between masts. 

Stevedore— Man who loads or dis- 
charges ships* cargoes. 

Stiffness— Stability under sail pressure. 
Studding sails— Small auziUary square 
sails now rarely found. 

Surge— To slock back quickly. 

TACK— The lower weather corner of 
every sail: to change course by 
bringing wind ahead and round to 
other side; opposite to wearing* when 
wind is brought astern* 

Taken aback— When wind sncdeoly 
shifts and all sails are thrown back. 
Taut— Tight. 

Thimble— An iron ring in a rope. 
Throat— Upper corner of gaff sail near 
mast. 

Throat halyards— For hoisting end of 
gaff next mast. 

Thwart — Across. Gross seat in a boat. 
Tiller— Lever to shift helm. 

Top— Platform on crosstrees of lower 
masts. To top a yard is to lift up one 
yardarm hmher than the other. 
Traverse— To make several tacks. 
Trestletrees— Wood or iron supports 
for crosstrees and standing rigging. 
Trice— To haul up. 

Trim a ship— To load her properly 
and ensure balance. 

Trim sails— To brace yards and adjust 
sheets. 

Trip anchor— To break It out of the 
ground. 

Truck— Disc or ball at top of most 
with sheaves for signal halyards. 
Trusses— Fittings to keep centre of 
lower yards to mast. 

Trysail— Triangular sail attached to 
lower masts, sometimes termed 
storm sail. 

Tye— Large rope on which halyards 
act when hoisting a yard. 
UNBBND— To untie and take off 
anything made fast, as casting 
adrift a sail from a yard or stay. 
Under way — Moving under control 
of helm. 

Underwriter — One who insures a 
vessel or her cargo. 

Unmoor— To release a vessel from 
ropes or chains by which she has 
been held stationary. 
VANQ8-^Hopes to steady gaff. 

Veer— To slack out hawser or cable. 

Once was term for " wear.’* 

Veer and haul— To pay out and haul 
in. The fluctuation in the direction 
of wind. 

WAIST—Mlddle part of ship’s fore- 
and-aft line on deck. 

Wake— Track left in water ; in way of. 
Warp— Small hawser. 

Warping — TransporUng a vessel oy 
means of warps or hauling lines. 
Watches — Periods of four hours each, 
commencing at 4 a.m., with the ex- 
ception of the dog watches, which are 
two hours. 

Wear ship —see tacit. 

Weather gage— Bearing to windward 
of. 

Weigh— To raise the anchor. 
Whip-Siimle rope passing through 
block to increase purchase. 
Whipping— Binding at end of rope to 
prevent fraying. 

Wlndsail— Ventilator made of canvar. 
“Work to windward **— OJerm used 
when a vessel is beating against 
adverse winds. 

Worm-To fill grooves in a rope with 
twine or spunyarn. 

YARD— Spar with spread sails. 

Yaw— An accidental swerve from 

Yoke — Small piece of Iwd wood 
fitted at rb^t angles to the„faead of 
•a boat’s xbdder,^ to whl^ lines are 
attitobed for steetina the boat. 



THE MANUFACTURE OF GUNS 

Various Types of Pistols, Revolvers, Rifles. Sporting: Guns 
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Pistols. 


of pistol has a 


steel riAe barrel [1] nxed or with a drop-down joint, 
with fl^d breech parts containing the striker and 
mechanism. The barrel is forged steel and rifled, 
the look plates are of iron and steel, stamped and 
mill^f and the action part springs. The butt is of 
walnut. The barrels are blued or browned. But 
the pistol has been almost superseded by the 
revolver and automatic pistol. Many revolvers 
and guns were made during the last two centuries 
having the cylinder revolved by hand, but the 
metallic centre-fire cartridge has enabled a great 
advance to be made. 

Modern Revolvers. The simplest modem 
type is the single-acting “ Colt revolver ’* [2]. 
In this the cylinder, which contains six cartridge 
chambers, is made to rotate by the action of cocking 
the hammer. This causes pawls to engage in 
ratchet teeth cut in the rear face of the cylinder, 
and moves ^t one-sixth part of a revolution, and at 
the same time a small catch or latch engages 
in the recesses in the periphery of the cylinder. 


relation to each other and the corresponding 
chambers ; also, at the rear end, the ratchet teeth are 
cut. The limbs, or parts of the action, are of high 
grade steel stamped hot approximately to their 
finished form, and also machined in jigs or fixtures 
by automatic tools. 

The Barrel. The barrel is bored, rifled and 
screwed ; the outside is turned, the component 
parts are finished off by filing, and iifter harden- 
ing and tempering, they are sent forward in the bulk 
for section viewing — that is, for detail examination 
by gauges and to be assembled from promiscuous 
heaps, each part being thoroughly interchangeable. 
The sear and spring are then adjusted, to give a 
slight pull off, and the sighting corrected. Given 
these conditions, a champion revolver shot can fire as 
rapidly and accurately with a single-action revolver 
as with a double-action automatic [described later], 
the latter having a somewhat dragging pull. 

Webley’s Revolver. The next advance 
was a double- action revolver, Webley [ 4 ], in wbicb 
the revolving of the cylinder and cocking the lock 


1 . PISTOL 

and locks it in position till the shot is j \ 

fired and the lock is cocked again. L >3 

In a later type the cylinder was swung 
out sideways to give self extraction [3]. This 
revolver had a solid bridge frame [FR in 2]. 
The frame or body is stamped hot— that is, forged 
by drop hammer tetween top and bottom dies. 
The fins of extended metal are dressed off by 
finning^ dies, and the stamping is then placed in a 
clamp jig or fixture for machining and the base pin 
hole is drilled through ; the pin, previously pre- 
pared, is then inserted in order that each subse- 
quent operation may conform with this centre. 
The frame still in the fixture is faced, the recess 
for the cylinder is machined out, and the barrel 
hole is drilled and tapped. The stock 
IS shaped and spring beds recessed ; ^ 

all holes are then drilled and tapped, 
through the hardened bushes of the 
fixture. The frame is recessed for the 
hard steel shield which takes the 
thrust of the cartaridge base. 

- Th© Cylinder. This is either 

forged or of special rolled steel. The ^ 

CfinfvM •_ /» A j M __ 


/ 2. C50LT REVOLVER 

I c j was done by trigger pull, and 

/ I therefore, after the first shot, 

/ \ each pull of the trigger fires a shot and 

' ^ brings round another cartridge. 

The frame is made of a solid steel stamping, forged 
under a drop-hammer in recessed dies, and milled 
out to receive the cylinder and drilled, all the 
work being done by the clamp jigs and fixtures to 
gailges with a maximum and minimum allowance, 
usually about *002 in. to 004 in., depending on the 
requirements. All the operations start from one 
face or point to ensure accuracy. The limbs are 
crucible steel stampings, machined all over in special 
jigs, by plain or finger mills or former mills. Each is 
tempered or case hardened where required, and in- 
spected and tested, and the holes 

f lapped out and the sears adjusted, the 
holes he.ng tested by plug gauges, 
through plates to see that they are 
at right angles to the part. 

The cylinder must be truly con- 
centric with the axis pin and the 
chambers co-axial with the barrel and 
in line with the striker, when the 


centre axis pm-hole is first drilled 8. swing-out cylinder of cartridge to be fired arrives at the 
u fittid the cylinder is faced. The colt service revolver upper position. This must also be 
^^uftmoers are drilled and bored six at assured by the lateh engaging the 

one time, in a multiple drilling machine ; afterwards corresponding recesses in the cylinder ; moreov^* 

th^ axe eeonrately chambered out to suit the cart- * the ratchet teeth on the back face must engage and 

The front face of the cylinder is well fitted disengage at the right moment, as must also the 

^ pcovent* as fares possible, the escape of gas. In sears and bents, so that the motions synchronise. 

* ptt^hjwy of the cylinder the channels are now In others the bcurrel is swung down on a pivot 

alota tot the latches are accurately 
^ plate to ensure true pitch, in 


below the axis joint pin. and tne extractor ia made 
to push out the oartriogea. An extension of the 
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4 . WEBLEY’S revolver, mark IV., DOUBLE ACTION 

1. Body 2. Barrel and axia complete Cylinder cam 4. <5ani lever 3. Cam lever screw 6. Stock 7, Trlgjrer guard 8. Cylinder and extractoi 
complete 9. Cartridge caaeM ejected 10. Barrel catch 11. Hammer catch 12. Hammer cum plete 1.‘) Hammer awlvel 14. Trisger complete 13. Paw) 
hi. Main spring auxiliary 17. Mainspring 18. Barrel catch spring 19. Kxtroctor lever 20. Hplral spring, extractor lever 21. Jfixtrautor lever auxiliary 
22. Shield 23. Screw, shield 24. Nut, extractor axis 23. Pin, Joint axis 26. Stsrew. barrel catch 27. Screw, hammer and trlgijer 28. Screw, stock 
29. Screw, guard 20. Screw, piti-Joiiit axis .'ll. Screw, cam •‘<2. Screw, caui lever 32, Trigger stop .'ll. ’i'l igger stop spring 35. Screw, hammer catch 
.36. 8<!rew, hammer stop spring 37. Screw, hammer ewlvel 38. Butt, swivel 39. Spring, spiral 


barrel has a recess which is locked securely by a 
latch on the top of the frame. This locking gear 
must be well fitted. 

Automatic Revolver. A further develop- 
ment is the automatic revolver — such as the 
Wehley-Fosbery, shown in 6. It oonsi.sfs of a fran c 
and handb that does not recoil, and a recoiling part 
composed of the barrel body with mechanism and 
cylinder attached. The body recoils on explosion,( 
sliding in a groove in the frame, and is returned 
by springs actuating a lever ; at the same time a 
fixed stud works in the zig-zag grooves that are cut 
in the outer surface of the cylinder. The cylinder 
is rotated by the fixed stud for half the movement, 
then the stud passes down the return groove, thus 
completing the movement. » < - 

The frame is a drop stamping, pickled in acid 
to clean off the 
scale ; the flat side 
surface then 
milled or shaped 
straight across the 

top horizontal grooves or slides milled 
out, and the hollowed stock is milled 
or wibbled out by former-recessing 
finger-m 11 1 . The main strings are |r ^ 

forged from spring steel flats, which 
are put in groups in special fixtures 
and milled across and then bent to shape, oil- 
tempered and adjusted to correct weight by Ailing 
or grinding. The barrel is milled somewhat of 
hexagonal shape, with a solid foresight left on. 
There is a solid extension strap to the rear for 
locking, and a downward projection to form the 
axis pin joint. The barrel is first milled on the side 
flats, and faced and drilled and bored. The axis 
p]n^jd^nt is faced, and milled out by section mills, 
ai\d the holes are drilled through. The hole for the 
cylinder axis tube is drilled and bored. The barrel 
and its extension is milled to section, and the latter 
tfuiiused out to suit the cylinder, and the barrel is 
tifiad and lapped out, l^e body stamping has a 
Jc^ i^tcmguiar portion to form the sides, an axis 


pin joint projection at the fore end, and a triangular 
block at the rear with its apex upwards. This 
last when machined contains the action. The 
bottom slides are faced and grooved out by section 
mills. The thrust face is squared across and recessed 
for the hard steel shield, and for the rear of the 
cylinder extractor and the various recesses milled 
out for the trigger and hammer, etc., to operate in, 
and the cross pin holes are then drilled through a 
jig. The hard steel shield, after being faced and 
machined outside and recessed, is hardened and 
ground true. The barrel catch is adjusted and 
fitted. 

The handle and the trigger-guard form the non- 
rccoiling portion of the revolver. The handle has 
long slides grooved out by section mills in its top 
table for the body to slide on, and a recess cut out 
in front ; also a fixed pin to rotate 
M||/^ the cylinder. The stock projecting 

H|>I|A downwards is faced on both sides, 

and recessed out right through by 
former mills to contain the recoil - 
lever, which is fulcrumed at its 
lower end on a cross-pin. The 
stock also envelops the main spring 
and sear that hang downwards from 
sliding body. The trigger-guard 
forging is shaped out and fitted into 
the handle together with the trigger. 
The stock is recessed by former 
mills for the two vulcanite side- 
plates. The rear plate of the stock 
is machined to form a hinge if® 
lower ends to give accessibility to 

- the recoil - lever. The vulcanite 

5. WEBLEY- plates are pressed to shape in 

FOSBERY AUTO- hydraulic presses, and screwed into 
MATic SERVICE the reoesses provided in the stock. 
•REVOLVER The cylinder is manufactured as 
previously described, with the ex- 
ception that in the place of the reax ratoh^tteeth 
the exterior is groov^ ; t^ being doncj 
the bored cylinder on a mandrel, w 




retoMng mills form the grooves 



^fh^^gtooves i^ve the rotation to the cylinder 
orlm ik recoils and returns with the body after 
e^ es^loslon. The action-hmbs are machined 
in &e same manner as described for revolver*?. In 
assemblings it must be arranged that the slides and 
^oves work freely, but without jerk ; the sears 
bents are adjusted to engage and disengage 
oomotly, so that as far as possible an even pull 
omy is required on the trigger. The barrel and 
body, with the cylinder with the action attached 
complete, form a recoiling part, when the axis- 
pin IS inserted. 

When assembled complete and ready for filing, 
the revolver becomes automatic, in that the trigger 
on being pressed trips a sear and releases a hammer. 
After the explosion the barrel and body recoil, 


^luiis AMMummoiN 

B L 1. l!wo webs extend to the rear end, Joining 
a rectangular block With two locking teeth on its 
upper edge, ahd two legs projecting downwards. 
The rear legs rest on a supporting lug [S L] on the 
top of the lock-frame ; and this leg, on recoil, slips 
down over the lug, the two legs straddling the lug 
and disengaging the locking teeth from the body. 
It is first milled on the outsides, and the recess 
wibbTed out. The tooth is milled outside, and 
carefully inside, to form a fulcrum. The comers 
left by cutters are cleaned out so that it has a 
bearing right across. 

LocK Frame. This is slid in from the rear 
into the main frame. It is of somewhat rectangular 
sha|)e, with two webs projecting to the front to 
embrace the knife-edge fulcrum upon which the 
rocker works ; also above this is a front-stop cross- 
member, which projects over the rear wall of the 



cocking the 
hammer, and 
the cylinder is 
rotat^ by the 
fixed stud pass 
mg down one 
groove, and 
completing its 
revolution, by 
passing down 
the othei 
groove by the 
reaction of the 
recoil- lever 
moving the 

body forward again, thus bring- 
ing a fresh cartiidge into the 
filing position, and lea^ing the 
body and trigger and hammer, 
after again pressing the trigger, 
ready for firing. The parts arc 
case - hardened and tempered 
vhere required. 

Mauser Automatic 
Pistol. This is illustrated in 
6. The barrel is a solid steel 
stamped forging, with a round 
barrel and solid foresight, and 
a hollow, square extension form- 
ing the body, with two lower 
projecting Bimps. The barrel is faced, and then 
drilled from end to end in a multiple drilling 
machine; it is then milled across to square the 
body, is slotted or milled across, and is then 
recessed through vertically between the breech 
and the nody. The barrel is then draw-bored, and 
the interior of the body opened out to square 
section by shaper tools — like keyway slotters — 
and then to finished size by drawn drift-cutters. 
The barrel is finished, turned, and the foresight 
formed. The exterior is milled square, with pro- 
jecting ribs left on the lower edges to slide in the 
fran^. The bottom lumps [BL 1 and BL 2] are 
machined on the sides by gang-mills, and radiused 
for the bolt-look L at the front end and also between 
the lumps, forming an oblong recess, which is carried 
ttp right through the bottom of the body. This 
recess is for the bolt-lock to pass through. 
A dot -to take the stop-block is slotted through the 
imUs near the rear end of the body. 

Thi^'&as a tooth.>8haped crossbar 
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8. MAUSER AUTOMATIC PISTOL 


the to tulmiiB around the front of 


magazine. The main rectangular por- 
tion has a lug on the top face, and a 
bulb projection standing up at the 
rear, the latter to form a stop for the 
bolt-lock and a flattop over which the 
body slides. The rear of the block is recessed out 
to form the cheek- joints for the hammer to work 
between. The whole is secured in position by a 
rear stop-block pressing into a groove in the frame 
and recess into the mam frame, and held down by 
a vee-sprmg. 

The stamping is first faced parallel on the sides, 
and on top and bottom. The cheeks are milled 
out, leaving a rear crossbar. The hammer axis pin* 
hole is drilled through a jig. Then the front laea^ 
of the fulcrum-bar and the knife-edge of the smmi 
are shaped, and the hole for the mainsprings is 
drilled out relatively to the axis-pin. The topTu|f 
the recess for stop-block, and the recesses for levSc 
and sear on one side are all machined to gauges, 
usmg the axis-pin and bottom and side faces as 
“ spotting ’* points. 

Main Frame. The main frame u a steel 
stamping. It has tw'O projecting outside top* 
slides and one inside, hollow, deep, oblong sides 
to contain the nu^askie in front, and also the lock- 
frame in rear, and it is continued down to form the 
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•took and trigger-guard. The stamping is first 
faced on the top table, then milled to section out- 
side, to form the guides and faces, also the stock. 
The interior is drilled out with relief holes, and 
^.opened out by former mills. The stock is recessed 
right through, except where rebated for the vulcanite 
side-plates, and is machined out to form the trigger- 
guard. 

Action. The hammer is a stamping. After 
facing, the axis pin-hole is drilled, and the faces 
and edges are milled to template. The front pro- 
jection forms the sear-bent, and the lower projection 
; is left to press against the mainspring ])lunger. The 
circular finger-grips are knurled. The action is 
then adjusted, hardened, and fitted. 

The rocker is of hook shaiM?, to engage the tooth 
projection of the bolt-lock. It has a round face. 


contain the striker and its rebound s^nring. The 
rear end is also bushed, and the'striker pinned in. 
The rear end has knurled' horns for grasping when 
required to pull back by hand, to cock the lock at 
the start, or to fill the magazine. The notches 
are milled across the und^side. In these the bolt- 
block teeth engage and disengage. A long V- 
shaped groove is milled on the underside for some 
distance from the front end. The top front has a 
recess and holes to bed in the extractor ; the latter 
is a spring-tempered hook. The striker is of high 
grade, round-section steel, and is turned down in 
rod-feed hollow - spindle lathe, and the point 
tempered. 

Another very good type is the Colt automatic 
pistol 17J. Its manufacture need not be described 
in detail. Complete sectional views are shown 
in the figure and a list of the com- 
ponent parts is gi en. It is adopted 
in the United States service. 

Anol her automatic pistol of this type 
is Browning’s Patent, which is used by 
the Belgian police and for house- 
holders* protection. Though small, it 
is very effective. 

Military Rifles. Most of the 
modern military rifles have the door 
bolt type of breech and steel barrels, 
fitted with walnut stock, the cartridges 
being fed up from a magazine carried 
below the butt and front of the 
trigger guard. Typical of this class is 
the Lec-Enficld |8] and the Manser 
[9], the former being used by Great 
Britain, and the latter by Germany, 
Belgium, Spain, Turkey, and other 
countries. 

The chief difference in the breech- 
loctkiug is that the lugs in the Mauser 
are at the front of the bolt and close up 
to the barrel, whereas in the Lee- 
Knficld they are at the rear, and this 
is considered had practice by many 
experts, as the pressure tends to spring 
the boll on an excesvsive pressure ob- 
taining ; moreover, as a long pillar 
practically unsupported, it is mechani- 
cally weaker. 

The Lee«£nfield Rifle. The 

number of component parts of the Lee 
Enfield is much in excess of the 
Mauser, but . it has come out fairly 


Cdltbrt .3d, MililAiy Modtl 1902, EtglU Sh^t dltgdMW. 
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7. COLT AUTOMATIC PISTOL 


I, Lutii;{in<liiial Mcctioiial elcvatiuii 2. SideelPvatlou.aoBeiublad 3, Muciuiiif loa4ed 4 . Miwiziiie 


piu spiing 12. Kearsiglit 1:1. LiiikB 14. Barrel 15. Main spring tiorcw 16. Link pin, short 
17. Firing pin lo«k pin 18, Bt'ar and iiafety pin 19. extrai-tor 20. Shell extractor Bi)rliig 
21. Shell extractor pin 22. Uutntiitir screw 23. Safety 24. lU'tractor apring ‘23. Haiinnor 
roll pin 26. Hammer roll ‘it. Sear, aafety an<l triiiger Hprjiig 2H. Main spring 29. KJector 
pin 30. Bccoll plug 81. Eiectur 32. R«<jeiver S:i. .Mtigiizine :(4. Scales (2), right and It'll 
hand and escutcheons 8.5. Plug (take down) 36. Follower :17. Trigger 38. Maga/.iiio spring 
89. Swivel 40. Swivel pin 41. Scale screws (4) 42, Plug and link pin, long 43. Magtialnc 
catch 44. Magazine cat« )i pin 

on which the mainsjiring plunger acts. An axis- 
pin is driven in to form gudgeons. It rests on the 
knifo-edgo of the fulcrum when the barrel is home, 
but is turned over and forced back against the main- 
spring on recoil, by the bolt-lock tooth. In 
manufacture it is made, in some cases, from a 
rolled section sawn across to length, and is then 
faced and the pin-hole drilled. It is hardened on the 
hook-point and fulcrum face. 

The Bolt. The bolt is milled square in 
section outside, bored from end to end in a multiple- 
drill press to contain the striker and its spring. It 
has a long slot in the right-hand side, ttfough 


irl^h. the buffer-stop to the e 
ihre Sind has a plug insert * 


; is inserted. The 
a taper-hole to 


satisfactorily tliroiigh severe cam- 
paigns. The barrel is made from *31 
to *41 carbon Siemens steel. It may 
be rolled, as at Enfield, from a round 
bar of suitable dimensions through a 
series of ten pairs of horizontal rolls, 
which elongate the barrel and taper it 
in transit, all in one heat. The work put on the 
barrel materially improves its capacity for standing 
the strain of the explosion. It is also claimed that 
this method enables the barrels better to retain 
their straightness during the drilling and following 
operation. But satisfactory barrels are also ob- 
tained by the use of the tilt or Bradley rapid blow- 
hammer, which is generally used on the Continent. 

After this process the enlarged breech is stamped 
by steam or power hammers between top and 
bottom dies. The barrels are then cold straightened 
either in rolls, or in the machine shown in 10- 
They are then spun on centres, and finished, 
straightened by hand, hammers very rapidly by 
experts, turned and clamp milled* 


: 6il8 




retotving cutters to gauge sizes in three places. 
These turned portions are called spotting points, 
the subsequent taper-turning work having reference 
to them, the ends are faced and centred, and 
^terwards drilled in a special drilling machine. 

In the older practice, which is still followed, 
the barrel is drilled from both ends at the same time, 
the barrel being revolved at about 1,000 revolu- 
tions per minute, half round bits being used, at 
the same time a copious supply of soapy water being 
pumped at high pressure on to the cutting face 
through small brass tubes, carried along with 
the bits, thus washing the turnings out backwards, 
and also keeping the bits cool. The bits are made 
to vibrato to clear out the swarf more effectually. 
On arriving near the centre tlie oi)oration is coin- 


AIIM8 AND AMMMNITION 

They then place the tube or barrel across a hollow 
anvil, and give blows with a curiously shaped 
hammer. In the sighting and setting the men acquire 
marvellous dexterity, and are able to make the barrels 
absolutely straight in bore. The barrel is fine 
bored with a square bit, one or two corners of which 
are kept from touching the boro by wooden spills. 
Packings are inserted between the spills and the 
bar, to compensate for the wear of the cutting edge 
of the bit. The barrels are now second turned and 
polished, and are then ready for rifling, and again 
set. Furthermore, they are now' tested in a machine 
for truth of bore, and any w^ant of truth is indicated 
by the long arm of a lever of bell-crank shape; 
the short arm rests in the bore of barrel, which is 
spun on a tension mandrel. 



9. xWAlTSER RIFLE, SlIOWIM-J MACJAZINK 


plctcd by one set of drills. Tri later practice the 
barrel is drilled from end to end in one operation. 

Dra^/ boring follows this operation with a three- 
cornered bit of short length, the barrel revolving 
at low speed. It is again set as required. The 
barrel is then further turned, using the two spots 
at the ends and others in the centre, by several 
cutters or tools, the barrel being spring-supported 
by back rests ; these latter, and the cutters, travers- 
ing the bed automatically, copy tlie taj[)cr or shape 
required from a fixed tangent bar. 

After rough turning, the barrels are corrected 
by the barrel setters, who place the barrel at an 
angle with the muzzle towards a window with a 
horizontal board in its top pane, and looking through 
the bore observe any irregularity of the ‘‘shade” 
or shadow that is cast on the bottom of the boro. 


Rifling. The usual method of rifling adopted 
in England is the old single hook cutter method. 
In the machine [11] the tool, w hen ])assing up the 
bore, is drawn in like a cat’s claw, and then, being 
drawn out towards the muzzle, the hook tool cutter 
is pushed out. Each separate groove is thus cut or 
planed out to the required depth in the bore, while 
at the same time the required twist is given, in 
some cases by a fixed tangent bar, which causes a 
rack lo traverse across the slide rest, and in doing 
so its teeth engage those of a pinion attached to 
the rifling bar, thus causing it to revolve, and in 
tliis maimer to produce the required twist. 

Other methods adopt a tail rod — that is, a con- 
tinuation of the rifling bar, having grooves with a 
twist identical to that required to be produced in 
the barrel. Each groove engages a white metal 
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ttud, which causes the tail rod to reyolve^ and thus 
^ directly imparts motion to the rifling bar. With its 
cutter box each p;roove is planed out separately, and 
Its relative position to the next groove is guaranteed 
by advancing one notch of the division plate at 
the end. The rifling tool, or cutter box, is shown 
in detail [15], and will bo described. Oil under 
high pressure is continuously pumped through a 
small tube on to the cutter ; the shavings as they 
are drawn back, are examined by the rifler, and 
form a good criterion as to the state of the cutter 
and the inside work. Great care must bo taken 
not to tear the grooves, but to get a clearly planed 
out out from end to end. 

Rifling Head Cutter Box. In this 
machine [15] the hooked cutter C at the end is 
solidly backed up by stop plunger P when cutting. 
The depth of the cut jis regulated by screw adjust- 
ment. A, and an incline plane, I, up which the 
cutter is pressed by the spring S acting on its tail 
end. It will be seen that when 
making idle strokes up the bore the 
cutter is pushed down against the 
Spring, but when returning on the 
cutting stroke it is pressed out again 
to the stop P. Other countries use 
drift cutters following each other 
through the bore with quick light 
feed, each drift following closely to 
tho other. After rifling, the barrels 
are lapped out with lead laps in a 
lapping machine, and then pass to 
a polishing machine, which takes the 
grooves. Finally, a high revolving 
cylindrical lap finishes the lands — 
that is, the projections between tho 
grooves. The thread of tho breech 
end is then cut and rectifled, and the 
barrel finished outside, cut to length, 
and the muzzle end rounded. Tho 
baiTels are then sent to proof with a 
screwed plug on the breech end with 
a touch-hole through it, and returned 
duly stamped if correct. The barrel 
is then chambered to suit the cart- 
ridge. A good type of gauge has a 
taper plug used in conjunction with 
a cylinder, with a sector out out. 

The barrels are then browned. 

To do this they arc first plugged at 
both ends, boiled in soda water, and 
covered with lime, then dried, and 
then immersed in a heated acid 
mixture and rusted, then scratch brushed. This 
treatment is repeated till an even surface is 
obtained. The barrel is then dipped into a bath 
of soft water with alkali to kill the acid, then 
cleaned off, and polished. Tho resulting surface 
is now practically rust-proof. The bolt and other 
components are also browned. After tapping for 
the sight-bed screws, and various inspections, the 
barrel is ready for sighting. The barrel is adjusted, 
and the sights fitted on and tested, then breeched 
up, and it must be correctly in line ; also, when it is 
screwed up dead liome the sights must be vertical. 

Body. The body i^ made from a special mild 
steel, which is first broken down roughly to shape 
from the bar, and then stamped, and then, the 
fins or extruded metal are cut off. The forging* 
M then box-annealed in charcoal for half a aay, 
after which it is pickled and placed in a dUute 
acid bath, which cleans off the scale. It is' now 
ready for the various machimng operations. : 

ThjS; body IS first faced at both ends, then centeod, 


and the breech face and the body drilled for the 
bolt bole in a multiple drilling maohhie i this hole 
is then drawn and fine bored. The hole in the 
socket end is drilled and tapped, in a Jig or fixture. 
The recess for the breech screw is how opened out 
to tho tapping diameter^ It is then tapped in an 
automatic thread-milling machine. The work is 
held in a special chuck, and a miUing bob is rapidl^i 
revolved, cutting into the bore to the full depth of 
tlie thread. The chuck portion with the work 
makes one revolution, but during this revolution it 
also has a longitudinal travel imparted to it by 
cams, equal to the pitch of the thread. By this 
means the whole of the thread is obtained. The 
machine has all its motions instantaneously arrested 
on the completion of the revolution by automatic 
gear. The face is then milled off accurately. The 
thread and face, together with tho bolt hole, and 
with the tapped hole in tho socket end and a flat 
face that is milled on for the tongue, form the 
spotting points or working tacos, 
which enable the subsequent opera- 
tions to be carried out relatively to 
them in the numerous jigs and 
fixtures. 

Tho body in suitable fixtures is 
now passed to the various milling 
machines, the slides and various 
recesses accurately milled out to tho 
correct contour and depth by former 
or profiling mills. Generally the 
latter consist of two overhung 
slundles on a vertical slide parallel 
and connected to each other, one 
having at its lower end a pin or 
stylus, and the other having cutters. 
With this arrangement and that o! 
the freely-moving longitudinal trans- 
verse slides on the machine, any 
template or former fixed alongside 
the work will bo copied, by the 
cutters or mills grooving out the 
solid metal as required. In addition 
to this some of the jigs allow the 
work to swing to cut out radial 
recesses or slides, and in others an 
end-on movement is given to form 
tho helical recess for the locking 
lug. It is hardened at the recoil 
shoulders. The body stamping in 
its finished state woiglus only about 
one-fourth that of the original, shov - 
ing the large amount of machining 
done to this part alone. Tho action limbs are 
stamped out of high-grade steel and machined. 

Bolt. This is of crucible steel and is 8tamt)ed 
hot, and the handle set, finned, and then pickled 
to clean any scale off. It is then faced on both ends 
and turned where possible, and the knob milieil. 
The ribs, etc., are milled, and it is then drilled 
through to contain the striker, then finished milled. 
After one hundred detail operations, the bolt it' 
hardeijiiod and tempered and straightened. 

Bolt Head.. The bolt head is made of spociiil 
gun-iron ; it is a forging in most cases. After the 
lacing and milling of the faces, tho striker hole i- 
gradually opened out and con^, the stem turned 
and screw milled, and tho various recesses milled 
and slotted out. There are sixty operations. Tht' 
head is then hardened, the screwed part being 
.proteoted by fireclay. ^ ^ 

StocllA* The stocks we of Euij^pean: walnu. 

j^ewoned, apd Without ^defectn. ai'«‘ 

rough sawn to shape cmd turned in a copying latlv 



10. BARREL-STRAIQUTENING 
MACHINE 



by revolving cutters, as shown in 12, and grooved 
out for the oarrel and magazine, etc. In the case 
of tjie Mauser, it is in one piece, but the English 
rifle is divided into two parts, the butt and fore end. 

The barrel and body witli bolt he^id and action 
are now placed in a caiTiago for final proof, and 
the compression of a copper crusher-gauge in rear 
of the cartridge head referred to, a known deflection 
of a similar copper cylinder, enables the maximum 
pressure on the base to be obtained. If correct, 
the parts are then .proof stam|)cd. The whole is 
now assembled on the stock, examined, adjusted 
and tested on the range. 

The Mannlicher and Mauser bolt and action arc 
much simpler, and can be stripped by hand in a 
few seconds. They are also much simpler for 
manufacture than the Enfield, and the bolt .stands 
up to the work better. 

The table below gives a list and full particulars 
of the magazine rifles used by various Governments. 
The tendency now is to nmke a lighter bullet, by 
decreasing the weight of the lead interior toward.s 
the nose, or by decreasing the calibre of the rifle, 
but should an absolutely reliable automatic rifle be 
produced, it would no (loubt be adopted. 

Sporting Guns. Sporting gums are made in 
great variety, and include single and double barrel 
.shot guns, smooth boro, also rifled express guns. 
Nowadays, they are chiefly hammerless breech 
loaders. 

The smooth-bore barrels are made from either 
(1) twisted .and welded Damascus type, or (2) high- 
grade steel of special quality. The Damascus 
barrels, which have a beautiful pattern upon them. 



12. lokwe’s stock-turninq maciifne 


This efTect is produced by first piling the iron and 
.steel alternatively with a larger proportion of steel 
for strength, then by rolling the same into rod.s, 


MAGAZINE 

RIKLUS I’iiSED BY 

VAKIOUS 

GOVERNMENTS 

■■■ 


Austria, 







Country . . 

Bulgaria, 

AND (IREECB. 

Great Brit.un 

I’RANl'E 

GKR.MANY 

Japan 

Bussu 

Pattern of the year 

1895 

1899 

190.3 

1 880 

1898 

1900 

1894 

Hesignution 

3laimlichcr 

T.cc-Kiifleld 
Mark 1* 

Short Lee* 
Eiilleld 

Lebcl 

Mauser 

Year ‘30 

“ 3 line •' 
Nagant 

No. of cartridges 








ill magazine . . 

5 

10 

10 

H 

5 

5 

5 

Weight : 








Without bayonet 

8 lb. .5^ oz. 

9 lb. 4 oz. 

8 lb. oz. 

9 lb. 3i oz. 

9 lb. 

8 lb. 9i oz. 

8 lb. 15i oz. 

With 

8 lb. 15 J oz. 

10 lb. 3i oz. 

9 lb. 3 oz. 

loll). H oz. 

9 lb. 14 oZ. 

9 11). 8i OZ. 

9 lb. llioz. 

Length : 



4 ft. 2-5 in. 

4 ft. 3-875 In. 

Without bayonet 

4 ft. 2 in. 

4 ft. 1-5 in. 

3 ft. 8 5 in. 

4 ft. 3’1-im. 

4 ft. 1-4 iu. 

With 

4 ft. 1 i r> ill. 

5 ft. 1*5 in. 

4 ft. 8-7 ill. 

5 ft. 11-84 in. 

5 ft. 9-75 in. 

5 ft. 5-5 in. 

5 ft. 9 in. 

Barrel : 







32-25 

Length in. 

3()12 

3019 

25 19 

-.303 at breech 

31-490 

29 05 

31,V 

Calibre In. 

•.Hri 

•303 

*305atniii7,zle 

•31.5 

•31 1 1 

•250 

•3 

1,985 

Muzzle velocity 

2,034 

2,0ft0 

2,000 

2,073 

2,093 1 

2,300 


Mnuser also used by Belgium, Spain, and Turkey. Munnlieher also used by Kouinania and Holland. 


due to an arrangement of iron and steel twi.sted 
bars, wliich when acted njion by the acid, the 
steel remains light colour and the iron brownish. 


]>referably of square section. In the English 
i)amascus type three rod.s are taken ; each is 
twi.sted on ifs own axis and then rolled together in 
a mill to tlic form of a ribbon. The 
ribbons arc then coiled by gearing over 
a loose corchjir. The coils aro then 
brought to welding heat and welded 
around a mandrel by hammering. The 
thicker coils aro then interlaced or 
scarped on the muzzle portion of the 
barrel, and the whole is drawn out to 
the required thickness and the protrud- 
ing metal is cleaned ofl. It is to be 
noticed that the metal must be kept free 
from scale. 

The resulting pattern in this tyj[)c h 
that of a chain ot interlocked circles, but 

em 
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hiany other patterns may be obtained ; one type 
id shown in 16 But this type of barrel is now 
being rapidly superseded by the weldless steel tube, 
whicli is more suitable for Iho modern nitro powder 
and the gun of the hammerless drop down type 
flT] with double extraction. 

In shot guns the tul)es may be drilled, drawn 
down or of drawn tubes, or forged out of the solid 
and drilled, as in express rifles. The usual methods 
of boring are somewhat similar to those described 
under rille manufacture. 


The latest practice is to drill through the bar of 
steel from end to end (instead of from each end 
and meeting at the centre) with a Loewe drilling 
machine, and finish the boring in one process, and 
any straightening is clone mechanically or by hand 
setting. These tubes are then finished by the gun- 
niaker and finished 


bored or choked to 
his sti 
meni 
The outsides are 
not turned, but 
ground true by 
hand. Also, m 





13. DIAGRAM OF EFFECT OP 
CHOKE BORING ON SHOT 


15. BIFLING MV CHINE CUTTER BOX HEAD 



17. SPORTING GUN Hannnciless Drop Down T>pc 


TABLE 

OF GUN TUBE STEEL | 


Tensile tons per 
Vi tn. 

Bio* gOr 
itOTk. 

Contraction. 


Ulti- 

mate. 

Kiiistic 

limit. 

Per 

cent. 

Per c«j^t. 

Shot guns . . 

35- 

25 

25 

48 

Rifles (B) 

62- 

28 

20 

41 

Messrs. Jessop’s ( 

58 

4U 

23 

40 

1 (rolled bar) 

steel (C) . . 1 

48 

32 

30 

65 

1 (same annealed) 


ribs are fitted and jointed up, the inner edges of 
tho barrels being filed so that they converge. The 
top ribs may be fluted or shaped as desired. The 
breech lumps and wedge pieces are brazed on. 
The breech body, already machined, is now fitted on. 

Tho jointing up 
of the breech is an 
important item in 
drop - down guns, 
and these parts are 
filed and scraped to 
fit together in the 
most careful 



MINIMUM (HAMBER 
DIMENSIONS 



16. PITTEKN OP DAMASCUS BARREL 



18. SIDE LOCK PLATES WITH MECHANISM 


addition to this, many barrels are choke bored. In 
one type, for instance, the muz/le is contracted to 
concentrate tho shot, and this improves the target 
pattern. This is done by finishing the bore at the 
muzzle end with special tools of smaller diameter 
than the main bore, but some makers contract the 
muzzle by dies in the hydraulic pres.s. The effect 
of this choking is shown in the diagram [13]. The 
bores are lead lapped out to get a fine polished 
surface. The tubes are subjected to a provisional 
proof to test the barrel, and afterwards to a 
definite proof. 

One noted gunmakcr uses the sled marked A 
for shot guns, and that marked B tor rifles. 
Others use an excellent steel made by Messrs. Wm. 
Jeasop ^ Sons, marked C in tho table in next 
column. 

In double-barrel guns the tubes after ])roof are 
assembled and fitted together by the barrel filer 
with their ribs, lumps, etc. The top and bottom 


manner. 1 he holes and ends must also be dead 
squai-e, so that all parts transmit the shock to the 
fixed breech, but at the same time the gun must 
open freely and with regularity. The locking 
bites must be tight with no slogger. The ex- 
tractors, which have usually two kgs, are fitted 
in to work freely, and the end faces when home 
must not project beyond the breech end of the 
barrel. 

Tho breech body is usually made from a solid 
forging with front or fore-end projection, a flat 
squarish jiart for the mechanism (action). This 
block is machine recessed for the mechanism, but 
in many cases two side Jock plates are fitted to 
carry the lock mechanism, as shown in 18. 

There are a great variety of extractors ; many of 
these ore actuated by the fore end, which eases tho 
cartridge case and flips it out completely when 
clear of the standing breech. At the same time 
the mechanism cocks the hammer. In all cases the 





APPROVED 

MINIMUM DIMENSIONS FOR GUN CHAMBERS 




BORE 

5 

8 


10 

12 

12 

12 

14 

16 

20 

24 

28 

32 

•410 



•076 

•835 


•775 

•729 

•729 

•729 

•693 

•662 

•615 

•670 

mn 

•526 



A 



3-250 

2-875 







Wm 



2000 

1*760 

B 

1-060 

•014 

•841 

•841 

•798 

•798 

•708 

•760 

•732 

•685 


•614 

•560 

•462 

•420 

0 

ig>T:HN 


•857 

•855 

•813 

•812 

•81t 

•773 

•745 

•608 

•663 

•627 

•578 

•472 

*429 


1*177 

1-015 

•034 

•034 

•686 

•886 

•886 

•844 

•813 

•761 

•722 

•682 

•623 

•522 

•470 

vE 



*070 

mum 



•067 


•061 


•054 

•061 

•060 

•050 



•010 

nn 

•039 

•040, 

Bi 

•037 

•038 

•036 

m 

nn 

IH 

'028 

•025 

•026 


















striker must be clear of the barrel ftuo before the 
gun is opened out. 

The body fore end and action and lov'^k plates are 
hardened in animal charcoal, or tlie steel action 
components are hardened and tempered by gas- 
miifllie furnace with oil and water hardening. 

The walnut stocks are sometimes shaped (as 
described in rifle manufacture), but in sporting guns 
most of the stocks are varied in length, set, and 
shape to suit the balance of tho gun and tl’.e 
purchaser. They are highly finished and polished ; 
also the gun may be finally decorated by engraved 
linos. A list of the approved minimum dimensions 
for various gun chambers is shown in the tabic 
at the bottom of irreceding page, which refers to 
the dimensions of 14. The taper in all cases is 
*005" |)er inch in length. 

Maxim Automatic Machine Gun. It 

is necessary to exyfiain that this gun is fully auto- 
matic — that is to say, after firing the lirst .shot the 
explosion causes the barrel and IcKik to recoil 
together and the following cycle obtains. 'Fhe 
empty case is withdrawn froni the barrel at the same 
t ime that a loaded one is pulled out from the bell . Tho 
barrel returns homo again, causing another loaded 
cartridge to be brought forward in the belt, into 
the feed box, by moving the belt. ]:lut the loc;k 
continues its rearward course, cocking the lock : 
and, coming forward again, raises up and inserts 
the loaded cartridge into the barrel, seizes another 
full one in the belt, having ejected tlie em}>ty ease* : 
and, l^tly, when the breech is quite securely home, 
the trigger is tripped, releasing the firing pin, and 
again firing the gun. The recoiling parts of the 
gun are brought back by a strong fusee spring 
situated at the left-hand side of the gun. That 
the reader may follow out the action of the gun, 


and so become acquainted with the various parts, 
we reproduce drawings [19 to 23J furnished by 
^lessrs. Vickers, Sons, & Maxim. Each part is 
numbered on the drawings, and the iiamcM of tho 
parts to which tlio iiunibeis rclatt^ areas follow. 

1. fasin).' 2. Siifoty soar .‘K Soiirspringr 4. Sojir pin 6. Pirlnff 
pill «». Tumldi-r 7. Tmuhler nxi!i pin S. TrigK^'f I'. Tiiggor iixiti pin 
10 . Lixk sprinn: 11, Extractor levers 12. Axis of I'xtraoti.r lexers 
1:5. I.<xwor oxtraotor atop. 14. Side lovers 15. Side lovor axia pin 
Ji). K.xiriietor 17. Cartriilgo groovog ]S. Horns of extractor 111. UpKr 
oxtiactor atop 20. Notch for extractor holdiiijf up sprilt); 21. Uili 
22. (iiltaprinx S.'!. Gib cover 24. Extractor apr in if 25. ('onuectin^ rod 
•Ji. CmiiIc pin ‘27. f.’niuk 2S. Clank aliaft 2!i (!onii(>ctiii|r rod imt 
:5il. Wiosher fi>r connecUnir roil .'tl. Recoil plate ffJ llarrel :W. Ejector 
tulu! :{4. Ejector tula* spiiii(; 3.5. (’roashoad Joint p i hole 36. Trunnion 
block .'ll. Jiiaide cnin .'W. Ciuiiielurfl for pHckinif S!». Cover 

.lolnt pin 411, Cover 4). Jainjont al/lit 42. Tangent alght spring 
4 : 1 . Cover block 44. tJover lock 4.5. Cover Jock spring 40. Rear 
cros.'.piece 47. Firing lever 4M. Trigi'cr bar 41). B'lring lever spring 
•50. IKiublo button on tiling Icx’cr 61. Automatic .safety catch 
spring .52. Umied head xxith ml briuih Kl. IJottoin xilates .54. Hole 
for clcvailug ^iit pin 6.5. Outside plates breech c.iaing 66. Flllliigdii 
pie<*o . 57 . Crank, roller .W. Roller 69. Check lover 60, Knob 

on cmiik handle 61. Crosahead lug 62. Fusee spring liox 03. Fuaeo 
spring «4. Fuaec liiika 6.5. Feed block 66. Bottom pawl axis 
pin 67. 11 ittoni pawls 6S. 'Pop pawls 65). Feed block slide 70. Feed 
bliM k lever 71. Bracket retaining feed block lever TJ. Sprtng 
retaining feed block lexer bracket 7:i. Top pawl axis 74. Top 
paxxl -.piing 7.5. Hexagon of crank shaft 76. Fnaee spring adjusting 
■<crcxv 77. Fusco 7S. Crank lM»aring 70. Slot in outside plates 

in xxhiih crank beatings juoxv Wl. Stop screw for Orliig lever 
.XI. Firing lever axis pin H2. Rear crosspiccw Oxliig pin ft). Automatic 
safet.v tatch 34. Guides In which flanges in lock timx'e ^5. Crank stop 
.*«. r'n.Jectlon on trigger bar 87, Extractor firing pin hole 88. j^team 
tube socket (rear) 81). Holes In steam tuls* !)0. Hrrew fixing steam tube 
;n. Emptying plug H2. Filling jdiig 02. Muxsle attachment 04. MuzkIo 
attachment ping 0.5. Htcaiu tubo 06. Slide valx’o 07. Water Jacket 
ps. steam tube swket (front) 09. Steam cHcnite hole 100. End Cap 
101. Gas cscapo holes in inu/xle altachinnnt 10‘2. Miiz/.lci asbestos jxack- 
Ing ia«. Foresight fixing w rew 104. Foresight 10.5. Cork plug 106. Feed 
l)hH*k spiiiig guide for cortriilgc cannelure 107. Cartridge stxxp 

It 1.^=5 to be noted that when firing automatically 
a complete cycle occurs in tho space of jVth of one 
.'jccond. 

Barrel. This is of very high grade “ Vickers ” 
steel drawn down under a Kyder hammer from a 
round bar. While at tho muzzle end it is about the 
same thickness as a rifle barrel, it is much larger at 
the breech end. At this end it has a reduced part 
reinforced by a block with barrel trunnions on each 
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ARMS AND AMMUNITION 

end. This is screwed on to the barrel, and has in At the side ate two dovetails to form a rigid 

it a stud on each side called the trunnion hearing to connection with the casing. Thk oastufg -^quires 

attach it to the recoil plates, and is recessed for a very careful coring and mouldinff to. .]^ev6ht ^pop- 

. cartridge head and extractor. The batrel is bored traction flaws. After casting it is ptckledV^d 

and finished, rifled and chambered in a similar sent to the machine shop. The sides are planed 

manner to the ordinary rifle barrel; but it is also or milled parallel, and the fore end turned; and 

hardened internally for some distance from the screwed. The front and re.ar faces aye xnilM to 

breech to withstand the high temperature of con- length, and the male screw thread is cut oh its 

tinuous firing. This is done bjr heating this portion fore end. The holes for the asbestos-packed barrel 

of the barrel, after it is rifled, in a muffle, and then breech are bored out and carefully finished to give 

by attaching an oil and water injection ])ii>e, a good sliding fit to the barrel. The top face is 

through which first oil is forced and then water. milled across, the hinge cheeks milled through, and 
This gives it a harder surface well in front of the the pin holes drilled. The dovetails must be very 

^shot that prevents the lands and grooves of the carefully machined and fitted on to the casing, 

rifling being washed away or eroded by the fianie. being driven home with a raw hide or lead hammer, 

of the nitro-cellulose powder. It is then finished. It is drilled for the axis pin and recessed for the 

-.chambered, and touched up, bobbed out to correct extractor spring. 

any little irregularities due to the hardening pro- Xhe Tube, When this is of bronze it is a 

cc5^s, and finished turned, and also has a rlei>ositetl cylinder cored hollow ; it must not porous. It 
popper coating on its outer surface ; tho breech turned up and polished outside, screwed at both 

blo^k is then screwed on dead home in such a way end.s, and the sight bed is machined. A water plug 

that the axes of the trunnions are at right angles and drain plug are screwed in. When in position 

to the axis of the barrel. it must be adjusted so that the sight is vertical. 

Casing, This consists of two plates with two Front Cap, This is a bronze casting with 

hardened cam plates riveted on, a bottom plate, front gland, with asbestos packing to make 

a roar crosspiece, and a hinged top cover. , hydraulic slide joint. There are screwed 

The side plates are of saw plate quality, and to receive the steam tube end. When 

are first flattened out, and then edge planed, assembled, a boring bar i.s passed through 

drilled to template, and two hardened cam this gland and tho bearing in the rear 

platest are riveted on inside. These control block to ensure correct alignment, or 

^.the path of the carrier. In each side plate ilN '.T jjSil this would grip the barrel and prevent it 

is a gap extending to the rear edge, for the HIMilHlRn sliding ])roperly. 

crank oearing of the recoil plates to slide LocK Frame, This [20] is of steel, 

in. Tho rear portion is milled to a V broken down from the bar, and is a beau- 

shape, and filling-in pieces are fitted in, to f stamping with the vertical horn web 

close tliia portion. They can be removed and slides, also side trunnion projections 

when tho rear block is taken off, so that raised up. It is first faced on the front 

thp barrel and all the action can be with- face and slides and wibbled out on tho 

drawn. The bottom plat-o is of bronze. sides, and the two solid side trunnions 

It is drilled, and the side jdates <aro ^ — . * are formed l)y hollow mills through a 

liveted to its angle fillets. There arc also fixing. Then the interior is milled out 

gaps machined tlirough for the feed box, between the side cliceks in a jig, using the 

and pin holes for tho spring box on the I'WO first machined surfaces as spotting 

left-hand plate. ])oints; then a guide race for the firing 

Cover, The steel cover has a gun- jg slotted out longitudinally, the 

metal casting with cam projections down- 23. feed BOX striker hole is coned out, and the top 

ward on it to ensure the extractor drop- and BELT, maxim ntop machined. After the outside of 
ping on recoil of the lock. They also r.C. gun side walls are machined, the pin 

keep the l(x;k down when back. This holes are drilled and reamered out 

casting (which also contains a recess for the tlirough a jig, so that they arc true to pitch and 

backsight spring) is machined first and riveted in sejuare with the rest of the lock frame when the 

the correct position ; a spring catch is fitted on tho lock frame is completed outside. The side levers 

rear end of the cover. Holes are drilled for the are previously machined, are slipped over the side 

tangent sight in the upper face, and a millcd-out bearings, and joined together at tne rear by riveting 

hinge piece is riveted on the front end. Tlie rear tliem on a square block. The block has a pro- 
cross piece is a gunmctal casting with a bottom jection rearward forming the male portion of the 

hinge to the side plates ; also a pin to secure these bayonet joint, and the extractor lever stampings 

passes through them. This pin has a turned T-head are machined and mounted. The various com- 

split pin to make it readily removable. The rear jioneuts, firing pin, and tumbler are machined 

crosspiece is milled out to take the firing lever, and hardened. The front face of the thrust block, 

and. drilled for its pivot pin. A gun metal safety on which the base of the cartridge rests, is tem- 

catoh with its springs is attached. The gunmetal pored very hard. In front of the look frames, 
castings on arrival from the foundry are well and gripping it with flanges, is the extractor, 

cleaned and pickled in acid solution and then Tho extractor contains a gib with its spring and 

machined in fixtures to templates and gauges. back plate, and tlic tail spring. The centre portion 

The Water Jacket. The water jacket is is a solid block, through which the point of the 

mode up of a rear block and tube and front cap. striker iiass-’s. The front face also has small 

The tube is either a bronze casting, or, as in the flanges vertically, but these are discontinued 

latest type of steel, with corrugated gills. below to liberate the empty cartridge case when 

The rear block for the water jacket is a bronze in the up position. This component is carefully 

casting joining by screw threads to the water recessed out by former mills for the mb; also the 

Jacket in front, and extending rearwards to form cone for the firing pin is bored out, and the grooves 

; a sleeve for tljie barrel with an ejector tube below to form the guides milled. The tail spring w 

Jt;; it$ top pinion has hinged cheeks for the lid. meted at its lower end to the extractor. 




24. 37-miu. MAXIM AUTOMATIC SHELL GUN (POM-POM) 


Recoil Plates* These arc Hat steel ])late 
stampings with square crank bearings stamped tip ; 
the left-hand plate has a forward ])rolongation ^dth 
an open slot, which engages the bell crank lever, 
and gives transverse motion to the cross slide of 
the feed box. It is squared first on the top’ and 
bottom edges, and then the outside faces are milled 
across, leaving the crank bearings projecting up. 
The insides have projections inwards left on them 
to form stops to the upward movement of the 
crank cheeks; also grooved guides are milled in 
them to contain the extractor slides on the front 
end. The crank 
axis holes are diilled 
and bored out dead 
.s(piare with the 
plates in jigs, and 
the front fork or 
slot of the left-hand 
])late is machined 
out with a slighl 
radius The slides 
and fore end and 
axis holes are all 
oil hardened, after 
heating, in a muffle 
furnace. 

CranK and 
Connecting 
Rod* The crank 
is a solid stamping 
with two web cheeks 
and axles projecting on each side of them, hexagonal 
at one end for the hand lever, and at the other fer 
the fusee. They are first turned on the axle parts. 
The cranks are milled out between the webs, leaving 
a wedge-shaped portion there; also, outside, they 
are maohined by gang mills. The crank pin hole is 
bored through the cheeks in a jig and slightly coim- 
tersuj^^dthea the finished pin is riveted in place. 


Feed BlocK* The feed blocks [21 and 22] are 
bronze eastings, and contain the steel pawls, slide, 
and lever. The casting is machined longitudinally 
outside to fit the casing plates, and transversely 
inside to suit the various shaped cartridges, also 
for the cross slides, and bored for the lever. The 
bottom steel pawl has a fixed fulcrum in the 
casting ; the top pawl is on the slide. The 
longitudinal movement of the recoil plates im- 
parts a transverse movement to the slide through 
the bell crank lever, and the toj> pawl slides back 
over the cartridge and feeds it forward on the 
return stroke, the 
bottom ])awl retain- 
ing the cartridge 
belt [23] in position. 

Hot c hKisa 
Machine Gun. 
The only other 
type of automatic 
machine gun that 
has been adopted is 
the Hotchkiss, which 
is used by the French 
and other Govern- 
ments. It is .simple 
and elTective. It 
has no water jacket, 
but a very thick 
radiator barrel, and 
the number of 
working parts is 
small. It can be stripped and reassembled by 
hand if necessary without the use of tools. It was 
in use in the Boer War. Another type of Maxim 
gun, or Pom-pom, is shown by the 37-mm. shell 
gun [24J somewhat on the same principle as the 
K.O. type described. This gun fires small shell 
of about IJ in. diameter. The latest type of light 
B.C. Maxim gun is shown in 25. 


Continued 
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FURS AND FURRIERS 

DRESS 

45 

The Quality and Colour of Furs. The Various Processes 

FoUowiiisr on 
page 6 :j77 

Involved in their Preparation. Making the Skins into Articles 


By J. P, MILLINGTON 


'T’HE covering of certain animals is known gener- 
* ally as fur. In s])eaking of a “ fur,” the term 
is usually applied to the })clt or akin proper, and the 
wool or hair attached to it. On examination of 
moat furs, two kinds of fibres will be noticed — those 
making up the nnder-wool, which are soft and 
flowing, and stiller, siraighter ones, more closely 
resembling those of human hair. The latter arc of 
service in keeping the woolly fibres from becoming 
matted or felted, and also assist in keeping the wool 
from being saturated with water, as they allow the 
water to shoot away “ as from a duck’s back.” 

The value of a fur- skin depends upon the colour, 
texture, and durability of these fibres, and also upon 
the nature of the jiclt ; and it is because they possess 
one or all of these characters to a high degree that 
certain skins are held in such high estimation. 

Colour and Quality. ^I'he colour of wild 
animals is generally well adapted to the surround- 
ings amongst which they severally live and have 
their being. Generally speaking, the farther north 
we go the lighter do we lind the prevailing colours, 
and it is only in the extreme north that white 
animals are found in any apj^rociable quantity. 
Cold has a marked iniluence on colour, and many 
animals whose summer coat is grey or oven drab 
assume during the winter a more or less pure white 
colouring, though, as a rule, certain portions retain 
their original share of pigment, as, for oxam])lc, the 
Arctic hare, which lias some pigment remaining in 
the tips of the ears, and the ermine, in which the 
tail is yellowish white at the root and black at the 
tip. 

Like colour, (quality is influenced by climatic 
conditions. As a rule, the colder the winter the 
better is the fur, and those skins taken about 


mid- winter are usually better both in quality and 
colour. When the new coat begins to appear, certain 
of the half-grown fibres ai e to be seen. A skin in this 
condition is said to be stagey,” and is generally 
much poorer in quality. Sumincr skins are those 
obtained from animals wearing their summer cloth- 
ing. These also are of considerably lower quality 
than those taken in winter. 

The Application of Furs. In the first 
place it should be pointed out that the skins of fur- 
oearing animals are used for two main purposes. 
Their chief application is to the manufacture of 
articles for domestic use — wearing a])parcl, rugs, 
etc. In the second place, the fur, after being .sejai- 
rated from the pelt, is converted by pressure into fell 
used in the making of hats, cloth, and so on. In 
addition to these uses, there are certain other 
industries on a smaller scale which deal in fui 
products, as, for example, the manufacturo of 
badger-hair brushes, and of artists’ brushes from 
sablo and kolinski tails. Our chief concern will be 
with the fur trade proper in connection with the 
colleotiiig, trading, preparing of furs, and their 
manufacture into saleable articles of clothing. 

Before proceeding to an account of the treatment 
1 of it will bo as well to give a short account ot 
the fiir-beafing animals. For details concerning 


their nature, habits, and relationsliips, see tlic 
course on Natural History. We sliall consider 
them hero only so far as they are important from 
the furrier’s point of view. 

FUR»B£ARING ANIMALS 

Angora. [See Goat.1 

Badger (Mdes taxi/s). Found aiToss temperate parts from 
Britain to Japan. Bather stiff greyish upper hair, and 
whitish under-wool. The hair is used for making hruslies. 

Bear (Uraus). Various species are used by the furrier. 
The brown bear {Umis aretos) is found all over the OhI 
World north of the Atliis and Himalaya ranges. Fur varies 
much in colour and quality, that of the cubs being woolly 
while that of more adult members of the species is stiffer. 

The Grizzly Bear {lirsus /erox)\» found distributed over 
a large area in North America. The under- wool is brown »)r 
dark brown, and the hair almost black. Certain skins jield 
hair suitable for brushmaking, but the majority is used for 
ordinary furrier’s work, and large? numbers are employed in 
the manufacture of caps and robes for military purposes. 

The Polar Bear (llrHua maritimiis) is found only in Arctic 
regions. The fur of the young is quite w'hlte, but becomes 
yellower with age, though S(mje adult, specimens are of 
an almost puKs white. A certain number of skins are used 
for rugs. 

Beaver {Castor). Tw’o species only are knowm — the 
European beaver (CaMor fiber) and the .\mericau beaver 
{Castor eanaiiensu). The former is widely distributed over 
Europe and Asia; the latter is practically confined to 
Canada. The fur is a very beautiful one of a grcy-bi’ow'ii or 
reddish colour, witli rather long, somewhat stitf hairs. 
Usually, beaver skins are “ pulled ’’--that is to say, the 
upper hair Is removed and the colour of the fur altere<l 
by a chemical process known as *’ silvering.” Heavier is used 
largely for trimmings, coat liqings, and sundry other 
purposes, the old application to tla? making of hats being 
practicJiily a dead industry. The numbers niiuually taken 
have of recent years shown a marked decrease, owing to 
persistent hunting. 

Blue-backs. f8ee H.\iu Skal.I 

Buffalo {Bos amerieanus). Found in western and 
northern American prairies. Hair rather coarse and dun 
in colour. Used chiefly for making leather, though the 
flnest skins are made into robes. 

Cat {Felis). Various species used in fur work. The 
domestic cat, of wliich large numbers are obtained from 
the Continent (more parti(!ularly from Holland), is used 
in large quantity for fur work of an inferior kind. The 
skins are made into linings for coats, etc., and these are 
known as ” genet.” Fur poor in (piality ; colours varioih. 

Wild Cat {Felis catas). Poor in quality and in liiuileu 
demand. 

Ciret Cat { Viverra zibetha). Sometimes used on account 
of singular markings. 

Chinchilla {Chinchilla latiigera). Found in various i)urts 
of South America — the finest qualities in Peru. The linu 
is very soft and of almost tlie same length as the fur. Tlie 
fur Is’long and silky, in the ground parts of a dark slate 
colour, while the upper portions are silvery grey. Used 
very largely for mutfs, boas, and trimmings. 

Another variety, known as Bastard Chinchilla, comes 
from Chili. The skins are smaller and the fur poorer than 
the real chinchilla. 

Caragan. A variety of fox found on the steppes. 

Deer {Cervus). Many species arc found in various parts ot 
the world. There is little fur, and the hair is rather short 
and stiff. Chiefly used for making mats, rugs, etc. 

Ermine {Mustela erminea). Found in Russia, Siberia, and 
North America. Hair and fur both soft. The best almost 
pure white. Inferior qualities have a more yellowish tin<?c, 
and are frequently bleached before use. Tail yellowish, 
with a black tip. Used for muffs, boas, trimmings, etc. 

Fisher [JWustela pennanti). Found In northern parts of 
America. Fur rich and close, hair long, dark and glossy. 
Pelt strong, and the whole skin of a durable nature. 

Fitch (Mustela eversmami ; also M, putofftis~the j^le- 
cat). Found In various parts of the Continent and in 
Siberia. Hair long, with darTtlps. Fur light grey to yellow. 
Used very largely for cheaper varieties of fur work. 





oRsas 


Fox iCanU). Many species and varietiedMUsed for all 
Kindi of fur work [8}. 

iOmit vtUpes afffeniatus). Found in I^orih 
America and in Busaia. Beat from Labrador district. 
Fur fine, and dark in colour. Hair long and glossy. 
Wne varies according to colour, the darkest being the most 
valuable. 

Blue Fox iCanU lagopua). Found in Arctic regions. Best 
from Archangel district and others from Greenland. Fur 
soft and woolly, of a blue colour, hair of a grey • blue 
colour. . „ „ 

Continental Fox. European red fox. 

CroBs Fox {Cants mdpes penmylvanicus). Found In North 
America—best come from the Hudson’s Bay district. 
Fur pale in colour ; hair darker at the tips, the darkest 
parti being along the spine and across the shoulders, making 
a distinct cross I cdj. , ^ 

Cfejf Fox (Cants cinereo-argentatus). Found in America. 
Pur greyish or yellowish ; hair silver-grey on the back, 
more yellow on the sides. 

Japan Fox (Canis proeyonoides). Poorer m quality than 
above. Hair greyish and somewhat stiff and short [Sh]. 

Kitt Fox (Cants velox). Found in some parts of Jtussia 
and in North-West America. Skins sniali ; fur and hair 
rather soft. 

.. and Fox. Name usually given to red fox from Germany 
and Switzerland. Smaller and poorer than Asiatic and 
American kinds. 

JR<?d Fox (Cants mdpes). Found all over the northern 
hemisphere. Some of tlie best come from America, of 
which there are two varieties— western and eastcrn—tho 
former being the finer. Very fine skins are also obtained 
from North Europe— those from Finland are, perhaps, 
the best. Very fine skins come from Asia, the Kamchatkan 
kind being particularly good. Colour of fur various, yellow- 
ish to blue-grey. Hair yellow to a rich dark red [8c and ej. 

Sihm Fox (Lanis vulpes argenlaius). A variety of the 
black fox obtained in Bussia and North America. Fur dark 
in colour, hair silvery white. 

White Fox (Canis lagopus). Found in North America 
and in North Asia. Fur and hair pure white, though the 
former often has a tinge of blue. Sometimes darker hairs 
arc present. These lower the value of the skin. Enormous 
numbers are dyed various shades (8a]. 

Genet. CSec Cat.] , - , , 

Goat (Capra hircus). Found in many parts of the world. 
The Angora possesses fine silky fur, and is largely employed 
ill the making of rugs. Certain kinds of goat obtained from 
Tliibet and China come into the London market in enor- 
mous quantities, and arc classified according to colour into 
“ whites,” ” greys,” and ” natural blacks.” The best skins 
of the last-named class are dyed to imilate bear, and are 
much used in the manufacture of rugs. Some of the finest 
come from China and Manchuria. 

Guanaco (Aama aens). Found in South America from 
Ecuador to Tierra del Fuego. Colour reddish to yellow. 
Chiefly employed for making carriage rugs, etc. 

Hamster (Cricetm frnmefdanus). Found in large num- 
bers in Germany and on the Continent. Fur and hair short, 
yellow to grey, with curiously shaped black markings 
down the back. Made into linings for coats, cloaks, etc. 

Hare (Lepus europceus). Found in northern hemisphere. 
Fur soft and fine, hair long and fine, pelt weak. Pure 
white found in Kussia and Siberia in enormous numbers. 
Thousands used in this country in the natural state, and 
dyed to imitate the more costly varieties of furs. Sold by the 
poud (a Russian measure). Value according to the weight 
in pouds of 100 skins. . „ . , 

Kaluga (Spermophilus eitUeus). Found in Central 
Europe and Siberia. Practically no fur, but very short 
hair. Poor skins in every way, both as regards fur and 
pelt. Colour grey, yellow, or reddish. Made into coat 
linings, etc., and often dyed some darker colour. 

Kangaroo. Various species used to a slight extent. 

Kolinski (Mttstela sibirica). Found in Northern Asia. 
Fur soft and short, of a blue-grey colour in the ground, 
lighter on the top ; hair yellow to orange-red ; skins 
generally dyed to look like sable, and used for muffs, stoles, 
etc. The hairs from kolinski tails are used in making 
arUsts’ brushes and pencils. , ^ 

Lamb (Oat's aries). Many varieties are known in the fur 
trade, and have received names according to the districts 
from wlilch they are obtained— e.g., Persian, Knmmer, 
Ukraine, Astrachan, etc. The fur is curly, the value 
depending on the size and tightness of the curl. The better 
the curl, the more valuable the akin. , ^ 

Persian lamb is the most valuable, as, when dyed, it 
takes a most beautiful gloss. Ukraine, Astrachan, etc., 
are less valiiahle, but are largely used. Colours are various, 
A i^rtain number of pure white skins are used in thejiatural 
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Lion (Felis leo). Used for rugs, etc. 

Lynx (Felis lynx). Obtained In Europe. An American 
species (F. r^a) is also used In fur work. Fur grey, yellowish 
or bluish. Hair fine and soft, of a greyish colour, flecked 
with black. Many used natural for ties, etc., some dyed, 
chiefly blue and black colours. 

Marmot (Arefomys). Various species obtained in Europe 
and Asia are employed. Different kinds are known by 
special names— e.g., Orenberg marmot, Tarrabagan, etc.— 
and the values differ according to fhe kind. Fur is rather 
harsh, generally of a greyish black colour in the ground, 
becoming lighter ami more yellowish red at the top. The 
hair is reddish, often speckled witli black, and rather stiff 
and harsh. The skins are generally dyed to imitate the 
more costly sable. 

Marten. Various species belonging to the genus 
Mustela are used. Tile whole genus is characterised by a 
certain softness and riciiness of fhe fur, which makes them 
amongst the most highly esteemed furs. 

American Marten (Mustela americana). Found principally 
in the Hudson’s Bay district, Labrador, Alaska, and certain 
otlier parts of North America. The fur is bluish grey, 
except under the throat, where it is a yellowish white. 
The top of the fur is lighter in colour, and the hair varies 
from a light yellow to a rleli dark brown. Next to the 
Russian sable, it is the most valuable skin of the marten 
tribe. The darker the skin the more valuable it becomes. 

Baxim Marten (Mustela marten). Found in Central and 
Northern Europe and in Asia. Fur rather like that of 
American marten, but somewhat lighter. The hair is fine 
and soft, and varies in colour from liglit yellow to dark 
brown. The fur on the throat is of a yellow to deep orange 
colour. 

Fisher Marten. [‘See FfSHKK.] 

Japanese Marten. This is a much less valuable fur than 
the preceding, hotli on account of its harsher nature and of 
its brilliant colouring value, which ranges from yellow to 


orange. 

Japanese Sable, hi character tills skin rather resembles 
that of the Chinese sable, which seems to be a variety of 
the Russian sable. 

Russian Sable (Mustela zibellina). One of tlie most highly- 

E rized furs. Tlie fur of the bi^st skins is of a rich, greyish 
lue in the ground, becoming somewhat lighter towards 
the top. In character it is exceedingly soft and ” full.” 
The hair is dark brown and glossy, and here and tliere 
greyish hairs are to he seen. Tlie lighter-coloured skins are 
much less valuable and are frequently dyed to look more 
like the darker natural skins. 

Stone Marten (Mustela foina). Found distributed over 
Southern Europe, some of the finest skins being obtained 
from Turkey, and in certain parts of Asia. The fur is of a 
lighter colour than that of the other martens, and is 
generally of a pale greyish blue colour, though in many 
skins it is almost white. The hair is very long and less 
soft than in the other sjiecies. In the best skins it is of n 
dark browi colour. 

Mink (Mustela). Various species are used. 

European Mink (Mustela luireola). Found in Poland, 
Russia, and Eastern Europe generally. It is known as 
“ nOrtz ” or “ sumpf-otter,” and is not used in large 
quantities. 

American Mink (Mustela rison). Occurs in America. 
The fur and hair are short, and vary from a pale yellow to 
a rich brown. The upper lip is generally white, and there 
are also white patches on the breast. 

Japanese Mink (Mustela sUnrica). Closely allied to the 
Siberian mink, and resembles the polecat tribe. Its fur is 
short, rather harsh, and of a yellowisli colour. 

Mole (Talpa Europoea). Found distributed all oyer 
Europe. Very tine, soft fur, short and close, of a bluish- 
grey colour. Has been used in exceedingly large numbers * 
during recent years for jackets, etc. 

Mongolian. Under this name are included the skins 
of various animals from Thibet and China. The skins of 
certain kids from these districts arc sewn together in the 
form of a Maltese cross, and are known as China kid 
crosses. The small pieces of fur which cover the legs are 
also made up in a similar fashion, and are sold under the 
name of “kidleg crosses.” Tliey are generally classified 
according to colours, four principal varieties beingrecognised 
—viz., grey, white, black, and mixed, or spotted. The value 
depends on tlie quality and length of the fur, tbe longer 
and coarser varieties being the least valuable. The name 
” Mongolian ” is often used as synonymous with Thibet 
Iamb, a species of sheep having long, soft, curly wo<)l. 

Monkeyf Certain species from West Africa, with fur 
of a bluish-grey colour, have a limited use. . ..... 

Moufflon (Hircus laniger). Found in various districts 
in Europe and Asia. The hair is “ pulled,” leaving a soft 
wool. Skins are dyed various colours — blue, grey, etc., and 
are used for making necklets, etc. The true moufflon 
muswnon) Is found only in Corsica and Sardinia. The 
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and of a rich, grey-blue to slate colour. When “ pulled,” the 
fur shorn so as to be of about 14 millimetres in length, and 
dyed, these skins are used very largely for making ladies' 
jackets, as the finished article is a very passable imitation 
of sealskin. One variety, known as '^natural black mu- 
squash,” which is obtained from Maryland and Delaware, 
is of much greater value than the ordinary kind. 

Nutria {Myopotamus coypu). Found in the River Plate, 
South America. The hair is coarse and stiff, and is usually 
removed by ” pulling.” The fur is short and close, and of a 
rich brown colour. For use as trimmings for ladies’ gar- 
ments it is often ” silvered.” TSee Beaver. 1 The fur of 
skins of which the pelt is damaged is much used for felt 
manufacture. 


Opossum. Two varieties are used by the furrier— the 
American and the Australian. The characters of the furs 
of tliese two animals are quit-e different. In the American 
opossum (Didelphys virginiana) the hair is long and 
coarse, often split at tlie ends. The fur is generally wiiite or 
ashy grey. In tlie Australian opossum (Phalangista vulpina) 
the hair is shorter, less stiff, and the whole <*ffect is inf>re 
woolly than in tlie American form. The colour is usually 
blue-grey on the back, while the belly fur is white or 
yellowish. 

Otter (Lutra). The otter is found distributed over a 
large portion of the earth. The Euroi)eau species is Lutra 
vulgaris t and some of the best skins come from Norway, 
though occasionally good ones are obtained in the Shetland 
Islands. The Canadian otter {Lulta canadensis) is also 
largely used. A very large otter is obtained in South 
America {Lutra braziliensis), and a certain number of these 
skins are used by the furrier. The African species {Lutra 
capensis) is large in size, but the quality of the fur is rather 
poor. 

,Sea Otter. [See Sea Otter.] 

Pisiiy pu%{Ornithorhynens paradoxus). Found in Austra- 
lia and Tasmania. The fur is not of tirst-rate quality, and 
has but a very limited use. 

Rabbit {Lepus cuniculus). Found all over Europe, and 
its fur is perhaps one of tlic most largely used. Many 
thousands of tame rabbit skins ar(? used on the Continent . 
When shorn and dyed th<5y are used as an imitation of seal- 
skin under the name of “ electric seal.” Several varieties are 
known to furriers and fur merchants, and amongst them 
may be mentioned Blue Babbit. The last-named is used as 
Imitation ermine, and for millinery purposes. Tlie fur is 
also largely employed in tlie manufacture of felt for liats, 
etc. The American rabbit has fur more resembling tiiat 
of a bare. 

Raccoon {Procyon lotor). Found in North America.' 
Jur long and well developed, greyish or yellowisli grey in 
colour ; hair often tlecked. Pelt strong and tlurable. 
Largely used for linings and ruga. The tail is ringed with 
black. 

Sea Otter {Lafax lutris). One of the most valuable furs 
at present in use. Found in the North Paeifio. Formerly it 
was comparatively coininon, but persistent hunting ims 
greatly reduced the numbers. Tlie fur is very full, rich, and 
soft, and its colour varies from a greyish brown to an 
exceedingly dark iirown. Tlie pelt is extraordinarily strong 
and thick. 


Seal. Under this name are included many species whhdi 
may be conveniently divided into two main groups — the 
fiur seals and the hair seals. In tlie former class the fur is 
very thick and soft, while in the latter it is reduce<l to a 
minimum. 

The Fur Seals. There are four species used in the fur 
trade which are classified according to the districts from 
wliicli they are taken. 

^ Alaska Fur Seal (Otaria ursina). Fouml in the. Behring 
' Seas, apd the greatest numbers arc taken on tlie seal 
beaches of the Pri^dov Islands, and tliose belonging to the 
Aleutian group. The hair is stiff and strong, the colour 
varying according to age. The fur or wool is very thick, and 
after removal of the hair is seen to be of a greyish yellow 
or brown colour, and tightly curled. (This description 
^piies in the mam to the other three varieties of fur seal.) 
The seals taken in the open sea and known to commerce as 
” North-West Coast seals,” as well as those taken off the 
coasts of the Copper Islands, also belong to this species. 

Cape Horn Seal {Otaria australis). Found in the South 
Pacific. ” Lobos ” skins, caught near the Lobos Islands, 
belong to this species. Tlie fur, as a rule, is not so thick 
as in the Alaska seal. 

Cape ofOo<^ Hope Seal {Otaria pusiUa). Found in the 
neighbouTh(rad of the Cape of Good Hope. Somewhat similar 
in general characters to the Cape Horn seal. 

Ncaf {Otaria forsteri). Found near New 
^aland and in the Soutli Sea Islands. The fur in favour- 
able specimen of' South Sea skins ” is very long and full. 

The quality of the fm depends to a great extent upon 
the age of the animal. Three or four year old seals gener- 
ally i^ess the richest and thickest fur. According to the 
jlje they arc sorted and named m follows, beginning with 
the largest : Wigs, middlings, middlings and smalls, large 


pups, middling pups, small pups, extra small pups, grey 
pups, and blacK pups. Further details concerning fur seals 
13 given later. 

The Hair Seals [91. Various species from the 
Pacific are known to commerce — e.g., the Cape sea lion 
(Otaria jubata), the Northern sea lion (Otaria stelleri), 
the Californian hair seal (Otaria (Hllespii), and the Austra- 
lian seal (Otaria lobata). Those most frequently met with 
arc the Atlantic varieties, of which the following are the 
most commonly used. 

Grey Seal (Halicheerus grypus). Found In North 
Atlantic. Certain numbers breed in the Shetland Islands. 
Not very plentiful. 

Common Seal (Phoca vttuUna). Found all round the 
British coasts. The hair is yellowish with black spots on the 
back and flanks, yellowish white on the belly [9cl. 

Ringed Seal (Phoca hispida). Found in the North 
Atlantic. The hair is stiff and of a yellowish colour, marked 
down the back and flanks in the form of rings of blue or 
black hair. 

Blue-back (Phoca groenlandica). Found in the NoTtheru 
seas. The liair f)f the Imck is a bluish grey — sometimes quite 
a dark blue, wdiile on the Hanks and belly it is white or 
yt‘ilowish white 

Whitecoat. Tlie young of various species of hair seal.s 
liaving their first coat are kiiowm us whitecoats. The fur is 
soft, the hair softer than in the adult, and varying in colour 
from silvery white to light yellow. .Some are even of a pale 
orange colour. The hair seals are used diiefly for the making 
of coats for motoring, though wiiitecoats, when dyed, are 
used for making military caps, etc (9a|. 

Sheep (Ovis). Tliree kinds of wild sheep are used in the 
fur trade — viz., the argali (Oi'is argali), from Siberia ; the 
moufflon (Ovis musimon), from Sardinia ; and the American 
sheep (Ovis montann). There is generally a stiff hair and a 
soft under-wool. The former is usually removed by the 
process know'ii as ” pulling.” 

The Iambs are very largely used under names denoting 
their pJare of origin — e.g., Astraelian, Persian, Ckraine, etc. 
('araeule, from the south of Hussia, is largely employed. 

SKunK (Afephitis mephitiea). Found in North and 
Central America. Of a dark brown, almost black colour, 
with dark nnder-w'ool. (Jenerally, there Is a more or less 
well-deflned white stripe of a V-sJiape. Dark skunk are 
valuable skins, both on account of their colour and dura- 
bility. Tlie wiiile stripes are often cut out, sewn together, 
ami then dyed to imitate (he darker portions. Largely used 
for mulfs, ties, collars, etc. 

Squirrel (Sciurus vulgaris). Found in tlie northern parts 
of Europe, Asia, and America. The common red squirrel is 
not mucli employed, the kind cliieffy valued' being tlic 
Russian and Siberian. Tlie fur is soft, full, and of a rich 
dark slate colour, and the hair is grey, slightly flocked witli 
a darker blue. The belly is wiiite, wiiile the flanks are often 
slightly red. Squirrel is largely used for coat linings. The 
skins are divided into back and belly, and the backs made 
into what are known as sacs. These, wlien dyed of a sable 
colour, form a very tolerable sable imitation. The bellies an* 
also sewn together to make ‘‘squirrel lock sacs.” The best 
varieties of Russian squirrel areknowui as Ob8ky,Tobolsk.\. 
and Lensky. 

Susliki. [See Kalvoa.I 

Thibet Lamb. [See Moxoouan.1 

Tiger (Felis tigris). Found in Asia. Chiefly used for 
making rugs, etc. 

Vicunia (Lama vicunia). Has practically the same 
distribution and charueteristies — as regards fur — as tlu* 
Guaiiaco, and the skins are employed for similar purposes. 

Wallaby (Petrogale xanthopus). Found in Australia. 
Fur soft ; hair rather long, and of a greyish colour. Largcl> 
used w'hen dyed as an imitation of skunk. 

Whitecoat. [See Seal.] 

Wolf (Canis lupus). Found in the northern parts ot 
Euroiie, Asia, and America. Hair tine, wool soft, and very 
liable to ” felt.” Best come from Siberia and the Hudson s 
Bay district. Colour varies from yellowish grey to blue, 
some skins having liair that is almost black. 

Wolverine (Oido borealis). Found in Arctic regions. 
Known also as the (iluttoii. Fur soft and thick. Colour 
somewhat similar to tliat of tlie wolf. 

The Trade in Furs. At the present tint 
there are certain recognised centres of the fiii 
trade, and to these almost all the skins are brought 
and sold either by private treaty or by public 
auction. Amongst these centres are London. 
I..eipzig, Nijni-Novgorod, and Irbit. To the London 
market come all the goods belonging to the Hudson's 
Bay Company. These are sold bv public auction 
twice a year, in January and March, the chief skin^ 
being beaver, musquash, red fox, white fox, cros^ 
fox, kitt fox, silver fox, mink, otter, Ameriom 
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(known as Hudson's Bay sable), fisher, lynx, 
.wolvorlne and wolf. 

Furs colleeted in America other than those of the 
Hudson’s Bay Company are sent direct to London — 
and a small number to I^eipzig — where they are 
received by commission agents and subsequently sold. 
To London also come most of the Soutn American 
(chinchilla, guanaco, nutria, etc.) and Australian 
furs (opossum, wallaby, kangaroo, etc.), as well as 
large numbers of what are known as “ China goods,” 
including goats, Thibet lambs, China kid, and kid 
crosses, Jap fox, Chinese sable, weasel, kolinksi. 

The fur sales in London take place in January, 
March, June, October, and December. At the 
December sales practically the wholo of the world’s 
seal catch is disposed of to merchants, who distribute 
them between London and Paris for dressing, 
ilyeing, and those subsequent oixiriitions which are 
necessary before they are ready to bo made into 
jackets and other articles. 

At the March sales, which 
are the largest, almost 
every conceivable variety 
of skin is to be seen, and at 
this time of year certain 
parts of the City seem to 
be more than usually cos- 
luojiolitan, for merchants 
(rome from the ends of the 
(‘arth to prepare for the 
following winter. The 
(liiiia goods are sold mostly 
in January, and, as in 
every other branch of trade 
to-day, there is a tendency 
to specialisation to be seen, 

(or certain business houses 
devote almost the whole of 
their attention to this 
China trade. About Easter 
time, Ijcipzig presents a 
similar cosmopolitan 
aspect, for then the great 
fur fair is held. At tin's 
fair the majority of the 
goods sold are tliose 
obtained from the Conti- 
nent of Europe — including 
part of the Russian pro- 
duce, and, in addition to 
the various kinds of sable 
and marten, such as stone 
and bauni marten,. fitch, 
kolinski, etc., large num- 
bers of American skins — skunk, beaver, musquash, 
f*tc. — are sold. 

To Irbit, one of the centres of the Russian trade 
in furs, are brought Russian furs, such as marmot, 
bare, and fitch, white fox, ermine and squirrel, as 
well as lambs of many kinds — Persian, Ukraine, 
Krimmer, Astrachan, and others. The skins are 
sorted, half-prepared, and sold, to come eventually 
to Western Europe, often via J^eipzig and London. 

The fair at Nijni-Novgorod was formerly the 
gi’eatest in the world. Here, East and West met to 
haggle and barter, buy and sell. To-day, however, 
ill considerably less importance, though still 
the centre for Siberian goods such as ermine, hare, 
sable, squirrel, and other furs.* 

At the London sales all goods are sold by public 
the highest bidder. Goods must be 
warehouses by a certain fixed date, 

V 5® ftany nierphants and furriers who do not 

ish to Mve gqo^a worked immediately have 



1. lliE furrier’s lOOLS 
a. Reaming knife b. Furrier’s knife c. Sha.viv's sUv 
Sleeker e. Unhairer’s pulling knife /. Rluhkerii 
knife g. Moon knife Cross-handled shaver's knife 


them warehoused. Some skins are best kept in cold 
stores ; for others it is sufficient to put them away 
at the ordinary temperature with some substance 
which will prevent them from being attacked by 
moth. Camphor is excellent for this ])urpose, but. 
on account of its lower price najdithnlene is much 
more largely used. 

Tariffs and Duty on Furs. The Customs 
duty on furs was abolished in 1845 after having been 
reduced three years earlier, so that all skins, whether 
raw, dressed, or dyed, come into this country free 
of charge. 'J’ho same applies to (hu'inany, but in 
France, dressed and dyed skins are cliarged duty 
according to tarilT, with tlic exception of certain 
China goods, and some kinds of hair seals. 

All raw goods are admitted duty free into the 
United States, but charges arc made upon dressed 
skins amounting to about 20 per cent, of the value, 
while for manufactured articles an even higher rate 
is cliarged. 

Tliero arc also certain 
tnriff charges in Canada 
and some of the Australian 
Colonies. 

So much then for the 
trade in raw products on 
the large scale. The 
courses usually adopted in 
retailing are two in niimlx'r. 
1'he merchant, having 
obtained his goods, sorts 
them according to colour 
and quality, and cither 
hclls them in the raw state 
to the furrier, or to 
another mer(*hant, or 
hands them over to the 
fiir-skin dresser and dyer. 
By the latter they are 
dressed— that is to say, 
the haril, horny skin is 
converted into a soft, 
pliable pelt of the nature 
of chamois leather, and, 
if necessary, sliavod down 
to a suitable thickness. 
Certain goods recpiirc dye- 
ing in order to improve 
their lustre and colour 
generally, or so to change 
them in apjicarancc that 
they resemble a more 
costly and ])leaHing fur. 
From the dresser and dyer 
they pass once more into the hands of the merchant ; 
from him to the furrier, and so to the retailer of 
the finished articles. (.>rtain furriers, however, 
prefer to buy the raw goods from the merchant, 
and have them jirepared according as they are 
needed, this applying particularly to the more 
valuable varieties. 

Prices of Shins. In tlie following list, the 
prices and numbers given arc only to be read as 
approximate. It is ijnpossible to obtain accurate 
figures as regards numbers on account of the enor- 
mous amount of business that is done by private 
treaty at the various Continental fairs, and, in 
addition to this private sale there is still, at Ijoipzig, 
at any rate, a certain aino:!int of barter. Russian 
merchants, for example, exchange Persian lamb for 
the red fox of their German brethren. Amongst the 
skins which are sold by auction to only a small 
extent are squirrel, marmot, fi^h, nutria, baum 
and stone marten, kolinski, and Persian Iamb, 
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and of these any figures that 
may be given represent but a 
small fraction of the total 
number. 

With regard to prices, we are 
again forced to approximate 
figures. As a rule, two prices 
are given, the one representing 
the lowest grades and the 
other the highest. Between the 
two are innumerable values. 

There are various causes 
which dctermiiio the prices, 
the principal Insing demand, 
which is ruled by the dictates 
of fashion, and supi)ly, which 
is practically beyond control. 

A few seasons ago, there was 
a largo demand for moleskins, 
and whilst the fashion lasted 
millions of skins were made 
up into jackets, mulTs, and 
other articles of wearing 
apparel. At the ]>resent time 
tiio demand is considerably 
lessoned, and, in consequence, far fewer skins come 
to the market. Persistent hunting frequently causes 
a shortage in numbers, and disease and inercaso in 
tlie number of the natural enemies of fur- bearing 
animals are also contributing factors. 


1 APPROXIMATE PRICES ANT) NUMBERS OF FURS I 

1 ON THE MARK! 

<:t 

Kind of fur. 

Nutulwr. 

Valut* i>pi '.kill. 

Badger . . fete. 

17,214 

Is. to 

Bear, Brown, liitick, 

15,744 

5h. „ £10 

,, Polar . . 

1.53 

£l „ £25 

Beaver 

48,975 

10s. ,. £2 10.S. 

Chinchilla (real) . . 

8,035 

4s. „ £7 I Os. 

„ (bastard) 

36,083 

Is. „ £1 58. 

Cat, Civet . . 

70,065 

Is. „ 2s. 6(1. 

„ House .. 

58,122 

2d. „ 2s. Cd. 

„ Wild .. 

10,070 

Is. „ 78. 6d. 

Ermine 

13,022 

Is. „ 10s. 

Fisher 

4,000 

5s. „ £.3 

Fitch 

— 

Od. „ 5 h. 

Fox, Blue . . . , 

.3, .580 

£I „ £9 

„ Cross .. 

5,438 

6s. „ £5 

„ (irey . . 

.55,638 

Is. 6d. „ r.s. 6d. 

„ Japan 

83,420 

3s. „ 8s. 

„ Kitt 

6,2.52 

Is. 6d. „ 5s. Od. 

„ lied .. 

74,773 

2s. 6d. „ £1 I5s. 

„ Silver . . 

1,546 

£2 „ £220 

„ White.. 

20,054 

7s. 6d. „ £2 

Goat 

— 

Is. „ 7s. 6d. 

Kolinski 

— 

Is, „ 48. 6d. 

Lamb, Astraclian . . 

— 

Is. 3s. 

„ Krinuner . . 

— 

38. „ 5.8. 

„ Persian 

— 

12s. „ £l 

„ Ukraine 

— 

3s. 6d. „ 6s. 6d. 

Lynx 

58,019 

6s. „ £2 2s. 

Marmot 

— 

2d, „ 3S. 6d. 

Marten, Anuirican . 

08,120 

I5s. „ £15 

„ Baum 


12s. „ £3 

„ Japan 

14, .575 

23. 6d. „ 128. 

,, Stone 

— 

58. „ £1 

Mink 

241,000 

28. 6d. „ £2 

Moufflon 

— 

4s, „ 78. 6d. 

Musquash . . 

5,335,820 

6d. „ 3s. 

Nutria 

— 

— 

Opossum, American 

422,494 

6(1. „ 3.8. 

„ Australian 

1,028,640 

6d. „ 88, 6d. 

Otter 

16,637 

68. „ £10 

Raccoon 

366,142 

Is. „ £16 

Russian Sable 

19,423 

Is. „ £25 

Sea Otter . . 

340 

I £2 „ £200 

Seal, Fur . . 

— 

£1 „ £10 

,, Hair . . * . 

7,535 

Is. „ 10s. 

Skunk 

008,633 

Is. „ 148. 6d 

Squirrel 

— 

6d. „ is. 6d. 

Thibet 

350,000 

2s. 6d. „ 78. 6d. 

WaUaby .. 

— 

Is. „ 5s. 

:^Wolf 

' 48,112 

Is. „ £2 lOs. 

Wolverine 

1,063 

Is. „ £2 10s. 


There are few who would 
recognise as things of value 
the rather unpleasant skin 
of the fur seal as it comes 
to the fur-drcsscr, covered 
with salt on the fur side, 
and its natural coat of 
thick blubber on the pelt side, 
or the shapeless - looking 
object with a hard, horny 
skin which later forms part of 
my lady’s sable set. Tet it is 
to this recognition of value 
and quality in the raw state 
that most capable fur mer- 
chants owe their success ; and 
it is duo to the skill and energy 
of the dresser that the pelt is 
made into leather as soft as 
chamois, and the fur and hair 
cleaned and laid as Nature 
intended, so that the unsightly 
and often evil-smelling raw 
skin becomes a thing of beauty 
and a joy to its owner. Fre- 
(picntly, furs w'hi(ih are inferior in natural colour 
arc dyed to roseiuble the more pleasing skins, and 
of this process more is said later. 

Curing the SKins. The first process, llio 
curing of the skins, is usually performed by tliose 
engaged in the work of capt\iring fur-bearing 
animals. It consists essentially in removing the 
skin w'ith its attached fur from the body, removing 
exce.ss of fat, and drying in the air. Certain skins, 
however, such as fur seals, bluebacks, calves, etc., 
are dressed with salt before packing. Mention 
is made of this later when considering the dressing 
of seals. 

As stated, in the case of most animals the skin 
is stripped from the body and dried. This removal 
of the skin is usually offcctefl in one of the three 
following ways : ( 1 ) An incision is made in the iniddb 
lino of the ventral surface from mouth to rump, 
and the siviii carefully cut away. This method 
is almost universally employed in the ca.se of mar- 
mot, chinchilla, and Australian furs, such as 
wall.aby and opposum. Large skins — e.g., bear, 
goat, sheep, et(\, are also treated in this manner. 
(2) The animal is opened at the month and rump 
and the body of the animal drawn through. This is 
by far the most usual practice, and most of the 
smaller skins with whicdi the fur dresser has to deal 
are thus obtained. (3) The body is drawn througli 
the mouth, leaving the rump or “ breech ” end 
closed. Usually the legs and tail are opened and the 
bones removecl, though so cleverly is this method 
employed by certain hunters that although tlic 
breech is not opened the tail and leg bones are taken 
out, in all probability with some sharp rod -like 
instrument. Many Russian sable and stone marten 
come to tlie dresser in this fashion. 

One animal — the nutria, from the River Plate— 
is remarkable in that the belly fur is better than that 
of the back, and in consequence the removal of the 
.skin is always effected b^ making a longitudinal 
incision down the centre of the back instead of the 
belly. As n rule, the head, legs, and tail arc left 
attached, though this is by no means a universMl 
custohi. In seals, the fore flippers are cut off, and 
in the skin as received from the curing house are to 
be seen two round or elliptical holes marking the 
places which the flippers occupied [ 6 ]. Many skins, 
such as goat, Thibet, marmot, wallaby, nutria, corm* 
to the market minus heads and tails and legs. 
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The Drying Process. Wheyo the method 
of salting is not employed, the next process is that 
of drying. VWiere the skins are ‘‘cased” or 
“ round ” — r.e., obtained by method 2 and 3 
above-^they are dried with the fur insi(ie. If 
“ open ” — method 1, above — the skins are merely 
spread open, i)elt uppermost. It is ddring this 
drying tnat a certain number of skins become 
“ burnt,” owing to great heat, or sometimes on 
account of ” taint ” present in (he skin. When a 
skin is “ burnt,” the pelt is converted into a very 
hard, horny substance which resists all subsecpient 
attempts to convert it into leather. Some skins 
seem much more liable to this burning than others ; 
for example, one frequently finds burnt patches 
in bear, wallaby, and marmot; more 
rarely in fox, sable, squirrel, and 
such-like small skins. Seals arc cured 
with salt, laid in piles, and after 
remaining in the salt for about four- 
teen to twenty- one days, are corded 
up in rolls and shipped. Ordinary 
dried skins are packed in hales, fur to 
fur if “ open,” pelt outwards if 
“ cased,” though naturally the exact 
modes of packing differ according to 
the kind of skins and the customs of 
the district from which they come. 

The first oi)era.tion nc(!cssary for 
the conversion of the skin into 
leather is the one known ha flesh inri. 

The skins are first treated with water 
— sometimes with a weak brine — 
allowed to remain a certain length 
of time in order to become soft, 
and then the surplus 
fat and coiinoctivo 
tissue removed by 
pulling thorn over a 
knife of the type 
shown in ?. 

Grease Dress- 
ing. The skins are 
then .eady for the 
next operation, 
which is that of 
f/reasinij. For this 
pur[)ose, grease of 
special nature 
(English dressers 
generally use animal 
oils, while in France 
colza and other 
vegetable oils are 
employed) is 
smeared over the 
pelt, allowed to soak 
in, and then the 
skins arc subjected to a process by which the fats 
aredri\en into the substance of the \)C\i, rendering it 
soft and pliable. This is accomplished in one of two 
ways, according to the nature of the pelt. For small 
•‘diins and such as possess a tender ^dt the process 
of foot tubbing is employed. The skins, thoroughly 
grea.sod, are placed in tubs inclined at a slight 
angle to the vertical, in which men with bare feet 
stand. By a continuous up and down motion of 
the feet the skins are constantly turned over and 
.over, the grease is worked into the substance of 
^0 skin, and the result is a soft, supple pelt, 
during thia process, a certain amount of heat is 
developed by th^ constant friction, and this in no 
measure helps towards the accomplishment 
of the objiect in question. 


In the case of skins having a stronger and heavier 
peh?a different method is employed. After greasing, 
they are placed in a mill which consists essentially 
of a box into which a wooden block descends. This 
block is attached to the end of a lever, and the whole 
is so constructed that the skins receive a hard blow 
at the moment of tho fall of the lover, and at the 
same time are pushcrl slightly away from their for- 
mer position. Here, again, a turning is effected, 
and the amount of heat dcvelo])od is quite con- 
siderablo. This method is the one always followed for 
heavy skins, such as seals, hluehaeks, wallaby, etc., 
and is, of eonrse, moni ecionomical tluiii the "slower 
process of tubbing. As might be expected, tho length 
of time taken in eaeli of these operations varies 
onormonsly. In some cases the 
skins are greased again, and the 
leathering process repeated. No 
definite rules can be given ; the 
judgment of tlie dresser alone can 
dccifle when the skins are siifli- 
cieritly leathered. 

Removal of Excess of 
Grease. The skins at this stage 
arc very gi'easy, and require careful 
cleaning before tlicy appear in any 
way presentable. The chief sub- 
stance used as an absorbent for 
this excess of grease is sawdust, 
though other materials are used, 
siich as plaster of Paris and French 
chalk. Some French dressers some- 
times mix a small amount of fine 
sand with their dust in order to 
secure more ])crfe(‘t cleaning. The 
greasy skins arc 
worked about in 
the dust either in 
the foot-tub or in a 
mill like the one 
described above, 
except that it is 
boxed in, and so 
has received the 
name of a box-miU, 
Finally, tho skins 
are turned fur out- 
wards, if cased, and 
the fur cleaned in a 
similar fashion in 
what is known as 
a drum [3J. A drum 
consists of a hollow 
f‘ylinder of iron or 
wood mounted on 
ail axle and capable 
of rotation about 
this as an axis. Into 
tho drum are placed the skins and sawdust, or what- 
ever the cleaning material used may be, and tiie 
drum caused to revolve for a varying length of 
time. To free them from dust, the oiieration of 
caging is necessary. Th(> prOc ss is a simple one. 
They are placet! in a wire i;age, mounted like tho 
drum just mentioned, and as the cage revolves the 
particles of dust are beaten out, and fall through 
the meshes of the cage. 

Finally, the skins are shaped — that is, stretched 
so as to look somewhat natural in appearance, 
and, if necessary, the pelt knifed — that is, pulled 
over a knife similar to the one used by the 
fleshcr [2], in order to further soften it and to 
remove inequalities ; beaten with canes in order to 
free the wool from felt and to make it free and 
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flowing, and any parts of the pelt which may be 
torn carefully repaired. 

This, in short outline, is the process of grease drr'ss- 
ing, but there are so many details to be carefully 
observed, and so many pitfalls for the unwary, 
that it is only after much experience that really 
good work (uni be obtained. 

Other Methods of Dressing Furs. 
Many other methods of dressing arc in vogue. For 
example, the white Russian and Siberian hares come 
to this country in the dresst'd state; the leather, 

w'hich is not by any means 

good, is made by soaking 
the skins in a solution of 
alum to w'hich barleymeal is 
added. On drying, the })elt 
is left white, and is covered 
with very line dust — a mix- 
ture of alum and meal. 

China goods, such as 
goats, Thibet lamb, and kid- 
crosses are native-dressed 
with Glauber’s - salt and 
rice flour. This, like the 
Rus.sian method, does not 
give a leather which is at all 
to be compared with *that 
obtained by grease dressing. 

Much of the German 
dressing is done by a quick 
process involving the use of 
sulphuric acid. Forecrlain 
skins this method seems 
peculiarly well adapted, 
though for others the re- 
sults are interior to those 
obtained by the grease 
method. 

'I’hc dressing of long- 
haired sheepskins is usually 
done with alum and salt. 

The skins are first scoured 
with soap and soda to re- 
move grease, the "pelt is 
scraped with various kinds 
of knives — e.g., beaming 
knife flaj, and then a solu- 
tion of alum and common 
salt is rubbed into the pelt, 
this last-named operation 
being repeated several 
times. The skin is then 
stretched out in a frame as 
shown in 4 and allowed 
to dry slowly. 

Fur Seal Dressing. 

In the case of fur seals of 
all kinds the juocedure is 
somewhat different, and is 
as follows : First of all, the 
thick coating of fat is re- 
moved by what is known as 
blubbering. The skin is laid, 
beam, similar to the one 
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pelt ui>permost, on a 
used by the imhaircr 
16], and the fat scra])od off with a special kind of 
knife — a blubbering knife fl/J. After this the skins 
are washed in a warm solution of soap and soda to 
get rid of grease from the fur, and they then undergo 
the process of hooping. This consists in stretching 
out the skin in an oval iron hoop by means of string 
passed alternately through the edge of the skin and 
round the hoop. Figure 5 shows a seal in the hoop. 
Next followrs the process of unlmiring. As previously 
explained, the fur seal possesses a beautiful soft 
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under- wool and stiff upper hairs. By wetting the fur 
and then drying quickly these latter are so much 
loosened as to bo easily removed by means of an 
unhairer’s knife. The skin is placed over a beam, and 
the hair removed by a pushing motion of the knife. 
An iinhairer is seen at work in 6 . Even after 
this some hairs are left, and to get rid of these a 
pulling knife flc] is used. The hair is caught 
betw'een the blade and thumb and pulled out. 
This process of pulling is usually employed in 
dealing with otter, beaver, and nutria. 

There arc probably iiu 
trade secrets so jealously 
guarded as those of the fur 
dyer. The particulars of the 
composition of variou‘< 
colours and dye-baths are 
known only to averylimitcfl 
number, and these par- 
ticulars are handed down 
from generation to genera- 
tion with siirdi modifications 
as are of ncciessity intro 
duccd. 

The principal centres of 
this industry are London, 
Leipzig, and Paris, thongli 
the work is also carried on 
to some extent in various 
towns in France — c.r/., 
Lyons — in Belgium, and in 
America. 

Materials Employed 
for Dyeing Furs. When 
it is remembered that the 
majority of the furs used in 
cvery-day life are of very 
sober appearance — black, 
sable, brown, etc. — it is easy 
to see that the wide range 
of colours obtainable by tlio 
use of dyestuffs deriveri 
from coal-tar products is 
useless to the fur dyer. lie 
may require blues and reds 
and yellow’s for shadirig 
purposes, b\it to all intents 
and purposes, it will be seen 
that the so-called aniline dye 
indiisfry derives but little 
support from him. 

Nor is the limited choice 
of colours the only explana- 
tion of this fact. Most 
artificially prepared dye- 
stuffs are only taken up 
from solution by the animal 
fibre at a temperature 

approaching the boiling 
point of water. Such sub- 
stances are useless for dye 
ing furs, because, not on In 
would the fibres themselves be injured at such a tein - 
peraturc, but the pelt would lose its supple natiiic 
and become hard and horny, and so worthless fro>n 
the furrier’s point of view ; and, further, the liaii 
and wool would become loosened, and readilN' 
detachable from the leather. In consequence, the 
dyer of furs must choose such substances as will 
be absorbed by the fibre at a low temperature-" 
that is to say, not higher than about 50° G- 
Amongst such dyestuffs, those of natural origin 
occupy the first place, and they are therefore 
largely used. Blacks are obtained by means ot 


WORK 




DRE88 


logwood and various metallic mordants, such as 
chromium, iron and copper ; blues with various 
materials containing tannin substances, such as 
galls and sumach; yellows and browns with eutch, 
gambicr, and turmeric. In addition to these other 
dyes arc used for special purposes and for obtaining 
shades of colours. 

Preparations for Dyeing. 'I’he cover- 
ing described generally as fur consists, as previously 
stated, of two parts — the wool lying at the bottom 
next the pelt, and the stiffer upper hair. The outer 
(!Overing of a hair is composed of a substance known 
as keratin, which is of a similar nature to tlic materials 
which go to make up the outer layers of the skin, 
nails, and hoofs. This possesses to a high degree the 
property of resisting the a<‘tion of dyestuffs, and as 
it forma a layer which is very impenetrable, the 
colouring matter reaches the medulla of the hair 
only with ditliculty. Consequently, before the hairs 
can be made to take up colour, this layer must ho 
softened, so as to become more abaorhont and to 
allow of the 
passage of the 
dyestuff into 
the medulla. 

This object is 
achieved by a 
process known 
.jjH killing. The 
killing is ap- 
])licd to the tips 
— in some cases 
to the wool as 
well — by means 
of a feather or a/ 
brush, and is 
usually of an 
alkaline nature, 
such as lime, 
soda, etc. As a 
result of this 
ap])lieation the 
fibres arc soft- 
ened, and so 
more readily 
take u]» dye- 
stuffs. > Then 
follows a pro- 
cess known as 
m or d a nt 171 g. 

The skins arc 
cither d)riishod 
with or dipped in, a solution of tin; mordant, the 
composition of which varies with the shade of 
colo\ir re(iuired and the dyestuff subsequently 
used. Logwood, for example, is a polygcnetic dye- 
stuff — that is, with different mordants, different 
colours arc obtained. Thus, with alum mordants, 
greyish violet shades areobtniued ; with chromium, 
iion and co[)per mordants, grey to black is the 
resulting colour; while tin mordants yield rcdilish 
violets. The principle underlying tliis j)rocess of 
mordanting is this: Certain metallic salts are 
absorbed by the fibre, and as a result of decom- 
])psition in and on the fibre — aluminium 
acetate— or of oxidation — e.g., ferrous salts, a tnor- 
dunty usually a hydrated oxide or a basic salt, is 
formed. Thi.s mordant possesses the property of 
combining with dyestuffs to form colour lakes, to 
the presence of which in the fibre the final colour 

due. It ifi usual to allow goods that have been 
mordanted to remain exposed to the air for some 
time before they are put into the dye, to allow 
the above-mentioned decomposition to take place. 


The Dyeing Process. After mordanting 
the goods are ready for the dye. This is either 
ajiplied with a brush, or the skins arc immersed 
in the dye-vat and allowed to remain for such 
time as previous ex])oricnco has showm to be 
necessary. In some cases the skins may b<* 
flipped twice or oven four times, a definite period 
being allowed between each dij), during which time 
the skins are allowed to air. By this means 
oxidation takes place and the colour becomes fixed. 

In using some materials — c.g. logw'ood — a different 
method is occasionally adopted. Instead of mor- 
danting and dyeing in separate baths, one bath is 
matle containing the mordant and dyestuff together. 
'J’his, however, is not a common ])ractice, as theie 
is a. consiflerable loss of colouring matter on account 
of combination betw'een mordant and dyestuff, 
whereby the insoluble lake is precipitated, and has 
no 0])portnnity of being fixed upon the fibre. 

Of recent years a new class of dyestuff suifablc fm' 
fur dyeing has been placed iijioii the market. Thf'se 

substances arc 
chemical eoiu- 
jjo 11 nd s j) re- 
pa red from 
coal-tar pro- 
ducts, which on 
oxidation yield 
insoluble mat- 
ters varying in 
(U) 1 o u r fro m 
light brown to 
black. Some of 
them are ex- 
ceedingly useful 
to the dyer, 
though for some 
purposes they 
are much in- 
ferior to tlic 
natural pro- 
ducts. 

How to 
Apply the 
Dye. f n t Ih' 
d y (m’ n g o f 
certain classes 
of skins it is 
advisable to 
a p i> 1 y t li c 
colour with a 
brush rather 
than by di])ping them into a dyc-hath. This is 
well illustrated in the case of the fur seal. On 
examination of the fur of a sealskin jacket, it will 
be seen that the colour of the lower part of the 
fur, or tlie groiuid, as it is called, is of a deep 
brown colour, while the top is niucli darker — almost 
black, in fact. This result is attained by brushing 
the fur with mordants and colours to different 
depths. That is to say, several brushings arc made 
to a fixed level — care being takini that the same 
level is reached at each o])era,tion — with one 
mixture, and later another mixture is applied to 
the ground. The latter a]>plieatioii produces a 
different colour whore the fur has been previously 
treated, and so a distincdioii between top and 
ground is jiroduccd. 

In the ease of sable, marten, fitch, and such like 
skins, a large number is found in which the upper 
hairs or tips arc too light to bo quite pleasing. To 
correct tliis defect, and to accentuate the natural 
dark stripe w hich runs down the centre of the back, 
colour is carefully applied by means of a feather or a 
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light ])ad, this process being known Upping and 
.strt ping. 

Beaver and nutria are skins wliicli, after pulling, 
or removal of the top nair, are fre(juently nilvvred. 
This operation of silvering consists in the light 
ap])lica(ion of various substances, which produce 
a lustrous a])))earance and considerably enhance 
the beauty of the skins. 

Imitation Furs. Apart from the im])rove- 
ment in colour of natural skins, there is another 
branch of the fur-clyeing industry which is of 
great importance. This is the dyeing of chca]) 
kinds so that they resemble to a certain extent 
the more costly furs. Enormous numbers of 
white Bussian hares are dyed to imitate sable, 
Russian sable, stone marten, etc.; marmot are 
dyerl sable colour ; whiter fox and red fox are made 
to look like blue fox and silver fox respectively. 
Of course, it is only in tI)o colour tliat there is any 
resemblance between the n^al and the imitation 
fur. One can no more make a Russian sable out of 
a white hare than the j)roverbial silk ])ursc from 
a sow's ear, hut to tlie uninitiated tJiero is no very 
obvious dilTiuenee in 
a])))(^aranc<‘ hetwccui a 
jacket mailo of ch'ctrie 
scid, wdiicli is only the 
common rabbit worth, 
say, live guineas, and a 
seal-skin jacket worth, 
perhaiis, ten tiiiu's the 
amount. 

After dyeing, all skins 
must be carefully dried 
and elcanotl to get rid of 
any mechanically adher- 
ing dyes. When taken 
from the dye-bath, they 
are allowed to drain, 
washed in clean w'utcr, 
again allowed to drain, 
and the ex(‘ess of mois- 
ture got rid of by means 
of a hydro - extractor, 
whieli is merely a cylinder 
with perforated sides 
revolving at a high rate 
of speed about a vertical 
axis. The centrifugal 
force causes the water to 
be driven outwards, and 
the skins are then ])artially 
dry. The drying is com]>leted in drying-rooms or 
stoves heated by steam-pip»*s, and here great dis- 
cretion is required, as, if llie heat is too great or the 
])ioeess too hurried, both ])elt and fur may be 
injured in <|uality, and the latter in colour. In 
order that they may dry (lat, some goods are 
nailed — that is, j)lace(l on flat boards and nailed 
roimd tJic edges after a moderate amount of 
stretching. Others arc merely slretelied ami 
allowed to dry slowly. 'J'o some, it is advisable 
at this stage to apply substances W'hich kee]) the 
pelt soft and supple on drying, but this is not 
necessary in all eases, as much depends on the 
manner in which the skins arc first dressed. 

When dry, the skins are cleaned. This is aeeom- 
plished by placing them in sawdust in a revolving 
drum of the ty))C previously dtS'ribeJ. The length 
of time during which they must he druninied varies 
enormously, and depends largely U])on the nature of 
the materials employed in dyeing. For some skins 
one hour is sufticient, others require twenty-four 
hours or even longer. iVhen judged tc be clean they 
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are caged to remove the dii.>t, and then passed lo 
the linishing department. Hero tiiey are beaten with 
canes to free the under-wool from felt, the })elts 
dam]Kxl, and the skins stretched and Icnifed—ilmt 
is, pulled backwards and forwards over a blunt 
liesher’s knife. This softens them, and makes 
them ))liable, so that the fur lies evenly and 
** flows " under the hand. 

Finally, the fur is set, or brushed with a damp 
brush in the proi)er direction, so as to straighttm 
any hairs that may have got twisted and laid 
out of position. 

Here the dyer’s wmrk comes to an end. From 
him the skins pass to the merchant, W'ho disposi's 
of them to the furrier, or diieet to the furrier, wdio 
makes thorn into the thousand and one articles 
for W'hich there is a demand 

'Phero are several ])rocesscs used by the fur 
dresser and dyer wliielr have not hitherto he(‘u 
mentioned. Some of the more important ones will 
be here de.seribed. 

Shaving and Sleeking. The pelts of soim* 
skins intenderl for iis<* as garments are so tliick 
that unless a portion of 
the l(‘a tiler is removcfl 
flic fijiislied artiok' would 
be uncomfortably heavy 
to wear. To remedy this 
defect the pedt is shared. 
d’o ])erform this operation 
tlic skin is laid over a 
sliavcr's beam, which is 
similar to that employed 
by the unhaircr, except 
that it is flat instead of 
being convex outwards, 
and by a series of clow’ii- 
ward ])ushing strokes 
layers of leather arc 
slrip]>cd off, and the 
wdu)l(‘ brought to a level 
sui face of even thickness. 
'Po do this tlic skins must 
be snflioiently moistened, 
and the knife used of a 
s))Ocial kind. Figure ih 
sliows one of these eross- 
hancllcd knives. ^Phe e<lirt‘ 
is turned backwards and 
kc])t very shai-j). 

In 7 two sharers arc 
seen at w'ork on dyed 
whitecoats. The pelt, before .shaving, is discoloured 
by the dyes used, and where (he knife has passed 
over the pelt the white unstained leather is to he 
seen. Each shaver hohls between the tirst and 
second finger of his riglit hand a small steel flrj, 
with which he shaiqiens the turnctl-back eilgc of 
the knife. 

V^arious mecdianieal contrivances have been dc- 
vis(‘d with a view of rcqdacing this manual work, 
hut so far no ]>ro(!ess causes so little damage totiic 
skin or gives such a good result as this one ju'^i 
de.senbed. All .seals, including fur seals, bluehack'^, 
hair S-^als, and whitecoats, ale shaved, and .sometimes 
heavy- pelted skins like wallaby undergo the same 
treatment. 

Sleeking is a process adopted in order to soficu 
and make smoother the skins which are drc'S'-e 1 
with a heavy pelt such as goats. The skin is laid 
out, pelt uppermost, u])on a flat table, and llm 
sleeking knife [Id] pushed over it. Inequalities ;.ic 
removed, and the friction also causes a certain 
amount of softening. 
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In fur seals, after dyeing, there arc to be 
seen short, stiff hairs which escaijed the un- 
hairing and pulling knives. These, if allowed 
to remain give to the skins an unpleasant handle — 
that is to say, they feel harsh when the hand 
is passed over the fur. In order to remove these, 
various types of machines have been devised. 
One of the earlier instruments was so constructed 
that the skin was stretched over a bar, the fur 
f)lown back and held down while the stiff, upstand- 
ing hairs were burnt out at the roots by means of 
an electrically-heated wire. In a later and im- 
proved pattern the hairs, instead of being burnt 
out, are cut olT by the seissor-like action of two 
blades which are moved after th<‘ fur is blown 
downwards and held in jmsition by tw'o combs. 
By a system of gearing the skin is caused to move 
forward a fraction of an inch immediately after the 
release of the blades from the cutting jmsition, so 
that every part of the skin is in turn subjected to 
til is ])rocoss. 

Kven then, certain hairs, known as sta(}(‘ hnir-'i, 
arc left, and these are removed by a ])ulling instead 
of a cutting action in a machine of somewhat similar 
construction, known as a stageing machine. The 
|)roccsa of machining is essential for many skins, 
though there is an unavoidable removal of some 
of the fur which tends to niak(^ the skin poorer in’ 
(piality. 

Shearing, For some purposes, sucli as the 
manufacture of glove tops, fur for covering ladies’ 
liats, etc., it is usual to take certain kinds of skins 
and by sliearing olT the to]) hair secure a shorter 
fur with an ev<*n surface, 'fhis is largely done in 
the case of W'hite Polish rabbit, Russian hares, 
and some skins which, when dyed and shorn, 
fcsemblc furs of a shorter stajilc. 

The skin is fastened to an endless band in the 
shearing machine which passes ov(t rollers. Tin* 
tips of the hair come against a knife over which 
passes a set of blades set round a cylinder. This 
< yliiidcr revolves at a high rate of speed and <*uts 
off the tips exactly as grass is cut by a, lawn- 
mower. Attached to the machine is a ]>i|m con- 
nected with some arrangement for creating suction, 
l»y which the loose fur is carri(‘(l away. 

In addition to these processes there are others 
which arc of use in various departments. For 
example, some skins can be mechanically brushed 
and beaten, and in such cases manual labour is 
dispensed with. 

In connection with the subject of the dressing 
and dyeing of furs, it must bo remarked that there 
are probably few branches of industiy where 
'‘X])cri.'‘nee counts for so much as in this one. 'Po 
bi‘come a successful dresser, and ])crha})s still 
mor(3 so in the case of the dyer, great patience 
must bo (jxercised in the acquiring of details con- 
•crnitig the methods to be emjdoyed for each 
particular class of goods. No two ])arccls of goods 
'^an he treated in the same manner ; each recpiircs 
eareful consideration and must be treated accord- 
ing to its merits. Unceasing watcli must be ke])t 
lest at any one of the many stages mistakes should 
be made, lest skins shoidd be kept too long in a 
n\oist state, or the drying should hurried. 

Formerly, as in the drying of textiles, rule of 
thumb methods were the fashion ; but the old 
order has changed and is yielding place to now^ 
‘^cicnce, the handmaiden of all arts and industries, 
IS beginning to take her rightful place, and in conse- 
quence new methods are being introduced, and better 
’tnd more constant results are to-day attainable. 


The Manufacture of Fur Articles. 

From the fur dresser and dyer the finished skins 
pjiss to the furrier, whose work consists in imiking 
them into articles for personal and domestic use! 
This work may l)e divided into several divisions, 
and though an exjKrienced furrier is capable of 
executing the whole of the work, most firms 
employ men for each dc]>artmcnt. 

Let ns su])])osc that a lady's sable set is required. 
The skins to be iis(‘darc carefully sort(‘<l and matched 
according to colour. A ])attprn in pa])er is usually 
made and the skins laid over this in order to see 
how many are recpiired. The furrier then cuts off 
legs, tails and heads, as well as any bad patches on 
flank or holly. Should there be small bare patches 
in the skin they arc cut out, a \'-shaped (uit being 
made from the ]>elt side, and the edges again sewn 
together. In this process of cutting, a knife of 
]>ecnliHr pattern is used. One is showfi in 16, and 
will be seen to consist solely of a blade. It is held 
with the blunt end in the hollow betw'cen thnmh 
and first finger, by the thumb and second linger, 
while the first finger is curved over the blunted 
<‘ir<*iilar back of the knife. 

It is nccc'ssary sometimes to match different 
parts of the skiiu For cxanqdc, in sewing together 
two .sable skins, head of one to rump of the other, 
th<Te wmuld he considcraldc ine<pialil ios in the 
surface, so that it may he advisable in remove a 
))ortion of the ruiiq) in order to get a more even 
surface. Again, two skins, A and B, stitched side 
by side, may be of slightly different colour or 
fulness. .Xcionlingly, tliey are f:\\t dow^n the 
centre of the hack, the left-hand half of A is stitelied 
to the right -haml half of B, then the remaining 
halves are sewm together and the two composite 
skins sewn as re(tuire(l. By this moans a more 
even article, both in surfac e and colour, is obtained 
than w'onld be ))ossibl(* if the skins were merely 
sewn together. 

After emtting awmy all undesirable parts of the 
skin, and thci ju'occss just described, the skins are 
sewoi together. For this purpose a special 
machine is used. It consists essentially of a 
nc'odlc travelling liorizontally, whicJi just clears 
the surfnc'e of two circular discs or shallow 
cylinders placed in the liori/.ontal ]>lanc and tonedung 
tangentially. ’I’hesc discs arc kept togc'thcr by a 
spring which can Ik*. reh‘asc*d at the will of the 
operator. In using the* machine', the two edges 
w'hic'h arc to he sewn arc* brought together between 
the discs above-mentioned and held there aft-er 
any u])standing fur lias been ])lacc^d in position by 
means of a blunt nc'i'dle or oilier object. When 
ready, the machine' is .set in motion— tlicy are' 
usually driven by a foot-trc'adlc — and as the discs 
revolve, the skins travel on and the ne*odlc passes 
through both skins forming the stiledi, and at the 
same time locking it. 

“ Nailing.*’ Wiicn llic vai ious pieces arc 
sewn together, the whole must be slrctche'd so as 
to make the se'ams lie flat and to bring the piece to 
the shape refpiireil. I'o edfce l this, the pro(?ess of 
nailing is nce-essary. Foi- a flat article sucli as a 
tie or coat-lining, the skins .ue moistened on the 
pelt side, stretched out on a tlat hoard, fur side 
downwards, and small nails driven in at the edges. 
For muff's a block is used, generally made in throe 
pieces, which fit into one another by means of a 
tongue and groove. The skins are stretched round 
the block and nailed securely round the edges : 
sometimes several parallel rows of nails arc also 
driven in in order to keep the skins straight. 
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The articles are allowed to dry on the nailing 
board or block and are then removed. Where a 
block has l)een used, the nails are drawn and the 
centre ])ieco of the block taken out. This allows 
the mull tf) bo easily taken off williojit altering the 
sha])e. Next (tomes the ])roeess of lining. Silk, 
satin or ollntr material is einploytsl, and ludwc'en 
it and the fur a layer of eot ton- wool or wadding is 
placed. This serves a double purjmse, (hat of 
increasing the lliiekmtss and so making it more 
serviceable as a defence against cold, and also that 
of making the* iindf or oIIkm- article feel fuller and 
softer than it would otluM wise do. 

Linings and Rugs. A large ])art of the 
fwrriL‘r’s work (ronsists in the manufacture of fur 
linings for coats. Tlie skins are matched as far as 
practicable for colour and (juality and the pro- 
ecssc.s of cutting and nailing carrii^d out. Some- 
times this work is done in the countries from which 
the skins are obtained- -as, for exam])le, the dog 
robes from China, or the kidcrosses and kidl(\g 
crosses from the sanu' country. Afarmot sk'ns .ue 
o(‘casionally made up into linings, wliieh are sold 
under the name of marmot robes. 

The chi(‘f furs which are made into linings are 
musfpiash, op(issum, hamster, kaluga, (or susliki), 
S(|uirrel back and stiuirrel l>elly (oi- scjuirrel lock, 
as it is generally called), mole and mink. 

Rugs arc made from skins which are b(‘st adapted 
for the purpose for which re(|uired. Vicuna, 
guanaeo, and raccoon an* largely iis(‘d for earriagt* 
rugs, while for hearthrugs, bear, wolf, goat, dyed 
either black or bear colour, and sheo]) skin, are 
most fre({U(mtly used. 

Seal SKins. In order to summarise (he 
various processes which are necessary to conv(*rt 
a raw skin into a thnshed artick', it will be con- 
venient to take the seaNkin as an exam])le and to 
describe in their la’oper secpieneo the dith‘n*nt 
operations which are perfonm*:!. 

The .seals anr killed either on the beaches or in the 
0[)(m sea. In tin* latter ea.se th(\v are sometimes 
speared, but it far tm re frccpiently happens (hat 
they arc sliot. When taken on land, care is re<piired 
in the stage.s prior to the killing. On the Alaskan 
Islands the bachelor seals, or holluschirkie. as the 
natives call them, of ages varying from two to .seven 
years, are driven from the seal heaehes to the 
killing grounds. This must he aeconiplished slowly, 
or the animals become lieat(‘d, and the fur rubs 
away at the least touch. They are driven in herds, 
and on arrival at the pl.iee of slaughter are stunned 
by means of l>lows on the head delivered with lu^avy 
wooden clubs. A sharp knife is plunged hetvv(*en th(* 
fore Hi})pers right into the heart, to kill the seal 
and to prevent further blood heating, as it is called. 
As soon as possible the animals are skinned, and 
every available piece of skin is removed and only 
little patches on the upper and lower lip and tail are 
left. The .skins, with their thick coat of blubber 
attached, are taken to the curing house, laid in 
piles, fur to pelt, and salt plentifidly applied to the 
llesh aide. After remaining for about three weeks, 
they are rolled and corded, and sent for sliipnient, 
and it is in this state tliat they arrive in London. 
They are then sorted according to size and quality 
and put up for sale by public auction. 

From the sale-room they pass to the dre.sser 
and dyer, whose work it is to change the unsightly 
objects into a presentable skin. The first work to be 
done is the removal of the fat or blubber, after which 
proce.ss the skins must be washed with various 
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clean.sing materials, then diied as already ex- 
plained. 

The “Unhairing” Process. The next 
process is that of unhairing. By damping the skins 
and (jniekly drying at a comparatively high tem- 
perature the hair is loosened while the fur remains 
unafleeted. The nnhaircr then proceeds to remove 
all hair, as far as is po.ssible, iirst with the unhair- 
ing knife, and then with his pulling knife. 

At this stage the fur presents a curly appearance, 
and is yellow to grey-brown in colour. From (lie 
unhairer they pass to the dresser, who greases, mills 
and cleans them, and prepares them for the dyer. It 
is important, that all grease should he removed from 
the fur, as if this is not done the dye is not properly 
absorbed and an uneven and pateby colour is the 
n**<nl(. 

On receiving the dressed skins, (he dyer combs 
out the fur, and proceeds to apply the various 
mordants and colours. This is always done l)v 
brushing, because by this means tlie curl is 
out of the skin and also the ]>elt is less injured th.iu 
if tlu* skins were dipped in the dye litpior. l^etween 
each o]>erafion of brushing -and there are many 
of them — the skins are allow(^d to dry, and are then 
beaten to g(*t rid of dust from the materials 
(un ployed. 

When the dyeing operation is eompleterl, tin* 
skins undergo a thorough cleaning in sawdust to 
make the fur bright and soft, and to remove all 
traces of the dyestuffs from the bottom of the wool, 
where it is a])t to lodge. 'Phis is ru'cjessarv in ordi'r 
tliat the skins may fet*! soft and full to the toiadi. 
If dirty they fV(‘l somewhat harsh, and the fur does 
not (low ('asily when the hand is passcnl over it. 

Preparing the Pelt. .Attention to the pelt 
is now recjiiired, as it is tliiek, heavy, and almost 
black from long contact with colouring mailers. 
To alter tlns.^tate of things the skins are handed over 
to the sliaver, who moist»‘ns them and then shaves 
down the i«‘]t to an even tluckness. In doing so. lu* 
takes off the out(‘r discoloured layer and leaves tin* 
pelt almost, white — generally ting(‘d with yellow. 

After drying, the skins are carefully examined 
in or(h.‘r to pick out any that reepure machining and 
singeing. During these various ])rc^eesses. the 
fur may become slightly disarranged. Derl.iin 
])ortions may he twisted, and, by tbc weight of 
skins above they are always folded down tlu* 
middle, pelt outwards, and laid in piles — print 
marks are produced. Those spoil the appeararn*(* 
of the .skin, and are got rid of by the proce.ss ot 
setting. The fur is brushed with a soft brush, 
inoistcmed with either ])lain water or a weak solu- 
tion of various .suhstanees, and then allowed to dry. 

The skins arc now finished, and arc sent hack tu 
their proper owners. The merchant dispo.ses ol 
them to the furrier, who proeeed.s to manufactiiie 
from them jackets, capes, or other treasures so dear 
to the feminine mind. The furrier, instead ot 
employing his own permanent staff, may hand 
the skin.s to a chamber master, who is required to 
make so many articles from the skins provided. 
This practice is less common than formerly, a-^ 
moat furriers prefer to have the work done iindoi 
their personal supervision. The processes already 
described arc employed, the .skins are cut, nailed to 
.shape, and the pieces sewn together. Then the 
lining and padding are acldetl and the garment^ 
pass to the retailer, who supplies the puhhe 
needs. 


Furs and Furriers concluded; followed bg Feathers 
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of tlie ])rimupal factors in the causation of 
^ disease ^s the action of bacteria. In consider- 
ing ilie r office in disease we may learn something 
of the function of these minute organisms in 
various natural processes, and so gain at one and 
the same time a comprehensive, if brief, view of 
the whole science of bacteriology. It is one of the 
most^ modern of studies, dating from th' inven- 
tion of microscopes of immense magnifying 
powers, and the discovery of many methods of 
staining by means of aniline dyes. Without 
thesc means little could have been discovered 
about bacteria. 

Terminology. First let us understand the 
terms used in describing the group of minute 
organisms under consideration, which take such 
a prominent place in modern .scientific work and 
thought. Some of the terms used an* }) 0 ])ular but 
somewhat vague ; others have a definite meaning 
in bacteriological science. Thus t he terms “ germs,’' 
“ microbes,” “ micro-organisms,” ” bacteria,” are 
used synonymously and rather loosely to refer to 
the whole group of these ininute cells. The w'ord 
hfirtrriftm. really means a rod, but it is used in 
referciico to all shapes of organisms, the term 
hncilhift [3 1 being the one chiefly used fo designate 
those of a rod-like shape. Other shay^esof organ i.sms 
have each their appropriate designation ; thus the 
round colls arc termed cocci [4J or miiTOcocei, the 
curved ones are termed siiriUa\l ), these, with the rods 
or bacilli, lieing the most important shapes. When 
(he small round micrococci arc arranged in groups 
somewhat resembling a bunch of grapes, the whole 
c luster is called a staphiflococcKft [2] ; when the 
niicrocoeci arc arranged in a chain they receive the 
name of streptococci | IJ. A glance at the illustrations 
of these various shaj)es will make these terms 
])erfectly clear. 

The globular cells, straight rods, and curved 
rods constitute the lower micro-organisms, and are 
by far the most numerous kinds. 

Size and Movement of Microbes. The 
lower microbes are minute ma.sses of protoplasm, 
<‘ontaining no chlorophyll, and are not more than 
in. ir diameter. Their outline is sharply 
‘lefined as they are seen under the microscope when 
•^f a iiied. 

(.lonns arc, of course, dependent upon their 
environment for being scattered about — winds, 
water, food, the circulation of tlic blood in 
(he body, all acting as means of di.ssemination. 
but, apart from this general movement, they have 
f^pecial moans of locomotion by me.ans of which 
each individual changes its attitude and position — 
at least, some species have them. This movement 
IS effected by means of fine, hair-like yu-otoplasiUHi 
processes called cilia [8 1, w'hich are attached to one 
‘>r other end of a bacillus or sj)irilluni, or to 
both ends, or to the sides, and by the lashing of 
these cilia the cell is moved in a liquid medium just 
as a boat is moved by oars. The ywsition and 
direction of the movement of the cilia will determine 
whether the microbe darts, rolls, or simply vibrates. 
^I'ganisms which possess the power of locomotion 


by the.se llagellje or cilia are termed “ juotilc,’’ the 
rest being called “ non-rnotile.” 

Reproduction. The great majority of the 
low'cr organisms rey)roduc-e them, selves by the simple 
proee.ss of fission [see IIiolocjy, y)age 381, 6 and Yj. 
A simjfie constriction a])pears in the middle of 
the organism which eventually divides into two 
individuals [5]. In some s|K,‘cies this process takes 
place rapidly, in others more slow'ly. Some w ill 
divi<le in twenty minutes. A simple calculation will 
show that even if the division occurs only once every 
hour, as many as 17,000,000 organisms will arise from 
a single pair in the twenty-four hours. For this to 
occur, the environment must, of course, be a 
f.ivourable one as regards tem]»erature, moisture, 
;nid nourishment. Such an environment for some 
disca.sc-prodticing germs is found in the human 
liod}', and we can tlius realise the rapidity with 
w'hich an organismal disca.se may become serious 
and even fatal. 

Effect of Environment. Thus, at the 
outset we sec that, in order to check the ravages 
of pathogenic — that is, di.s(‘ase-]U()ducing — germs 
the physician must direct his attention to making tlie 
surroundings of the germ as unfavourable to repro- 
duction as ])OKsible. Once in the body the only 
way to do this is by assisting the natural resistance 
of the person by suitable drugs, and especially by 
tlic special antibacterial or antitoxic substances 
which are rapidly becoming the most reliable means 
of treatment. Oiifskh* the boily. in Nature, or in the 
artificial growth.s of germs in the bacteriological 
laboratory, the effect of environment is seen to be 
dependent upon the presence or absence of fresh 
air, moisture, certain gases, the degree of heat or 
cold, and the su]>ply of nutrition. 

The Food of Microbes. In Nature, germs 
live chiefly upon com])lieated organic sub.stimce.s, and 
upon the dead or living bodit‘s of ])lants or animals, 
or in excretions. As a rule, a number of different 
species are found living together, and no doubt 
they are affected to some extent by this presence 
of neighbours. When one germ is grown by itself 
by a bacteriologist, it is probably in better 
surroundings than in actual natural life ; it is better 
looked after. As a matter of fact, it is found that 
the fluids and nutritive media made from animal 
tissues suit their growth best. All germs need nitro- 
gen in some form, as well as salts, .such as chloride 
of sodium, sulphates, and ])hosi)hatcs. Some few 
require syjecial elements, such as sulphur, in oixlcr 
to flourish. Most recpiire to be in an alkaline 
medium ; some, indeed, being unable to stand even 
a trace of acidity. 

The Effect of Moisture and Gases. Tn 

order that continued growth may take place, moisture 
is absolutely essential. The resisting power of germs 
to dryness varies greatly, however, in different 
species, Thiis, tw'o to three hours of dryness kills t he 
cholera germ, while that of diphtheria will stand 
much longer. Those which form spores can remain 
alive in the spore condition for a very long time, even 
years, although dry, but they do not actively repro- 
duce in this resting state. They are in a condition 
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of suspended animation, ready to resume active 
life when a favoiitabhs opportunity occurs, but for 
the time bein^ <juiesccn<. 

The inti nonce of the ])rosonce or absence of oxygen 
is very marked ; indeed, it stipplies one means of 
classifying germs into two grou])s, according to their 
manner of reaction. Most (;an live in oxygen; 
indeed, rfMjnir(' it. Tliey ai<' termed mfx.s*, or irrohic. 
organisms. Some cannot live in the ]>reseiu‘e oi 
oxygen, or «’an do witliout it ; they are termed 
tintprob s, or finfrrobir organisms. Many germs do 
not flourish well in t he ])rescn<!e of carbonic acal g;i.s. 

The Effect of Temperature. Mvery 
organism has a s])ecial temperature at which it 
grows best (the optimum temperature), a tempera- 
ture above which it will not live (the. maximum 
tem])cratiire), and a tem]U‘ra(ure below which it 
cannot survive (the minimum tem])erature). The 
best, or opt imum, temjMTat lire is that of its natural 
habitat. Thus, for the germs which induce piitre- 
faction, the best, or optimum, temperature is that of 
warm summer weather (20 ( \ to 24 (\). lAu- thos(‘ 
wdiich fUmrish in the tissues of aniiuals it is from 
Ik’i ' ( \ to II!) ’ For most g('rms th«‘ highest or maxi- 
nnim tem])eratiire is from 42 (\ to 44 (!., and the 
lowest ormiuimum temperalme from 12‘^(’. to 14’ (\ 
iSotiio exce|)tional germs will live u]) to 70 (!., ami 
others as low as o’ (!. 'Hie o]>timum tem]»eratiire for 
m(»st. of the microbes wdiieh an* active agents in tin* 
liroduction of disease is, as would 1)0 ex^iected, 
about the .sani(‘ jis the tem})erature within the 
human body. 

The Study of Microbes. Tn order to study 
the life-history of any given microbe a goo<l deal of 
training in laboratory methods Is re<(uirod, together 
with much ])?'aetiee in tli(‘ use of high-])ower micro- 
seop(‘s. It. is not our purijose hei(^ to enter into 
minute details of bacteriological work, but it is of 
interest, to learn a little eonc(‘riiing the methods of 
investigation which have yiiddod such immensely 
important results in the seieiieo of health and 
disease. Some of these methods are highly teelinical, 
but certain general princi])les underlie IIkmu all, 
and it is to these we may direct our attention. 

Suppose, in imagination, that, we are fortunate 
enougli to be allowed to watch all the ])roecediiigs 
of an extiert baeteriok^gist in his laboratory. Jle i.s 
about to make an investigation of the microbes 
contained in a s])eeimen wliich has been sent to 
him, concerning which a report is wanted by th(^ 
})ublie health authorities or some other body. Tfe 
is about to ascertain what germs are present, if 
any, in the s])eeimen of w^ater, food, disehargo, or 
organs (whatever the specimen may be), and wo. are 
at his elbow watching all his doings. TTow does he 
set about such a task ? 

Tn the lirst place the investigator, being absolutely 
ignorant of what ho may find, keeps constantly in 
mind the fact that every ])recautiori must be taken 
to prevent accident to himself or to others in the 
laboratory. Many microbes are r‘xlremely dangerous 
to w'ork wutb, and a good many seientifio bacteri- 
ologists have lost their lives in this kind of experi- 
mental work. The inierobie enemy is invi.sible, but 
of deadly potency, and so minute is its size that the 
slightest scratch upon the skin of the investigator 
will sullice for the germ to make an entrance into 
the tissues under the skin, which may be follow’cd 
W'ith fatal results. Tlio bacteriologist, therefore, 
first of ali, protects his hands by soaking them in 
some stiong antiseptic solution wdneh will kill any 
gc«n which may haippen to lodge thereon. If the 
specimen to be examined be a carcase or a body 
he will put on .si>ceial indiarubber gloves for the 
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first part of his task, gloves which, while they are 
im])ervious to the passage of germs, do not inti^rfere 
with the movements of the fingers. Hut his pre- 
cautions do not- end with his ow’ii hands. The 
greatest care is taken to see that every instrunuuit 
and all kinds of a])paratus which come, in contact 
with the sus])ectcd material is likewise sterilised by 
boiling or heat both before and after use. Thus, if 
it be necessary to euL the specimen with a knife, the 
blade is first ])assed through the flame of a Bimsi'ii 
burner and again passed through (he llarne before 
the knife is laid n]ion tin* table. In this w'ay no 
germs from the specimen are allowed to contaminate 
the laboratory. 

The Examination of Microbes. Tlie 
bacteriologist, having taken all these and other 
similar precautions against ])ossil)le mishap, 
now ])roeee(ls to find and examine the microbes 
])n‘sent in the specimen. Two methods of 
exaiuiiiation are n])en to Iiim, and he generally 
avails himself of both, in the first place, lie may 
prt'paie a “ slide " for examination under the 
mieioseope, vvhieh will reveal the prestmee or absence 
of microbes, and, if treated by special staining 
methods, may enable him immediately to say 
whether eerlain s])e(ies of microbes arc present 
or i)^)t. The mieroseo])e will show^ the. relative 
abundan<'(‘ or otlim w ise of tlu^ germs, their sha])es, 
their sizes, ami their relation to the tissues in which 
(li(‘V <u(‘ lying. In I'ei tain diseas<*s, such as anthrax, 
an examination of suspected blood by means of Mu* 
microscope and a stained slich*. may be completed 
und«*r half an lioiir and a definite diagnosis given, 
in other eas('s. however, the mierosc*,o])e may rev(*al 
the fact that largi; numbers of germs an* present, 
all mixed together, and it may be impossible to say 
what thes(* are, or to which the condition is due, until 
they hav(‘ Iumui separated from each other and 
examined one by oiu*. 4’he investigator then ])ro- 
ceeds to the second method — naimdy, that of separa- 
tion of organisms and their artificial growth In the 
lahoratory. He ’'■cultivates'’ the microbes, on 
suitable media or soils s])eeially prepared for th<‘ 
pur])ose. 

Cultivating Microbes. The nutritive 
media in the laboratory an^ some solid and 
some liquid ])rc})arations. Witliout entering 
into ibe details of their ])roparation it may 
be noted that they are all devised to sup]»ly 
food for the growdh of the difTerent germs, and 
to provide convenient methods for the observation 
of the germs wliile they are growing. The more 
generally used nutritive liquids are bouillons or 
broths, milk, the aqueous liuinour from tlie eye 
of animals recently killed, and blood seruin. 
The. best brotli is made from the flesh of bulloek*^, 
finely minced and freed from fat, mixed with 
filtered water, with a little common salt added, 
and the whole rendered .slightly alkaline by the 
addition of some earboiiato of soda. The resulting 
broth is poured ofl’ into test tubes and sterilised by 
heat to make sure that no living germs arc left in 
the broth fiom extraneous sources, otherwise 
these would at once begin to grow. The tubes ai* 
sealed up with cotton wool, wdiieh prevents Mu' 
entrance of organisms from the air by acting as a 
fine filter, and they are then ready for use by making 
‘‘ inoculations ” into them. The test tubes or flask-; 
are them.selves sterilised first, ns arc all the imph - 
nients and atqmratiis used in these investigations. 
All (hat is necessary now in order to cultivate tlu’ 
genus is to introduce some of them into the sterilise<l 
flask containing the nutrient medium. Their subse 
quciit growth produces definite apj^enrances ni 
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the modiurii which can bo watched and which 
arc characteristic of the various species. 

Separation of Germs. But here arises one 
of the many difficulties in bacteriological work. If 
the suspected specimen contained but one kind of 
microbe, all would be w ell. A portion of the specimen 
introduced into the flask w^ould then give rise to a 
growth of the one organism present, which could be 
studied at once ; birt this is rare. As a rule, many 
microbes occur together ; all sorts and sizes of 
germs flourish in Nature under the same conditions, 
some of them diseases ])roducers, oth<‘rs ))crfcclly 
harmless. Before the appearances of any one of 
these can be studied in a culture, it must be separated 
from all the others and grown by itself in its own 
tube or flask. This is wdiat is termed “ making a pure 
culture,” as op])Osed to a “ mixed ” culture, which 
contains two or more s-^X'cues of microbes. 

A Pure Culture- To overcome this difficulty 
of the mixture of microbes resort is had to the use 
of solid media for cultivations instead of the litpiids 
mentioned above. These solid nierlia have a similar 
basis of meat extract as the real food on which the 
organism flourishes, but to this is added some 
substance of a stiffening nature, which, W'hcn the 
medium is cooled, renders the whole mass solid and 
tirui instead of lir|uid. 'Fhc two substances 
generally used for this pur])ose are gelatin and 
agar-agar, the 
latter being 
])rej)ared from 
the roots of 
(liinosc sea- 
w e (' (1 8. 1 n 
other words 
the ordinary 
liquid medium 
is gelatinised- 
It is further 
r(‘nd(*red free 
from opacity 
a n d m a d e 
(juite clear 
and trans- 
parent by the 
addition of 
the white of 
an egg, the 
icsult being a 
beautifully 
clear, solid medium which can be poured into 

test tube when w^arm and left (o solidify 
in any shape desired by merely sloping the tube in 
the direction re(|uired. ft can also })e poured into 
tlat dishes or on to |)latcs having a broad surface. 

With these at hand the bacteriologist can proceed 
to isolate the different microbes in his mixture. The 
tirst point is to get the mixed germs as far as pos- 
^'ible apart from each other so that when they are 
allowed to grow upon the nutrient gelatin each 
single germ will give rise to a small colony of its own 
species uncontaminaled by any other species. A 
drop of the susxieeted solution or a minute j^ortion 
of the siis]iectea material is introduced info a tube 
^>f this sterilised melted nutrient gelatin and tho- 
loughly shaken up so as to separate the contained 
germs. A glass plate, having been previously 
f^terilised, is placed upon a perfectly flat surface 
•‘‘ud on to this the melted gelatin, with the organisms 
^^cattered through it, is poured. This is allowetl to 
cool, carefully protected from contamination from 
the air, and as it cools the gelatin solidifies. This 
hxes each organism at a given point wdiere it 
starts growing, either at the ordinary room tem- 


perature, or in an incubator in which the temperature 
can Ije raised as required. In the course of a day or 
two small ])oints are observed to appear in the 
gelatin, each of wiiich represents a colony of one 
species of microbe. Each one of these separate 
colonies can now’ be inoculated into nutrient 
gelatin in separate tubes, so that finally the in- 
vestigator has got a number of germs growing in 
pure cultures. They are inoculated by picking off 
a minute portion of the colony on the plate with the 
f)oint of a platinum needle which has l)epn pa.sscd 
through the Hiinstai burner or other flame first, 
and the minute ])ortion thus taken is jdunged into 
the solid gelatin in a tube, or simply stroked along 
a sloping surface of gelatin similarly in a tube. 
In the one case we get a “ stab ” culture, in the other 
a “ .stroke culture.” The former grows down inhi 
the irclatiii along the courses of the needle track, 
the latter merely on the surface of the gelatin, 
also along the track of the needle stroke. 

It need hardly be pointed out tliat if it be sus- 
jiected that there arc great numbers of organisms 
present in the original matter to be examined, 
these can be dilntinl to any extent before pouring 
the finally separated organisms on to the plate. 

Characteristic Growths. Now the bac- 
tcriologist has got his geiins growing in pure 
<uiltures, and their bacteriological characters and 

their metliods 
of grow’tli can 
be noted at 
leisure. 
Among the 
most impor- 
tant points 
which are 
ascertained by 
means of siicli 
jmre cultures 
the following 
may be men- 
t ioned. 

When grown 
on llicse solid 
media some 
o r g a n i s m s 
cause a li(p\c- 
faction of the 
gelatin, others 
do not; some 
])roduce gas (.Tcrogcnic), others do not ; some 
prwbice colour (chromogenic), others do not; a few’ 
are ]»liosphorescent (])hotogenio) ; wdiilsl those w'hich 
are disease prorliiecrs are termed “pathogenic.” 

In addition to the purely biological method above 
described, much informnt ion has been gained concern- 
ing germs by the experimental method of making 
inoculations into living animals. This ap])lics 
especially to the pathogenic germs, and it is by this 
method that bacteriologists have been able to pro- 
duce the antitoxic serum w’hich is so successful in the 
tliagnosis and Iroatmeiit of some microbic diseases. 

Proof that a Germ Causes a Disease. 
Before the bacteriologist is justified in asserting 
that the cause of any given disease is jtrovfd to 
be due to any given germ, the following icsults 
must be obtained : 

1. 'I’he said microbe must l)o present in every 
case of the disease. 

2. The said microbe must be isolated from the 
body and cultivated as a pure culture. 

3. "I’hc said microbe, if inoculated into an animal, 
must produce a condition similar to that from which 
it w’as .se])araled. 
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4. The said microbe must be ai^ain separated and 
cultivated from the diseased animal into which it 
was inocuIa1<*d and in which the diseam; was pro- 
duced. 

This is what science calls ])rovin" a ([iiestion, and 
in those diseases whicli are now known to bo due to 
special forms these four tests of causal relatioiishi}» 
liavc been rej)eatedly carried out. 

>So much for the general principles of bacterio- 
logical investigation ami the isolation and (uiltivation 
of these i^erms. \V(' may now turn for a moment to a 
brief consideration of the ^en<‘ral place in Nature 
occupied by these minute ayericii‘s, for their func- 
tions are hy no moans merely those of dost met ive 
agents in the ])rodm;tion of disease. 

Bacteria in Nature and Commerce. 

In the early days of the. science of bacteriology, 
only a few years ago, there was eonsiderable un- 
certainty as to whether tliese multitudes of organ- 
isms whieli occurred everywhere in earth, air, and 
water, did so as a mere accident, or whether their 
[)resence was in any way essential. We now know 
that they are an ahsolute necessity for the carrying 
on of a larg<‘ number of tlu‘ most ordinary every- 
day oeeiirrenees of Nature. For exam])le, all the 
])rocesses of fermentation arc mierobic in origin, 
and so also an* tlie processes of putrefaction. The 
lactic acid fermentation of milk, which is so common, 
is due to the action of mien)l)es, the sugar of the 
milk being broken up and lactic acid ])rodnc<‘d. In 
the ri|)euing of elieese, the result ii»g tbivour is due to 
jM’oduets of hacterial action. Another fermenta- 
tion, 1h(‘ stiuly of which isa])pli(.*d to the commercial 
manufacture of vinegar, is also due to microbes, 
and here alcohol is converted into acetic acid. 

In t]i(' various brewing ])rocesses baet<*ria play 
a very imT)ortant part, especially in interfering 
with the (‘xcellence of the ])roduels of the manu- 
facture. The various conditions of bitterness, 
muddiness, abnormal colours, and so forth, are all 
mierobic In origin, and all associated with some 
form of acid production. Most of these organisms 
are easily killed by heat. 

In the everyday work of baking some of the 
starch is converted into sugar l)y the action 
of the yeast organism, a ml this sugar in its turn 
into alcoliol and carbonic acid gas, to the 
latter of wliiili the “rising” of the bread is due. 
The suhsiMpient operation of baking serves the 
pui])oses of killing the ferment, tixing the starchy 
food in ])osit:on, anil driving off the alcohol and 
earhonie acid gas. In like manner certain faults 
in bnsul are due to the pri'scnee of unwelcome 
germs. 

Bacteria as Scavengers. One of tlie 
useful qualities of certain microbes is that of being 
able to break u]) complex orgajiie matter into mueli 
simpler substances, and it is now rec»)gnised that 
bacteria art. as the scavengers of Nature hy thus 
acting upon dead animal or vegetable matter. 
'^I’his takes place not only out of doors, but also in 
the alimentary canal in the human and other 
animal bodies. A special organism termiM the 
liaciUus ])rodueea many of these changes. 

It is found in all ])utrefying fluids along with other 
organisms wliieh also liel]) in the ])foee.ss of dis- 
integration. 'riiese juitrefaetive organisms, there- 
fore, ])lay a very important part in the economy 
of Nature hy keeping up the circulation of matter, 
making the excretions of plants and animals, as 
well as their dead carcases, available once more 
for tJie nutrition of others. Germs thus convert 
organic m itter into inorganic substances. In 
Nature this process goes on on the surface of the 
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soil or near the s\irfacc and in the presence of the 
air. The organic matter lying there is oxidised 
and so made ready for tlie nutrition of plants. 
In fact, it would a]>ix*ar that this ])roeess of mierobic 
oxidation is absolutely necessary, and that if the 
soil be made sterilo-or free from organisms it would 
be iiieapable of furnishing enough nutrition for 
plants to grow at all well. The organisms which 
do this work need tlie presiaiee of oxygen for tlieir 
active growth, and from this fact they are termed 
an'ohea, or <erobie organisms. 

Germs in the Deep Earth. But in 

addition to these superficially living germs there are 
others, \\hi»“h wt)rk at greater de])ths, out of contact 
with the atmosj)heie~ that is, with oxygen — and 
whicli are termed n ho mins, or anaerobic organ- 
isms. Tiiey liave tlie faculty of wresting oxygen 
from the substances eontaining that clement wliiidi 
come down to tbem from abova*, using some, and 
freeing the rest for pur])oses of oxidation, thus 
hel])ing on the deeonijiosition of organic matter. 
This material, vvhiai freed from its oxygen, is of 
no further usn for nutrition, and hence deejier still 
we tind no organisms at all, this ikqith varying 
with llie nature of the soil, hut being commonly 
stal<‘d as being about 12 ft. from tlie surface. Tin' 
bearing of thest‘ facts upon the ]mrity or olberwis(‘ 
of water snp))lies drawn from siirfaei' sources, or 
dee])er ones, is too obvious to need further comnuail. 

Contamination of Water. It is tlui'^ 
evident that water taken from near the surface inu^t 
contain a certain numlier of germs, and if there kc 
orga.ni(; matter on the surface ])utr<‘faetivp. germs 
will he there too. Matter from nniler tlie soil surface 
is usually free from the putrefactive giaans, hut 
has some peculiar to itself, whih' dee])er still, water 
will he obtained fiee from microbes altogether, it 
does not follow, however, that water taken from a 
depth must of ni'cessily be pure and lit for liygienic 
purposes, bee.iuse Iluat' is always the risk of such 
water becoming eontaminateil before it reaches tli'* 
eonsuiner. It is a very ^^inqile matter for a disea.si*- 
produeing microbe, such as that of tyjdioid fever, 
to contaminate an otherwise pure water su])]>ly. 

Suppose that a ease of thisdiseaseexists in a given 
locality, the organisms of the disease are present 
ill numbers in the intestines of tb<* ])atient, and pass 
out with the excreta. Now, unless these excreta 
are disinfected and the mierohes kilk'd, the microbes 
simply j)ass into tlie drains or on to the surface ol 
the soil, according to tlie dis])osal of the. sewage. 
The organism grows and multij)lies, and sooner or 
later linds its way into the water sujiply of tin' 
district, and thus spreads the disease, perhaps, to 
many poojde, causing an e])idpmic. Milk pails and 
cans may similarly he easily eontaminaled from 
one eas(‘. 

From what has been said of the action of the 
mierobi's in the earth and tin* ])art they ])lay in 
breaking U]) organic; matters and rendering them til 
for the food of plants, it will readily be recognised 
that the processes of agriculture arc dependent 
iiltiniutely u])on the action of bacteria. This 
an actual fact. 

Fertilising Bacteria. The uses of all th'’ 
manures whieli are a])plied to the enriching 
of land depend ii]K)n these bacterial ]iroeesse‘>. 
The various changes undergone are rollectiyely 
spoken of under the general term of nitripcotinii. 
All the compounds in dung, manures of varion- 
sorts, dead carcases, plant tissues, and so fortn. 
when spread over or dug into the earth, become 
oxidised, and ultimately a large part of th' 
nitrogen from these becomes converted iid” 
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nitrates of calcium or potassium. This nitrifica- 
tion process will not take place in a soil which 
contains no bacteria, hence germs are essential in 
agriculture. The process is illustrated diagram- 
matically on a previous ])agc, to whicli reference 
should be made at this point |sec page 277). 
It will be noticed there that tlie process has two 
stages: first the paitial oxidation into nitrites, 
then the further oxidation of these into nitrates. 
No one germ is ca})able of doing the whole process 
as seen in the diagram, two sets of organisms 
carrying out the two stages. Both kinds of germs 
are to be found in manure heaps, sewage, ami soils, 
and both require the ])rcson( o of oxygtui and water 
for the performance of nitrilication. It follows that 
their work is interfered with in extremely dry 
soils, and a tein])erntui o below o ’ C. or (1" C. inhibits 
their aetivity. For the further ami more detailed 
study of the value of artificially pre])ared manures, 
that is to say manures ready nitrified, the reader 
should eonsult the eourse on Aoricultitui:. 

Useful Work of Bacteria. The bacteria 
which feed upon dead organic matter are called 
.^aprophi/fas-, in o])jK)sition to those which live in 
or u])on the living organic eomj)ounds composing 
the tissues of animals or plants, these germs being 
termed Many of the latter arc disease- 

])fodueers; many of the former are very useful 
agents in various natural and artificial ]>roeesses. 
The saprophytic s])eeies are of greater iiiiymrtaiiee 
to the farmer, for, as we have ex])laiiied, they arc 
th<' active agents of ymtrefaetion, and they render 
carcases and dead plants available for the nutrition 
of living plants. To th(‘se saprophytes also are 
clue the y)roeesses in the ripening of cheese, the 
nitrification of manures, and many ehcniieal 
changes included under the general term of fermen- 
tation. These latter changes result in the ])rodnction 
of certain definite compounds which are (‘ssential 
in the sy)et‘ial ])roeesses eoneerned. 'riuis, the 
“ lactic bacteria *’ are useful in cheese rip(*ning. 
In order to be sure of the presence of these germs 
a little sour milk is added to the sw^eet cream, or 
the eulti*i»ted bacteria tluMiiselves may be lused. 

If beer or wine containing less than 14 per eciif. 
of alcohol be left exposed to air for a ft*w days the 
surface becomes covered with a tough, whitish film, 
and tin* beer or wim^ goes sour. The film contains 
numbers of bacteria wliieh produce acetic acid from 
the alcohol. This process is the basis of the manu- 
facture of vinegar from fermented malt liquors or 
fermente<l gray)c-j nice. 

Bacteria and MilK Products. Two 

milk ])roiiuets in which bacteria are active agents 
may be mentioned here. One is known as L’ohnnsfi 
“r kumiss, an intoxicating beverage made from 
the soured and fermented milk of mares. It has 
an uci<l taste, and is much esteemed by the Kalmucks, 
the most numerous of the Mongol nations. A 
‘Spirit is made from the koumiss by distillation, 
and since it- is said that the tribes which are addicted 
fe the use of koumiss are fre<^ from the ravages 
<>f consumption, the use of an artificial koumiss 
has become fairly general. This })re])aration is 
made from milk of asses or cows. 

Fhe second of these y)roducts is termed kephir, 
ft drink used in the Caucasian districts, which 


is also made from milk. In the process the 
casein is dissolved, and the milk sugar is acteil 
on as in a lactic acid and alcohol fermentation. 
The masses of bacteria which cause this process are 
called kephir grains. 

Koumiss, or fermented mare’s milk, has been 
used with an undoubted degree of success in tlie 
treatment of corisnmption in Russia. 4’he secret 
of the sneeess is that the milk is slightly fermented, 
highly digestible, and hence large quantities can 
be tak<‘n W'ithout ])rodueing dyspepsia. It is 
really an invalid food. In ihissia the mode of 
treatment is for the ])ati(*nt to rise early and drink 
a gla.ss of koumiss every half hour, exee])ting the 
two hours just before dinner and sup))er. 

Artificial kephir, ])reparcd from cowl's milk, is 
made as follows. 'I’he milk is as new as ymssible. A 
bottle is nearly filled w'ith the milk and some water, 
and to this arc added some yeast and a lump of sugar. 
4’he bottle is tightly corked and the cork wired 
down, to i)revent esea])e when fermentation oe(aus. 
It is placed in a w\‘irm spot and shaken two or three 
times a day for frotn four to six days. I’he bottle 
must be carefully o})ened to y)revent much being 
lost, as it is v(‘ry efferV(‘scent. 

Both koumiss and kephir are ntore easily digested 
than ordinary jnilk. In both the casein-forming 
material is thrown flown in a finely floceulenf, easily 
digested form, already partially peptonised. .Most 
of tlie sugar is turned into lactic acid ; a little 
alcohol is jirodiu'cd, and a good deal of carbonic acid 
gas. These two ])re]>arations, tlu'refore, present 
milk in its most easily digested shape; hence their 
value as invalid foods in dietetics. 

Those milk products arc good examples of pro- 
cesses de])en(lent iqion bacteria, which are not 
merely harmless, but of the greatest service to 
mankind. 

Bacteria and Water. The relationship of 
bacteria to water is a matter of ])rofound im- 
])ortanee, inasmn(*h as water is jierhaps the most 
convenient method of carrying germs from place 
to place. Thus, after rain the air is wonderfully 
frt*e from microbes, which have been carried down 
on to the grourul. Stagnant pools atid slow' streams 

in fact, surface wat«'r of all kinds —aUvays con- 
tain large, numbers of microbes, the numbers and 
their species /^lifl'ering greatly according to the nature 
of the soil, the depth of water, and the degree of 
oxidation going on. The less the water is disturbed 
the more numerous the germs. In s])ring water few' 
or no germs oeenr until contamination happens 
at the surface. In examining water for bacteria 
the sain])le should he examined immediately it is 
obtiviiied, for the simple reason that if there be any 
nutriment in the watiT the germs therein, howeviT 
few' to begin with, will soon multijily with gn‘at 
rapidity and thus give a most fallacious result if 
left for any length of time. “ If a sample of (‘veii 
the ])urest water (containing, siy, 200 gtTUis ])er 
cubic eentiinetro) be left to stand in a room in which 
the temperature is comparatively high, aiul there- 
fore suited for the rapid growl Ii of these organisms, 
it may be found that in ])lace of 200 germs per cubic 
centimetre, there may be present on the second day 
r>,000, on the third day 20,000, whilst on the fourth 
they are almost innumerable.” 
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I N all keyboard instruments tuning is a far more 
^ complicated process than it is, for example, in 
the violin, which has but one string for many notes, 
and not more than four strings altogether. On the 
other hand, in the piano, instead of four lengths of 
catgut, there may l)e upwards of 200 steel wires 
strung across an iron or steel framework, the total 
tension, according to the size of the instrument, 
being aj)proximately from 15 tons to 30 tons. A 
tension to so many strings, were every tuning-pin 
adjusted ever so slightly, would alone demand more 
time than any professional pianist has to spare. 

Unisons. The knowledge most usually rociuircd 
is that for pulling-up and adjusting a new string. 
First, the broken string must bo extracted. To do 
this in an upright ])iai\o (we are not s])CHking of 
grands) take off the front. First turn the buttons 
inside the top panel at the bass and treble ends ; 
draw the front forward, lift it out ; turn back the 
cover or cylinder over the keys and lift it out. 
If the front and cylinder are joined, both come out 
together. To remove the action (or hammer mechan- 
ism), turn the buttons at either end of it, or undo 
the thumbscrews. Grasping the hammer rail, 
draw forward the action. Lift it up out of the 
sockets and place it on a table, or in some other con- 
venient position. Unfasten the catches under the 
keyboard. Draw the bottom door forward and 
take it out. In an upright piano, the gauge for 
strings varies from treble to bass, from No. 9 to 
No. 21, the sizes of wire being marked below the 
tuning-pins. In a trichord cottage, the j)ina are 
placed in threes, one over the other. If one string 
serves for two pins, the bottom pin of one note and 
the top pin of the next, or the two middle pins 
of neighbouring notes will need new wire. Having 
obtained the necessary length (by sending the old 
wire to a maker as a pattern), bend one end of the 
steel into a loop J in. long. Twist the end round 
twice, and clip it off with a pair of cutting pliers. 

“ Chipping Up.” Place loop on hitchpin pro- 
jecting from the iron frame at the opposite side to 
the tuning- pin. Fit the string between the two pins 
in the bridge, alternately inside the first and outside 
the second. Pass the wire up above the keyboard. 
Thread the string through the hole in the brass stud, 
if necessary. Cut off the wire with the pliers 2 in. 
beyond the position of the tuning-pins. Insert 
the string through the eyehole of the pin. Put the 
tuning-hammer or tuning-crank on the latter ; twist 
the pin round twice to the right, making the coil even. 
If the tuning-nin has been taken out of the plank, 
drive it in with some smart blows from a hammer 
till even with the other pins. Now turn the hammer 
round to the right, “ chipping up ” the tone of the new 
string with a piece of bone or a mandoline plectrum, 
until it is in unison, as regards pitch, with the other 
wires belonging to the same note. After taking off the 
hammer, replace the action. With the right hand, re- 
adjust the hammer to the tuning-pin, and with the 
left try the note on the keyboard. Listen attentively 
to the throbbing of the vibrations. Gradually turn 
the hammer to the right until the quick and uneven 
beats merge into one steady and clear sound. 

m2 


An identical tone is the easiest for the student to 
l)egin with. In trichord pianos, where three strings 
go to each note, two- thirds of the total are so tuned. 
When the throbbing has resolved into a steady vibra- 
tion, the new string will be in unison. To ensure that 
the note will stand, “ set ” it by striking the key 
sharply to ascertain that the wire does not slip 
through the stud nor over the bridge. If it does, 
repeat the tuning and the proof till the note holds 
firm. 

Octaves. If a new string put on is a single one 
of covered wire in the bass (the steel core being 
overspun with copper), it must be tuned by the 
octave note above. Strike these two notes together. 
In )>oint of importance and facility, the tuning of 
the octave, so far as the student is concerned, 
comes next to the perfect unison. Though no longer 
identical, the sounds resemble each other strongly. 
Turn the hammer on the pin of the new string gradu- 
ally to the right. Liston attentively. At first tlio 
beats will be uneven. When the lower string 
reaches its proi)er tension, the two sounds will 
cease to vibrate unevenly, and the compound tone 
then produced will blend smoothly. Take care 
not to raise the new string above the pitch required, 
or it may break ; neither put any side pressiure on the 
tuning-pin, or it may snap off. Avoid turniqg any 
])in unnecessarily, otherwise it may become loose, 
and a j)inno with loose pins cannot stand in tune. 

” Laying ” a Scale. In this country tunei’S 
generally lay the scale from C (third space, treble 
clef). On the Continent the start is made from A 
(second space, treble clef). It is the tuning-fork, 
therefore, which gives the initial tone. The correc t 
pitch of the latter is tlius of paramount importance. 
Pitch-pipes are not recommended, as they are fre- 
quentlv inaccurate. What is known as “ concert, 
pitch ’’ is a nebulous term. In P]ngland there is the 
Kneller Hall sharp military pitch, the low French 
pitch, and the Society of Arts (or medium) pitch 
between the two extremes, besides other fanciful 
standards used by various piano-makers. Accu- 
rately measured tuning-forks are difficult to get at 
an ordinary music-shop. The point is to get a 
fork at the new pitch (stamped “ C 522 ” double 
vibrations jier second), not the old Philharmonie 
pitch (C 540), as the latter is considerably shar])er, 
and puts a greater tension on the strings of 
piano as it does on the voice of a singer. In 
addition to a tuning-fork, when tuni^ a trichord 
instrument three wedges are needed. These consist 
of narrow strips of whalebone, or iiliable wood, J in- 
wide and 9 in. long. The ends are padded with ono 
or more layers of "wash-leather, the thick tip being 
for unisons and the thin for octaves. From the front, 
insert a wedge obliquely through the action, so as 
not to touch the hammer striking the note to be 
tuned. 

Having wedged out two of the three strings of 

E itch C, jput on the hammer. Sound the tuning-fork 
y striking one of its blades smartly on the knc' 
with the left hand. Place the small end of the fork 
on any portion of the woodwork in front of the 
piano. To the sound it gives C, third space, treble 
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clef, must now be tuned. Raise or lower the pitch 
of the string gradually until, when the note C is 
struck it ajnees accurately with the tuning-fork. 
Stop the vibrations by a wedge inserted between 
two of the unisons of the C below, and get the octave 
wrfect. Do not strike the lower note too hard at 
first. The sharp blow is onlv required for “ setting.” 
There are various ways of laying the bearings of a 
keyboard instrument. Different tuners naturally 
pin their faith to the methods which they have been 
taught and have found most useful. But as all 
these systems, properly carried out, have the same 
result in making the tone of the instrument agree- 
able musically, the student may adopt any one of 
them profitably. 

“ Tempering Notes. Presuming that the 
pupil is musically inclined, it may surprise him 
to be told that the foundation of the tuning 
of all our kej’^board instruments is intentionally 
inaccurate. Let him look at the piano for a 
moment. Enharmonically, every white and every 
black note has two names, if not three. C natural 
serves also for B sharp and D double flat; C sharp 
is also D flat; J) natural likewise is C double 
sharp or E double flat, and so on. Therefore, if we 
have twelve keys within an octave, we have to make 
them serve for upwards of twenty-four notes indi- 
cated in music. A very clever violinist with a sensi- 
tive ear, or a trombone player, because the tone of 
such instnimenfs is not fixed, will play in what is 
called “just” intonation. On a pianoforte or 
church organ, the only intervals ahmlntely perfect 
with the pitch note are the octaves. The rest of the 
notes are “ tenipered.” For the purposes of practical 
harmony, the notes within each octave have been 
so modified that the acoustical divisions between 
them have been made as equal as possible. 

The ear of the musical student may at first rebel 
against the mutilation of any jiitcrval, but the 
system of modifying the notes within the centre 
octave internationally adopted is based on common- 
sense, and has been found the only possible solution 
of a problem which perplexed musicians for many 


years. Mathematicians, acousticians, musicians, and 
manufacturers have written libraries full of books 
on this subject. It is, therefore, a difficult one to 
deal with succinctly, and the reader is referred to 
Example 1 . 

After tuning the octavo C, it will be seen that the 
student must proceed to 0 below. Tune the fourth 
jierfect. Then from this G get the fifth above, D, 
“ tempering ” it by leaving it a beat flat. From the 
D tune the A below a perfect fourth. Then get the 
second fifth by tempering the E above a shade flat. 
Tune the B below a perfect fourth. From the B go 
down to the F sharp, and make that also a perfect 
fourth. Now get the third fifth by tuning C sharp a 
wave flat. Follow with the fourth below G sharp in 
just intonation, and then, from the G sharp, get the 
fourth fifth, or D sharp, a shade flat. Proceed to 
A sharp, a perfect fourth, and then get a fourth 
below tne A sharp, technically E sharp but actually 
F natural, and, finally, tune the octave F above 
ixu*feet. 

Unless the “ shading ” has been distributed, 
equally, the octave will not come out |ierfect, and to 
proceed any further with the tuning will only 
m*agnify the shortcomings of the bearings. Before 
equal temperament (advocated by the great com- 
poser Bach) was ado})ted, it was disagreeable, on 
account of the “ bowlings,” to play the piano or 
organ in the “ black keys ” — now the most beauti- 
ful. As accurate “ tempering ” is an art which a 
beginner cannot learn immediately, his first 
attempt, when proved by the final octave, has, no 
doubt, revealed that his modifications of the fifths 
have been overdone. T^et him, in going over the 
work again, therefore, check it in a different manner 
[Ex. 2]: 

Here the scheme includes all the keys on the 
piano between F natural (fourth space bass clef) 
and C (third space treble clef). But instead of 
four fifths presenting themselves, the student can 
check his work by eleven of them. After the 
low 0, tune the G above a little flatter than 
perfect. Then prove this with the octave G below. 
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already tuned. From that 0. get the second tem- 
pered fifth, or D above, and then the third, or A 
above the D. Now prove this note, which should 
be a perfect octave with the A below, already 
tuned. Go over the fourth fifth that now occurs, 
by checking the E already tuned under the first 
scheme. Now, get the B above, tempering this 
fifth fifth a wave flat, and from it prove the 
octave B below, already tuned. 

Next get the sixth fifth, or F sharp above, and from 
that prove the F sharp below, alreatiy tuned. 
Check again the fifth above low F sharp, with the 
(' sharp tuned according to Ex. 1. Continue to 
get the eight fifth, or G sharp above, proving it with 
the octave note below, already tuned. Having 
arrived at the eight fifth of the series, the student 
must return to (\ Tune the remaining fifths 
“ backwards,” first making the bottom note, 
F natural, a perfect fifth with the C-, and then 
slightly sharpening it in the same degree that 
the upper notes were flattened when tuning the 
other fifths “ forwards.” By this means, the 
necessary tempering is done correctly, but the lower 
note is affected rather than the upper. Then, get 
the octave F above perfect. Treat the B flat below 
in the same way, so as to modify the lower note, 
and keep the u]>per one just. Get the octave B 
flat above, and, finally, tune the eleventh fifth, 
tempering the lower E flat. Of course, as we have 
first seen, it is not necessary to tune all these fifths 
in laying a scale, and there are other ways of chock- 
ing correct e.:jiialisation than the scheme last re- 
ferred to. As soon as the fifth marked “ 4 ” in 
Ex. 2 is reached, the 0 below gives the major third, 
and if this third is slightly sharper than perfect, 
it is an indication that, so far, the tuning is correct. 
In like manner, test each subsequent fifth by means 
of the triad [Kx. 3]. 

Extending Operations. Upon the bear- 
ings laid the rest of the tuning is built up. The 
unisons, or two other stringy, of each first one already 
tuned must be made to accord (altering the position 
of the wedge) until each group of three strings blends 
projK^rly together in sound. This done, proceed 
to the octaves. Begin on C sharp (first ledger line 
beneath treble clef) and tune in succession one string 
of every octave note above until the extreme treble 
of the keyboard is reached. 

All octaves must be “ perfect.” Then take the 
kl below middle C, and tunc each successive 
note in octaves down to the extreme bas.s. 
This done, go over the treble octaves again, 
as they are apt to fall in pitch as the tension in- 
creases on the lower part of the frame. Finally, 
try together double octaves, to see that all are 
accurate. Having adjusted all these notes on one 
string of each group of three, proceed to tune in 
unison the second and third string of every note. 
Taking the.se separately, adjusting the wedges as 
explained, get all unisons correctly above and 
below the central octave. To get incrc.ased brilliancy 
and fullness, some tuners pull the high notes a shade 
sharp, and leave the extreme bass a trifle flat. 
On completion of the work, clean the keys with a 
.soft cloth slightly moistened with warm water, 
and replace the front. 

Apprenticeship, In every large piano fac- 
tory labour is much systematised, so that one 
instrument passes through many hands, each 
man being a specialist in his own branch. Par- 
ticular attention is always given to the tuning 
department, because the best made piano in the 
world badly tuned will sound at a disadvantage 
PIANO-TITNING Concluded; folhxved 


beside one of inferior make finely tuned. But 
to take off, experienced tuners to teach beginners 
deprives a factory of skilled labour, which has 
a definite value. Therefore, considering how 
difficult it is to find remunerative employment for 
many young men nowadays, the privilege of being 
taught the art of tuning is gladly paid for by 
l>arents when their sons are inaentured os appren- 
tices. To acquire the necessary flexibility of nftger 
and perception of wave beats for good tuning, 
it is essential to begin in early youth when a lad is 
.still growing. When the >vTi8t is once set, it is 
seldom possible to make what is known as a fine 
tuner. Tlie usual age for beginning is sixteen. 
Obtain an introduction to the manager of some well- 
known factory. If of good physique and character, 
the candidate’s name is put down in the “ waiting ” 
list. Notice will be sent when a vacancy occurs. 
Preference is generally given to the sons of valued 
employes or good customers. Premiums vary from 
£5 upwards. Apprenticeship is usually for seven 
years. 

Entering the Factory, The first work 
is to assist with odd jobs the qualified tuner who 
acts as instructor, when not employed in ” chipping 
n]».” By kee])ing his eyes open, the young ap- 
prentice can learn much in a factory in many 
departments, as his work will not always bo in tlic 
same shop. ‘‘ Rough ” tuning is generally done in 
the noisier departments where, in case- making, or 
marking off, there may be a good deal of hammerinir. 
and a subtropical atmosphere. As the lad im- 
proves in his work, he will be promoted to quieter 
regions, giving him an insight into hammer-cover- 
ing. aiifi ideas ns to the latest method of polishing. 
.\fter a certain length of useful service the beginner 
will receive a small weekly salary. According to 
abilitj' to tune, this will rise gradually from 5.s. 
to £1 a w eek. 

When the term of apprenticeship expires, an 
ambitiou.s young tuner will endeavour to get a few 
years outside experience. Vacant situations are 
announced in the various musical papers. Consult 
the foreman tuner, or factory manager, regarding 
the status of advertisers before accepting any offer. 
After an apprentice has done well, the manufacturer 
w'ill usually be agreeable that he should seek to im 
prove himself practically in some music shop, when* 
he will come into contact with instruments by other 
makers, and learn to repair harmoniums, American 
organs, or piano-players in a way seldom possible in 
any one factory. 

Concert Piano Tuning. The laudable 
ambition of many a young tuner is to do coneert 
work. This, of course, demands the most artistic skill. 
Having gained outside experience and, subsequently, 
been received back on the staff of the firm where lu* 
was apprenticed, ho will find, if the opportunity i^ 
given him, that concert tuning entails considerable 
responsibilities. It involves, during a tour, the 
eonstaiit packing and unpacking of a heavy iron 
grand, placing it in and removing it from various 
provincial halls, besides attending each performance 
after Rinoothing over the tuning of the instrument. 
At the concert it is the duty of the tuner to open 
and shut the piano before and after each solo, and 
turn over the music in concerted pieces. Vet it 
bring.s him into personal contact with some mu'-'i- 
cian of distinction whose good word may be of con- 
siderable value. The weekly wage will probably he 
£2 2s., with an allowance for travelling and hotel 
ex peiises. A report should be made on each concert 
and sent by postcard to headquarters. 
by JHusical Insibument Making 
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The Thirty Years War had a very bad effect 
both on the population and on the commcfcc of 
Germany — the population was much dimini.shed. 
and the commerce de.stroyed for the time. The 
country was burdened ^v^th taxes, and the empire 
became divided into a number of small states 
whose rulers held tyrannical sway over their 
subjects. Leopold I., who succeedt'd in 1658, 
might have done much to restore peace and 
order in his empire, but he allowed himself to be 
drawn into a coalition against France. In his 
reign Strasbourg w'as added to the dominions 
of tVancc. In 1705 he died, and was followed 
by Josej)h 1. and then by Charles VT., whose 
suceessivc reigns lasted until 1740. These two 
kings were the last of the male sovereigns of 
the House of Hapsbiirg. During their reigns 
occurred tlie War of the Spanish Succession, 
which was ended by the Ti’oaty of Utrecht. 

Maria Theresa. On the death of Charles 
VT., in 1740, the succession was contested by 
his daughter, Maria Theresa, and her husband, 
Francis I. of liOrraine. Maria Theresa claimed the 
crown by right of the Pragmatic Sanction drawn 
up by hW father in 1718. Charles VIT., Elector 
of Bavaria, uas, by the help of l^ussia, elected 
to the Imperial throne in 1742, but was compelled 
to resign the crown three years later. Francis I. 
reigned from 1745 to 1705, The Seven Years 
War, which began in 1756, aggravated the 
troubles of his reign. His son, Joseph TL, suc- 
(iceded him, but was little more than a nominal 
ruler during the lifetime of his mother, Maria 
Theresa. Leopold II. reigned two years and was 
succeeded by his son, Francis II., who, after the 
Hheinish Confederation was formed under the 
lirotectorato of Napoleon the Great, resigned 
the Gorman crown, and became Emperor .of 
Austria in 1804. 

The Struggle for German States. The 

history of Germany after the first Napoleon's 
career began to resolve itself mainly into a rivalry 
and a struggle between Prussia and Austria for 
the rulership of all the Germanic states and 
peoples. Prussia may bo described as the 
nsing po)\"er, and Austria as the power which 
had reached its zenith and was already beginning 
to show signs of decay. The interests of Prussia 
were entirely Germanic, but Austria oxerei.sed 
imperial sway over nations and states which were 
foreign to her, and were continually rising in 
ro^lt against her rule. 

Prussia began to form alliances with the 
minor states of Germany, and against the.se 
^•ihances Austria issued more than one indignant 
protest. On January 2nd, 1861, the Pnissian 
Frederick William IV., was succeeded 


by his brother, King William I., whose corona- 
tion was celebrated with great pomp at Konigs- 
berg. Before this several attempts had been made 
to form a Germanic Confederation of which 
Austria, Prussia and all the minor states should 
form component parts, but nothing effective 
or enduring had come of these attempts, most of 
the smaller states feeling inclined to rank them- 
selves on the side of Prussia, and to he dis- 
trustful of Austrian leadership. 

Bismarck and Moltke. The Prussian 
king had as his leading Minister one of the greatest 
state.smcn the modern world has seen — Count 
Otto von Bismarck, afterwards Prince Bisman^k ; 
ho also had, as the commander of his armies, 
one of the greatest soldiers that the modern 
world has seen — Count von Moltke. 

Bismarck was horn in 1815. His long struggle 
wdth the V’^atican, the “ Kufturkampf,’* was a 
failure. He was known as the “ Iron Chancellor ” 
and ** The Man of Blood and Iron,” the latter 
phrase taken from a speech of his own. 

The struggle between the two rival Powers 
kept growing, and all attempts to mediate 
between them or to settle the differences in any 
satisfactory and Itvsting form ended in failure. 
It at last became evident that only war could 
decide the question. Austria and Prussia had 
co-operated for the capture of the German 
Duchies of Schle.swig and Holstein from Den- 
mark, but tliis combined success only led to 
new dis])u1cs betw'een the Powers thus in tem- 
porary alliance. On June 15th, 1860, Pi’ussia 
declared w^ar against Austria, and on July 3rd, 
1866, was fought the great battle of Sadowa, 
which may be said to have marked the close of 
the contest, a contest in w'hich Austria had 
suffered nothing but losses, resulting in her 
absolute exclusion from Germany. 

Prussia's Development. One imme- 
diate effect of Prussia’s victories was to create 
in her a military power which .seemed .seriously 
to threaten the domination of the French Empire 
under Napoleon III., and in consequence, on 
July 15th, 1870, Louis Napoleon, acting, it is 
believed under the advice of unwise counsellors 
and contrary to his own personal inclinations, 
declared war against Prussia. The result of this 
policy was the complete overthrow of the French 
armies in that memorable struggle, which, when 
the French had suffered defeat after defeat, and 
the crowning defeat at Sedan, ended in the cap- 
ture of Paris itself on January 28th, 1871, and 
the proclamation at Versailles of King William 
as German Emperor. From that time the King- 
dom of Prussia has lived as the German Empire, 
including under its sway, or as its allies and 
fellow-workers, most of the other Germanic 
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states, Austria being entirely excluded from 
cohesion with Germany. Since that time Prussia 
has engaged in no war, and, although she has 
had to undergo many grave political and religious 
struggles within her own sphere, she has been 
occupied only unth the interests of the German 
Empire. William I. died on March 9th, 1888, 
and was succeeded by his son, Frederick III., 
who died June 15th, 1888, and was follow'ed by 
the present Emperor, William II. 

NORWAY AND SWEDEN 

As Charles XII. of Norway left no heir, the 
crown wont to his sister Ulrica and her consort, 
Frederick of Hesse, who was crowned in 1720. 
Next came Adolphus Frederick, who reigned 
until 1770. In his reign the nobles w’cre divided 
into two parties — the “Caps,” w^ho were the 
peace party, and the “ Hats,” the war party. 

Gustavus came to the throne in 1771, and 
abolished the Council of State and restored 
the Constitution. He was assassinated, and 
his successor, Gustavus IV., was dethroned, 
and during some of the wonderful changes 
caused in Europe by the career of Napoleon, 
Bernadotte, one of his generals, was elected 
to the throne of Sweden as Charles XI V^. He 
had to resist the efforts of his old commander, 
Napoleon, to obtain complete pow er over Sweden, 
and he won for himself the character of a saga- 
cious ruler animated by the best intentions 
for the good of the country over which he had 
so unexpectedly come to reign. Sw'eden joined 
the Grand Alliance against Napoleon in 1813. 

It is not necessary to give a list of the 
sovereigns who governed Sw'eden and Norway 
under the new' constitutional arrangements ; 
the kingdoms were prosperous and for the most 
part peaceful. There w'ere many Arctic ex- 
peditions, and many institutions were formed 
for the preservation of Sweden’s older literature 
and for the promotion of culture. These 
systems were successful in causing the spread 
of popular education. Continual difficulties 
and troubles arose, however, from the efforts 
of the Norwegians to obtain a satisfactory 
constitution of their own, and these ended at 
last in a friendly separation which gave to 
Norw’ay a separate government and even a 
separate king, while the two kingdoms still 
remained in friendly and peaceful association. 

Separation of the Kingdoms. On June 
7th, 1905, the Norwegian Parliament decided 
on a final separation from Sweden. It was 
felt that this resolve of the Parliament should 
be submitted to a popular vote, so on August 
13th the voters endorsed the resolve by a 
plebiseito, giving a majority of 368,208 for the 
separation against only 184 votes for the retention 
of the existing union. On September 23rd the 
Swedish and Norwegian delegates met in 
conference and agreed to the terms of the separa- 
tion. Amongst the conditions were a neutral 
zone on both sides of the southern border 
between the tw ’’0 kingdoms, and the dismantling 
of certain fortresses. On November 18th Prince 
Charles of Denmark was elected King of Norway, 
and assumed the title of Haakon II. 

me 


DENMARK 

The later history of Denmark tells of many 
struggles and yet of much substantial progress. 
In 1665 the sovereign was made absolute and 
hereditary, and early in the following century 
Frederick IV . added to his dominions the Duchies 
of Holstein and Schleswig. Denmark became 
engaged in war with England during the con- 
vulsive period following the French Revolution, 
and its capital, Copenhagen, was bombarded 
by Lord Nelson in 1801 and by Admiral Gambier 
and Lord Cathc art in 1807, when the whole Danish 
fleet w'as compelled to surrender. Frederick VII. , 
who succeeded in 1848, proclaimed a new con- 
stitution, by virtue of which he endeavoured 
to unite Schleswig and Holstein more closely 
w'ith Denmark, and thus to absorb or extinguislj 
tlieir nationality. The immediate result w'as 
an insurrection in the Duchies and the formation 
of a provisional government. The forces of the 
Duchit^s were defeated, although the Prussians 
lent them some assistance. The European 
Pow’ers recommended the making of peace, 
but hostilities went on, with success now' on 
this side and now on that, hut with nothing 
decisive either way. A new and somew'hal 
liberal constitution for Denmark was sa*ictioned 
by the King and Parliament in 1849, and peace 
was made in 1850. On March 10th, 1863, the 
Princess Alexandra of Denmark was married 
to the Prince of Wales, the present King of 
England. 

The Fate of Schleswig • Holstein. 

The Schleswig-Holstein question was now 
coming to a crisis. Schleswig, Holst/Cin, and 
Lauenberg were entirely German in their 
populations, and were held by the King of 
Denmark as Duke of Lauenberg in the old 
Germanic Federation, while Schleswig was more 
directly attached to the Danish Sovereignty, 
though there was a large German population, 
especially in the Southern districts. The whole 
German people were concerned in the question, 
and could not endure that their countrymen 
should be under the rule of a Danish sovereign. 
Frederick VII. of Denmark had no direct heir, 
so the succession had already been an’anged 
by the great European Powers by the Treaty 
of London in 1852, which declared Prince 
(Iwistian of Schleswig-Holstein heir to the 
crown, with the title of King Christian TX. 
Uis claim, however, was disputed on the death 
of King iVederiok ^I. in 1863, by the Duke of 
Augustenburg, who took the title of Duke 
PYederick VIII. of Schleswig-Holstein. Count 
Bismarck, who was then the ruling statesman 
in Pnissia, determined that the Duchies should 
be annexed to Prussia, and the disptite about 
the succession gave him his opportunity. 

The War with Austria and Prussia. 
Tlie Germanic Federation entrusted the conduet 
of the dispiite to the combined powers of Austria 
and Prussia, and the Danish Government Inul 
a strong hope that England would come to 
their aid. Lord John Russell, then Priun* 
Minister, had often told the Danish Government 
that they must, if only for their own interests, 
deal justly with their German subjects. Ih' 
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had never sanctioned the policy which strove 
to bring the Germanic peoples into absolute 
subjection to Denmark, and he had made it 
clear that if Denmark did not take England’s 
advice, England would not come to her aid in 
the event of war. In the war which ensued 
Denmark had to fight against Austria and 
Prussia. The Danes fought bravely, but they 
were utterly outnumbered, and their old-fashioned 
weapons were of little use against the needle- 
gun, the new weapon of their opponents. The 
Danes gained one victory over some Austrian 
warships in the German Ocean, but they lost 
all their fortresses, and their defeat soon became 
certain, even to themselves. Denmark, after 
some futile negotiations, liad to accept terms of 
poiiee and to give up the Duchies to Austria and 
Prussia. J3y the Peace of Vienna in 1864 the 
King of Denmark resigned the Duchies to the 
Allies, consented to a roctitication of his fi'ontier, 
and agreed to pay a large sum of money towards 
the cost of the war. 

The remainder of Denmark’s history has few 
international interests. The Danes are a people 
of great intelligence and culture, and hav^e 
given many famous names to literature, the arts, 
and sciences, among whom we can only mention 
Hans Christian .Andersen, the famous writer, and 
Thorwaldsen, the great sculi)tor. 

TURKEY 

The advance of the Mongols toKhorasan drove 
the inhabitants, called the elan of the Oghuz, to 
Armenia, where they helped the ruler to repel 
the Mongol invasion, and, in return, he gave 
them land in Asia Minor near the Province of 
Bithynia. The Ottoman Empire began in Sugiit, 
the city where their leader settled in the thir- 
teenth century. Ertughrul — this was the name 
of the leader — has been followed by thirty-five 
descendants, Sultans of the Ottoman Empire. 
Sugut was the birthplace of Osman, from whom 
comes the name Osmanlis, now generally called 
in Euroi)e, Ottoman. Osman and his son added 
much territory by conquest to their dominions. 

In the time of peace which followed some 
of these wars of conquest, the Ottoman ruler 
organised the state and fonned a standing army — 
the first, it is said, in modem history — the corps 
called the Janizaries, which became so powerful 
later on as to be an important element in 
the state. Murad I., the first “ Amurath,” who 
( ame to the throne in 1359, added AdrianopJe 
and Philippopolis to the dominions of Turkey, 
and in 1364 defeated the Servians and the 
Hungarians. He had many wars with the 
f ’hristians, who tried in vain to resist him. In 
1389, the Turks won a great victory, in the 
Battle of Kosovo, over a large army led by 
bazerus the Servian, but Murad I. was assassi- 
nated in the same year. 

The next important event in the history 
of the Ottoman Power was the invasion of 
the famous Tamerlane, which stayed for a 
time the wave of Ottoman success. The Tartars 
defeated the Turks, and took the Sultan 
P^®dner in 1402, and the conquering days of 
the Ottomans seemed to have come to an 


end, but, under Mohammed I., called “ the 
Restorer,” its greatness revived. He transferred 
the capital of his country from Asia to Adrian- 
ople in Europe. In the reign of Murad II., the 
great Hungarian General, Hunyady, known as 
the “White Knight of Wallachia,” was the most 
formidable opponent of the Turks; he defeated 
them in two battles, in 1442 and 1443, and 
compelled them to make a treaty of peace 
for ten years, to free Servia, and to cede 
Wallachia to Hungary. Notwithstanding the 
treaty, Hunyady invaded Turkey soon after, 
but the Christians were defeated by the Turks 
at Varna in 1444, and the King of Poland was 
killed. 

The Siege of Constantinople. Mo- 
hammed “ the Conqueror ” reigned for thirty 
years, and in his reign occurred the siege and 
capture of Constantinople, one of the most 
important events in 'Turkish history. This was 
in 1453. Another event was the defence of 
Belgrade, three years later, by Hunyady and 
John Capistran. The Ottoman Power annexed 
Greece and most of the Isles of Greece, and also 
the Crimea in 1475, and Otranto in Italy in 
1480. In 1481, Mohammed died whilst about to 
start on fresh conquests, and was succeeded by 
his son, whoso reign was uneventful. With Selim I. 
l)egan another epoch of Turkish conquests ; he 
defeated the Shah of Persia in a great battle, 
and captured much of his territory. He also 
annexed S 5 rria, and took Egypt from the Mame- 
luks in 1517. But the reign of his son, Suliman, 
“ the Magnificent,” is perhaps the greatest epoch 
in Turkish history. In the forty-six years of his 
rule he conquered Belgrade and the Island of 
Rhodes. He defeated the Hungarians in a great 
battle, in which their king and most of his army 
were killed, and made Hungary part of the 
Ottoman dominions for 150 years. He also laid 
siege to Vienna, but was unsuccessful, and in 
1533 made a truce with the Emperor, Charles V. 

Battle of Lepanto. Suliman died in 1566. 
The next reign saw the famous Battle of Le- 
panto. in 1571, and also the first w'ar between 
the Turks and the Russians, in which the 
Turks were unsuccessful. 

It is not necessary to give a list of all the 
Ottoman sovereigns who followed; their rei^ 
saw many wars with Persia, with Austria, with 
the Venetians, and with other European powers, 
in which Turkey was sometimes victorious. 
But her gi’eatcst days were over. In 1686, the 
Turks, undeterred by previous failure, again 
laid siege to Vienna, and were utterly defeated 
by Duke Charles of Lorraine and John Sobieski, 
the King of Poland. The Austrians afterwards 
took Hungary. Ahmed III,, who succeeded in 
1703, was the Sultan who refused to hand over 
Charles XII. of Sweden to the Russians after 
the Battle of Poltowa, in consequence of which 
Peter the Great invaded Moldavia ; but he was 
so unsuccessful that he would have become a 
prisoner of the Turks but for the intervention of 
his Queen, afterwards Catherine I. 

Later on in the century, however, Russia 
began to be successful in her wars with 
Turkey, and after many wars, in which the 

6447 



HISTORY 


Russians wore generally victorious, the Treaty 
of Kuchuk Kainarji was made in 1774. But 
notwithstanding this treaty, the Russians, nine 
years later, took possession of the Crimea 
and the country to the east as far as the Caspian 
Sea. The wars continued through some years 
of the reign of Selim III., but occurrences in 
Western Europe soon made the Russians wish to 
end the war, and a treaty of peace between the 
two countries was signed at Yassy in January, 
1792, which confirmed the former treaty of 
Kainarji. By the peace which was now secured 
the Sultan w'as able to turn his attention to 
reforms in his own dominions. But, like many 
reformers who are in advance of the populai* 
opinions of their time, his projected improvements 
were too much for his subjects, and brought 
about his dethronement and his death. After 
the short reign of his successor, Mahmud II. 
came to the throne, and in his reign of;(^urred the 
War of Greek Independence. At that epocli 
began again the history of Greece, of which 
there is nothing to relate from the time w^hen 
she came under the dominion of the Ottoman 
power until she regained . her freedom in the 
year 1821 — a year made for ever famous by 
that event. 

GREECE 

Greece had for many 'centuries ceased to be 
known as a distinct nationality.; During the later 
of these centuries she was entirely under the 
barbaric rule of the Turks. Yet throughout that 
long period of subjection, and of what often 
seemed to bo utter national extinction^ ' the 
Greeks never became absorbed into the dominion, 
the kinship, or the ambitions’ of the ruling race. 
The Greek, when he had to make a living, took 
service wherever ho could get it, but he still 
remained a Greek. The Turks had made them- 
selves odious to the civilised world, and early in 
the last century it became evident that Greece 
would take advantage of Turkey’s troubles with 
foreign states to strive for her national inde- 
pendence. 

The Greek War of Independence. 

In March, 1821, Prince Alexander uplifted the 
national standard, and soon after that the War 
of Independence actually began. The Greeks won 
many victories, and captured the famous town of 
Missolonghi in November, 1821, after a long siege. 
On January 27th, 1822, ‘their independence was 
proclaimed. The Greeks also won a great vic- 
tory on July 13th, 1823, at Thermopylae, a 
fitting scene indeed for the patriotism and the 
w^arlike genius of Greece once again to assert 
themselves. Lord Byron arrived in Greece in 
the August following, devoting his life to the 
cause of her freedom. He died of fever, however, 
not very long after, at Missolonghi. On 
October I2th, 1824, Greece set up her Provisional 
Government. The Turks meanwhile w'on several 
victories, chiefly under the leadership of Ibrahim 
Pasha, who for a time recaptured Missolonghi. 


One of the most brilliant of the Greek soldier 
patriots was Marcos Bozaris, who won several 
victories for the Greeks, and died on the field in 
an attack on the Turkish army. 

Intervention of the Powera. The sym- 
pathy of Europe was almost universally with 
Greece, and a treaty was signed at London on 
July 6th, 1827, between Great Britain, France, 
and Russia for the defence of Greece. The result 
of this united movement was the complete defeat 
of the Turks, and by the Treaty of Adrianople, 
signed on September 14th, 1829, the Ottoman 
power acknowledged the independence of Greece. 
Greece became a kingdom under the protection 
of Great Britain, France, and Russia. 

The crown of the new kingdom was offered tn 
Prince Leopold of Saxe -Coburg, but was refused 
by him on the ground that the boundaries of the 
new kingdom did not include the whole Greek 
nationality, and especially excluded the Island 
of Crete. Tlic crown was then offered to, and 
accepted by. King Otto of , Bavaria, who was 
made King by a Convention signed May 7th, 
1832, and he assumed government on June Ist, 
18.33. He proved a despotic ruler, and had to 
leave Greece in 1861, and a son of the King of 
Denmark was made King with the title of King 
George I. The new king was born in 1846, and 
at the time of his becoming king the Ionian 
Islands were restored to Greece. King George 1. 
was unpopular for a time because of his unwilling- 
ness to go to war with Turkey, which the Greeks, 
as a whole, wished to do. But during his reign 
the condition of Greece was prosperous, notwith- 
standing political and financial troubles, until 
the vtime of the disastrous war with Turkey 
in 1896. 

■ The Greece of the Present Day. TJic 
constitution of Greece places the executive' 
power in the hands of the King and his 
Ministers, and entrusts the legislative power to 
a single representative chamber elected by man- 
hood suffrage for a period of four years. Greece 
has since been on the whole a prosperous and pro- 
gressive country, although the fact that so much 
of Greek soil and so many Greek populations were 
still cut off from her became the occasion of 
many struggles against Turkey. The Island of 
Crete was by the protecting Powers released 
from the baneful control of Turkish inile and 
placed under the control of a High Commissioner, 
at present Prince George of Greece, assisted b> 
his councillors and a representative assembly. 
There is a strong demand among the Greeks of 
the Kingdom and of the island alike that Cret(' 
shall be allowed to became an integral part c»f 
the kingdom, and there cannot be much doubt 
that this national demand will before long hav(‘ 
to receive complete satisfaction. Greece is n 
country in which education is widely spread. 
The intelligence of the people displays itself iu 
agriculture, in trade and commerce, in literature, 
in arts, and in political life. 
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tl«>imttermg moat be done near the toothed edge. 
l!be necessary side clearance of a band-saw bl^e 
in the timber is obtained either by forcibly setting 
.. over each tooth alternately to right and left, so 
tiiat the resulting cut is wider than the blade itself, 
this being termed spring set, or by swaging the 
points of the teeth— that is, applying pressure to 
the front of the teeth, so spreading them sufficiently 
to clear the blade in the cut. This is the stbage set. 
The latter is not quite so smooth cutting as the 
spring set, but operates quickly. Swaging is 
eneoted by an appliance fitting over the bl^e and 
forcing hardened dies against the tooth faces. 
Spring setting is performed by side pressure, or by 
blows, which force the teeth over to an exactly 
uniform extent all along. The simplest sets 
comprise a block and a punch, which is struck 
with a hammer, to drive tlio teeth into a recess in 
the block. Other hand sets are constructed some- 
th^'g like pliers, with an anvil, against which the 
teeth are forced by a plunger, brought into action 
Iw squeezing the handles of the tool together. 
Where a sufficient run of work is certain, a machine 
of automatic character is employed, 
having steel hammers on opposite 
sides of the saw, which is fed through 
by a ratchet or other device as the 
teeth are set. 

Circular Saws. Circular-saws 
have teeth of very diverse types, the 
shapq^ of which depend upon the class 
of cutting, whether with or across the 
. grain, and the relative hardness or 
softness of the timber. For ripping 
soft woods, the teeth are spaced 
widely, and are formed more 
acutely than for the harder 
varieties. Figure 47 illustrates 
some of the commoner shapes 
of circular-saw teeth in use. 

A, B and C are triangular teeth, 
with more or less rake, for 
softer woods ; I) has gulleted 
teeth, which afford great free- 
dom for the sawdust. Two 
Other shapes for ripping are 
rshown at E and F. G is for 
ri|)ping. hard wood, the rake 
being lessened accordingly. 

Cross-cutting requires a dif- 
ferent form of teeth, because, 
instead of passing down and forcing the fibres 
asunder, as with ripping, the saw has to sever 
the fibres at right angles, which imposes much 
more resistance. The shape of tooth is that of 
an equilateral triangle, called a peg tooth, H, and 
it is bevelled to pr^uce a keen edge, each tooth 
^ having the bevel facing in an opposite direction 
to that of the adjacent tooth. There is no hard and 
fast rule for the use of the peg- tooth, since some 
of the other previous shapes of teeth, notably D, 
are used freely for cross-cutting in the soft woods, 
but they are limited to these woods. 

Inserted Teeth. The Americans have 
developed a class of circular-saws with inserted 
teeth, which are used largely for diameters above 
absut twelve inches. The advantages claimed are 
that a better class of tooth can be produced, as 
ff^atds temper and clearance, than when the t^th 
are formed out of the solid plate, and also that in 
event of nails or spikes being encountered in 
the thnber, the damage to the saw is far less, 
at the worst alew teeth are broken off or 
damagiDg the plate, and can be 


quickly replace with new oheif^ But a sdSff- tooth 
saw under the same oiroumstanoes may have 
several teeth broken out, necessitatii^ Muotion 
of the entire diameter to bring it down sufficiently 
to make a new set of teeth all around. The fitting 
in of the tooth is effected by vee edges, which 
prevent lateral movement, and the actual cutting 
portion or hit [A, 48] is secured by a shanjg, B, 
the two wedging together firmly when slipped into 
place by the help of a special wrench, navii^ a 
pin fitting in the hole in B. The shank is split in 
some cases to produce a decided spring, to retain the 
parts in place [40]. 

Special Saws. Oround^ff, or bevelled, or 
swaged saws are tapered off in thickness from the 
centre to the edge, which may be veiy thin, while 
still leaving the body stiff. The grinding-off is done 
only on one side. The result of thinning the saw 
thus is to save wood in the kerf, and to enable fine 
sawing to bo done, so that these ground-offs are 
very suitable for fine cabinet and box- work. The 
teeth of swaged saws are pitched rather closely 
together, and are smaller than those of ordinary, 
or filate circular saws. 

Hollow-groiind saws are a class 
which work without set, the 
clearance being provided by 
grinding each face tapering from 
the teeth to near the centre, 
where a parallel portion is left 
for the spindle collars to grip. 
As the teeth are wider than the 
blade behind them, there is no 
side friction. These saws make 
a very smooth cut, and are 
used for the finer classes of 
work, including mitre cutting. 
Grooving saws are hollow-ground 
saws, made of definite thicknesses to 
cut grooves, ranging from J in. to 1 
in., or more. They leave a very smooth 
surface. The teeth are coarsely 
pitched for good clearance. 

Drunken Saws. Another class 
of saw employed to cut grooves oi 
tenons is the drunken or wdtMe saw. 
The blade is held in an oblique posi- 
tion, so that it wobbles while re- 
volving, or alternately travels from 
one side to another, so that when 
fed into the wood a slot is cut 
out. Bevelled washers are employed in some 
fittings to cant the saw. Figure 50 illustrates 
a saw by Carron Company, Catron, Stirlingshire, 
which has a ball centre. A, upon which the 
saw, bolted to a socket, B, embracing the ball, 
may bo moved to give any required inclination 
within its range. B W a stud fitting in an 
inclined groove cut inside in the surface of a 
washer, C. The whole arrangement is firmly 
clamped by the nut, shown dotted, at the end of 
the spindle, and the saw cannot alter its angle until 
this nut is slackened. The saw-blade, shown lu 
place, is a type much used for grooving, differing 
from ordinary ones in having a couple of sets of 
cleaning teeth which ensure a smooth surface, he 
diagram at D shows the action of the drunken 
blade in a groove. The saws ai’e usually made in a 
range of sizes from 7 in* to 16 in. diameter, cutting 
slots of from } in. to 1} in., and from 
4 in. respectively. By putting oval or elliptical 
blades on, round bottomed grooves may be cut. 

A few otbetf special saws may be mentioned, 
suoh as the segmenUd types, which have their blades 
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badt ttp of radial segments mounted on a central 
boss, by wbioh device a thinner edge can be obtained 
than by using a solid plate. These are used for thin 
re-saw^ work, and for veneers. Concave saws 
are dished to form the envelope of a sphere, and are 
employed in cutting curved pieces, such as for 
wheel felloes and barrel parts. Cylinder saws, 
which are in the 
form of a large 
tube, with teeth 
on one end, saw 
out barrel staves 
to the correct 
curvature on one 
side. 

Tension and 

PacKi^. The 

hammering of a 
circular saw is 
done to bring it 
into a proper con* 
dition for true 
running ; there 
may be tightness 

or tension at the rim, or near the centre, accord- 
ing to the manner in which the hammering is 
done. The apparent rigidity of a saw plate dis- 
appears as it attains a high speed, and it becomes 
limp and pliable and is very susceptible to lateral 
pressure. There is a certain critical speed for 
every saw, at which it will run true, if hammered 
accordingly, but if the speed is altered, or the 
saw becomes reduced in diameter through re- 
peated sharpenings, in the course of time, re- 
hammering 18 required. Another feature of great 
importance is the packing^ which usually consists 
of hemp, plaited, and packed in on each side 
of the plate, being supported by boxes or strips 
underneath the table. The object is to support 
the saw laterally and enable it to stand 
to the work without running out of truth, which it 
would do on encountering variations in the timber. 
There is another effect, that of imparting a 
certain amount of warmth to the saw plate, regu- 
lating the tension, and preventing buckling. The 
running of the saw can be controlled by packing 
harder or softer. Thus a saw that is “ loose ” 
on the rim may be made to run projiorly by 
l)acking rather tighter near the centre than 
towards the periphery, so that the central area 
is warmed up. and so the metal expands more, 
pressing on the rim portion, and checking the 
Unsteadiness. The packing is lubricated by some 
class of rather thin oil. 

Saw Gyarda. The question of a provision 
pf a guard to a circular saw has to bo considered ; 
it is a very dangerous tool, and many accidents 
have ocemr]^ through sawyers getting their hands 
^aught in the teeth, chiefly on account of the 
Ungers slipping when feeding the stuff. One of 
the best-known guards is the Ideal,” constructed 
uy Messrs. M. Glover & Co., of Leeds, and illus- 


trated in 51. It is so made that the saw is com- 
pletely protected, no matter what the height of the 
wood being sawn. The device comprises a bracket, 
A, bolted at the back of the saw-bench, and sup- 
porting a steel shaft, B, centrally above the saw 
spindle, by means of another vertical shaft, in order 
that the guard may be altered to suit differing 
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52. HAND PLANEK 

diameters of saw's. The actual guard or hood, C, 
oast in brass, and perforated to let the sawyer see 
the line of teeth, is hinged, so that it falls auto- 
matically down on to the timber, D, and leaves no 
portion of the teeth exposed. The rear portion of 
the saw is guarded by a hack knife, E, slightly, 
thinner than the saw, and attached by a sliding 
clamp beneath the bench [see the enlarged detail], 
and above to the hood-holder. This back, or 
knife prevents the sawyer from getting Kis 
fingers into contact with the teeth, and also obviates 
the danger of stray pieces of wood touching the back, 
and being thrown up by the teeth with great force 
into his face. E is the loose f.nger-'flaie (not 
previously referred to) with which saw-benches 
are provided, to enable the saw to be removed, and 
to the underside of which one of the packing- 
strips is attached. A couple of slots in the finger- 
plate enable the operators’ fingers to be inserted 
tor its removal and replacement. 
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^ Planing Machinea. The ptomng machines 
"constitute a large groun,, which operate by cuUerB 
«or TcniveSf either revolving or fixed. They true 
;up narrow or broad surfaces, cutting on one or 
^ jOn several sides of the timber, and have hand or 
power feeds. The simplest class of planer is that 
represented in 52 (Messrs. John Sutcliffe Sc Son, 
lira., Halifax), termed a hand or overhand^ or in 
Aiuerica a bwzz.planer. The frame carries bearings 
for a revolving spindle, which holds two or three 
long cutters revolving at a high speed, the spindle 
being driven from the belt pulley at one end. The 
timber is passed over the two tables projecting out 
at each end, and adjustable vertically upon sloping 
ways by screws and hand wheels. The fence on 
the right-hand table guides the wood in a straight 
line, and can be canted over for angular work. 
The two curved springs passing down the front 
keep the timber upon the table. In operation, 
the right-hand table is set lower than the left-hand 
one by the amount necessary for the out, and the 
workman, standing alongside this right hand 
table, passes the wood over it and the cutter spindle 
until the other table receives it. The miu’hine is 
often termed a jointer ^ because one of its principal 
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functions is that of preparing edges for gluing 
together. Planing out-of-wind, surfacing, cham- 
fering, rebating, etc., can be done also, or by putting 
in special cutter- blocks, mouldings and tongues 
and grooves can bo produced. The machine shown 
will plane to width of 16 in., the spindle makes 
800 revolutions a minute, and about 3 B.H.P. is 
required for driving. 

The illustration |53], showing a similar class of 
hand planer and jointer, by Messrs. John McDowall 
& Sons, Johnstone, includes also the driving ar- 
raimemenis. A countershaft is placed on the floor, 
ana carries one pulley which is driven from the 
line shaft and another belted to the planer- 
pulley. The belt is shifted from the one fixed pulley 
on the countershaft to another loose one adjacent, 
the striking gear being connected by a long rod to a 
handle at the end of the planer, so that the operator 
has complete control without moving away. The 
tables in both of these machines are fitted with 
^justable upper slides, which can be drawn 
back sufficiently to allow of extra overhang of 
gr^ing or other cutters. 

These planers are sometimes adapted to the 
Muirements of wheelwrights by fitting curved 
gfiidoi $ft the front, to pass felloes over an extension 
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of ike cutter-block, aud so to VilaAtr t^kunide to 
a regular curve. A boring ana mbrtiifilng attach- 
ment 18 also included when desheid; 'ft is fitted 
similarly to that mentioned previously in connec- 
tion with circular-saw benches. 

The hand planer is one of the most dangerous 
machines to operate, because the knives revolve 
between the lips of the tables, and the attendant’s 
fingers are very liable to slip into the opening 
and become mangled. The safest class of work 
is that of shooting the edges of boards, in which 
case the hands are raised up to a considerable 
height from the knives. A safety guard, as applied 
to such planers, comprises a brid^ spanning ^ver 
the opening, its height being variable to suit the 
thickness of wood being jilaned, so that there is 
no chance of the workman’s hands touching the 
cutters. If thin boards, etc., are being sur&oed, 
the guard reaches across to the fence ; but if edges 
arc being planed, the guard is drawn away from 
the fence sufficiently to let the stuff pass, leaving 
the rest of the gap covered. The opening between 
the tables is made as narrow as possible in most 
machines by screwing thin tapered steel lips on 
to the table edges, projecting over the cutter-block 
as far as practicable. 

The action of a cutter-cylinder, revolving the 
knives against the travelling wood, tends to pioduce 
.a series of undulations or waves, which correspond 
to t)ie spacing of the knife strokes. In order to 
reduce this unevenness as much as possible, the 
diameter of the cut 
tmg circle must be 

^ • — small, and the speed 

of rotation high , 
while steadiness ot 
running is essential 
also. The last- 
named feature can 
only be scoured by 
accurate balancing! 
of the cutters and 
well-fitting bearing'^ 
The latter are made 
very long, and have adjustments for takmg up weai 
Surfacing and Thicknessing Machine. 
An advance on these machines is the combined 
surface planer and thicknessing machine [54]. 
which has a power-feed by rollers, passing the 
timber through between the rollers and the cutters, 
and reducing it to an oven thickness. One side 
of the stuff IS previously trued upon the surf acei. 
The upper portion of the machine in 54 (also by 
Messrs. McDowall) is formed like the preceding 
one ; the arrangements for thicknessing include 
four serrated rollers, lying to right and left of t!i< 
spindle, and passing the stuff between them, the 
upper rollers being positively driven by spur gears 
(the dotted circles of which arc indicated), deriving 
various rates of speed from cone pulleys at A and B 
Heavy adjustable weights at CC press upon leveis 
which pull down the top rollers and enable them to 
get a bite on the wood. The table, D, supporting 
the latter, is raised or lowered by a vertical screw, 
operated by the hand wheel, E, and an index scale 
at F shows the thickness being planed. The 
arrows show the directions in which hand and powei 
feed are given, these necessarily l^ing in opposite 
directions, on account of working above and oelow 
the cutter-block respectively. 
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the manipulation of metals it is essential 
that there should be simple and efficient 
methods of uniting two pieces of the same or 
different metals, and there are many processes for 
making such unions. The ideal method is by 
welding — that is, by fusing, or almost fusing, the 
edges of the metals to bo united, usually by the 
heat of a coke fire, and by hammering the edges 
until the opposing surfaces become merged into 
each other, making a homogeneous and strong 
union. In making a weld — with two pieces of 
wrought iron, for instance — the finished work may 
be as strong as if it had originally been rolled in 
one piece ; and if a subsequent rupture takes place, 
it is as likely to be at some other spot as at the weld. 
But many metals — such as cast iron, many steels, 
zinc, brass, etc.— cannot be welded by the simple 
process described, and some cannot be welded at 
all. In cases where the temperature of the coal or 
coke fire cannot raise the metal to a tenqierature 
sufficiently high to permit welding by the time- 
honoured method of heating in the fire or blow- 
pipe, the process of electric welding may be em- 
])loycd, and is extensively employed in welding 
steel. The air-hydrogen blowpipe — that is, a blow- 
pipe the gas of whoso flame is a mixture of air and 
hydrogen — is also used in the process known as 
“burning” or autogenous soldering or welding. 
Now the oxy-hydrogen and the oxy-acetylene 
blowpipes are employed for the same purpose. 
The wonderful thermit process introduced a few 
years ago is also of great industrial importance, 
and by its agency welds in difficult positions are 
easily and economically mode. It takes advantage 
of the great affinity of aluminium in the form of 
powder for oxygen and the very high temperature 
attained during the process of chemical union. 
All these processes we shall consider at some 
length. 

Soldering. But in addition to the various 
welding processes there are the processes of 
soldering, which may be divided into two classes — 
hard smdering and soft soldering. The value 
of soft soldering compared with welding is that 
it may he used without necessarily spoiling the 
appearance of the suilaces being united. In 
soldering, the two surfaces to be joined are not 
raised to the point of fusion. Union is attained 
by the use of a third substance — the solder — an 
alloy with a lower melting point than the metal 
being joined, which, by nio help of a flux, is 
made to flow over the surfaces to be placed into 
contact, so effecting union. Soft soldering does 
not give such an intimate union as welding, but 
it is sufficiently strong for very many purpases. 
Ordinary tinware is invariably soft soldered. The 
process is the only one that would permit the tin- 
coated iron surface to retain its finished appearance. 

Hard soldering, on the other hand, uses alloys 
of a much higher melting point than the soft solders, 
and the unions ore therefore stronger. These hard 
solders are usually termed in the trade “ spelter ** 
“ brazing spelter.” The name should not be 
confounded with the word “spelter” used as a 
synonym for ingot zinc. 


We do not include in the processes of uniting 
metals the mechanical one of riveting, which 
scarcely falls into the classes of work we set out 
to consider. 

Welding. Welding is possible with those 
metals which, as they are raised under the 
influence of heat from cold to the fused or 
molten state, pass through a pasty or plastic 
stage. This plastic stage is the welding heat. 
The ends of two bars of iron may be heated 
to this welding heat, placed in contact and 
hammered, and the result is a weld. The ends 
may be sloped or iq^set ; or one may be split and 
the other pointed, so as to give greater chance 
of a good weld. The process has been described 
on page 2988. The necessary conditions for a 
good weld are that the welding surfaces should be 
as large as possible — hence the sloping, upsetting, 
or splitting — that there should bo no scale or oxide, 
and that the heat should be sufficiently high. 
To remove any scale that may exist, welding 
powders, so-called, are frequently thrown upon the 
surfaces to be united. The most frequently used 
powders are boric or boracic acid and silica or 
sand. The effect of these powders is to form 
with the scale a slag, which fuses readily, and 
does not therefore interfere with the process of 
welding. 

No weld is possible with cast iron or steel, the 
carbon content of which exceeds 2 per cent., as 
these metals pass quickly from the solid to the 
molten state and have no plastic stage to give them 
a possible “ welding heat.” 

Welding Steel. Iron is welded at white 
heat or a high red heat, but steel must be welded 
at a lower heat — in fact, the heat of the latter 
should never be raised higher than the degree 
necessary to effect a weld, or the quality of the metal 
is impaired. At the beginning of a steel weld the 
pieces should be struck lightly, and only after 
the weld has gone a little way should the sledge- 
hammer or the power-hammer be used. Steel 
must be worked quickly on account of the low 
heat at which the work must be done, and even 
then it may be necessary to give it more than one 
heating. The article welded must be annealed 
after welding — that is, it must be heated slowly 
to welding heat, and allowed to cool g^radually. 
After being heated, the article may be covered with 
dry, warm sand, or may bo left in the forge until 
the fire is cold, either method giving the necessary 
time for cooling ; but, of course, tne latter is im- 
practicable if the fire is in constant use. 

The fuel in heating cast steel for welding 
purposes should be coke or breeze, and not coal. 
The steel should be heated quickly, being mean- 
time covered from the air. The welding heat is 
low, and the metal should not be overheated. 
Before putting it into the Are, a flux composed of 
equal parts of borax and washing soda and a little 
white glass which has been fused together and 
afterwards ground, should be sprinkled over H. 
which will dissipate the oxide that may form. Many 
other fluxes besides that mentioned may be used. 
One authority recommends a mixture of sulphur, 
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^Mmoaiao^ and borax in the propoHioxit oi 
2, and 10 respectively ; while another uses 
jjiowdered white marble. 

la welding cost steel to iron the latter must be 
raised to a much higher heat than the former. 
Usually a flux diflerent from that mentioned above 
is employed. It generally contains a percentage 
of prussiate of potash with borax and sal-ammoniac. 
An extensively used French process of welding — 
the In^Atte — uses plates made of wire gauze covered 
with the fluxi)^ powder. 

Welding Copper and Platinum. Copper 
for welding is usually heated under the blowpipe 
instead of in a fire, for the carbon of the fuel would 


unite with the metal and form copper phosphide, 
making a solid weld impossible. Copper, particularly 
at its welding heat, is very soft, and requires careful 
manipulation, as it does not offer the resistance 
to blows that iron does. The flux should bo applied 
before the metal is at the proper cherry-red welding 
heat. It usually consists of soda phosphate and 
boracic acid in the proportions of 1 and 2. 

It is possible, but difficult, to weld platinum, 
because this metal gives off its heat so rapidly that 
the heated edges scarcely remain at a welding 
temperature long enough for the operation. To 
make an efficient platinum weld it is necessary to 
have the hydrogen blowpipe playing upon the 
surfaces during the entire operation. No welding 
powders are used for platinum. 

Autogenous Soldering, or Burning. 

The process of autogenous soldering, or hiirning^ 
as it is commonly termed, consists m uniting two 
pieces of the same metal or of different metals by 
fusing the edges to be joined, and thereby causing 
them toYon together so as to form a strong union. 
It is more akin to welding than to soldering proper, 
henoe we give it consideration before passing on to 
discuss the subject of soldering. It makes a much 
stronger and more intimate union than soldering. 
No interposing metal is used, hence the expansion 
and contraction of the finished joint is uniform, and 
rupture is not likely to take place under any strain 
insufficient to rupture the solid metal. In soldering, 
also, the interposed solder is apt to oxidise more 
or less than t!io joint, thereby causing weakness; 
autogenous soldering is free from this objection. 

The heat used in autogenous soldering must be 
intenso enough to fuse the metals being operated on. 
Hence, until recently it has been only the metals 
with comparatively low melting points that have 
been “ burned ” with the help of the blowpipe. 
But during recent years the oxy-hydrogen blowpipe 
and the oxy-acetylene blowpipe have been pressed 
into service for autogenous soldering, so that now 
even iron, steel and nickel can bo successfully 
joined by burning. We shall consider these im- 
^provements in the process when we have discussed 
its older applications. 

We must recognise two classes of autogenous 
sobering. In one, molten metal the same as that 
being joined is poured over the edges desired to be 
joinra. It unites with these edges and forms, 
*'if thoroughly successful, a homogeneous mass with 
'the work upon which it has been poured. We have 
^•een this process already in the treatment of brass 
"oastiiigs which are required in one piece, but 
iuce» fcKT foundry convenience, or because of the 
xlhlotited sizes ox moulding boxes, cast in two or 
I pieces [see page 6313]. The process is also 
for Iron castings, small pieces that have 
off a Uu^e casting being renewed by tbi* 
or parti of a large easting being 

and renewed by pouring 



motdd. In these cases the Ofseptials to gooff ^rk 
are a properly prepared mould, in whioh» Ahe work 
is placed, and into which the molten 'xnetal may 
be poured, a high degree of fluidity in the pouring 
metal, and provision that the first part of the 
pouring may run out by suitable gates inter passing 
over and heating the surface. Thus, the cold 
surface is thoroughly heated before the later part 
of the pouring reaches it ; the union by this means 
is more certain, and stronger. To attempt to use 
the first part of the pouring before the cold surface 
had been raised to the point of fusion 0 |;; semi-fusion 
would result in a chill. 


Pewter and Lead Burning. Pewter 
work is usually united at the comers by auto- 
genous soldering, especially if the piece be of 
such a shape as to make soldering from the inside 
impossible. A small piece of powtor of suitable 
shape is laid upon tho part whsro the union is to 
be, and heat is applied with a copper soldoring bolt, 
which is passed over tho work until the joint is 
properly made. Tho work is then filed and polished. 
If it has been properly done no joint is visible, 
and the corner looks as if it had been made from 
the solid. The heat may be applied by means of a 
blowpipe instead of with the soldering bolt. 

Lead burning is tho most common application 
of autogenous soldering. For lead tanks and Ictul 
vessels used in chemical works “ burning ” is tho 
only proper method of making a joint. The lead 
to be burned must bo scraped clean. For some 
work, such as lead roofing |soe page 5032], it is 
sufficient that the two edges to be joined overlan a 
little ; but for strong seams, such as are required in 
the bottom of acid tanks, strips of clean lead are 
placed above the two butted edges it is desired to 
join, and the heat, when applied, causes the new 
piece to fuse on to the top of the other two above 
the butt. The heat may be applied with a 
plumber’s lamp, or by a blowpipe burning service 
gas, but the best and usually most convenient 
method is by a “ burning machine ” or hydrogen 
gas generator. This is an apparatus consisting 
of a lead cistern, into which zme cuttings aie 
put with diluted sulphuric acid so that hydrogen 
IS evolved, and after passing through a water 
chamber to be purified is led into an air vessel, 
which is merely a barrel containing an inverted 
circular tank of zinc floating on water. A suitable 
pipe is led from this tank, and by applying a weight 
to the top of the floating tanK or gas bell, the 
hydrogen is given pressure to send it with the 
required force through the blowpipe, which is 
connected to the end of the pipe. 

Lead burning may have to be done in work in a 
horizontal position, working from tho top. It may 
have to be done upon lead in avertiotu position, 
which is much more difficult. It may, finally, 
have to bo done overhead, and this is naturally the 
most difficult of all. The method pursued may be 
divided into two classes : surface fusion, which 
comparatively simple, and through and through 
fusion. Lead oxidises rapidly, especially when hot, 
and oxidised edges cannot bie joined so as to give 
a perfect seam. The outside flame of the blow- 
pipe is an oxidising flame, .and the point of the 
inner flame, which is the point of greatest heat, 
should be applied to the spot it i desired to 
fuse. The Mowpipe should be brought sharpj^y 
into position and withdrawn sharply^ so that the 
external flame may not linger upon the lead that 
Is fused or in process offusxon. Borne lead burners 
Claim to he able to run down n without 
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th^ flame, btit this is neither the usual 
ner the safest practice. Intermittent fusion is 
better^^ Select a point of the work and apply the 
flame to it until a circle of semi-fusion is made. 
Then withdraw the flame for a moment and select 
another point a quarter of an inch along the seam on 
which to operate. With heavy lead — say over 6 lb. 
^the seam must be attacked on both sides to make 
flrst-olass work. When the position of the work 
makes this impossible, the two edges to be joined 
should be butted and the edges should be scraped 
so as to form a V-shaped joint, with the apex of the 
V where the edges touch. A strip of lead should 
now be burned on to the recess, the surfaces mean- 
while being kept clean by scraping with a shave- 
hook. 

Care should be taken to get a flame of the projMir 
shape. It should be regular, each side of it being 
the shape of a true arc drawn from the point of 
issue from the blowpii)e to the tip. An irregular 
flame splutters out in tlie shape of a horse’s tail 
and has no true i)oint. The proper shajie of (lame 
can be got only with practice, and by making the 
pressure and quantity of both gas and blast pro- 
portionate, so as to give the beat results. 

The Blowpipe. We may consider the 
blowpipe. It is essentially, in the case wo have 
been considering, an apparatus consisting of an 
inner or central brass tube, and an outer brass 
tube encompassing the inner one. The inner tube 
is connected to the gas supply, in this case the 
hydrogen generator. The outer tube is connected 
to an air blast, usually either a fan or foot 
bellows. The gas coming from the inner tube 
is ignited, and by causing a blast to is-sue from the 
larger and surrounding orifice the flame is directed 
upon any piece of work to which it is desired to 
apply heat. The principle is the same whether 
the fuel be hydrogen, coal gas, oxy-hydrogen g.m, 
or oxy-acetylene ga.s, the gases in the case of 
the two last-mentioned being mixed in the blow- 
pipe. The hottest ))art of the flame is the 
point of the inner or blue flame, and for work to 
which it is desired to apj)Iy the greatest possible 
heat the blowpipe is held so tliat the part of 
the flame mentioned may impinge upon the work. 
Most blowpipes have a spring device by which the 
blast passing up the blowpiiie may be regulated 
in accordance with the requirements of the work. 

For small work an ordinai*y mouth blowpipe 
is used, and jewellers invariably use such a blow- 
pipe. The heat is the flame of a spirit lamp, and 
the tip of the blowpipe is inserted into this flame, 
and the workman, with cliccks distended, blows 
through tho blowpii)e, meantime holding the article 
to which he is applying the heat in the proper 
position that tho flame may be blown upon it. In 
such oases the article is usually put upon a block 
of charcoal. An efficient blowpijic device may be 
made by anyone with a penny candle and the stem 
of a clay pipe. 

^ Oxy. hydrogen Blowpipe Welding. 

One d^culty long stood in the way of oxy-hydrogen 
blowpipe welding — the lack of any known method 

J^’oducing the gases at economical cost. This 
difficulty has been overcome by a process recently 
m^oduced by Messrs. Braby & Co., of London 
wid Glasgow. The advantages of the oxy-hydrogen 
name qyer the electric arc for welding purposes are 
that it is under complete control, and that it is not 
hable to alter the carbon proportion of the steel 
welded. The decomposition of water by 
eiectroljnsis is obviously the most simple manner 
ot seeuring the two gases, and the apparatus used 


does this effectively at low cost. Two problems 
had to be solved in designing the apparatus — the 
selection of the best material for the electrode 
plates and some manner of collecting the gases 
apart. The tank used is 6 ft. long and 18 in. deep, 
its sides being only 1} in. apart. A vertical plate 
of iron is placed the whole length of the thfh tank 
so as to keep the gases apart as they are generated ; 
this plate has a rectangular aperture so as to permit 
the flow of the electrolyte. The opening at top 
of the tank is closed with two rubber blocks, 
which rest between the centre plate and the sides. 
The sides of the tank arc of iron and form the 
anode and cathode. To the water in tho tank is 
added soda, which liberates sodium and hydrogen at 
the cathode side and oxygen at the anode side. Tho 
sodium, as soon as liberated, decomposes the water 
in its vicinity, thereby increasing the delivery of 
hydrogen at the cathode. Water is added con- 
tinuously by means of a pipe at the bottom of tho 
tank and tlie gases are led off separately from the 
top, passing through a 3- ft. water seal, into the 
gas holders, wliere they are stored; In each gas- 
pipe a piece of platinum is kept red hot by electric 
current, and this provision removes any traces of 
oxygen from tho hydrogen and any hydrogen from 
the oxygen. At Messrs. Braby’s works the current is 
200 amperes at 70 volts, and passes through thirty 
vats in series. The blowpipe, where the gases 
are burned, is a conical mixed jet pipe with a 
small brass nozzle. The work done with the 
oxy-hydrogen blowpii)e includes the autogenous 
soldering of all kinds of sheet iron work and general 
repair work of all kinds. The process is used for 
iron, steel, brass, copper and other metals. One 
metal may be fused to another by its means. 
Oxygen and hydrogen are used in the apparatus 
in the proportion of one to six respectively, and 
as the decomposition process yields the two gases 
in the proportion of one to two, there is exceas 
of oxygen, which is compressed into cylinders and 
sold for medical and other purposes. 

In autogenous soldering of iron and steel by 
the oxy-hydrogen or oxy-coal-gas, difficulty is 
exix*rieuced owing to tho oxidation of the iron 
by the steam produced in the flame. A French ^ 
precaution to avoid this oxidation consists in the 
addition to the coal-gas or hydrogen of a hydro- 
carbon rich in carbon, substances such as acetylene 
or the vapour of light petroleum being used. It 
is claiiued that by this means the products of 
combustion contain less steam and more carbon 
dioxide ; also that the latter is partly dissociated with 
formation of carbon monoxide, which has a reducing 
action, and thus prevents oxidation of the iron, 

Oxy • acetylene Welding. The use of 
oxygen and acetylene in a special blowpipe for 
supplying the heat necessary in autogenous welding 
is a recent development and has many advantages. 
Pioneers in the manufacture of apparatus for 
this work are the Thorn and Hodale Acetylene 
Company, of London. The oxygen is contained 
in a cylinder, where it has been compressed to, 
120 atmospheres. The acetylene is generated in 
an incanto ” generator, and after passing through 
a purifying apparatus is led into a gas-holder, 
where it is retained under a pressure of 6 in. of 
water. With the oxy-acetylene blowpipe it is 
found, in practice, that the best welding results 
are obtained by a mixture of 1 volume of acetylene 
with 1*7 volumes of oxygen. The flame produced 
has in its centre a small white cone, at the apex of 
which the temperature is about 6,300^ F. This 
flame consists almost entirely of carbon monoxide, 
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which is being converted at its extremity into 
carbon dioxide. Round -the flame is a relatively 
cool jacket of hydrogen, which, not being able to 
combine with oxygen at the very high temperature 
in the immediate neighbourhood of the flame, 
remains temporarily in the free state, and thus 
protecfis the inner zone from loss of heat while 
excluding the possibility of oxidation, which is a 
difficulty other methods of welding have to contend 
with. 

The heat, in addition to being greater than that 
obtained by any other blowpipe system, is also 
more concentrated. The gases are mixed in the 
injeetor chamber before they issue from the nozzle 
of the blowpipe. Work with this blowpipe is 
rapid. A good workman can make a weld of l.i ft. 
per hour, working on a J-in. steel plate, or of (1 in. 
jier hour on a J-in. steel plate. Oxy-acetylene 
autogenous welding has been siiecessfiilly a])plied 
to a wide variety of work, such as cycle jmrts, 
welded boilers, steel safes, tanks, tubes, and all 
classes of copper work. 

Aluminothermy. The introduction of 
ahiminoihcrmy in the process of welding or auto- 
genous soldering a few years ago attracted more 
attention than any other process in the same 
department of industry for many decades. Tt 
ranks in im])ortance with electric welding, and 
is much wider in its ajijilication. A brief iiitro- 
dnetion is necessary to enable the basic princi])le 
of the process to lie nnderstood. All ohemiea) 
reactions are accom])anie<l by the absor}dion or 
the liberation of lieat. Mix sulphuric acid and water 
and observe tliat considerable heat is involved ; 
indeed, the heat may be so great as to eau«*e an 
explosion, and it is much safer to add the sulphuric 
acid gradually to the water. The manufacture 
of aluminium from the oxide demands great h<‘at 
and the commercially siu'cessful process of making 
nluminium is by the electric furnace (sec page 51>St)|. 
This heat, or a great ]>art of it, is abaorbeij bj^ the 
^netal, and becomes latent heat, which may be 
given off again if the projicr method of causing 
this liberation of heat is known. It was the dis- 
covery of the method of achieving this end that 
brought aluminothermy into the realm of everyday 
industrial processes. 

Oxide of nluminium is formed with very great heat, 
but the oxidation of aluminium at ordinary temjiera- 
tures is negligible. Jf, however, the oxidation is 
Started at a sufficiently high tcmjicrature, it will 
proceed rapidly until the whole mass of metal is 
reached. This reaction depends iijion the fact 
that aluminium gives out very groat heat as it com- 
bines with oxygen, for which its affinity is very 
great. So great is this affinity that the metal 
will leduce all other metallic oxides to their metals. 

Thermit. In practice, the material used in 
nluminotliermy is a coinpoiaid sold under the 
proiM’ietary name of thermit, and is made and sold 
by Thermit, Ltd., of London. 

It is a compound of finely divided aluminium 
and a metallic oxide, usually oxide of iron. The 
heat evolved is so great — it exceeds even that of the 
electric arc — that sy>ecial crucibles and special 
methods are necessary in the practice of aluinino- 
therniy. The crucible usually has the shape of an 
invert^ cone, and is made of iron sheet with a 
magnesia lining, and a sheet- iron hood, which pre- 
vents sputtering during the reaction. The bottom 

that is, the apex of the inverted cone — has around 
hole into whioh is fitted a tapping bar, which is 
v||ieroly a short iron rod. Above uiis tapping bar 
' A sheet-iron disc made to fit the bottom 


of the crucible, and above thedisc^js^pl^ejlh^ ^iece 
of asbestos with some fireproof material tamped 
in above it. '• 

The thermit is placed in the cruoime, into' whioh 
the tapping bar has been fitted as described, and 
the mass is ignited by the use of a special ignition 
powder. Then the reaction begins, and proceeds 
rapidly until the aluminium is burned to aluminium 
oxide, and the iron remains in the pure state, 
being in reality a very low carbon steel, usually 
with about ‘I per cent, of carbon. Then the 
reaction subsides, and with a rod the tapping bar 
is dislodged upwards and pushed into the intensely 
hot body of molten iron, where it is instantly re- 
duced and incorporated. The mass flows out 
through the tapping hole into the. mould prepared 
for it, where it settles upon the surfaces it is desired 
to weld or unite. 

Uses of Thermit. The most frequent use 
to which thermit has been put is in the welding 
of tramway rails. It welds rail end to rail end 
so that tlie whole rail system of a tramway ser- 
vice may be welded into one entire length of 
rail. It IS poswsible to follow this practice for tram- 
way rails where the rails are bound into position 
by paving blocks, but for the permanent way 
of our railways, where the rails have no such 
binding, welding is impracticable on account of 
tlie liending that would ensue when the rails were 
elongated by lieat. 

There are many other uses for thermit. They 
lie chiefly m fouiuhy practice, for burning castings 
together or for renewing faulty parts of castings. 
In marine reyiair work tlie ])rocess has saved many 
thousands of pounds, as by its moans a shaft or 
other pie(‘e of mariiu* engine mechanism may be 
repaired at once, and so enahh* the vessel to put to 
sea, or pioceed without the delay that would bo 
caused by the older method of making a duplicate 
part. 

Crucibles and Moulds. Several other 
considerations may be mentioned before we leave 
the subject of thermit welding. The crucible 
we have described is tapjicd from the bottom 
by the method described. The use of such a 
crucible is imperative, because lip pouring is iiii- 
jiossiblc. The slag which forms upon the to]) 
adheres to anything which it may touch, and if a 
little slag entered xvith the ])ourcd metal it would 
prevent proper adhesion and spoil the work. The 
mould must be made so that the first part of the metal 
will rim to waste, heating the parts to be united be- 
fore it does so. Also the moulds must be made 
as for high-grade steel castings, and the faces finished 
with a wash of silica, or of silica and plumbago. 
They must be thoroughly dried, and slowly heated 
to red heat so as to make them quite free from 
moisture. The thermit must not bo poured at 
too high a temperature. It is usual to allow 
the heat to sulisido a little after the reaction has 
ceased, and it is also customary to throw into the 
crucible some soft steel pnnehings and to permit 
these to melt before tapping. 

We have described only a small part of the 
field in which thermit is used. For the rest we 
must be content with mentioning a few of its ai)- 
plications without detailed description. In steel 
castings, thermit may bo placed in tne riser, the heat 
of the molten steel being sufficient to ignite it. It 
raises the temperature of the pouring, enabling 
smaller risers to be used, and keeping them ojien 
longer. I’ho same process is sometimes used for 
cast iron, but as the heat of oast iron is not high 
enough to start tho reaction, some ignition powder 



imist ’ Alitmg with the thermit. It is 

also fnia^uced into steel castincs to prevent 

piping that is, the formation of a large shrink 
hole near the top of the casting. In sudi a case 
the thermit is introduced just oefore the casting 
becomes solid ; it makes the steel more fluid again, 
and permits the gas to escape before final solidifi- 
cation, 

Electric Welding. The process of electric 
welding permits welding to be applied to the union 
of many metals which could not he united by the 
ordinary process of welding as already described. 
Given the proper appliances, the operation of 
electric welding does not require the high skill born 
of long practice that ordinary weliiing demands. 
The intelligence has been put into the machine, and 
man’s part becomes to an equivalent extent mecha- 
nical. The work is secured in clam ps, Ih rough which 
the current passes, the surfaces to be joined being 
Opposed to each other. As at the point of contact 
there is more i-esistance than there is througli the 
solid metal, heating takes place, and as the metal 
becomes soft the clamps are made to exert pressure 
towards each other, and the weld is made by this 
pressiu’e. The Thomson process of electric welding 
is that usually followed, and the makers of the 
machines for this process are the Electric Welding 
Company, Ltd., of J^ondon. 

In electric welding it is desirable that tliere should 
be a good deal of work of one class, because the 
machines are limited in the scope for which they 
are fitted. The power recpiired to raise the metal 
to welding heat is very great during the time it is 
called into action, and the machines are graded 
by the cross .sectional areas they can undertake 
and the horse-power of the generator. Tluis only 
work of approximately the same sectional area 
is suitable for one machine. Angle iron could 
not bo welded on a maehiiio for wire, for instance. 

Sometimes the elecjtric currents used arc as 
high as 50,000 amperes ; but the electromotive 
force is only half a volt, so that litt Ic danger attaches 
to their use. Alternating-current generators are 
used, and if a direct current only be available a 
motor alternator jniist be installed. 

The weld begins in the centre anrl extends to- 
wards the surface as the temperature rises. The 
resistance of the hot metal, being higher than that 
of the cold metal, draws the heat to the desired 
parts. When the welding heat has been reached, 
the ends are pressed together as already stated. 
The pressure is given either by manual or hydraulic 
})Ower. The machines have been develoi^ed very 
much in the direction of making them automatic. 

Value of Electric Welding. The quality 
<>f the work done by electric welding is more 
likely to be excellent than work performed 
by hand welding. From the point of view of 
economy, the former has everything in its favour 
when output is large. Its sphere, however, does 
not lie in small or in general work, but in repetition 
work. The economy secured by electric welding 
IB caused largely by the absence of special prepara- 
tion of the work — such as sloping, upsetting, and 
splitting — which often make a union demanding 
^ ®o*newhat lengthy drawing out and finishing. 
Work for which electric welding is specially suited 
includes chain manufacture, cycle components, 
carriap «rbirk, and tools such as axes, where the poll 
A > ^ electrically welded to a tool steel 

speed with which the work can be 
earned out is surprising. Tests mode show that 
*t^el pieces of 4-m. sectional area can be 
W;?? ^^d8\with a. horse-power expendi- 
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turo of 83-8, and a copper weld of I-in. sectional 
area takes 23 seconds, with almost the same horse- 
power exiK>nditure. An additional value of the 
process lies in the fact that dissimilar metals can 
be united by its agency. Iron, wrought or cast, 
can be welded to zinc or copper, for instance. 

Soft Soldering. Soft solders melt at com- 
paratively low temperatures. It is possible to use 
them with neiirly all metals. Iii the operation of 
soldering there are three necessities : the means of 
applying the heat sufficient to fuse the solder, the 
solder itself, and the flux, whicrh enables the solder 
to associate itself intimately with the metal or 
metals to which it is applied. The further apart the 
melting ])oiiits, the hardness, and the malleability 
of the solder and of the metals being soldered are, 
the weaker is the union. Thus, a soft soldered 
joint in iron, brass and copper is always eom- 
paratively weak. It may have some strength if 
the metals joined by soldering are comparatively 
thin, so that they can bend under any stress to 
which the joint may be subjected, thereby relieving 
the solder of tlie duty of resistance; but if the 
metals be lieavy and inflexible a blow or other act 
of violence may cause disruption of the union. 8oft 
solder, again, having ])roperties not far removed 
from those of tin and lead, makes a strong union 
with these metals, which, when soft soldered, may 
be hammered and worked with comparative 
freedom. This point has much to do with deciding 
the method of solflering to be adopted in any 
particular case. 

In soft soldering the usual way of applying 
the heat is by means of the tool known as the 
soldering iron, soldering bolt or soldering bit [see 
page 5030 j. Tliis tool is a short, square bar of 
solid copper drawn to a point and mounted on 
an iron rod, which is provided with a handle. 
Its point must be covered with tin before being 
used. To tin it, it is heated in a stove or fire of 
any sort until it is dull red ; it is then filed 
slightly so as to clean the ])oint, and is rubbed 
first against a piece of sal ammoniac and then upon 
some solder ])lacecl upon a eopi>er or tin plate. 
It is then ready for use. fn the actual operation of 
soft soldering the surfaces to be united are first 
cleaned if necessary — diluted hydrochloric acid 
applied with a brush or cloth is usually employed — 
then the flux is af>plied to the surfaces, and finally, 
the hot soldering bit, after being rubbed against 
the solder so as to take on a small quantity, is 
rubbed over the flux and the joint is made. The 
flux and the solder may vary in composition and 
deiKuul upon the nature of the metals being soldered. 
We shall consider them presently. 

Soft soldering is often done by means of a blow- 
pipe instead of a soldering bolt, particularly by 
gastitters and pewterers. A plumber’s soldering 
lamj) may be used, or expert workmen may 
burn some rushes or wood chips around where the 
joint is to })e made, directing the flame by means 
of a blow})ipe. The flux is, of course, used as with* 
the soldering bolt, (lasfitters use a solder rich in 
tin and a flux made of oil and resin mixed in equal 
proportions. Pewterers use a solder containing 
bismuth, which is more easily fused than most soft 
solders, and as flux they employ Gallipoli oil, 
which is a green olive oil. 

Soft Solders. The most commonly used 
soft solder consists of one part of lead to two parts 
of tin. “ Plumbers’ sealed solder,” so-called, is two 
parts of lead to one part of tin, and is fusible at a 
considerably lower melting point [see page 5987]. 
The solder consisting only of lead and tin, and 
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In this table the solders of which borax is given 
as the flux are hard solders, and those of which 
resin or chloride of zinc is the flux are soft solders. 

Manufacturing Soft Solder. Soft solder 
should be made in a porcelain or stone vessel, 
because in an iron pot the solder may absorb some 
of the iron. First melt the tin and then add 
the lead gradually in small pieces, stirring witli a 
wooden stick. When the whole is fused and 
thoroughly mixed the alloy is poured into moulds, 
usually short bars about 8 in. long, from J in. to 
1 in. broad, and from } in. to J in. thick. Suitable 
moulds may be made by taking a mass of clay, 
beating its top flat and pressing into it in various 

g laces a stick of solder, thus making depressions 
fto which the new solder may bo run. 

Fluxes. Soldering fluxes are numerous. The 
plum^r uses both resin and chloride of zinc. For 
electrical work chloride of zinc is frequently for- 
bidden, but is still used to a fair extent. For the 
meat canning industries, also, chloride of zinc is 
supposed to be harmful but is .still greatly used, 
6ometime.s unknown to those who use it and who 
purchase chloride of zinc solution under a pro- 
pdetary name. To make chloride of zinc solution, 


or killed spirits t as it is called, dissolve zindn hydro- 
chloric acid, or spirit of salt, as it is commonly termed, 
putting in more zinc than the acid will dissolve^ so 
that the solution may be saturated. The ebullition 
may be too violent with pure hydrochloric acid, 
and water up to two parts to one part of acid may 
be added. The zinc should lie in the acid for at 
least twenty-four hours, when any excess of zinc 
may be removed, and the soldering liquid is ready. 
It ivS bad to use scrap zinc as it may contain iron, 
which is deleterious, and scrap zinc is always dirty. 
The solution may be filtered with advantage. 
Sometimes other substances, such as sal ammoniac 
or glycerin, are added in small proportions and are 
held "to improve the fluid. This flux will suit 
nearly every purpose. For iron it requires to be 
.stronger and may be used without water. For 
soldering galvanised iron — an extremely difficult 
operation and not a pleasant one — this flux 
would cause adhesion only to the zinc coating, and, 
therefore, raw spirit — that is, pure hydrochloric 
acid — is used to remove the zinc, 
after which the above mentioned 
solution may be used to solder to 
the iron. Tallow and other oils and 
fats are used to a fair extent as 
fluxes. Lard oil is u.sed to solder 
aluminium with fair success, but the 
soldering of aluminium is a difticiilt 
matter, which wo shall consider 
separately. (lalUpoli oil is used by 
pewterers, as already mentionod. 

For copper and sheet iron a flux 
frequently employed is ])owdered 
sal-ammoniac or an aqueous solu- 
tion of it, followed by resin. Some- 
times the powdered sal-ammoniac 
and resin arc mixed before a])plica- 
tion. It is extremely difficult to 
solder zinc as it removes the tin 
from the soldering bit very quickly, 
making frequent retinaing necessary. 

Before passing from the subjec’t 
of fluxes we may notice a few that 
are put forward as having speeilie 
merit, although they give no promise, 
of deposing chloride of zinc as tlm 
all but universal flux. The pro- 
prietary fluxes sold under fancy 
names we leave alone ; they are almost without 
exception solution of chloride of zinc prepared as 
we have described above. 

A .soldering paste is made by mixing chloride of 
tin with starch paste. A soldering fat is prepared 
by heating two parts each of olive oil and tallow 
and by adding one part of powdered colophony: 
then, after the mixture has boon stirred and has 
boiled up and cooled, one part of a saturated aqueous 
solution of sal ammoniac is added. Phosphoric acid 
in solution with water or spirit is also used. 

Soldering Without a Bit. By careful 
manipulation the operation of soft soldering may 
be performed without a soldering bit. A lamp or 
gas jet may be used to make the surfaces hot, the 
flux is then applied, followed by the solder, and 
with skill a successful joint is achieved. If two 
pieces of brass or copper be filed to fit each other, 
covered with a soldering fluid, and have a piece of 
tinfoil interposed, thereafter being heated over 
a gas jet or fire, a union will result, the tinfoil 
fusing and joining the two surfaces. 

Hard ^Idering. Hard soldering is the 
process of joining two metals or two pieces of the 
same metal by a solder that has almost as -high a 
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the metals joined. The term 
geftcffally applied to this kind of soldorins. 
l^iheat of the oopper soldering bit used in soft 
smwing is not suflSoient for hard soldering. 
The womk is sometimes done in an open fire such 
as a smith’s forge, but the usual process is to raise 
the heat by a blowpipe, using gas as a fuel and 
applying the blast either by a power-driven fan or 
by hand or foot bellows. The most usual and 
convenient way, especially in small shops, is by the 
use of a brazing forge with pedal bellows. The 
workman can then use both hands in controlling 
the application of the heat. Sometimes the 
bellows are replaced by a rotary fan for supplying 
the air blast, and either method is satisfactory. 

Sometimes, again, a plumber’s lamp may be 
used, but this is not so satisfactory, as the heat 
cannot be raised so high as with gas, oncl good 
work is not so certain. Some largo firms — such 
as cycle manufacturers — who have much and con- 
stant brazing work of one class, have the hard 
solder in a molten bath and dip the work into this 
bath. This process is unsurpassed for the quality 
of work produced, but it necessitates more finishing 
than is required by the blowpipe method, as the 
molten solder adheres to a larger area of the work 
than is necessary to make the brazed or hard- 
soldered joint. 

Hard Solders. In the table already given 
appear some recipes for hard solders. Such solders 
are, for convenience, divided into three classes — 
brass solders, which are used with steel, iron, and 
co])perj argentan solder, used for German silver; and 
gold and silver solders used for these metals. T he com- 
mon composition of solders of the first class is 8 parts 
of brass to 1 part of zinc. Refractoriness is increased 
by lowering the proportion of brass and adding tin. 
Thus, a composition with 6 parts of brass and 1 part 
each of tin and zinc is much used where a more 
refractory solder is desired, and this may be made 
still more refractory by adding 1 part of copper. 
By increasing the tin, the ductility decreases and 
the colour tends to grey. For work where the joint 
has to withstand bending stress, a high percentage 
of tin is to be avoided, as it causes brittleness. 

Making Hard Solders. In making hard 
solders it is advisable to use brass instead of its 
constituent metals — zinc and copper — because the 
loss of zinc when fusing the metals separately is 
uncertain, and because by using brass already made 
this loss is minimised very much. Sheet brass is 
better than cast brass as an ingredient in hard solder, 
because the rolling has imparted to it a higher degree 
of homogeneity than is possessed by cast brass. 

First melt the brass at a strong heat, and in 
another crucible molt the zinc that is being added 
as such, also at a strong heat. Pour the molten 
zinc into the molten brass and stir the mixture well. 
Then the solder is ready to be poured, and there are 
several ways of doing this, the object of all being to 
obtain a fine granular product suitable for soldering. 
Sometimes' the molten alloy is poured through a 
wet broom into cold water, this separating the metal 
mto the granular particles desired . A better method 
requires a cistern placed so as to ^ive a good head 
of water, and an orifice that projects a stream of 
water horizontally over a water-tank. The molten 
^ poured on to this horizontal jet of water, 
which nkrides it, and the grains fall to the bottom 
m the tanlf, whence they must be taken and dried 
0|^re they have time to oxidise. By varying the 
?J*^gth ca the water- jet and of the metal- pouring, 
^ ' by tms method to make gi’ains 

apprpxinmtoly of $ny desired size. 


' Argentan solder is used for German silver, and 
also for steel and other work, the joints of which are 
required to be very solid. A readily fusible argentan 
solder is made of copper 35 parts, zinc 67 parts, and 
nickel 8 parts. A more refractory composition 
contains copper 38 parts, zinc 50 parts, and nickel 
12 parts (Brannt). A general rule is that the higher 
the percentage of nickel in the German silver to be 
soldered, the higher is the proiiortion of nickel in the 
solder. The composition is cast in thin plates, 
which are broken and beaten in a heated iron mortar, 
so as to make them into a powder. If it is found to 
powder easily, it has too much zinc, and if the opera- 
tion is too difficult, it is deficient in that metal; 
if it shows either fault, it must be remelted and the 
fault remedied. 

Gold and silver solders are used chiefly for 
soldering these metals, but are also used for articles 
to be enamelled, for bronze, cast-iron, etc., but on 
account of tlieir ex])ensc their use is naturally 
limited to work of a high-class nature. A few recipes 
for these have been given [see also page 5857 J. 

Fluxes for Hard Solders. The most 

generally used flux for hard solders is borax. The 
purpose of the flux is to remove j,hc layer of oxide 
upon the surfaces it is desired to solder, and borax 
is the best all-round agent for Ibis. It effects its 
purpose V)y reason of the excess of boracie acid which 
it (contains dissolving the layer of oxide. For 
higher temperatures, finely powdered glass of a 
fu.sible nature may be used. For soldering copper, 
phosphate of soda or phosphate of ammonia may 
be employed . Qua rtz sand mixed with dec omposed 
•soda, or, for very high temperatures quartz sand 
alone, is satisfactory. For coarse work, turpentine 
or olive oil mixed with sal ammoniac is a good flux. 
A solution of carbonate of ammonia (saturated) is 
used for brass. A liquid flux, known as hard-sclder- 
ing fluids is made by dissolving phosphoric acid in 
alcohol. Many other fluxes arc employed with 
satisfactory results, preference attaching universally 
to no particular agent, even for the same metals. 
It i.s largely a matter of experience and individual 
liking. 

Soldering Iron and Steel. All metals 
are not equally satisfactory under treatment by, 
the ordinary processes of soldering, and special' 
measures are often required. We. shall review 
the best processes of treating such metals. 

Cast iron is frequently considered unsatisfactory 
under any process of soldering, but it is not so. It 
is frequently desirable to solder cast iron, especially 
in altering cast-iron foundry patterns. For this 
purpose, soft soldering imparts all the strength- 
necessary. The surfaces to be soldered must be 
polished bright. Then dip the surfaces into potash 
water, and upon withdrawal dip into clean water, 
after which apply quickly undiluted hydrotjhloric 
acid. Then sprinkle with powdered resin and solder 
with the bit in the u.sual way, using any soft solder, 
but for preference one made of equ(jil parts of tin 
and lead. The operation must be performed quickly 
before the surfaces have time to dry. A more 
refractory soldered joint may bo made with iron 
or steel, by using copper "or brass as the soldering 
medium. The surfaces are first filed or polished ^ 
bright, and are tied into position with wire. Then 
upon the joint place a thin strip of copper or brass. 
Cover the whole with a good layer of clay containing , 
no .sand, and place it near a fire that the clay may , 
dry. Then put the part to be soldered under the. 
blowpipe and raise it to white heat. This causes- 
the clay to vitrify, thereby forming a flux. If the 
metal being soldered is iron, it is cooled in water, 
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but if ateol, it is allowed to cool slowly. Then the by filing it. The flux used is borax, which should 
clay is removed and the joint has only to be cleaned. be rubbed with water upon a slate or hard stone, so 

\\lien the soldering modhira is a copper strip, it as to make a cream, which is applied to the two 

requires a stronger heat than a brass strip, and the surfaces with a brush. The powdered solder is 

latter is therefore more frequently used for soldering then applied between the pieces, and the work is 

steel. For small pieces of iron, a silver solder — laid upon a charcoal block, where the heat is applied 

equal parts of silver and soft brass — may bo used ; with the blowpipe. When the union is made, an 

it is used as foil, and, after annealing, is placed immersion in pickle removes the excess of borax, 

upon the surfaces to be soldered, borax being and the work is finished. 

used as the flux, and the heat being applied with Soldering Aluminium. A fortune lies 
the blowpipe. at the feet of any man who can And a simple and 

A short time ago some tests of hard solders on efficient method of soldering aluminium. Many 

steel and iron were made at the National Physical attempts have boon made, and workers in alu- 

Laboratory. Of live solders experimented with, the minium have had their hopes raised many times 

best was found to have the composition— copper, that the problem had been solved, only to be dashed 

03*19 per cent; zinc, 3fi*31 per cent.; and lead, again. No economical process of soldering alii- 

*65 per cent. A conclusion drawn from the tests minium has been proved to be perinanontly 

was that the quality of solder improves with the successful [see also page 5991]. The film that 

copper percentage. The solder that stood the tests always lies on the surface of aluminium is an 

most satisfactorily had the highest pro])ortion of oxide that forms immediately the metal is ex- 
copper, and was as stated above. At what point posed to the air. The oxide can, of course, be 

the improvement of quality ceases by increasing the removed by filing, but a new film of oxide forms 

copper — for, of course, there is such a point — was jnstaiitly upon the new surface created by the file, 

not determined. It has been found possible by ordinary soldering 

A (jJerman patent (E. Herzog, Oth May. 1902) to make what appeared to be a satisfactory soldered 

makes a soldering ))astc for cast iron by mixing pure joint with aluminium, but the lapse of a few months 

steel or iron pow’der, free from oxides of iron, w'ith jjas alwa3'^s shown it to be otherwise, and the union 

stearin or paraffin oil, borax, and camphor. A has been found to be faulty. Tt is for this reason 

suitable mixture is steel or iron powder 80 — 120: that commercial artiedes of aluminium are neve'r, 

paraffin oil 10 — 30 ; borax .30 — 50 ; camjihor l-y4. q|. -ihnost never, sold with soldered joints. Usually 

The parts to be joined are well cleaned, coated with fhp articles are cast or ])ressod and drawn from one 

the soldering paste, and after addition of borax and piece of the metal, or if it is necessary to join one 

solder are heated to redness, usually under the piece to another, or another metal to aluminium, 

blowpipe. riveting or screwing is the method emploved. 

The work of .soldering or brazing saws is a common still, we can indicate some of the solders used for 

operation with saw doctors, and it is essential with ulumininm when attonqits are made to solder it. 

band-saw.s. File the two ends to he joinerl smooth Oue solder is composed of 1 part of zinc to 4 parts 

and tapering, so that one overlaps the other some fq,x recommended for it is made of 1 

distance. Tie the ends together udth wire, so that p^irt, each of tin (diloride and zinc chloride, and 8 

they will retain their proper position during the p^-ts of stearic acid. Another worker professes to 

operation. Apply to the joint some borax, reduced have achieved success with lard oil as a flux. The 

to a cream by rubbing it with water on a slate. aluminium is usually heated with a blowpipe, and 

Now sprinkle some brazing spelter oyer the joint and t(.pi during the operation. The copper soldering 
apply the blowpipe heat, until it is seen that the j^aid to discolour the aluminium, and a nickel 

spelter has run into the laj). Allow the work to soldering bit is recommended. Other solders for alu- 
cool gradually, and finish by filing, minium contain that metal as a constituent. Horner, 

Soldering Zinc, Brass, and Silver. In in the “ Kncyclopsedia of Practical Engineering. ' 

soldering zinc and galvanised iron, the soldering gives the following recij^cs for aluminium solders : 

bit must bo kept very hot, and the fhix used is I. Aluminium 2*38; zinc, 2()'19 ; tin, 71*19; 
hydrochloric acid, undiluted, or diluted with only ]ihosphorus, ()*24. 

one third of its volume of water. 2. Aluminium, 0 ; copper, 4J ; zinc, 89J. 

The soldering of brass is made more easy if the 3. Aluminium, 0 ; silver, 3 ;"coi)per, 3 ; tin, 18 ; 

surface has been previously tinned. This is easily zinc, 9. 
done. Clean the siuface, apply borax paste, 4. Bismuth, 6 ; tin, 94. 

prepared as already indicated, and place upon this Soldering Metal to Glass. Glass may 

a piece of tinfoil. Heat until the tinfoil fuses and be soldered to metal by first coating the former 

runs over the surface. The solder adheres with lead or with amalgam. The glass to bo 

uniformly and tenaciously to surfaces treated thus. coated with lead is coated on one side with chalk 
A good solder for brass is a soft spelter — commonij' and water, and after drying is placed clean side 

called Bath metal .solder — consisting of 21 parts of iij), and fixed down in a special cast-iron tray, 
copper to 79 parts of zinc. which is then placed in muffle surfaces and heated 

Brass and steel maybe soldered together by first until the glass is at about 650° F., just above the 

coating the steel with a* solution of sulphate of melting point of lead. Then molten lead is poured 

copper, and then by soldering the two surface.s in overseas to cover the glass, and the tray is oscillated 

the usual manner. for some time. Then the lead is allowed to rim off. 

Silver i.s soldered with an alloy containing 19 parts and loaves a layer upon the exposed surface of the 
of silver, 10 of brass, and 1 of copper. This is glass. This process is used in the inaiiiifactuic of 

reduced to granular form by the prooe.ss already gla.s.s buttons, in order to allow the stems to bo 

described, or if for fine work is made into pow’ders soldered to them. 

Continued 
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By D. H. KENNEDY 


A ERIAL conductors have, broadly speaking, two 
^ principal advantages over the underground 
method of construction — namely, low cost and, 
owing to the small electrostatic capacity, high 
efficiency as electrical conductors; but these are 
freq^uently outweighed by other factors, which load 
to the substitution of subterranean routes. 

In large cities, overhead routes arc generally 
unobtainable ; moreover, when some degree of 
conducting efficiency can be sacrificed, and where 
the number of conductors is large, the underground 
system may be found to be chca})er, especially when 
the cost of subsequent maintenance is tfiken into 
account. Maintenance, which is heavy in the case 
of aerial wires, may, by good first construction, be 
reduced to insignificant dimensions in the case of 
underground work. Until about the end of the last 
century wires insulated by a covering of gutta- 
percha were almost invariably used. I'hese were 
])laced in iron pipes of 2 in. or 3 in. diameter, with 
joint boxes at suitable intervals. When telephone 
circuits were concerned, the wires were made up in 
fours twisted together to form a “ quad ” cable. A 
2-in, pipe could take seven, and a 3-in. ])i.pe nineteen 
of such quarl cables, and as they could not be drawn 
ill over each other it was necessary either to fill 
the pijie at one operation, or in cases where this 
had not been done, to draw out one lot Ijefore 
]>ulling in another. 

These G.P. wires had conductors of 40 lb. copper 
insulated with 50 lb. of gutta-percha to a diameter 
of 174 mils (the mil is iiot more than 

eighty wires were ever pulled into a 3-in. pijie. 

Cables. The invention of the dry-core cable 
has, however, revolutionised affairs, and it is safe to 
Hiiy that the present highly developed underground 
telephone systems would have been impossible with- 
out it. In this form of cable the wires are wrapped 
in paper, but the real insulator is dry air. The 
electrostatic capacity is one-fourth that of gutta- 
percha cables. The paper-covered wires are enclosed 
in a tube of lead, but the economy of space is such 
that a 3-in. iron pipe will accommodate a lead- 
t^overed cable containing 182 40-lb. conductors, 
as compared with the eighty gutta-pcrcha-covored 
wires already mentioned. 

Post Office London Underground 
System. It is probable that a description of the 
methods adopted by the Post Office in laying down 
their huge underground system will best enable the 
student to comprehend this subject. Beginning 
i»t the exchange, we have first the main conduit 
routes. These are laid olong the centre of the main 
thoroughfares, and contain ducts varying from 
six up to any required number. 

Earthenware Ducts. The ducts arc made 
of earthenware, 18 in. and 24 in. in length, with 
internal circular section SJ in. diameter, and external 
hexagonal section 4^ in. diameter. In building a 
duct route, the ground is first excavated, and, if 
tiecessary, shored up; a 6-in. concrete foundation 
is then laid, having embedded in it , T-irons laid 


lengthwise under every alternate line of ducts. 
These are in. by 2^ in. by J in. thick, and they 
are employed to resist the vertical displacement 
stress. When the concrete has set, the layers of 
ducts are put down, bedded in cement mortar. As 
in the case of succeeding lines of brickwork, the 
ducts are arranged so that the joints in one line do 
not coincide with those in adjacent lines. 

To facilitate jointing, wooden mandrels are used, 
1 1 in. long and 3J in. diameter. When a joint is being 
made, the mandrel is arranged so that one-half of 
it is in each of the abutting ducts. A strip of pre- 
pared calico, which has been soaked in ozokerit, to 
make it adhesive, and which is 20 in. long by 4i in. 
wide, is then wTapjied tightly round the joint. The 
mandrel is then drawn forward. Such joints can bo 
made ra])idly, and a train of a dozen mandrels is 
usually cm])loyed. Of course, it is absolutely 
essential that the ducts shall not be deflected dui'ing 
the subsequent oi)erations, and once the cement 
mortar has set the j)ermanence of the whole system 
is assurt‘d. When all the ducts required ore in 
})osition, concrete is added to tlie sides and top, and 
the roadway tilled in and reinstated. 

Manholes- At intervals of 1.50 yd. to 180 yd. 
manholes are providinl to house the joints. If pos- 
sible, the junction of thoroughfares is chosen as the 
jwsition. These roadway manholes [ 33] have to be of 
substantial construction, a need which is emphasised 
in these days of heavy motor traffic. The minimum 
dimensions are : length 4 ft., width 4 ft., height 
4ft. 6 in., and these are increased as required, a 
very common ty])e bt‘ing S ft, by 7 ft. by 5 ft. 6 in. 
'Phe method of consti uction may be briefiy described 
as follows. The trench is Avidened and deejicned, 
and a ti-in. tloor of concrete laid down, but with 
the thickness at the sides extended downwards to 
q in. lo form footings for the w'alls, which are of 14-in. 
brickwork. An carthplate of 5-1 b. lead, 6 ft. long by 
1 ft. broad, is laid under the concrete}, to be siu)8e- 
quently connected to every cable sheath by a 1-iu. 
strip of lead, which is taken up the inner W'all of the 
manhole. Provision is also made for the subsequent 
drawing in o^ierations by embedding in the concrete 
in each corner lieavy wroiight-iron ring-bolts, with 
large anchor plates bolted on below the concrete. 
When the concrete lias set, the walls are built. 
Clalvani.scd iron footste])s are built into the corner, 
above which the entrance is to be ])laced, and w'hen 
nearing the roof-line, the stone templates w^hich form 
the su))i>orts for the roof joists are carefully set in 
position. 'Phe roof is as simple in construction as it is', 
strong. The width of the manhole, is bridged by 
rolled steel joists of 8 in. by 6 in. section. These, in 
turn, are connected together, and to the walls at 
each .side, by smaller rolled steel joists (4 in. by 3 in.). 
Resting on these is placed a roofing of J-in. boiler 
plate. Above this comes 6 in. of concrete, and then 
a layer of asphalt. Above this the road is made up 
in the oi'dinary way, except at the entrance corner. 
Here a heavy cast-iron frame, 12 in. deep, is pro- 
vided, into which fits a similar lid, having its ujiper 
surface filled in with wood blocks set in pitch. The 
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inner walls of the manholes are carefully pointed, 
and the floor covered with a J-in. rendering of Port- 
land cement. Figiu'c 38 gives details of a typical 
manhole. 

Distribution Pipes. While it is necessary 
to have the main routes in the roadway, the distribu- 
tion pipes must be as near to the shops and houses 
as possible, and they are, therefore, rim along the 
footpaths. For this purpose, east iron pipes are 
used. These are classified according to their internal 
diameters, as 2-in., 3-in., or 4-in. The first-namcil 
are made in 6-ft. lengths, the others in 9-ft. lengths, 
and the respective weights are 42 lb., 98 lb., and 
154 lb. A 3- in. inpo placed on supports 5 ft. apart 
will support a ton and a half, and a jointed pipe 
similarly tested will support a load exceeding a ton. 
They are coated with Dr. Angus Smith’s composi- 
tion, whioli prevents rusting, and gives a glazed 
surface. Figure 34 illustrates such a j^ipe. The left 
end is called the spigot end, and the right end the 
socket end. Bends of convenient dimensions are 
also provided. In laying a line of distribution pipes 
great care has to be exercised in the choice of the 
route. Allowance must be made for existing gas, 
sewer, electricity, hydraulic, and other mains, and in 
many cases the existence of under-footway coal- 
cellars makes special diflieultics. Very often the line 
nearest the house-line is found to be the best, because 
not only is it most economical for distribution, but, 
owing to the fall of the paving to the roadway, the 
distance from cellar top to paving is here at a 
maximum. Ten men form a convenient gang, and 
when the foreman has chalked out the route, the 
paving is taken up, great care being exercised to 
avoid breakages, and the stones (i^iere York or 
artificial stone is concerned) being laid so as to 
enable theiu to be returned to their original positions. 
WTiile the first dozen yards of trench is being exca- 
vated the Jointing of tlireo lengths of pi]:)e is in 
progress. For this purpose four blocks of wood, with 
V-slots in them, are set up at (for 3-in. pipes) 
distances of about 9 ft. The s}>igot end of the second 
pipe is fitted into the socket of the first, and so on 
with the third, but before being brought together, 
they are carefully gauged and examined to see 
that their interior surfaces are in order. 

Into the annular space between the spigot and 


The clay is then removed, to be used ap^in, and the 
cooled lead tightly caulked. A level bed having been 
prepared in the trench, small holes are made to 
receive the sockets, and the pipes are lowered into 
position. One joint in every four has to be made 
in the trench. A No. 8 iron wii e is threaded through 
the pipes length by length as they are laid to be used 
in the drawing-in of the cable. 

Under fair average conditions, a good gang can 
lay 100 yd. in a day of 9J hours. Footway jointing 
chambers of various sizes are provided at intervals 
not exceeding 100 yd., but they are usually required 
at more frequent intervals for distribution pur- 
po.scs. Six sizes arc in use, varying fro'in “ double 
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junction” boxes 4 ft. 2 in. by 1 ft. 11 in. down to 
“distribution” boxes, 1 ft. 2 in. by 8 in. A concrete 
floor with Portland cement rendering is provided, 
and the sides built up of brick, the box proijer being 
merely an iron frame designed to hold the iron lid, 
the top of which is filled in with stone. The connec- 
tion between the footway boxes and the subscribers’ 
premises is made by a length of I in. pipe. The 
connection between the roadway manliolo and each 
of the adjacent footway junction boxes is in all 
cases made by three lengths of pipe. 

Cable System, Having disposed of the pii)e8, 
we may now consider the cables more fully. It has 
already been mentioned that a short length of silk 
and cotton insulated cable connects the street 
cable to the main frame. This is for convenience of 
handling. 'J’he joint between the silk and cotton 
cable and the paper insulated cable is made solid 
by filling up tho lead sleeve with molten insulating 
compound and allowing it to solidify. 

Tho main distribution cables arc varied in type 
according to the purY^ose in view. 

For serving subscribers near at hand, cables 
containing 1,212 wires of lO-lb. conductor arc used. 
For the next ring, 7t50 or 000 wires of 12|-lb. conduc- 
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tor, while for the 
general ease tho stan- 
dard cable is one of 
434 wires of 20 - lb. 
conductor. All these 
go into 3-in. or 3}- in. 
j)ipes, so that the 
first - named enables 
us to imagine 000 
separate conversa- 
tions taking place 
through a 2J-m. 
diameter circular 
space. 

From the exchange 
basement the main 


socket a length of spun yarn is inserted, being first 
wrapped round the spigot and then driven home by 
a caulking iron. Meantime, a roll of clay has been 
prepared By wetting and rolling on a board, and this 
Is placed under the pipe and round tho mouth of the 
socket, the ends being brought up above and 
cuired outwards, so as to leave an opening into which 
molten lead may be poured. The space between the 
yam and the clay is in this way filled with load 
which efficiently joints the two lengths of pipe.’ 
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cable runs through 
the ducts to the j)oint where it is interrupted or 
terminated in a cable distribution head [36]. This 
is a cast-iron box, octagonal in shape, fixSi on a 
side wall of the manhole, and with eight holes for 
the insertion of gunmetal unions. Through one of 
these the cable is led, the lead tube of the cable 
being connected to the gunmetal by a ** wiped” 
joint. From the other holes other cables are led 
away. Those to the distribution pipes are usually 
7-pair cables, of half-inch diameter. One lining 
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aiiiooiiimodatea eighteen T-^pair cables, so that a jointing has been done properly, a cable can 
2l^'*palr cable can be distributed through two such be cut into at any point and any required wire 

lii^gs*- The further subdivision of the 7-pair picked out. To achieve this the two wires forming a 

cable is effected by .doMe solid and single idid pair are wrapped one in red and one in white paper ; 
joints, referred to later. these are the A and B wires respectively of the 

Main Cabling. The drawing-in of the cables telephone pair. Round the centre pair of wires 

is known as cabling. In the case of main routes it there is a white thread. This is No. 1 of the seven 

is first necessary to rod the pipes. Sweeps' rods with i>aira. No. 2 lias a black thread, No. 3 blue, No., 4 
patent trigger joints, which prevent unscrewing in green. No. 5 two thi’cads, one red and one black, 

the pix)e8, ore jointed length oy length and pushed No. 6 red and blue, and No. 7 red and green, 

through the ducts. They are then used to pull Without unrolling the paper the whites of No. 1 

through (a) a spun yarn mop, (6) a circular brush, pair are laid across each other at a point in. from 

(o) a test piece of cable one yard the ends, the whiti> thread from 

in length, and (d) a 3 -in. rope, , — r- zs... If one side being included. A 

a and 6 are used to clean the — - few twists are made, and then 

duct, c is examined to see if any j ^ \ (^ \ (^ \ H remainder of the paper is 

obstruction may bo anticipated, |i ^ V, ) * ~ V y stripped off and the copper 

and d is to be used for drawing conductors twisted together 

in the cable. The cable, which is for a length of an inch. The 

mounted on a big wooden drum, 
may weigh from two to three 
tuns, and is brought to the tnan- 
hole on a low float. To enable 
the drum to be revolved a steel 
axle is passed through its centre, 
and it is elevated on a pair of 
screw jacks. At the other man- 
hole a winch has meanwhile 
been got into position, and the 
pulley roj)© brought round a 
pulley block anchored so as to be 
o]>posite the proper duct when 
the strain is applied. When all 35. distributing box for tUT-PAiR sleeve is now pulled over the 
is in readiness four men turn the cabi.e conduct<irs and set ui) verti- 

winch handles and the cable is cally so that one end may be 

fed in, turning ofl' the drum and through a large arc soldered. A little wad of lamp cotton is first 

of a circle into the duct. A liberal dressing of petro- pushed in between the cable and the sleeve, 

leum jelly is applied in order to facilitate its progress. some tallow and resin comes above this, and by 

Seven-pair Cabling. Similar operations, means of a small spirit blow lamp the o|iening is 

but on a smaller scale, are carried out in connection neatly closed with solder. The other side is simi- 

with the distribution cables. There is, however, larly dealt with. It should be stated that before 

one special feature which in London has been makingsuchajoint the lengths of cable are adjusted 

extremely valuable. Seven-])air cables can bo so that when completed the cable joint may bo 

introduce into pipes as required, the rods being neatly trained round the box and fastened up along 

introduced over the cables already in place. When the side on a HU])])orting bracket. Single solid joints 

the pipe is nearly full the ordinary 1-in. rods cannot are used to connect a 7- pair cable to seven separate 

be used, and a J-in. steel-core rod is employed. 1 -pair cables. .\ special sleeve and a solid lead plug 

Sometimes in long lengths it is desirable to use a e.ontaining seven lengths of 1-pair cable are used, 

few lengths of ^-in. rod, and then, to obtain the The method of jointing is similar to that described 

necessary rigidity, a special reducing length is used above, with the addition that the conductors are 

to connect on the ordinary I -in. rods. In this way as tipiied with solder at the joint and that melted 

many as 20 7-pair cables cun be placed in a 3-in. insulating compound is nm into the sleeve, which is 

pipe, and in cases where the distance between provided with a screw cap inlet. Double solid plugs 

boxes is small, 23 can be inserted. connected by seven lengths of l-})air cable are pro- 

Cahle Jointing. Proceeding from the less vided for connecting 1-pair cables to 7-i>air cables 

to the greater, we will first describe the making of a at intcniiediate j)obits. 

joint between two lengths of 7-pair cable. The Cable Codes. To facilitate reference and 

materials required are a lead sleeve G in. by .1 in., identification every cable has code letters allotted 

H small paper sleeves for covering the conductor to it. d unction cables have four letters ; main 
joints, some solder, some mixed resin and Russian distribution cables, three letters ; and 7-pa1r cables 
tallow, lamp cotton, thread, and wrapping j)aper. Iwar the three-letter code of the main cable they 
Kverything must be kept proi)erly clean and dry, spring fioin, plus one or more letters. Thus, the 

and to this end a Gothic tent is usually mounted over circuits on Nos. 1 to 7 in main cable QBX become 

the joint box. The j^aper sleeves and wrapping in the 7-pair cable QBX 4- A, Nos. 8 to 14 are in 

pajier are kept warm over a spirit lamp. 'I'he lead QBX -l-B, and so on round the ali)habet. 

sleeve is threaded on to one of the cables. The connecting up of subscribers takes place from 

Prom each cable end a G-in. length of lead is the box outwards, and in a pro^ierly managed system 

wnioved, ex]msing the outer paper wrapping, which plans are kept up to date, showing the position ot 

is cut off bii^dk to the lead. The seven pairs of wiies, every wire both working and spare, and new sub- 

each witti. its identifying coloured thread, are scribers are added without the slightest disturbance 

separated ; in each case the thread being carefully to those in existing cables, everything being planned 

ieop^ round its proper pair. The arrangenient.s out in the drawing office and complete detailed 

for ident^cation are so complete that when the instructions issued to the workmen. 

Telephones concluded ; followed by Elbotbic Cables 
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twisted joint is then laid 
])arallel with the wires, and a 
paper sleeve, which has pre- 
viously been threaded on to one 
side, is brought over the copper 
joint. The other pairs are simi- 
larly treated, an expert jointer 
arranging that the joints arc 
“ staggered " so as to reduce 
the maximum diameter. 

A wrapjiing of paper is then 
put over all and tied down 
tightly with thread. The lead 
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IS THE WORLD REAL? 

PHILOSOPHY 

2 

The Failure of Materialism to Explain Life. How Prof. Haeckers Foundations 

Conti 11 uerl from 

Iiaifo (1*250 

Slipped Away. Is Mind Matter or Matter Mind ? Idealism and the Problem 


By Dr. C. W. SALEEBY 


T’HE word “monism” is derived from the 
* Greek monos, one, and therefore literally 
meam simply one-isni. 

Now it is, of (course, evident that the word as 
such makes no assertion as to the nature of the 
one ; it merely crystallises in a modern term the 
idea expressed in Indian philosophy thousands of 
years ago that “the Real is one.” The word, 
however, has somewhat ingeniously been appro- 
priated by those who believe not merely that the 
Real is one, but that this one is essentially 
physical and not psychical. Armed with this word, 
they are in the habit of describing all their oppo- 
nents as “ dualists ” or “ pluralists ” — persons 
who believe that the real is not one, but two or 
many. This is, of course, a quite unwarrantable 
assumption. 

Monism is Oneism. The truth, indeed, 
is that all honest and serious thinkers of all ages 
have admitted the monistic principle — have in- 
deed been monists. The demand for some unify- 
ing principle is an imperative necessity of the 
mind of man directly he begins to think. In 
his heart of hearts every thinker believes that 
the Real is one, and this central principle of what 
now calls itself monism, so far from being in any 
sense now, i.s quite the oldest doctrine in philo- 
sophy. Indeed, we may safely say that there 
could be no philosophy until the human mind 
had advanced far enough to entertain this 
very idea. Properly speaking, then, when we use 
the word “monism ” we should always employ a 
qualifying adjective. The monism which has suc- 
ceeded the materialism of last century should pro- 
perly be called materialistic or physical monism. 
Beside it, for the sake of order, we may plaice 
in our minds two other kinds of monism which 
have absolutely equal claims to the use of that 
word. One is jxintheistic monism, which asserts 
that everything is God. This great conception is 
the central tenet of what has lately been called 
the “ new theology,” and is probably about 
three thousand years old. Lastly, there is ideal- 
istic monism, or idealism, which as.«erts that 
everything mind. To those who especially call 
themselves monists to-day pantheism is pure 
superstition, and idealism is pure nonsense. 

A Ridiculous Riddle. The supporters of 
these doctrines have every w'hit as good a title 
to the use of the word “ monism.” We have yot 
to hear more of it, of course ; meanwhile, let us 
note that the battle has always been, and still is, 
not between monism and pluralism — for no one 
believes that the Real is many — ^but between 
monism and dualism, the doctrine which asserts 
that the real is two, what we call mind and what 
we call matter. Our business, then, in tracing the 
materialistic school of philosophy, is to address 
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oiuselves to that particular doctrine to which, of 
late, the great name of “monism” has been 
especially atta(;hetl. 4 

This new do(!trine is the legitimate successor of 
the materialism of last century. It is the doctrine 
that everything that exists is really a form of 
what the physicists call “energy,” and plainly 
the best and simplest and most accurate title 
for it would bo energism. Tliis new doctrine, 
is at present in need of a proper philosophic 
statement, and so wo ourselves must do our host 
to fill the gap. The nearest approach to such a 
statement will be found in Professor Hieckers 
“ Riddle of the Universe.” That volume, 
recent though it is, already contains a great deal 
of very ludicrous reading, and if there be any 
competent person wlio believes in the philosophy 
which it contains, he is really called upon to 
provide a su(?cessor to that book, less easily 
contradicted by the admitted facts of physical 
science. It is in the absence of any such successor 
that we are compelled, curiously enough, to 
outline the newest form of this doctrine without 
having any author to whom to refer. 

The Lost Foundations of Professor 
Haeckel. Omitting any inquiry into the nature 
and conditions of our knowledge, and taking it 
for granted that the crude realism of common- 
sense is open to no question, Haeckel turns to the 
physical sciences for foundations upon which to 
build. For this puri)ose he lakes from physics the 
law of the conservation of energy and from chem- 
istry the law of the conservation of matter, and 
upon these as co-equal and co-relative, ho builds. 
Nowadays, however, chemists have been com- 
pelled to abandon utterly the law of the conserva- 
tion of matter, as we have seen in another course, 
and with the disappearance of matter as in any 
sense an entity Haeckel’s pages can no longer be 
regarded as relevant to the philosophic problem 
as it presents itself to the mind of the twentieth 
century. The folloAving is a recent and very 
acute criticism of Haeckel’s position : 

“ He believes that mind and soul are inherent 
attributes of all bodies. Curiously enough, he 
supposes that by making mind a universal 
attribute of matter lie has made his philosophy 
not materialism, but monism. It is really both : 
monistic, because it reduces substance to one 
kind ; materialistic, because it identifies that 
one kind of substance with body or matter, and 
reduces mind to an attribute of matter. It 
makes no difference to attribute mind to all 
matter, so long as it is attributed as an attribute. 
It is at least as materialistic to say that uncon- 
scious mind is an attribute of brain ; and this is the 
position of Ha?ck©l.” [EncyclopaQdia Britannioa. 
Tenth Edition. Article on “ Metaphysics.”] 




finti 'ik veadet )a surety Ware, this word 
juatter,^’ which fills so kigo a place In the pages 
olHflSok^'and his ptedecessors— and also, indeed, 
in the of philosophy generally-^has lately 
sttfl^E^BSany strange experiences, and the upshot 
of thein is no less than that the word ** matter 
has henceforth no reason or business to occur 
at all in any .philosophic controversy. We are 
cojpapclled to believe, nowadays, that matter 
is merely a more or less transient manifestation 
of that wider something which physicists now 
know as energ3r;rand the really important and vital 
thifighSs the new aspect which the old doctrine 
bears when it has been restated, as it must be. 

The Sad Betrayal of Materialism. 
From the very first, materialism has had a mag> 
nificent advantage over all other philosophic 
systems. As the mind of man is constituted, 
tWe is nothing that breeds sueh conviction in it 
as the palpable and the tangible. The abstract, 
the invisible, the impalpable, is for most minds 
tnoie or less of a fiction. It does not “ really ” 
exist in the sense that a marble or a grain of 
sand exists. There, at any rate, is something 
which you can touch, something that you can 
feel the very resistance of. It is real. Now, 
materialism is simply the doctrine which asserts, 
or used to assert, that this good, hard, palpable, 
tangible stuff which we call matter is the real real. 
It asks us to conceive, as we think we can so 
readily conceive, of evenrthing in terms of tiny 
briolra or grains of sand moving about in one 
direotion or another. The picture is simple and 
intelligible, and it makes an appeal to that par- 
ticular sense which, humble though it really be, 
has the privilege of endowing its information 
with a peculiar certainty — the sense of touch. 

Now the real value of the recent scientific study 
of matter lies in the curious transformation it has 
wrought in the plausibility of materialism. That 
poor doctrine has been cruelly betrayed in the 
house of its friend. Uncritically examined, the 
conclusions of science seemed not so long ago to 
afford some sort of surface ground, at any rate, 
for this doctrine, which declares in effect that 
atoms are the only real thing and that mind is a 
myth. Upon that imperfect scientific conception 
materialism was built — any inquiry as to the 
natute of our knowledge of atoms being ignored. 

htmterlallam a Philosophy Without 
Fosi^datioas. But now, quite apart from any 
eritic^m of knowledge, materialism finds itself in 
the dilBeulty of feeling its verv foundations slip 
from und&r it — ^not into nothing, but into the 
intangible. There is, of course, something to which 
atoup correspond, something of which they are a 
manitotation ; but that something is intangible, 
and there's the rub for materialism. Its age-long 
advantage of appealing to the sense of touch, in 
wh^oh we axe apt to believe so heartily, has been 
taken away. However real a marble may feel 
to us, that peculiar sense of reality can no longer 
to or utilised by the materialist. 
His thfOQ^is now on a level with other theories, 
^)id Cfii filake no special appeal to this biassed 
, ]fot the marble, d^pite its convincing 
yet be conceived by us, if we 
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mSterialism constantly asserts that we must — 
in terms not of hard atoms as resistant as itself, 
but in terms of electrons which, we are now 
taught, have no mass that is not electrical 
inertia. Now, materialism, as *it has lasted 
throughout the ages, has really been built upon 
this notion of mass. There, at any rate, in what- 
ever had stuff m it — ^good massy, solid stuff in 
it — there, at any rate, was something real ; but 
it is rather a different task to persuade mankind 
that the only ultimate reality is electrical inertia. 

The Real is Unknowable. But let us 
give the doctrine a fair chance, and employ a 
word which w more familiar, and which, at first 
sight, we may seem more easily to grasp. It is 
to the something called “ energy ” that physical 
science would now i educe the external world. 
All matter has to be regarded as simply a mode 
of energy, and we have to try and conceive of 
this something as the only physical reality. We 
may remark in passing that this physical con- 
clusion is by no means as secure as some would 
have us suppose There is. for instance, the 
little problem of the universal ether, about which 
no one has yet said anything that he can persuade 
anyone else to believe But still, we may tak* 
it, for the sake of argument, that all external 
things are simply transient modes of this one 
thing — energy, and we may then address our- 
selves to the very necessary question, What 
energy itself ^ 

The plain fact is that we cannot get any 
“ clear and distinct notion,” as Descartes would 
say, of the nature or mmost reality of energy. 
We know of it nothing but what it accomplishes ; 
it is a something that has power, and this power 
seems to be incapable of creation or destruction ; 
but in what it inheres, what is the substance of 
it ? These questions we c^|^ot answer at all. 
This is a strange conclusion to be reached in the 
order of time by those simple, dogmatic, and so 
plausible propositions which materialism with 
it.s hard, round, massy atoms, used to afford 
us. All criticism of the nature and quality of our 
knowledge apart, we are now ordered to brush 
aside tangible matter as a mere transient acci- 
dent, and to endeavour to conceive what is indeed 
utterly beyond conception. The inner nature of 
the external world we find to be unknowable, 
inconceivable, ineffable. 

And the piost significant thing is this — that 
our conclusions are not based upon “ meta- 
physical ” considerations ; we are not forced to 
them in deference to the criticism of professional 
philosophers, nor psychologists, nor logicians. 
On the contrary, they are the conclusions direoU]^ 
reached by physicists as a direct consequence 
of their contimiance in those very studies updn 
the immature stages of which the old materialism ^ 
was built. 

What Is Mind? But there is<now grow- 
ing out of modern physics a new and vexy 
plausible theory which constitutes a further^ 
attack upon the supremacy of mind, and which 
seeks to clinch once and for all the oasb for 
energism. The older materialism did not attempt 
to include mind within its avstem. Mhid was 
simply eu aoeidept that could be ignored ; it had 
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il aiid prjigiitiy btit It ppuldt itoi; 

of as having tmy real existence ^at all; 

'not even a physical existence. Eemembering 

a Let the older materialism was based upon tlm 
ee of atoms, ^ can understand how it was that 
no one ventured actually to count mind amongst 
the material things. The old speculation of 
Democritus, which made the mind consist of a 
particular kind of atom, was evidently too naive 
for mo<^m use. But the reader will readily under- 
stand that, just as the new form of materialism 
loses in plausibility by no longer having the 
tangible atom to appeal to, so it greatly gains 
in> J^ausibility in another direction, for it finds 

e ible the argument that this impalpable, 
oessible, but nevertheless physical some- 
thing, which is called energy, may display mind 
ae one of its forms. 

tm •• Mental Energy " Physical ? We 

all speak at times of mental energy — a some- 
what vague phraije, 'vvhich nevertheless stands 
for an intelligible idea ; and the passage is easy 
from regarding this phrase as a metaphor to 
regarding it as the literal truth. Electrical energy, 
kinetic energy, thermal energy— why not mental 
energy ? Everything except mind has been more 
or less clearly resolved into what the physicists 
call energy. This is capable of infinite trans- 
formaltion — sometimes into gross forms, such as 
ponderable matter ; sometimes into utterly 
impalpable forms, such as chemical energy ana 
other forms of potential energy or energy of 
position. Kow, we know that mind is intimately 
correlated with physical energy, for we know its 
correlation with the brain, which, physically 
considered, is onlv a gross manifestation of 
physical energy. Why, then, should not mind be 
bins' of the subtler modes in which physical 
energy may display itself ? 

Dp- to a point, the argument becomes more 
powerful the more it is studied. If we approach 
it systematically from the inorganic to the 

S ic we find that the problem of life itself 
Is whet seems to be a convenient link, hint- 
ing at the real identity of physical energy and 
psychical energy. The more complete is our study 
of the physical sciences, the more thoroughly we 
blend physics, chemistry, and biology into a con- 
sistent and coherent body of knowledge, the more 
S^Oni^y are we convinced that this something 
which we call energy is the one universal reality, 
nm^i^^teable, indestructible. 

'Im Mind a Form of Matter? Thus 
convinced and strongly urged to the view that 
the Real is One, the student proceeds to con- 
(iide^ nUn<L We can readily understand how 
it teems to him, thus prepared, to be almost 
a neoessaiy truth that, just as motion, sound, 
light, heat, electricity, magnetism, the chemical 
tdtees, the vital forces, were found each in turn 
jlo forms of energy, so, of course, this next 
entify that he has come to study is just another 
mlm of energy— a form somewnat more subtle, 
“i, somewhat more ^ethereal, somewhat 
‘ lemoved from matter, which may be 
as the grossest form of energy, but, 
aeoessary to be ide&tifiiMl srith all 
Mt S|^ k toQ pimtoua: 





ps^ 2115, that the 
andths^iafiy so jmpoi&nt te-day ill absence 
of refutation of it from dmeoienifSiO'^siae^.lhat 
we must add something to what has theiCf ^ been 
said. The following considerationB are and 

the reader is asked to study them in association 
with the page referred to. . v 

The Phyaical and Paychleal. It iaa 
wholly gratuitous assumption, and ia doubt- 
less untrue, that in the course of an -hour's 
consciousness the brains of two^en consume 
equal amounts of food material. But let usifbant 
it for the sake of argument. The faeja are ^ese. 
If you oxidise a gramme of phosphorus, whether 
in a brain or in a test-tube, you will obtain the 
same amount of heat. Meanwhile, however^iOne 
such brain is yielding, in addition to the heat, 
Macbeth’s speech beginning : “ To-morrow and 
to-morrow and to-morrow.” Another such brain 
IS producing imbecile doggerel ; and the test-tube 
is producing nothmg besmes the heat. Those who' 
maintain that mind is a form of energy have it 
incumbent upon them to demonstrate the strict 
quantitative equality of (1) Macbeth’s speech ; 
(2) imbecile doggerel ; and (3) nothing. 

In truth, there is no quantitative relation 
between the psychical activities and the jphysical 
activit’es of the brain. The present writer has 
yet to meet with any recognition of the philo- 
sophic significance of a fact well known to 
dieticians, that there is no correlation between 
mental work and the amount of food required. 
It is recorded by Professor Atwater, one of the 
most distinguished American students of die- 
tetics, that a man was confined in a respiration 
calorimeter for a number of days, and on certain 
of them he engaged in the severe mental work 
of reading a German treatise on physics.” The 
subject purposely worked very hard at the 
book, since he well understood what it was 
desired to ascertain by the experiment. .All 
the other conditions were kept carefully consiant, 
but it was found that on the working days thi 
bodily waste was no greater than on, the day^ 
when no mental work was done at aU, All the 
exact experiments that have been made agree 
that mental work, whether productive or re- 
ceptive, has no quantitative relation whatever 
to the transformation of physical energy. 

Eating and Thinking. This absolute want 
of any quantitative relation between psychical 
and physical energy is of significance not only 
because such a relation must be demonstrated 
before any, physical theory of mind becomes 
plausible ; it is of practical interest in relation to 
dietetics. If we consider the effortlessness^^ the 
highest genius, and the frequent sparseness of diet 
of intellectual workers of the highest order, wc 
find it impossible to doubt that w most potent 
and complex psychical activities may b® corre- 
lated in one brain with the oxidatiokOl much less 
food material— that is to say, with -the trans- 
formation of much less physical 
may be required by imother bra^lt the psychical 
activities eonrelated with which nothing. 

It is vety cqmmonlSy obsemd con- 




irtooeiit instances are thrde ^eat figures ^ 

i^e ^tineteenth c^tu^, Darwin, Huxley, and 
Bpenc^r of whom sufiered from ofironic dys< 
pepsla^ I lV>i many years Spencer’s diet cannot 
ha^ bi^ii uTore thiai one-fourth or one-fifth part 
. ot the ordinary diet of a man of his weight. Yet 
hi|i psychical activity was incessant, and since it 
Isept him awake ho was ever at a loss for fresh 
devices to make him stop thinking.” If we 
follow the argument out, and consider the case of 
the targe eater, in whose body enormous quantities 
of phpiical energy daily undergo transformation, 
we ttllaU see some moaning in the idea to which 
men in all ages have given utterance — the idea 
of the burden oi the physical, and the load it 
imposes upon the psychical. 

**When We Lie A-thinking.** On the 
popular theory that mind is a form of physical 
energy, any such doctrine of the burden of the 
physical spells nonsense, for in proportion as 
mind is exhibited, its source — physical energy — 
must be supplied to the body. The facts, however, 

<• are notoriously otherwise, and, on the contrary, 
lend a somewhat novel support to the ascetic 
principle — the principle that the bodily or the 
physical must be kept under, lest it burden and 
clog 'too much the psychical. There is a 
fallacious reply to this argument which depends 
upon the confusion of physical with mental 
energy in the case of the individual man. Many 
men of action are, and have been, men of great 
physical energy. In the course of their enter- 
prises they will actually utilise an amount of 
physical energy which is exceedingly large, 
and such men must inevitably be hearty eaters ; 
but it is an utter confusion to confound this 
energy of the energetic man — which is obviously 
and measurably phjrsical energy — with the 
psychical activity of pure thought. So far as 
all evidence and probability goes, there is 
absolutelv no quantitative relation between 
the psychical and the physical when one lies 
a-thinking in the night. Physical changes are, 
of course, occurring in the brain, food material is 
being broken down, and po^ntial chemical 
energy is being transformed into kinetic energy, 
such as energy of heat. But a complete equa- 
tion could be written, demonstrating the truth 
of the law of the conservation of energy, 
withmU the insertion on either side of it of any 
psychical term ; and, as we have already observed, 
if it were attempted to insert any such psychical 
term there is no conceivable unit of quantity 
which could be employed in the statement. 

Mind and Not«Mind. We pass on to 
a n^w subject, and meanwhile let us take 
stock of opr position. We have attempted a 
compete refutation of the doctrine that mind 


cs-O be included within the physical, which 
by general consent, has been reduced to 
sc^ivhat intangible One. Now, that seems 
to be soiuethi]^ accomplished ; but observe 
thet our rejection of materialism or energism 
WTO involve the loss of our belief that the 
Qldli. We find ourselves asserting that 
*M)t Ohe, but two— mind and not- 
onrohres rejecting rncmism— 
8^ by; (tvery p^iloeopber— 
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accepting a dualism. We have'yet to see 
whether this dualism is proximate or ultimate. 
Here, at least, we may note the historical fact 
that the greatest thinkers of the past have 
never yet rested content with this dualism^ of 
mind and not-mind — or mind and matter, as men 
used to say — as the final truth. On the contrary, 
they have always gone on to seek behind or 
within this proximate dualism an ultimate one- 
ness or monism. To this we must return. 

The Opposed Schools of Materialism 
and Idealism. Meanwhile, however, let us 
pursue our systematic course. In the face of this 
apparent dualism between mind and not-mind, 
two ever opposed schools of thought have sought 
two diametrically opposed solutions which at least 
agree in this, that they seek alike to dethrone one 
of the terms of the dualism and to explain it in 
terms of the other. Materialism in all its forms 
declares that the dualism is only apparent, 
since not-m nd is the reality and mind may be 
explained in terms of it. That view we have 
discussed. Over against it, throughout the ages, 
another school of philosophers have placed the 
precisely opposite view. They also have sought 
to dethrone one of the terms of the dualism and^ 
to explain it in terms of the other. But it has 
seemed to them that it is not-mind which must 
be dethroned and explained in terms of mind.- 
“ The only reality is not-mind,” says materialism; 

“ the only reality is mind,” says idealism. 

Now, we arc studying what is incomparably the 
most difficult subject to which the human mind 
can address itself, and wo shall reaeh^po goal at 
all if we do not take frequent bearings. For this 
purpose the writer has attempted to prepare a 
scheme which may be of some use. In it we shall 
definitely abandon the word matter, and we shall 
accept the great physical generalisation which in- 
cludes, or attempts to include, under the unitary 
fact called energy everything that is not-mind. 

A Third System of Thought. We con- 
template, then, an apparent dualism of mind, 
the one hand, and energy on the other, this last 
word being used in its U'chnical scientific sense. 
We then proceed to discuss two great systems of 
thought which have one point and one only in 
agreement. This is, that one or other of these two 
terms, mind and energy, is the ultimate. Material- 
ism attempts to desenbe mind as energy ; idealism , 
attempts to desenbe energy — that is, the external 
world — as mind or mental creation. It is inces- 
santly asserted by thinkers of both these 8cho(^ 
that there is no third choice — except to rest 
content with dualism, as no one can. Let us 
have it clearly stated, however, before we pro- 
ceed to discuss idealism, that there is a third 
choice. This consists in examining afresh djiQ* 
two terms in our apparent dualism, and seeking^ 
a monistic solution, not by the sinking of the^ 
first in the second, nor the second in wie first, * 
but by rejecting both alike as ultimates^ and. 
by regarding them as the converse aspects of 
a something beyond, which is their commcki 
substance. Following Professor Hfifiding, ure 
may call this third doctrine crUieal monism^ 
since it is a monism based upon a criticism of opr 
knowledge of mind on the one hand» .and our 



.kn^wfedge 6f energy on the other’hand. " Oxitieal 
monism asserts that the idealists have not 
criticised Choir notion of mind, and that the 
materialists have not criticised their notion of 
energy. Here is the scheme, which may possibly 
crystallise what would otherwise be chaotic. 
Having thus seen the direction in which we are 
going, let us attempt to do justice to the great 
system of thought which is called idealism. 
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The Master Idealist. Many names of 
various greatness may be associated with idealism. 
The greatest of them all, George Berkeley, 
Bishop of Cloyne, was born in Ireland in 
1684, and died in Oxfoi-d in 1^53. Though he 
lived almost all his life in Ireland, he was 
an Englishman. He was not only one of the 
most illustrious philosophic thinkers of all time, 
not only by reason of his “ New Theory of 
Vision ” a master in science, but also one of the 
noblest and most beautiful charact-ers of Avhoin 
history has any record. Hays one critical and 
cold-blooded contemporary, “ So mucli learning, 
so much knowledge, so much innocence, and sucli 
humility, I did not think had been the portion 
of any but angels till I saw this gentleman.” 
His wonderful book on “ Optics ” was published 
when he was twenty-five, and his Principles of 
Human Knowledge ” — on^ of the few greatest 
works of all times — when he was twenty-six. 
In some remote age, when ” oblivion has spread 
her poppy ” over the memory of the statesmen, 
falsely so-called, the warriors, the selt-see'kei’s, 
and the crowned fwls and knaves whose ignoble 
names fill out* history books and are thrust in 
all their pettiness into the memories of our 
children, the name of Bishop Berkeley will be 
: remembered and honoured at its due wortli. 

Idealiam and Common-sense. Now, 

, let us enter into a preliminary warning before 
' we proceed to discuss the philosophy of Berkeley. 
Pope has a line, “ And coxcombs vanquish 
Berkeley with a grin.” His views have been 
“ laughed at, ^vritten at, taught at, shrieked at.” 
Everyone is familiar with the story of Dr. 
Johnson, that incarnation of the limitations of 
common-sense, who thought lie had disposed of 
Beifkeley by kicking a stone. Let us try to 
recognise what overy student of philosophy must 
know from his own experience — that there is a 
stage of mental development in which idealism 
■ ^peam to be the most monstrous of absurdities.f' 
o^me of us may remember hearing at school the 
notion that the world only exists in our 
or in iome Higher Mnd than outs ; r ^md 


• probably, after the fashion of schoolboys, we 
oharaotedsed this notion as rot.^* recent 
psychology has shown that a very large pro- 
portion of the population never develop a^t all 
beyond the stage .which may conveniently be 
described as the twelve-year old mind, and to the 
twelve-year-old mind, certainly, the doetpne of 
idealism is the sheerest nonsense — “ only that 
and nothing more.” Whatever our conclusions 
may finally be, let us remember the great advice 
of Lord Acton — “ to understand what we reject 
as thonmghly as what we accept.” 

Idealism and Matter. Wlien we say 
that Berkeley denied the existence of matter — 
or, as he would now have to say, physical eneipgy 
— we do not mean that he denied, or acted as if 
he denied, the phenomenal existence of pheno- 
mena. The difference between him and his 
opponents is that, while they postulate some- 
thing behind phenomena, Berkeley says that 
this supposition is superfluous. He finds no need 
to suppose that there is an inaccessible noumenon 
or substance underneath all the properties by' 
which we know the outside world. For him 
those properties are themselves the whole thing. 
There is nothing beyond the world of sense, btU — 
this world of sense is no more than the phrase 
suggests — a w'orld of sense. Outside and beyond 
sense it has no eristence. 

What we commonly do, however, is to group 
together in our minds certain of the properties or 
qualities from which we infer the external world, 
and then w^e declare that these inhere in some- 
thing which we agree to call matter, or nowa- 
days energy. According to Berkeley this is a 
(‘reation of our minds, and has no existence out- 
side them. It is our minds that have put 
together these qualities and properties, compared 
them, and then explained them in terms of some- 
thing behind. But there is no such something 
behind ; it is only our way of thinking. As 
Berkeley points out, once we admit its existence 
we find ourselves in all sorts of difficulties. The 
further we pursue it the more certainly we find 
ourselves in absurdities and contradictions ; but, 
says Berkeley, Upon the whole, 1 am inclined 
to think that the far greater part, if not all, the 
difficulties which have hitherto amused philo- 
sophers and blocked up the way to knowledge arc 
entirely »>wing to themselves — that we have 
first raised a dust, and then complain that w(^ 
cannot see.” He boldly solves the difficulties 
in which realism finds itself, and especially th(‘ 
pre-eminent difficulty of explaining how it i*^ 
that mind can know not-mind at all. 


The Doctrine of Berkeley. Here i^ 
the famous passage in which, especially in its 
last sentence, his theory is stated: ' “That 
neither our thoughts, nor passions, nor the 
ideas formed by our imagination, exist without 
the mind is what everybiSy will allow ; and to 
me it is no less evident that the various sensa- 
tions or ideas imprinted on the sense, howeyei 
blended or combined together, cannot exist 
otherwise than in a mind perceiving them. . 
The table I write on, I say, exists — ».€., I see it. 
and feel if I were ont of my study t 

should say it existed, meaning, thei^by Ihut if t 

-Stt. ' \ ^ ‘ 'it,* ^ . 



was in my study i ' mislit perceive it, or that 
solpe other spirit actuaUy dots perceive it As 
to <^hat is said about the existence of unthinking 
thi^> without any relation to their bein|; per- 
ceived» that is to me perfectly unintelhgible. 
Their tsse is percijd ; nor is it possible they 
should have any existence out of the minds or 
thinking things which perceive them.” 

If we perceive nothing but our own ideas and 
sensations— which everyone admits— it is im- 
possible to imagine that any one of these ideas, 
or any combination of them should exist i/n- 
pereeived. Their esse is percipi — their being is the 
being perceived. Furthermore, “ When we do 
o\j|; utmost to conceive the existence of ex- 
ternal bodies, we are all the while only contem- 
plating our own ideas.” 

Followed out in its logical entirety, this theoiy 
leads Berkeley to the famous passage which 
it is a privilege to quote : 

“ In a word, all the choir of heaven and furni- 
ture of earth — all those bodies which compose 
the mighty frame of the world — ^have not any 
subsistence without a mind ; their esse is to be 
perceived or known, and consequently, so^ng 
as they are not actually perceived by me, W do 
not exist in my mind, or that of any other 
created spirit, they must either have no existence 
at all, or else subsist in the mind of stme eternal 
spirit. . . .” 

The Crux of Idealism* The most 
obvious retort to the idealist, of couise, is the 
question whether he believes that the round 
earth, and all that it contains, would vanish 
with his annihilation, and the reply he must 
make is that of Berkeley himself : ‘‘ Whenever 
bodies are said to have no existence without 
the mind, I would not be understood to mean 
this or.that particular mind, but all minds what- 
soever.” Then it might be replied that the w'hole 
human race may conceivably suffer destruction : 
would this involve the annihilation of the ex- 
ternal world ? Berkeley’s doctrine, however, 
does not lead to the conclusion that the existence 
of dead matter depends upon the existence of 
living matter. 

But now for a further objection to idealism — an 
objection which every consistent idealist recog- 
nises and which it seems impossible to answer. Let 
118 freely grant Berkeley’s position as regards the 
external world in general. But how does the 
idealist escape from the conclusion that he, as a 
perceiving entity, is the only thing that exists at 
all ; that he is not merely the centre of his own 
universe, but is the whole-universe — that is to say, 
that apart from him all other things, including his 
fellow men, have no being? Here and there a 
stray thinker has been found who thought himself 
compelled to accept this conclusion, which is 
sometimes known as solipsism^ but evidently it is 
too :^on8trous for anything but ridicule. If 
ideahsm necessarily le^s to tlie conclusion that 
he, the iA^ist, is solus and alone, and the 
whole^then so muoli the worse for idealism. 
Md| in any case, if he thinks so, why does 
W tn^ke a fool of himself by saying so, there 
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The Supremeldea of the Divine Mind. 

Now we need not imagine anything so foolish 
as that so obvious a criticism as this did not 
present itself to the magnificent mind of Berkeley. 
His answer to it we may readily anticipate. It 
is that he and other men subsist in the mind of 
some eternal spirit.” Without this supreme idea 
of the divine mind, idealism cannot hope to stand 
at all. It might effectively criticise all other 
philosophies and reduce us to scepticism, but it 
could substitute nothing for them. None of us 
has any use for a doctrine which asserts that his 
best friend has no existence outside his own mind. 
This is the last and most ridiculous egoiam. 

But, completed as idealism may be by invoca- 
tion of an all-embracing divine mind, in order to 
solve what would otherwise be insoluble difficul- 
ties— so completed, it may be incapable of rational 
proof, but it is equally insusceptible to the 
assaults of rational criticism. It is a consistent, 
self-consistent, complete, and noble hypothesis. 

The Grandeur of Idealism* Starting 
with the one fact of w'hich we are absolutely cer- 
tain — the fact of the existence of spirit, mind^ ^or 
something that thinks — it proceeds by processes 
of impeccable logic until it has constructed 
what is not only a great philosophy— whether 
or not it actually compels rational assent — 
but also the basis of a mighty religious con- 
ception. Technically and rationally, this idea 
of the divine mind is perhaps an tussumption ; 
it may be declared to be outside the proper 
range of philosophy — that we have no right 
either to assert or to deny regarding it. That is a 
question which it is impossible to follow up here. 
Berkeley would say that it is a necessary assump- 
tion, and that without it we find ourselves in 
greater difficulties — that is to say, rational 
difficulties — than with it. But this we may recall 
or anticipate — that the conception of a universal 
mind is by no means a last resort for puzzled 
idealism, by no means merely a deiis ex machind. 
On the contrary, some such conclusion is reached 
by many other roads, and with w'hat compels 
us to regard it as equal necessity. 

Since the time of Plato, at least, there have been 
idealist philosophers, but it is frankly to be con- 
fessed that they feed the mind on very little more 
than wind and words. After you have long tried to 
get hold of them, and failed, you begin to suspect 
that there is really nothing there to. grasp. 
When it is found, also, that they incessantly 
contradict themselves, that none of them has 
any difficulty in refuting all the others, that the 
disciples of their bosoms offer wholly contra- 
dictory accounts of what the master taught — 
your conviction is reasonably confirmed. 

•• We Live in the Creation*** It is really 
unnecessary to discuss these other idealists 
at any length, though just the very briefest 
mention must be made of the name of Hegel 
(1770-1831), who founded a school— if school 
it can be called — which was dominant for many 
years in his native Germany, was exported to 
Oxford, and is only now beginning to evaporate 
there. Hegelianism is founded upon the doctrine 
that to and not to be are the same,” and thaft 
the non-existence or the nothing exists, because 
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i it i» a thought Thus beginning with the identity An Qld Teat ot Trifth* the 

ihf tmtraries^the principle that ^ every thing is thinkers who have addressed theznsOTea-to this 

? and at the same time and in the same sense is question of' the means by which we may identify 
! not — it may well be imagined that Hegelianism truth. Probably on the whole this is ^the first 
ends in the most amazing medley of verbal absur- preliminary question of all philosophy, for, if we 
• dities that the human mind has yet aohieved. are not agreed as to the answer, or if no answer 
At least, however, we cannot leave the name is obtainable, it would seem hopeless to proceed 
of Hegel without commenting upon the mag- further. The essence of the pragmatist position 
niheent advance involved in his idea of creation. consists in examining and rejecting various tests 
To Hegel, as indeed to many greater thinkers which have been proposed for truth and suh- 
than he (but his statement of it was of historical stituting a new one. 

importance) the “ creation of the world ” was not It is not necessary here to examine the various 
a thing once done by God, but a thing perpetually w ays in which truth has been defined, nOr to dis- 
doing by Him “ in whom we live and move and cuss the issue between the absolute scepticism 
have our being.” ( 'reation is “ God passing into which denies that we can know any truth and JJie 
activity; but neither suspended nor exhausted lelative scepticism which declares that our know- 
in the act.” God did not make the world “ one ledge, even if it be only symbolic, is yet valid 
fine day,” nor in Seven, but sustains and creates so far as it goes. Suffice it that, by practically 
and recreates it “from everlasting to everlasting.” general consent in these days, philosophers aie 
The Newest of all Philosophies. Now, «igreod that the test of truth is precisely that 
it is to be hoped that we have not lost our bearings. which each and all of us employs as the test 
Let the reader glance again at the scheme whicli of truth in daily life. It is consistency with the 
we made for him. We have discussed as best we test of expet ieme. This is not to assert that 

the two fundamentally opposed doctrines of the test is a final one or that it never errs, Ob- 

materialism and idealism, and we have noted viously its value must depend upon the quality 

also the one point in which they agree. We must of Ihe rest of experience. The immobility of the 

pass on now to the philosophy of the present earth w\as for ages regarded as a truth just 
day. Doubtless that embraces thinkers of many because all experience seemed to be consistent 
schools, but still it is fair to say that the systems with it, and with nothing else. Yet with the widen- 

which wo have lieen discussing are scarcely mg of expedience and the making of astronomical 

representative of Current philosophy, which has observations, which added new' doto to experience, 
bwn so deeply affected by the criticism that was the theory of the motion of the earth came to be 

the chief part of the life work of Kant. the only one now consistent with the rest of 

It is not necessary here to return to the philo- experience, and it is accepted on that ground, 
sophy of Kant, the substance of which we have A New Test of Truth. Let the reader take 
previously endeavoured to state, but we may trace this idea with him into his thoughts and life for a 

m the present day, and to him, the wide recognition few days, and he will realise t hat it is by this means 

of the necessity of examining e\en our most that we all of us judge of truth or fact. Let him 

cherished notions before we venture to build lefiect further that all human action and thoi^ht 

great philosophic generalisations upon them. furnishes evidence of the value of this principle. 

This demand that we shall beg no questions at all and let him also ask what is assumed hy every- 

— and least of all the question. What is truth ? — one who uses it. The assumption that no fact 

has generated in the present day, in England and can contradict, but on the contrary must be con- 

Amerioa, what is indeed the very latest brand of slstent with, any other fact involves the belief 

philosophy ; and before we pass on to greater that the universe is a universe, and not a chao'^ 

thenfes we must spare a word foi this new school, 1’hough, like the rest of mankind, they use this 

especially as its case is very interesting, and has test in their daily lives, pragmatists endeavoui 

lately become very popular. to show that it cannot at all be accepted as a 

What is Truth ? The chief names that test for truth. Instances such as that of the 

may be mentioned in connection with this most motion of the earth, however, in no way affect 

up-to-date of philosophies are those of Professor the validity of the principle. They merely 

Dewey and Professor William James, of America, show the results of its imperfect application 

. and Mr. Schiller, of Oxford. It is from the latter However, it is possible with a little skilful 

especially that wo draw, as accurately as may be, writing to make this test of truth, its con- 

«the argument of this new school regarding the age- sistency, seem absurd, though, of course, you 

long and fundamental question, \Vhat is truth ? are assuming its value in every word you write. 

We must say, in a word, that according to this and would be very much astonished if youi 

school we havo no means of knowing or identify- readers took your argument to be a comic story 

ing the truth except in so far as we may agree about a dog and a tin kettle. Ther.eafter the 

to call the truth anything that “ works.” The pragmatists set up a now test of truth, as inter 

name which has been given to this new philosophy esting and attractive as may be. This test is to 

Is pragmatism,” from the Greek verb prasao (I be nothing else than human action. There is and 

work, accomplish, or achieve), and it is upon this can be no truth, say the pragmatists, except 

l^^oeption that the philosophy is built. Its just what suits him who l^lieves it... .If it suil^ 

; importance for us at this point lies in its rank him, serves his life, and goes with his actions, 

a criti<^l philosophy, and its criticism is then he may know it to be true — ^nor can he do 

ro^t^iply directed to the very root of the matter, so by any other means. ^ » 

k i, t Continued ' 
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lY/HEN an accident occurs, let the patient lie or 
^ sit. If he iS at all faint or insensible, keep him 
lying down flat, loosen the things round his neck, 
and do not let people crowd around, but keep 
them away so as to give him plenty of air. 

.Do not move him at all till you quite understand 
his injury, and be as quick as possible in finding 
out what is wrong. 

Until the patient is removed to his home, or to 
a suitable place, let your aim be only tastop any 
bleeding for the time, and to prevent injury in 
moving. 

Avoid needless questions and pulling about. 
Unless the case be plainly trivial, send for a doctor 
at once. Do not drag clothes off an injured part, 
but carefully rip them up or cut them off to examine 
it. When you have to remove the clothes, take 
them off the injured side last. Always begin on 
the, sound side. 

If the patient appears very low, give two tea- 
spoonfuls of brandy, or .a little water with a few 
drops of sal volatile. 

Haemorrhage Cases. We will now con- 
sider the most common emergencies one by one. 
In haemorrhage, if the blood be bluish and dark, it 
is from a vein ; if bright red, and comes in spurts, 
it is from an artery. The latter is far more profuse 
and dangerous than the former. In all cases one 
must act decidedly and quickly. 

The first thing is to see where the blood is really 
coming from, and at once to fold up a bit of rag, 
handkerchief, or any other cloth, and press on the 
spot with your thumb steadily until you can get a 
bandage refuly. 

Pressure on the spot where the blood comes from 
is always the first thing to aim at. Do not stand 
and look at it, but make at once a determined 
effort to stop it. 

In most cases, in a minute or two the blood will 
cease to flow, and will clot. The pressure must 
not be taken off, but another neat pad must be 
made by folding up a piece of rag, and then placed 
over the first, and a bandage put round the part. 

If, however, the blood still flows round your 
thumb and from under the pad, look out for garters 
or tight strings above the wound, and cut them. 
Alwa^ raise the limb and expose the j)art freely to 
the air ; by these means you lessen the flow of blood 
and make it clot more quickly. Should it con- 
tinue to flow in jerks, at once press on the artery 
higher up than the place from which the blood comes. 

If the blood comes from the head, firm pressure 
agabist the skull with a piece of cork in the pad is 
generally enough, if well secured. 

, If from the jetce, the blood-vessel should be held 
tight between one of the fingers (inside the mouth) 
Mid the thumb (outside). 

If from ^ neck, as in cut throat, press the artery 
you feeh beating below the cut firmly against the 
back pf the neck. 

If from the Q^rm, press the artery above the wound 
with the fingers against the bone till the bleeding 
of'.knot a ^ndkterchief loosely round the 


limb, and then, with a stick, twist the handkerchief 
round and round till it squeezes the artery tight. 

Tf from the forearm, press in the same way on the 
arm artery, or put a pad in front of the elbow, and 
bend the arm up firmly on it. 

If from the thigh, press the artery in the centre 
of the groin firmly down with both thumbs on to 
the bone. 

If from the leg, put a pad under the knee, and 
bend the leg forcibly on it. 

An indiaruhher band, tube, belt, or brace 
stretched firmly round the arm or leg above the 
wound stops the bleeding at once. 

Bleeding may come on suddenly from the nose or 
mouth, if from the nf)se, and it is not excessive, 
it may relieve headache and congestion, and’ do 
good rather than harm. If, however, it continues 
and is severe, do not allow the person to hold his 
head over a basin, but make him sit up with his 
head erect, and hold his own nose firmly for five or 
ten minutes, while you slip a cold door-key dowa 
his back. This attitude and slight shock is often 
enough to .sto]> it. Should Weeding continue, or 
blood run down the throat behind, soak a handker- 
chief in common tiirj>entine and let the fumes be 
sniffed up. I’he arm raised above the head also 
stops it. It it still persists, send for the doctor 
without delay. 

The blood may come from the mouth. If it 
comes in any quant ity, its source is probably either 
the stomach or Jungs. 

If it is from the stomacli it will he rather dark, 
mixed with food in large quantities, and vomited up 
after a .severe pain. If from the lung.s, it will be 
very light, mixed with froth ; it will be coughed up, 
and come in lesser quantity. 

In either case, lay the jxjr.son down under an open 
window, I00.SC11 everything about his neck, keep him 
quite quiet ; and to stop the bleeding — supposing' 
the doctor is not at hand — give him a teaspoonfm 
of tiiry>entine in a little milk, and let him breathe in 
turpentine from a soaked handkerchief. 

Bruises and Wounds. Bruises are injuries^ 
caused by falls or blows, which may result in intemar 
lacerations, y)articularly of the smallest blood-vessels. 

In slight cases, apply hot fomentations or spirit 
and water lotion to the bruise to prevent dis- 
coloration. % 

Wounds may be clean-cut, torn, bruised, stabbed* 
poisoned, or gunshot. They heal in two ways : 

1. Quickly, by primary union (union by the first 
intention) without suppuration, leaving only a 
very fine scar. This mode of healing should always 
1^ tried for, but can be got only under the following 
conditions : when the sides of the wound can be 
accurately brought together ; when th^ are not' 
displaced by bleeding or exudation of matter ; 
when the wound is left quiet and |7rotocted from 
outward injury ; and when it is kept perfectly free 
from impurity. 

2. The second mode of healing takes place slowly,^ 
with suppuration and the formation of granulations,* ' 
leaving a large red scar. 
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It is the matter formed in the pi'ccess of suppnra- ' 
' tion which separates the sides of the wounds. When 
the wpund bemns to heal, granulations form. These 
gresiulations. oy degrees, and with constant sup- 
puration, fill up the wound and are finally covered 
a large scar, which remains red for a long time. 
Suppuration and putrefaction open the door to 
other dangerous surgical ailments, of which many 
people die after wounds and operations. 

Modem surgery has made wonderful progress in 
the treatment of woimds, chiefly because a more 
accurate knowledge of the causes of suppuration 
and putrefaction has taught us how to prevent 
these processes, and how to guard against many of 
the dangers to which they gi\c rise. 

How to Treat Wounds. The first thing in 
the case of a wound is to stop the bleeding as 
already directed. The next is to cleanse it gently, 
as far as possible without disturbing any blood- 
clot that may have foiniotl. After that, bring the 
edges of the wound ns closely as possible together, 
and secure them there by little strips of plaster, the 
skin being well dried flrsl. Apply the dressing 
of a pad and bandage, support and keep the 
injured pact at fierfcct rest, and then attend to 
the person’s general comfort. 

Clean-cut wounds heal cpiickly and easily if all 
dirt is removed and the edges are brought close 
together. The pad should he dry, or soaked in a 
little olive or earbolie oil, and if the wound does 
not become unpleasant, the <lressing may he left 
for tliree days. 

Tom wounds cannot he closed np, but rc<|uire 
cleansing, and the pad m\ist be constantly soaked 
in plain cold water, (’rushed wounds and stabs .11 e 
to bo treated in tlie same way. 

Poisoned wounds are caused by the bites of mad 
dogs, poisonous .snakes, and by poisoned wea])ons 
The danger of these is that the ])oison from the 
wound may by means of the lymphatics be carried 
to the heart, and so poison the whole blood. 

To prevent this difTusion of the poison one should, 
without I0.SS of time, bind the limb round tightly 
above the wound ; this is best done with an elastic 
belt or a strap or string, or a handkerchief made 
tight by means of a stick twisted round in it. When 
this has been done, try to get rid of the poison from 
the wound. This may be done by sucking it out 
(if the lips are not sor*'), by burning A\ith hot coal, 
hot knife or knitting-needle, or by caustic (carbolic 
acid, nitric acid, etc.). 

In gunshot, and all other wtuinds, all that 

can be done is at once to arrest the bleeding and 
send for a surgeon. 

Bones are hard but brittle, and break like glass 
or porcelain by outward force — by a blow, fall, or 
jump— often with a snap or crack which may he 
heara and felt. 

JPracturea. Fractures are divided into two 
kinda — simplo^and compound. We i-all a fracture 
simple when the skin is not iiijuied. We call it 
compound when it is accompanied by a wound, 
caused either by the same force which ))roduccd the 
fijaeture— a bullet, for instance — or by the ends of 
the broken bone protruding through the skin. 

('Jompound fractures are much more dangerous 
than simple ones, bceauso the skin and muscles are 
alwajTB much bruised at the same time, and because 
dirt may get into the wound and be with difficulty 
removed. 

1,^ How do we know when a bone is broken ? In four 
*way« 3 ( 1 ) The limb ia bent or shortened ; (2) there is 
iWti^atursl degree of movement at the seat of the 
(H) there is violent pain ; ( 4 ) when the 


* ' * ^ 

limb is tnoved the broken ends of boop may be 
felt grating against each other. 

How doesxn fracture hbal f New bpne-substance 
{callus) is formed at the broken ends of bone 
and knits them together. This new subvAmce is 
at first soft, but hardens gradually into bone. 

In all cases, therefore, when you have any reason 
to suspect broken bones, from the pain or the help- 
lessness of the limb, be very gentle and make the 
person keep quite still. Cut the clothes off the part. 
See where t he fracture is, but move the bones only 
so as to place the limb in a stiiaight line in its 
natural position, and then put splinte on the inside 
and outside and back of the limb, and secure them 
firmly round it by bandages above and below, so 
that the broken part is fixed and quite immovable. 
Splints can be formed out of umbrellas, boards, 
cardbnards, sticks, rolls of newspapers, cricket 
stumps, rolls of rushes, bark of trees, and can be 
tied on with anything. Thus secured, the patient 
<‘an be moved with safety on a board, stretcher, or 
even carried in the arms. 

When a jaw is broken, ti<* it up firmly, by a 
bandage under it to the top of the head. When ribs 
are broken, put a broad roll of flannel or linen round 
the part, and let the patient sit up till the surgeon 
comes. When a collar-bone is broken, tie the arm 
to the side with a large pad in the arm-pit till the 
surgeon comes. In the case of any other fracture, 
ap])ly splints as directed, and be sure that they are 
secured above and below the broken part. 

Treat any case when you think the bone is broken 
like this ; and even if you are wrong, you have done 
no harm, and have certainly imwle a mistake on 
the right aide. A surgeon must, of course, be sent 
for at once. 

Dislocation and Sprains. In the case of 
dislocation, some limb is suddenly put out of joint 
by over-use or by an accident. Yon may think it 
IS a broken bone, because the limb is fixed and 
iMinnot be moved without pain. But then you 
remember that though when the bone is broken 
the limb is helpless, it is not fixed, but very mov- 
able at the broken place, and that it is your business 
to fix it u]> in splints. 

If in doubt as to whether it is a broken bone or 
only a dislocation, always act as if it were broken 
and put on splints. Do not try to set the bone 
yourself. 

A sprain is a wrench to a joint ; a strain is over- 
exertion of .1 muscle. In a sprain, which happens 
most frequently to the ankle, if at all severe, always 
send for the surgeon. Neglect of this precaution 
may lead to serious results. 

in the case of sprains, therefore, let the part have 
coin])letc rest, laying it on a pillow. Elevate the 
leg (if it be the ankle), and apply cold, cither in the 
form of ice (broken in pieces in a sponge-bag and 
resting on the joint), or sponge with cold water or 
with spirits and water. If the pain is still very bad, 
very hot fomentations may relieve it. 

In a case of strain or cramp of the muscles, rub 
them steadily with warm orl. 

Burns. Both burns and scalds arise from tlic 
siine source, but the one kind is caused by dry 
heat, and the other by moist. 

If a person’s clothes are on fire, the one thing to 
do is to lay him flat down on the floor, roll him over 
on to the burning part of his clothes, and cover him 
as he lies with a thick rug; and lastly, if needed* 
drench him with cold water. 

With regard to treatment in slight cases, a little 
flour dusted' on the part at once, so as to form a 
ctusti is very good. In more sevei^^easeB, any 



pki!is .c^^di^8,'oic., silotild all be cut off ilrat, aitd 
the. wounds dressed with stri^ of rag Soaked in 
sweet; oil, and then coveted with cotton-wool. The 
blt^t^ that foiftn so quickly should never be 
btpkeh, btit, if lArge^ pricked at the lowest part, and 
the, shrivelled skin not cut away, but left. The 
surgeon, of course, must be sent for at once. The 
p0]Mon must be kept warm, and be given some hot 
,drii^« 

- ^alds require the same treatment, exce})t that as 
much of the scalding liquid should Ix^ washed off 
(^S soon as possible. 

Bums from strong a(;i(ls or alkalies, such as 
vitriol, spirits of salts, or cnnstic soda, y)otash 
or lime, should be first drenched with water, and 
then, if from an acid, bathed with soda and water ; 
if an alkali, with vinegar and water. 

Burns of^the face are best treated by painting 
with olive oil on a feather or brush. 

Poisoning. In cases of poisoning, at once 
send for the doctor ; but as he is sometimes a long 
time coming, and promptness of action is often a 
matter of life or deatli, a few very definite instnie- 
tions are absolutely necessary. 

Find out at onee (if possible) what has been taken. 
If it is a strong acid, as vitriol, spirits of salts, etc., 
etc., give soapsuds, plaster from the wall or ceiling, 
chalk, or soda in water. If it is a strong alkali, 
soap lees, caustic soda, lime, or potash, give a glass 
of vinegar and water. Afterwar<ls give, in cither 
cose, a tablespoonful of olive oil. 

If it in any other form of poison, give two tea- 
spoonfuls of mustarti in a cup of warm water, or 
any other emetic that may be handy ; or get half 
a teaapoonful of sulphate of zinc and give it in 
water. Carefully i)rcserve all bottles and all 
« vomited matter, as the case may Ixi one for legal 
investigation. 

When anyone is stung, apply ammonia (sal 
volatile) to the part, and extract the sting if left in. 

Unconsciousness. The chief oaiises of loss 
of consciousness are : (1) injuries to the brain, with 
or withotit fracture of the skull ; (2) diseases of the 
brain, apoplexy, cpilcjjsy, etc, ; (3) poisoning by 
narcotics, opium, morphia, alcohol, ether, and 
chloroform ; and by retention of urine, the result 
of kidney disease ; (4) fainting, paralysis of the heart 
through fright, pain, exhaustion, loss of blood, etc. 

As it is often very difficult for the best medical 
man to determine at once with what form of uncon- 
sciousness ho ha.s to deal, it would be useless to 
attempt to tell how to distinguish l>etwcen and 
recognise these conditions. What should be done, 
however, in all cases, is this : 

1. ^Jlemove all tight clothing from about the neck 
---n^k-ti'*, collar, shirt-studs, etc. — as thc.se interfere 
with the .jjpw of blood from the head. 

2 . CiVe free access to fresh air rouhd the patient, 
and all useless bystanders away. 

* 3. Place the body on the back with the head low, 
if the face is pale, as in faintness after great loss of 
blood. If the face, however, is retl, the head must 
be raised^ If sickness sets in, the head should at' 
once be turned on one side, so that the vomited 
matter should not be drawn into the lungs. 

4. If the patient no longer breathes, which can be 
^ a^rtained by holding a looking-glass or fiat piece 
(w .ihetal, or a feather, before the mouth and nose, 
th^ H^e^Shbuld at once have recourse to artificial 
re8j)irati<^: 

7 ,S^d as quickly as possible for medical aid, or 
the j^tien^t^ to the hospital. 


If-L-HKALtH 

Insensibility may occur without a fit. You may 
have to decide before the doctor can come whether 
a m^ is under the influence of drink or dying, and 
this is exceedingly difficult. Oj^en the person's eyes, 
and if both pupils are very small, he is very likely 
asleep. Wet a towel, and gently slap his cheeks ; 
you will suddenly see the pupils enlarge. This 
shows he is now awake, though possibly still 
insensible. If they dilate very much, and there ore 
general signs of drink, he is probably drunk ; if one 
pupil remains small, and the other large, it is pro- 
bably an injury to the brain. If both remain small 
and cannot be altered, he is ]>robably drugged. 

Of course, these rules do not always hold good. 
Vour duty is clear — send for a dwdor in all cases 
at once. 

In an apoplectic fit, the i»t*rson falls down suddenly, 
and is always more or l(‘ss paralysed. Send for the 
doc^tor at onee. (live the person fresh air ; let him 
lie quietly with his head a little raised ; loo.sen all 
tight clothing, put hot bottles to Ins feet, keep 
the room quiet, and give him nothing by the 
mouth. 

Fainting. Fainting is a common and an 
alarming occurrenoo. [f you sec a jierson turning 
deadly pale, and about to “ go off,” you may prevent 
his doing so by steadily pressing his head down 
between his knees till his face is quite red. If he, 
has fainUMl, let him lie flat on the floor. Qn no 
account allow him to be raisetl. T.ooscn everything 
round the neck, and let him have ])lenty of fresh air, 
a little cold water in the fa('0. and smelling salts. 
A tcaspoonful of hramly ami water may be given 
if the face is very pale. 

Drowning. In drowning, tlie aedion mu.st be 
very prompt, and yo»i must have a clear idea of 
what to do at once. First turn the body over on the 
face, and let any water escape by the mouth. 
Then wipe the moutli and nose dry ; apply 
ammonia to the nose, or put a feather down the 
throat; rub the chest with hot cloths, or boat 
it well with the end of a wet towel. If in a short 
time breathing d ex's not begin, adopt immediately 
this method : 

Place the patient on his back with a firm cushion . 
under the shoulders. Draw llie tongue out of the 
luoutli and fix it with an elastic band over it and’ 
under the chin, or a piece of tape. Take off the 
braces and all tigFit clothing ; kneel or stand behind 
the ])erson, grasp his arms above the elbow, and 
<lraw both arms well back over the head, and 
keej> them at f»dl stretch so as to expand the 
eliest while yon count ten ra])idly; then bring 
the arms forward and <lownwards, and press the 
elbows well into the sides of the chest, and hold 
them there, counting ten again. Then repeat this 
slowly about 15 times a minute, until a natural 
breath is drawn, when you at once proceed to warm 
the patient, and rub his leg.s and arms up toward-S 
liis heart. Put him in f)!ankets, if possilne, during 
this treatment. When he can breathe, give him a 
little brandy. 

Be. sure the tongue is well stretched out during 
your efforts, and that people do not crowd found.. 
As in every other serious ease, this only “ until the 
dotdor comes.” 

If a person i.s choking, seize his nose at once with 
one hand, and push the finger of the other hand right 
flown the throat, and try to hook up or push down 
the obstfuction. If unsuccessful, slap the^ back 
vigorously, or tickle the throat and try to bring on 
vomiting. 


Concluded 
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By W. H. STUART GARNETT 


IT will l»o well at the outset of this article to 
* indicate in some de^j;iee its scojic, and the 
meaning which we ]»ro|>ose to assign to the term 
scholastic professions. 

Strictly, the term should im^lude all those con- 
cerned in imparting to others the education which 
they have themselves received, whether by writing, 
preaching, or personal instruction. It is not our 
» intention to deal in this article with the literary 
professions ; it is with the tea<dier ]3roper that 
we are concerned — with the man or w^oman who 
gives dirt'ct oral instruction, or supervises the 
work of the ]mpil in school, gymnasium, or work- 
shop. We shall endeavour to indi<’ate briefly the 
course of training and the prospects to be enjoyed 
• by the academic, the technical, or the phy.sical 
teacher in every grade. 

- To the academic teaclu'rs three great careers 
are oiien — those of elementary, secondary, and 
university instruction, as well as the less satis- 
factory one of private coacliing. Of these, by far 
the most important — at least, consider In 2 the 
numlier of persons engaged in it — is the profession 
of elementary school teaching. 

Elementary School Teachers. In the 
ast this profession has been ilivided by a marked 
ne of clbavage between the teachers in Denomina- 
tional and in Hoard schools, of whom the latter 
had — financially, at least — much the better ])osi- 
tion. Elementary .school teachers are drawn almost 
entirely from elementary schools, and the supply 
is at present considerably less than the demand. 
Very few of these teachers have private means, 
and the local authorities have, therefore, found it 
nec^essary to take charge of their edneution from 
the earliest stage, .setting them apart for their 
profession from youth up like the Catholic priests 
of the Middle Ages, 

PupiUteachers. In the ’ old days the 
future teacher became a pu|>il. teacher at the age 
of thirteen or fourteen, when the compulsory 
school iieriod ceased. In return for a hard day’s 
work the child received a small w’age and the 
privilege of being taught by the headmaster after 
school hours. Tliis went on until the age of seven- 
teen or eighteen, w'hen the pupil-teacher took the 
King’s Scholarship examination, and, if .successful. 

, stored a training college. 

The Board of Education have now very properly 
decided that no teaching is to he done by children 
under sixteen. The local authorities have, there- 
fore, to provide by scholarships for the education 
of children up to that age. Generally these scholar- 
ships are awarded on examination at the age of 
twelve [see Ijadder of Learning, page 4S1], and 
carry free education at a secondary school up to 
the age of sixteen. In London the examination 
is taken at the age of eleven, and about 2,000 junior 
scholarships are nwai’ded every year. Of the 
su^essful candidates, rather more than half 
become jj^achers. These scholarships include, in 
iNdditiop to free secondary education, a grant of 

a yealr fpr the first three years, and £15 a year 
f<^ femaitiing twa 


The London elementary school child has a 
second chance of becoming a teacher by winning 
a “ probationer ” scholarship at the age of fourteen. 
These are open to future teachers only, and admit 
them to the ranks of the junior scholars. 

At the age of sixteen the child definitely takes 
up his or her profession, and becomes a pupil- 
teacher, remaining at the secondary* school, or 
enti'i'ing a pupil-teachers’ centre, but teaching at 
the same time in a iiublic elementary school. The 
salaries of pupil-teachers are given in the following 
table. The salaries in the great provincial muni- 
cipalities arc intermediate liotweeu the two. 



PI l*IL TEACHERS’ 

SALARIES 



1 First Year. 

Second 

Year. 


! London. (’ountry. 

London. 

Country. 

Hoys . , 

£32 10.4. £17 10s. 

£:iii 

£20 

(iiriK . . 

£20 16s. £17 10s. 

£26 

£20 


The King’s Scholarships. The most 
critical moment in the life of our future teacher 
comes at Easter, after he has been a pupil-teacher 
for a year and a half. At this stage ne enters for 
the preliminary certificate examination, W'hich 
entitles him, if successful, to a King’s Scholarship. 
This scholarship is paid only to the student who 
gets into a training college. The grant is £5,3 a 
year to a man, and £38 to a woman, in a residential 
college ; or £13 a year to a student of either sex 
in a day training college. As this grant is not 
quite snilicient to cover the cost of training, most 
re.sidential colleges charge^ an “ ent rance fee ” 
not exceeding £25. 'Phis f(‘C is paid for London 
students by the County Council, who also pay 
a special grant of £20 to students in day training, 
colleges. A full list of recognised training colleges, 
with fees, etc., is contained in the regulations for 
training published by the Board of Education. 

The number of teachers required annually to 
supply all the elementary schools in England is 
about 10,000, of whom something like three-quarters 
must be women. Xlnfortunately, the whole' avail- 
able accommodation in training colleges is ’for 
1,677 resident men, .3,537 resident women, and 
3,751 day students. It follows that ohly about 
5,000 students ran be received in one yeah and a 
number of ]>eople otherwise qualified must b© 
rejected. 

The great majority of these training colleges 
belong to the Church of England, though, of course, 
it does not follow that they are open only to Church- 
men. The Board of Education are putting pressure 
on local authorities to increase the number of 
colleges provided by them ; but it is not sur- 
prising the local authorities contend that the 
teachers they train may not remain in their service* 
and they urge, with reason; that the whole cost of 
training should be borne by the State, 

The Untrained Teacher. The lack of 
accommodation has excluded, and still exoludei^ 
many future teachers from the training ootteges, 






ftnd It w only natural that some preference ha« 
hem' ^ovn to Churchmen^ in the Cniiroh colleges. 
This has in the past been a very serious hard^ip 
to Nonconformist teachers, though the jSdiication 
Acts of 1902-3 did a great deal to improve their 
position in this respect. 

The teacher shut out from the training college 
has practically no alternative but to begin work 
at eighteen as an untrained teacher, and to en- 
deavour by private study to qualify for the Board 
of Education certificate. These “ untrained, un- 
certificated ” teachers are paid in London a fixed 
salary of £70 for men and £00 for women. The 
salaries paid in the provinces arc about the same. 

Normally the training college student takes 
the final certificate examination after a two years* 
course, and immediately begins teaching in a 
publio elementary school. The student who takes 
the final examination after a one-year’s course com- 
mands usually a rather lower salary at first. A 
few of the most brilliant students are frequently 
kept on at the training college, or sent abroad fdr 
a niird year, with a (government grant, and these 
become teachers either at a secondary s(;hool or iti 
the training college itself. 

Salaries and Prospects. The accom- 
panying table shows the starting salaries of certifi- 
cated teachers with the various qualifications 
referred to. The maximum to which salaries rise 
is also shown. In London, men’s salaries in 
elementary schools rise to £200, by increments of 
£6 a year during the first two years, and £7 10s. a 
year thereafter. Women’s salaries rise by in(;rc- 
ments of £4 a year to £1.50. 


SALARIES OF CERTIFKUTED ELEMENTARY 
SCHOOL TEACHERS 



Trained Teachers. 

Untralne«l IVachera. j 



lat. or ‘iiid 


Jflt or 





('law. Cert. 


‘Jiid 


Paaaed 



or panaed 

Cert. 

CIkmh 

ClasH 

ill 



iul90«. 


Ort. 

Cert, 



(London 

£100 

£90 

£85 

£75 

£80 

Men 

-[ Rural 







1 Counties 

85-130 

80-120 

70-90 

70-90 



Mx)ndon 

88 

80 

70 

70 

75 

Women 

{ Rural 







V^Oounties 

76-110 

70-100 

1 00-75 

60-75 



Head Teachers in Elementary 

Schools. Nearly all elementary .school head 
teachers are drawn from the ranks of the assistants. 
A period of some years’ service i.s (commonly re- 
quired, and the salaries offered to head teachers 
in the smaller schools are from £10 to £20 a year 
better than those paiil to assistant teachers of 
the same standing. In the large schools whieli 
are found in London and the Midland towns the 
head teaclier occupies a very good position. We 
give the London scale of salaries for head teachers. 


SALARIES OF LONDON ELEMENTARY 
HEAD TEACHERS 


A(^K>nunodatloii 
in School. 


Men. 


Women. 


1 - 200 , { 
- 201-400 -( 


£10 more than salary under scale for 
assistants. 

£200-£300 I £150-£225 

(Increased by £10) (Increased by £8) 
£300-£400 I £225-£300 

(Increased by £10) j (Increased by £8) 


H^ad teachers in higher grade schools receive 
^ above scale. The . maximum ^salary 
paid ^ ip. head teachers in most counti^ districts 
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Advantages of Elementary School 
Toachlng. An elementary school teacher 
has the advantage of beginning remunerative 
work at a very early age as compared with those 
who follow the other lilberal professions. Further, 
his training costs him practically nothing, and his 
‘salary increases very quickly, so that at the ago of 
thirty-five or so, when he may exiiect to be bur- 
dened with .an e.xjicnsivo family, his earnings 
have already tou(;hcd the top limit. 

The demand for teachers, as we have already 
jiointed out. exceeds the suy)])ly, so that there 
are practically no unemployed in the profession. 
Betircmcnt at sixty-five is compulsory, but the 
aiq>cranniiation fund, if the teacher is wise enough 
to subscribe to it. provides a liberal ])ension. The 
work is not heavy, as it is confined strictly to school 
hours — that is, from twenty-five to thirty hours yier 
week. 

The prosjieets of promotion, too, arc good. 
Every year some seven per cent, of the teacherH 
employed in elementary schools are promoted 
to headsliips. A certain number migrate to 
secrondary schools, and the establishment of such 
schools by the municipalities has opened a new 
and wide door of transition ; while the recommenda- 
tion of the consultative committee, that * higher 
elementary schools should l)o staffed principally 
with elementary school teachers, has offered a new 
pros}>ect of advaticeinent. 

. On the whole the career offers more attractions to 
women than to men. The woman teacher receives, 
it is true, a smaller salary than the man; but, as 
eomparwl with their respective earnings in other 
])rofes8ions, the S(;ale of i)ay is more liberal. Partly 
for this reason quite a number of girls from 
secondary schools and colleges become mementary 
school teachers without going through the normal 
coiirsc of ])u])il-teachershiy) and the training college; 
Male teachers, on the other hand, are nearly all 
supplied by the pupil-tcacher system. 

Secondary Schools. Secondary schools 
differ widely in the prospects which they offer to 
the teacher. Their classification is somewhat 
difficult, as it is impossible to draw a hard and fast 
line at any point between Eton College and the 
small country grammar school. At the same time, 
it is necessary to recognise the distinction, and we 
shall de.signate the latter, together with the majority 
of London secondary schools, as schools of the second 
grade, re.serving the term “ first grade secondary 
schools ” for tho.se of public school standing. 

The term “ first grade secondary school ” will, 
of course, inchule the girls’ high .schools, and such 
well-known boarding schools as St. Andrews and 
Wickham Abbey. 

Second Grade Secondary School. 

In all secondary schools the majority of the teaching 
posts arc filled by men with university degrees, or 
women with equivalent qualifications. In the 
second grade .schools there are generally quite as 
many graduates from the new universities as froni 
Oxford and Cambridge. Trained teachers are in 
a minority, but a few will be found — these have 
u.sually 8])ent a third year either at the training 
college or abroail, but some have risen from elemen- 
tary school teaching. 

(Generally speaking, the position!, of an assistant 
teacher in such a school offers little scope for the 
man of ambition. He may, it is true, secure a berth 
in a first grade school, but this is unlikely he may* 
if employed in a municipal school, be promoted to 
the headship, but this can happen only to one man 
in fifteen or tw||^ty, For promotion to the head- 
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ship of any other school a university degree is 
practically a sine qua non, and in the boys* schools 
the chances of any but an Oxford or Cambridge 
man are small. These heads are largely drawn 
from among public school masters, so that the 
secondary school master has a small chance of 
promotion as compared with the secondary school 
.mistress, but his salary compares with hers more 
favourably than in the elementary schools. 

Secondary School T eachera* Salaries. 
Tor the expenses and difficulties that must be 
faced in the course of training by the intending 
secondary school teacher, and for the helps by 
the way in the shape of scholarships and free 
places, the reader is referred to the articles on 
the Ladder of Learning (page 48 1 J, 

The demand for such teachers at the present 
time is great, employment is certain, and the 
salary and social position of the teacher arc rising. 
The salaries offered vary very much, but a qualified 
male assistant teacher may expect to earn from 
£120 to £250, and a woman teacher from £1(M) to 
£200 a year. 

The Girls’ Public Day School Company offer 
salaries starting at amounts varying from £70 to 
£136, and rising to £200 a year. Secondary schools 
in London and the large municipalities are rapidly 
approaching the standard of pay set up by the 
London County Council, who offer to assistant 
masters a salary rising from £150 by £10 increments 
to £300, or in special cases to £350, and to assistant 
mistresses a salary rising from £120 to £220 by 
£10 increments. 

The salaries paid to secondary school teachers 
by the provincial municipalities may be gathered 
from the following instances of starting and 
maximum salaries ot trained certificated teaehers. 


District. 

Men. 

Women. 

London 

£100^200 

£88-150 

Edinburgh 

85-100 

65-110 

Hornsey 

9.5-200 

85-150 

East Ham 

90-175 

75-130 

Birmingham 

85-150 

70-100 

Lancashire 

80-140 

7o-no 

Leeds 

85-150 

75-100 

Manchester 

85-140 

65-110 

West Biding .. .. 

90-135 

80-105 


It need hardly be mentioned that the work of 
secondary school teachers, including correction 
of exercises out of school hours, and in some cases 
presence in the playing-fields, is very much harder 
than that demanded of an elementary .school 
teacher. 

Subjects Taught. It must be remembered 
by the intending teacher in this class of school 
that by far the greater number of his pupils will 
be destined for a commercial or industrial life. 
Consequently, he may as well s^iend his time on 
Greek verbs as on Hebrew paradigms. The study 
of elementary mathematics, science, and above all, 
of modem languages, bulks larger in the second 
grade secondary schools than in either the public 
school or the elementary school. A special training 
in cither science or modem languages is very 
valuable to the would-be teacher. A man or 
woman who has S})ent a year abroad can generally 
command additional pay on the strength of it ; 
and many of ^he larger boys’ schools employ a 
‘‘head science master,^' at a salary of some £400 
per annum. Such a post is within the reach of 
'.’the ndiii*>graduate, and is a stepping-stone to the 

’ dCbe , salari^ offered by the London Coimty 

K CouiiojI' to kead teachers, and recommended to all 


secondary schbols aided by them, depend on the 
accomm^ation in the schools. The scale is given 
below. 


HEAD TEACHERS* SALARIES 
SCHOOLS 

IN SECONDARY 

Accominoda- 

Head 

Head 

tion. 

Masters. 

Mistresses. 

1-200 [ 

£400-£500 

£300-£400 

(Increasing by £20) 

(Increasing by £10) 

201-400 j 
Over 400 { 

£400-£600 

£300-£450 

(Increasing by £20) 
£60()-£800 
(Increasing by £20) 

(Increasing by £15) 
£400-£600 
(Increasing by £20) 


In seimndary schools other than the municipal 
ones payment by a capitation fee is common. 
'Pho Girls’ Public Day School Company offer in 
some cases a nucleus salary of £250, together with a 
capitation fee of £l 10s. to £2 on the pupils in the 
school. For the most part the salarie.s offered 
are rather lower than those on the scale set out 
above. 

First Grade Secondary Schools. The 

]mblic schools demand rather different qualifica- 
tions in their masters than the secondary schools 
of the second grade. In the first place an Oxford 
or Cambridge degree is almost essential ; in the 
sc<*ond y)lacc, a yirofcssional training is hardly 
considered, and a knowledge of modem languages 
or of any scientific subject is required only of 
jierhaps one master in twenty. Masters are fre- 
quently apy)ointcd at the conclusion of their 
university course, though in some cases the heads 
will advise a few terms’ cxjierienoe elsewhere. 

The distinction between schools of the first and 
second gra<le is largely social. Partly for this 
reason the public schools arc inclined to insist that 
the masters a{)|)ointed should themselves be public 
school boys. Naturally, old boys of the school 
itself have a great advantage in competing for 
|)osts — at Eton, probably half the masters are old 
Etonians. 

Local traditions arc much less strong in girls' 
schools, and social distinctions ai*c less felt. The 
teacher requires much the same qualifications as for 
secondary school work, but a university degree is 
very commonly required. ♦ 

The Athletic Schoolmaster. Some 
attention is naturally paid to the athletic prowes^ 
of an apyfiicunt for a post, though less than in a 
privat-e school, and certainly less than is commonly 
believed ; still it is quite sufficient to turn the 
scale as between a football or cricket blue and a 
“ mere man ” of similar intellectual attainments. 
This is largely due to a sense of the disciplinary 
effect which such a distinction will have on the 
somewhat turbulent lower boys of a public school. 

Whatever the reason, athletic qualifications arc 
of value to the future schoolmaster, and, naturally, 
prowess in cricket or football, which can be dis- 
played in the playground, is more to be desired than 
distinction in rowing or other sports. Many a gootl 
oar at Cambridge has been spoiled to make a 
cricketer, because the undergraduate in question 
contemplated teaching as a career. 

The important queaifications, then, for a public 
school master are— and the first is almost esscntial- 
an honours degree, a public school education, and 
athletic prowess. 

The Public School Master*# Salary 
and Prospects. The rewards offered vary 
greatly. Probably the best , assistant mastership 
in the world is that held by a classical master 
’at Eton. ' His salary starts at £300 a year,' but he 




the right and the leisure to take forty piivate 
littj^ils at twkity guineas a head. Coupled to that 
the prospect of a house of forty boys after thirteen 
yearn service, and you have a post which few men 
would exchange for the headship of any but a 
first-class public school. 

The salaries in most public schools are from £250 
to £400 a year for non-resident masters, and about 
£100 a year less for residents ; usually, however, 
only junior masters are ap])ointed to residefit ]K)sts, 
with the exception of those masters who have 
houses of their own. 

School Boarding; « houses. In many 
boarding-schools there is a schoolhoiise, which is 
Cither an appanage of the headship or belongs to 
the school itself ; but in almost every school the 
majority of the boarders are distributed to private 
masters’ houses, over which a certain amount of 
su per vision is exercised by the school authorities. 

Whether tliis is a desirable arrangement or no is 
a question much debated. It is urged, on the one 
hand, that it is essential that all the details of 
boarding-house administration should be suixrvised 
by a master. This may be granted, but it is at 
least open to question whether the siqiervising 
master ought to be financially interested in the 
housekeeping, and it is very strongly contended by 
many masters — who have not houses — that the 
business of an unlicensed victualler is beneath the 
dignity of the scholastic profession. 

However that may be, the prosjicct of having 
a house is one of the principal baits which attract 
the public schoolmaster. The annual profits to be 
made out of such an establishment may be fairly 
accurately assessed as fr^^in £10 to £25 per boy, 
necording to the wealth and standard of luxury 
prevailing among the parents who patronise the 
Rcl ,.)1, Naturally, the whole profit aeixinds u|)on 
the house being full ; it is the last four or live boys 
who pay, and the expenses of ruiuiing the house- 
are heavy, so that a boarding-house can hardly ever 
promise a safe or steady income. 

Public School Headships. The pros])ect 

most cherished of the average assistant master or 
mistress is that of becoming the head of a first- 
grade school. The headmistresses for the most 
n A receive salaries of from £500 to £800 a year, 
out those of the large boarding-schools ])robabIy 
make a total income considerably larger than this. 

Hoadniasterships of public schools, on the other 
hand, are worth altogether from £1,200 to £5,0(M) 
a year. In the modem schools a great part of the 
heiidmaster’s income consists of capitation fees on 
the number of pupils in the school, but the older and 
more venerable imblic schools, tidmisaioii to which 
is sought by many more boys than can jwssibly 
be accommodated, naturally despise- the capitation 
fee, and pay for the most part a fixed salary. 

Many schools demand that the headmaster 
should be in orders, and in the case of boarding- 
schools with chapels attached this requirement is 
almost universal. The great day schools, how- 
ever, have of late shown considerable disposition to 
appoint laymen, and in practically no case does it 
help an assistant master to be in orders, though he 
may find it useful to enter the Church before 
apmying for a headship. 

PriTatd Schools. It is difficult to gene- 
ralise the private schools doited about the 
cp^try. .CJomparatively few are open to inspection, 
Wfd the available data are scanty. The owner, like 
cv<^ . other capitalist, seeks as a rule to buy his 
coij(i^o4ity-.^teaohiog-r-jn the cheapest market and 
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Of late years these sohools have been, to some 
extent, opened to inspection by the much abused 
Column B of the teachers’ register. University 
graduates and others seeking recognition as second- 
ary school teachers are often willing to ticcept a 
smaller salary in a recognised secondary school in 
which they can qualify, than they might demand 
in a school not so recognised. This is a strong 
inducement to owners to seek re<iognition, and to 
o|>en their schools to inspection by the Board of 
Kdur-atioii. 

So far as the assistant teacher is concerned, the 
]K)sition ottcrwl by a private secondary school 
differs little^ from that in other second-grade schools. 
Salaries arc for the most part low, and the work is 
apt to be heavy, although this is by no means the 
universal rule. Private prej)aratory st^hools for the 
great public schools — particularly “ scholarship 
hunting ” schools — pay very well indeed, besides 
affording the masters excellent opportunities of 
I)romotion into the schools for which they prepare 
j)upils, as such masters, l)eing well known to the 
authoriti(^s, are frequently sent for to supply 
tem|x)rary vacancies on the staff of the public 
school. 

In these schools a good degree is naturally looked 
for in the assistant master, and in all boys’ private 
schools athletic attainments are very Viighly thought 
of, since the- reputat ion of a ])rivate school depends 
in no small degree on the subsequent achievements 
of its pupils in the public school playing-fields. 

Starting a Private School. The head- 
master of a private secondary school is very com- 
monly the owner. From, his ])oint of view it is 
largely a commercial undertaking, and its success 
de|)ends on many other things than his ucademic 
qualifications. The would-be headmaster must 
Jmve comnmud of capital, and, as a general rule, it 
may be taken that the minimum capital cost of 
))roviding a secondary sc,hool with ])roper accom- 
modation and fixtures is £30 a bead in l.iOndon, 
and rather over £20 a head in the country. The 
cost of providing a boarding-school will be rather ' 
more than twice as great. 

Private schools for girls are in a ijeculiar 
]M)sition, since they usually lay strews upon their 
exclusiveness. The mistresses in such schools ara 
chosen as much for their “ accomplishments ” 
as for their intelletdual attainments, and in 
many cases the staff is practically synonymous 
with the family circle. The principal qualifica- 
tion for an assistant, mistress is a knowledge of 
mo<lern languages. It is naturally impossible to 
give any account of the very diverse* rates of 
]wy ])revailing in these establishments. They 
probably compare very \infavourably with those 
offered to sticondary teachers by the munici|)al 
authorities. 

The Universities. Uncpiestionubly the 
iiio-t desirable of all academic ]>osts ai*e those at the 
old universities, carrying, as do the best of them, a 
very fair salary, great dignity, and demanding, it 
must confessed, very little work. 

The teaching staff of every university consists 
of professors, leoturcus, and demonstrators. I..ec- 
turers in scientific subjects are commonly demon- 
strators at the fwimc time, and the teaching work 
which they do in many cases occupies only a part 
of the week, so tha^ it is combined with study. This 
is more particularly the case in the American and 
Colonial universities, where such posts . oner an 
excellent opportunity to British graduates to con- 
tinue the study of special subjects under other 
auspices. 
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Dellnonatrators and Lecturers, '■^hc 
demonstrators and lecturers at a university are in 
almost every case cho.sen from among the more 
brilliant students at the close of their university 
CQiurse, so that the able student with no definite 
ambitions outside the university finds himself 
transformed almost imperceptibly into a lecturer on 
i a salary of £150 to £200 a year. At Oxford or Cam- 
bridge the lecturers are nearly all Fellows of their 
colleges, and do private coaching as well, so that 
their total earnings not infrequently amount to 
£600 or £700. As a class, however, demonstrators 
and lecturers are — for the best men of their academic 
car — very poorly paid. Probably they have the 
est brains in the comity. 

Professors. The lecturer, after a few years’ 
service, not infrequently migrates to some sister 
university in Great Pritain or the Colonies, 
to fill a professorial chair, or else becomes head 
of a department in a tci.hnieal institnlo. Most 
British professors are trained at Oxford or (’am- 
bridgo, and probably a very large number of the 

K nt ones have served at the old universities as 
rer.s of the colleges or of the university. Sutdi 
professors not infrequently return in the end to the 
university at which they were trained. 

The emoluments attached to the various chairs 
at the new universities vary from £500 to £H0O ]K‘r 
annum. A few s^iccial chairs are still more Iilx‘rHlly 
endowed. The professors at such universities are 
the actual teaching heads of the faculty, and have 
a great deal of real work to do, though most have 
leisure for literary work or for a certain amount of 
outside practice as scientific exjK*rts. The exeeiit ive 
heads of the various universities are yiaid rather 
more highly than the professors, and the principal 
of London University draw's a salary of £2,tMM) a 
year. 

Professors at Oxfoitl and Cambridge draw from 
£700 to £1,200 a year, and have very little actual 
teaching to do. They are no doubt in a large 
measure responsible for the educational policy of 
their respective faculties, but jiersonally they do 
not as a rule give more than one or two courses of 
lectures, in the year. The intention of the univer- 
sities in filling these chairs is rather that their 
occupants should be free to engage in scientific 
or literary research, to the glory of their alma 
mater. 

. It is unnecessary to go into detail as to the 
infinity of college appointments from the mastership 
downwards. The first step to all of these is the 
college fellowship, which is given to the able student 
either with or without examinaiioti. The followshi p 
is the natural goal of the academic career, and 
comes, with its attendant appointments, almost 
automatically upon the brilliant scholar. 

Colonial Universities. Salaries at Colonial 
universities range between much the same limits as 
at the English provincial ones, the ])rofessors 
receiving from £500 to £1,(XK) j)er annum. The 
assistants, however — demonstrators and so on — 
work usually only for half their time at these 
occupations, and have considerable leisure and 
opportunities for study. Salaries range from a small 
sum up to £150 or so. 

Since the ablest students at these universities are 
commonly desirous of procee^ng to Oxford or 
Cambridge, and since the inducements offered to 
youuif^IJniversity men to take up an industrial 
.are greater in the United States and in the 
Colonies -—where education is highly valued-^than 
;m ;|^^jand» it is not always easy to fill the inferior 
( posts in the Colonial universities. The 


result is that there is a considerable opening for 
English imiversity men in Canadian and other 
universities, and an Oxford or Cambridge graduate 
is warmly welcomed. 

These opportunities should he much more used 
than they are by Englishmen. Not only do they 
form an excellent “ landing place ” in the Cobnies 
for men anxious to take up an industrial or scientific 
career thcie, but they aftord an excellent training 
for many ]irofessions at home. A year or two at 
McGill University, in Montreal, for instance, is at 
once an invaluable ex])erience to a British college- 
trained engineer, and at the same time opens to 
him the doors of all the great workshops in America. 

Unfortunately there is no adequate systeifi of 
cominimieation between British and Colonial 
universities, by means of wliieh these posts may bo 
brought to the notice of students at home. 

Technical Institutes. Nearly all that w'c 
have said of the universities ap])1ies to technical 
institutes, except that tlic scale of salaries is, on the 
average, about 40 ])er cent, lower than at the 
universities ; a few, howT.vcr, of the principal 
institutions, such as the Municipal School of Tech- 
nology at' Manelu'ster, deserve rather to be classed 
with the univei*sities in this and in other resj)ccts. 

The flemonst raters at the polytechnics are 
]>icked out, as in llie universities, from among the 
day or evening students of those institutions. The 
salaries ofi’ct'Cfl are from LIO to £100 a year, quite 
sulfieieut to temi)t a boy without capital who 
realises that the most brilliant career in the institute 
is not an absolute guarantee of success in the outside 
world. The work involves both day and evening 
teaching, and is therefore by no means light ; but 
the ])rosprets are gootl, as the leeturtT may well 
rise to Ik* the head of liis department. 

Heads of departments at. the l..ondoii polytechnics 
arc commonly jmid from £2tX) to £500 a year. Tlicy 
are in many eases university men. and occasionally 
return t(» the n(‘w universities as ])rofessoi*s, or 
go out to the Colonies in th«‘ same rapacity. 

The principals of the technical institutes receive 
salaries of from £500 to £700 in the ])rovin(*e8, and 
from £fi<M) to £800 in l..oiulon ; except in the ease 
where heads of departments are a)>pointed to these 
posts, it is generally required of a candidate that he 
should have had previous experience in the conduct 
of an educational institution. Headmasters of 
secondary schools are not infre(|uently appointed. 

Training Colleges. The training colleges 
arc in a sense technical institutes. They teach a 
])rofcssion. and they draw tlioir teachers from the 
ranks of their own students like the polytechnics. 
I’hey are, however, mostly residential colleges, and 
the staff is resident in nearly every case. The scale 
of salaries in municipal training colleges is generally 
almut the same as in the larger secondary schools, 
deducting the cost of maintenance of the teacher. 

Generally it may he said that the assistant 
teachers in training colleges draw from £100 to £200 
a year if men, from £70 to £150 if women, in addition 
to their board and lodging. These teachers very 
generally move into secondary schools after a few 
years, with a view to freedom from the necessity" 
of residence. 

The pay of head teachers is about the same as 
in technical institutes, £450 to £700 a year. These 
beatl teachers are nearly always graduates, some- 
times of Oxford or Cambridge. 

Private Tuition. We have spoken of the 
highest scholastic posts as falling to the most suc- 
cessful scholars who have reached their degree ^ith 
no definite aim in life. Unfortunately ttierc arc 



mainy.fiuchii into whose mouths the academic plums 
do not drop. Having no definite professional train- 
ing luod no settled purpose, their obvious means of 
livelihood is that of imparting the knowl^gO they 
have acquired. 

Of these men some become masters in ]>nblic 
or private schools, but the majority drift into 
private coaching outside the University. The 
usual fee for a graduate coacli at Oxford or Cam- 
bridge is 7s. fid. an hour. In London and else- 
where the usual fees are 5s. and upwards for men; 
and 4s. and upwards for women. The non-gradiiate 
must take wnat*..bc can get. and many of his com- 
petitors are working for 2s. fid. an hour. 

Private coaching is not to bo recommended as a 
serious profession. When fresh from the university 
a man is able to make an income by this means, 
which compares very favourably with that which 
he commands in a secondary school, and he may w'ell 
spend a few years in coaching while looking out for 
an opening into some more substantial jwofession. 
On the other hand, he must remember that there 
is no certainty of employmciil . I\Iethods of teach- 
ing change, and the coach of forty years of age, 
instead of bettering bis position, is already beginning 
to suffer by the competition of younger men ; 
whereas a regular teacher is nowhere sujHjrannuated 
l)efore the age of fifty-five, w^hile university appoint- 
ments are nearly all for life. 

Special Subject Teachers. Outside the 
ranks of academic teachers are those who teach 
crafts, whether industrial, commercial, or domestic. 
Most of these teachers are em])loyed by the local 
authorities in day or evening classes, and since 
their services must be secured by the councils in 
the open market and in com|ietition with private 
employers, the scale of fees paid by the London 
County Council for this qlass of work may be taken 
as very fairly indicative of those which the teacher 
may expect to command. It need hardly be men- 
tioned that the demand for this class of teaching 
existel^ only in the large towns, where the conditions 
are much the same throughout CJreat Britain. 

The special subjects — gymnastics, swimming, 
needlework, etc. — taught in elementary schools 
are usually taught by members of the regular staff ; 
butj for the secondary schools, instructors arc 
engaged at substantially the same rates as for the 
evening classes. 

The Teaching of Crafts. The craft 
school has risen on tlie ruins of the apprenticeship 
system. A century ago the boy learnt his trade 
in the workshop from the man whose bench he 
shared. Now the value of floor space has killed 
apprenticeship in the large towns, and the boy goes 
to a trade school or technical class instead ; but 
the man. who teaches him in the school workshop 
must have the same qualifications as the man who 
taught a hundred years ago. In fact, the teacher 
of a skilled trade is, and must be, an artisan of 
]>ractioal experience, though as a very bigbly- 
skilled' artisan he may command wages of 2s. or 
28. fid. an hour. It is a valuable qualification for 
a tr^e teacher of this class to have taken an 
evening course in the theory of the subject of which 
he teases the practical side. 

In the same way the teachers of other technical 
subjwts are craftsmen. The teacher of book- 
frequently a practising accountant, and 
the teacher of “first aid” a practising surgeon, 
^e po^ihfiity of obtaining ,w.ork of this character 
be boriw in mind by men starting in the 
. ' gpofessibns -with a good college record 


SCHOLASTIC PNCPKSSIONS 

The teachers of gymnastics are drawn from a 
number of different classes. The great majority 
of the male teachers are retired Army instructors 
or non-commissioned officers. The best posts go 
commonly to men and women trained in Grermany; 
or in .some of the London schools. The Soutn- 
Western Polytechnic has trained a number of very 
successful teacliers, and Madame Osterberg’s College 
at Hartford has an equally high reputation. 

Special Woman's WopK. The special 
subjects for which instructresses arc required are 
art, swimming, nursing, needlework, and domestic 
economy, which includes cookery, laundry work, 
and housewifery. The art work and the SM'imming 
are largely day subjects, but almost all the other 
sjKJcial teaching is done principally at night. 

Art teachers are iisiially, and domestic economy 
teachers invariably, required to have had special 
training as teachers. [For the training colleges 
available sec Ladder of Learning, page 481.] 
The London County Council require domestic 
economy teachers to possess a diploma, and art 
te.aehers the art maat.ei*s’ certificate. The salary 
of domestic economy and needlework teachers in 
London rises from £80 to £120 a year by £5 incre- 
ments. The salary of art masters rises in the same 
way from £175 to £200, and of mistresses from 
£12.^ to £150 a year. 

The following is the scale of pay of special subject 
teachers in London evening schools. 


RATK OP PAY IX LONDON EVENING SCHOOLS 
FOR MEN TEACHERS 


Evexino 

Commercial 

Subject. 

Schools. 

CXNTRE6. 

(For evening of 

(For evening of 

3 hours.) 


2 hours.) 

Regular teaching 

7b., or £13 fls. 8d. 

168., or £25 

AsHistant teaching 
Science and Art 

T)er anti. 

per ann. 

48. 

— 

and Commerce 

68, 

78. 6d. 

Special ("ommer- 



cial 8ubject« . . 
Manual training 

— 

10s. 6d. 

and Crafts 

.5s. 

7s. 6d. 

Gymnastics 

7s. 64i., 5s., 4s. 


Swimming . . 

Os., 5s. 

— 

Literature . . . . ! 

Nursing, etc., by I 

108. 6(1. 

— 

doctors . . . . i 

£1 Is. 

— 

FOR 

WOMEN TEACHERS 

Swimming . . 
Cookery and 

5s. 

— 

Laundry . . 

5s., 4s. 

— 

Housewifery 

68., 58. 

— 

Nursing (trained) 

10s. 6d. 

— 


Inspectors. There are two educational 
inspecting authorities — besides the IVeasiiry, which 
employs a very small staff — the Board of Education 
and the Locail Authorities. The insjwctorate under 
the Board of Education is a branch of the Civil 
Service outside the scojkj of this article. We may 
mention that the qualification is a first-class degree 
at Oxford or Cambridge, and the salaries rise from 
i200 to £800. 

Inspectorships under the Local Authorities are 
generally given to teachers — usually those in the 
employ of the authority. A certain amoimt of 
teaching experience is essential. 

The position and salary of an inspector is about 
on a par with that of a secondary school head 
teacher. Inspectors under the L.C.C. receive 
from £250 to £800 a year. School attendance 
officers, £80 a year. 
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MHOIMTIO PItOFKMIONe 


Two dcbolastic movements in particular stand 
out very clearly before the observer of the present 
day. One is the improving social position and 
increasing salary of teachers in every grade ; the 
Aher is the growing popularity among teachers of a 
Gaining college course, and the increasing number 
of trained teachers in the profession. It is im- 
{K>ssible to resist the conclusion that there is some 
connection between the two tendencies. 

Future Prospects. In the past, the school- 
master has been commonly looked upon as a failure. 
He has received the miserable wage of a mail 
who has failed in life ; and this attitude of the 
public was too often justitied by the facts. The 
scholastic profession has suffered in the past, 
and still suffers in a less degree from being the 
dumping ground of able men with no definite aim 
or pur}K)sc ill life. The existence of Ihosc men, 
unfitted by special training for any serious pro- 
fession, has been dangerous and defri mental to the 
teacher who took his work .seriously, no le.ss than 
to the' pupil whoso cdiieation was ini|icrillcd 
through the incompetenco of such men — good 
scholars though they miglil be — either to teach or 
to maintain discipline. 

It is at last lieing recognised by the ])ul)lic that 
a teacher’s vocation is a high one : that he is a 
labourer w'orthy, not only of better hire than he 
has generally received, but of the ros|)ect of all his 
fellow workers in whatever field. Hut the teacher 
must remember that the niaintonanec of this respect 
depends on himself. The public take a man, and 
his work, at his own valuation, and the teacher 
can claim the respect of this generation only so 
long as he does his duty to the next, entering the 
scholastic profession not merely to earn a living, 
hut with a full sense of his high calling and a set 
purpose to raise and educate mankind in the pupils 
committed to his charge. 


Still, if a -man' can bo satisfied, for a time at least, 
with an income of i^lOO to £150 a jrear, he may do 
worse than become a clerical private secretary. 
Ther^Js always a chance of impressing ‘ his chipf 
with his ability and character, and so securing 
transfer to a more responsible post. 

Qualifications and Position. The q^uali- 
fications required by a secretary of this class are 
substantially those of a clerk in a City oftice. He 
must have some knowdedge of typewriting and 
shorthand, a presentable appearance, and sufficient 
acquaintance with the Knglish language to he able, 
to write a good letter. Above all, he must he able 
to produce evidence of high eharjw'tcr, and must 
show himself . ])ossessed of common-sense. His 
employer wishes to he relieved of responsibility 
in the smaller matters of everyday life ; and a 
secretary who can he trusted to look after things 
intelligently on his own account becomes indispen.s- 
tihle to a busy man. He can make his own terms 
On the other hand, a secretary of this cla.ss must 
lie at the hcok and call of his master. . Not in- 
frequently ho lives in the house, and is hardly free 
from duties, morning, noon, or night; ,no Factory 
Act. applies to his employment, and no #odc 
defines his social position. Altogether it is a 
strenuous life, and a poorly paid one. 

The Political Secretary. Ihit the posi- 
tion of a secretary of. the second class is very 
different, and far more satisfactory. To begin 
with, he is a luxury, and the market for luxjiries 
is somowliat inflated at present. If he l>c wise, 
he knows himself a luxury ; but if he he skilful, 
his master thinks him a necessary. 

The salary of such a secretary is* from £200 to 
a year, and his social position is not so far off 
his chief’s. INlany ])arliamentary private seere- 
taries arc less the servants of their immediate 
employers than apprentices to the game of politics. 
Just as the editor’s private secretary is an apiavnticc 


SECRETARIES to journalism. 

Hosts of this cla.ss. howcvc^r. arc not- so ^‘asily 
Private Secretaries. The profession of found as the ones before de.seribed. A luxury is 

a private secretary may be classed as scholastic, expedited to he a. highly-tinished article. (Generally 

not so much beeauso his duties arc educative— a parliamentary scori'laVy is an Oxford or Cambridge 

though more private secretaries than one are man, though some of the most successful ones have 

engaged, either tacitly or overtly, in the education not been through the university, lint whatever 

of their chiefs -as because no particular technical his training, the qualifications of such a .secretary 

training is required for the secretarial life. There ^re varied and ixjciiliar. 

is no one branch of knowledge in which the private Lord Brougham said oiwsc that the King knows 
.secretary must excel, yet he should be in some as much law as his chancellor, hut the cliancellor 

sense j^quamted with them all. The berth is pre- knows where to find it. Even so the secretarv- 

eininently one for a man with good general educa- facts and figures, hooks and - blotting-paper,* he 

tion.and some knowledge of the world. It i.s one must know where to lay his linger on them all. 

into which some men drift almost by iwa'ideiit, to Jieyond this, unless lie writes letters, which main 

remain there all their lives ; while others use it do not, lie holds something of a sinecure, and that 

as a stepping stone towards a more satisfai tory not ill-paid. 

|K>sition. 'Jo tlic average educated man, no training couKl 

The Amanuensis. Broadly speaking, tlierc ho more valuable than a year or two as private 

are two classes of secretaries. The first is I’isseii- secretary to some prominent M.P. He meets many 

tially a letter writer, a very ne<ressary adjunct to important people ; he apjiears occasionally on his 

every w*ealthy man much occupied wdth affairs; chief’s platform, and learns to face an audience 

the second is an incidental lu.xury in literary and without quailing. When duties press heavily on 

political life. The duties of a secretary of the the Member, the secretary may he charged to make 

nrftt class are in njiany eases heavy, and the pay, notes for a speech in the House, and so -take a turn 
except for rare and fortunate individuals, low. himself at the helm of the vessel of State. 

Such a secretary is, in fact, a clerk of more or less And the field is an open one. Some posts, of 
»kill and responsibility ; he has a (jlerk’s duties, course, go through influence, but the central party 

a clwk’s position, and rather less than most agent can always find a berth for a man who 

clerks’ prospect of [iromotion. impresses him favourably. 

Scholastic pROFifis.sioNS concMed ; followed hj The Church 









' tho plain with a cnmcl hnir bnish. It Is 

heated until the bitumen melts «nd forms a 
protection for the picture against acid. 

Etchini; and Finishing the Line 
]BlocK« ^ho plate is now ready for etching, 
but before it is put into llic acid tr<jug]j. the margin, 
back, and large open S])a(jes in the picture should 
be covered up with slielhu; dissolved in metliylatejl 
Sjurit, HO that ua) acid need be wasted in etching 
metal wliwdi can he cut away quickly enough hy 
inachinery afterwards. For etching, the plate is put 
into an earthenware trough containing weak nitric 
acid, and gently ro(‘.ked. After a little, while it is 
taken out, and the aeid-resist ing surface strengthened 
hy means of soft litho ink, with which it is rolled up ; 
a soft nap roller is best used for tliis [)urposc. 'Phe 
plate is then dusted in with dragon’s blood or bitu- 
men and carefully brushed in four directions. 

Kinsing nmha* the ta]) will remove any ])artieles 
of dust on the plain zinc, leaving only those 
that have stuck to tlu' soft ink. The latter sproatls 
slightly over the edges in the siil)se(|u<‘nt heating 
over a gas stove, ami thus ])reveM<s the acid under- 
biting the. lines. Fare should lx* taken not to 
overheat the ])late, as it will make the ink rim too 
mu<rh. This ])roees3 is rc])(‘ated until the ])Iate 
is etched di'cp enough— that is to say, till the lines 
stand out sufliciently from the ground to print w’eJl 
on the letterpress machine. All ink is then washed 
oft* with liot x>otash or turiientine and tho plate 
rolled up again, this time, with a verv st iff ink and a 
glazed roller. 'Phis is done to get rid of the shoulder 
wdiich has formed in getting tlu* depth. One or 
tW'o of these tinisliing baths are gfunually sufti<-ient 
if the ])late has Ixam etched W(*ll. When all the 
shoulder has disappeared, tli(‘ plate is el<*an<‘d 
again, the shellac scraped oft* the ]»aek, ami the 
block is ready to be mounted. For this ])ur])ose all 
metal forming the margin or open spaces in the 
picture itself is cut aw'av either liy a fret saw' or a 
routing ina(diine, and the plate is tacked on to a. 
pieceofoakor mahogany which is afterw'ord.s jilaned 
dow'n to tiic exact lieiglitof tyjie — that is, nearly } ;;th 
of an inch. The block is now tinished. Oronmi tints 
are laid on line bloek.s by meclianical imams before 
etching to give slnuling to tliiuii (3|. 

HalMone BlocKs. 'Phe next process, 
called half-tone, is much more comiilieated. U is 
used for pictures which have no shar]) and blaek-aml- 
whiU? outlines, hut a, variety of tones more or less 
gradually blended into one another, wdiieh cannot, 
therefore, be reproduced by line. As the machine 
will only ])rint a level surface, it is necessary to 
firodiicc a block, the surface of wdiieh, whilst per- 
fectly level, must-be. regulated so that liirht .and 
shiule are expressed hy a kind of grain in relief, wdiich 
is very close in the shadows, and opens up as it 
gets lighter in tone, d he simidost way to ]>rodu<-o 
such a grain is to ]>hotograph it at the same time 
as the ])iidiire. For this purpose there are on tho 
market so-called “.screens,” wliicli are prorhieed 
by ruling lines diagonally on glass plates, then tilling 
those lines up with lampblack, and placing two smdi 
]ilates together, to forma net. When photographed 
a short distance behind this screen, the negative 
will show the picture itself, mil up all over hy a net 
which varies in strength, aijcording to the nature 
of the image. Thus, on the negative the darkest 
parts wdll show a strong transparent net with tiny 
solid dots in the centre, d’his net gets thinner as 
the tones go liglitor, till in the highest lights only 
transp.areiit dots will remain in a solid net The 
fineness of the grain itself is varied ae.eording to tho 
nature of the work. For poster work, for instance, 
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the screen will cotitain about 25 lines to the inch ; for 
newspaper advertis’ng a 60 screen is commonly used; 
most of thcSKLF-EniirATOR illustrations are printed 
iroiii blo'jks wdth 110 lines to the inch; w'hilst for 
tincst bookwork 400 can be used. .\ photograph of 
aerated- Water syrup tanks is reproduced in 4 in 
four dift'erent s roeiis. 

Exposure Through the Screen. (Ireat 
(tare has to he taken to give tho platA) exactly the 
right c.xposiire to light. It is best to use squani 
diaphragms, or others with extended corners, as 
these give a square dot in the tones, which etches 
l)etter on the metal than a round dot. It is also 
advisable to flash a wdiite card in front of the 
])icturo for a few seconds, to give more body to the 
dots in the dark jiarts. It is not advisable to have 
the latter too black, as too much detail is lost that 
way. The negative is then developed, fixed, and 
intcii'<ili('d, in the same manner as a line negative. 
After intensitication, when the negative is cleared 
with weak cyanide of ])otash, a good photographer 
can even improve on the original, especially if it be 
dull and Mat, by forcing the shadows a little, or by 
etching thosi* parts of the negative which lack 
brilliancy. A good negative should contain tine jiin- 
point (lots ill the shadows, a sipiarc dot, wMth ex- 
tended corru'rs that join on to tlic imxt, in the middle 
toiK'.M, .’ind fairly fine, traMs])an‘nt dots in the higli 
lights. If no prism or mirror has l)i‘cn used, the 
])late is siriiiped and reversed in tlu* same w^ay as a 
line n(‘gative, ami the surface can afterwards he 
proteidcd by albumen, gum, or thin gelatin solu- 
tion )K)urcd o\cr it; tluui it is drained and dried. 

Sensitising and Etching the Half- 
tone Plate. M’lu* sensitising solution for the 
metal j>lat(j consists of iish glue, ammonium bi- 
chromate and water : sometimes ammonia or 
white of (‘gg is added. (Formula: I oz. clariHed 
fish gliK', 2 oz. vvat(‘r, .*{0 gr. ammonium bichromate.) 
'rh(‘ ciqipcr (»r zim* is cli'amal v(M'y carefully W'ith 
pumice pow'der or charcoal, coatcal, and ]uit on a 
w'hirler. It i.« then turneil slowly over a coveri'd 
gas Maine till the coaling is piu'fcctly dry, and 
exposed behind the m'gativc for a few^ ininuti‘s. 
Then it is taken out ami juit, into cold w^•ltcr, wMiicIi 
dissolv'cs the fish glue ami bi(*hr(>mat(‘ where not 
exposed to the light. To show more ckvirly what llu‘ 
result is lik(‘, th(‘ plate is ])ut into a solution of some 
aniline dye, which shows u)) the jiictun*. Umler- 
exposnre makes iJm Mini come oft* the metal, whilst 
ovcr-(‘x]»osurc tills up the dots in the dark parts. If 
rightly exposed, the iilate is rinsed and dried. :\ftt‘r 
this it is hold over a gas Maine and “ burnt in. " 
The image will at first vanish altogethiT, but gradu- 
ally rcapiKMr, till it has reached a rich reddish 
brown colour in tlu* darker ])arts and a silvery bluish 
t(_um in the high lights. It is then cooled off, and is 
ready for etching. If a hhusk line is w'anted round the 
])icture, it can now be drawn with thin litho ink. 

For etching, the plate is .slu'l lacked at thf* hack 
for pr(3toction. Fopper ]}hites arc etched wu’fh 
peichloridci of iron at about 40’ Beaurm*; zinc 
plah^H in a weak bath of nitric acid, with soim* 
pyroligneous acid and sal innmoniuc added (For- 
mula ; 5 oz. wal(T, i\ oz. nitric acid, 1 oz. sal 
ammoniac, 1 oz. [lyroligiieons acid), to counteract 
the action of salts formed by tho lead, etc., always 
contained in commercial zinc. The plat-e is left in 
this bath till a suflhuent dejitli is reached, and tlu* 
<larker parts begin to open up. It is then takem out 
and prov(Hl on a hand press. If it is found that sonic 
parts require more etching, thosi* that have had 
sufficient are covered up with litho ink, and th«’ 
process re]:>eaied until no more etching is necessary. 
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\ny spot or faults are then, engraved by liaiid, and 
the plate is ready for mounting^ as dc'seribed above. 

Photo*lithography. Photo-lithography is 
really a part of the half-tone ])roeoss. In tlu’i 
ordinary way a print from a half-tone hloek can 
bo made on a special transfer paper with litho 
ink, and then transferred on to the stone It is, 
however,* (piickcr and I(‘ss 
(!OstIy to make a print <lirect 
from the line or lialf-tono 
negative. The half-tone nega- 
tive made for tliis ])iirposc 
must, be stronger in contrast 
than the negative for half-tone 
process on metal, as no sub- 
seipient etching is possible on 
the stone. The line negative 
need not ho altered. Neither 
must be reversed, as they are 
not [Minted on the stone 
direct, but on pa[>er first, 
whieli reverses them on to 
the stone. The. transfer paper, 
which lias a gel. din or 
.‘dbumen sijrfa(;e, is immersed in 
luchroinato of aiiimoriia, and then dried. It i.s 
exposed ludiind the lU'g.itive in the usual way, and 
then rolled u]) and (loveloped exactly like a line 
plate. When dry it is ready for tr.insferring to the 
stone. 

The Physical Basis of Three-colour 

Work, 'fhe next process, called tliree-colour work, 
is also a.half-tone process, 

Imt, as the name indi- 
cates, has for its object, 
reproduction in colours 
instead of in black and 
white only. Before^ going 
into the process itself, it 
will be necessary to ex- 
plain a few things about 
light and colours in 
generfd [see PhY'*’Ics, 
page 24.31 j. According 
to the now universally 
acee])ted th<*ory, light i.s 
the vibration of the 
ether. A luminous body 
.sends out waves of light 
in all directions, waves of 
diiferent length striking 
the eye as ditl'erently 
coloured light. By being 
.struck ,',imultHneously by 
waves of ditferent length, 
the retina, receives the 
impression of white light, 
which is iiH single colour, 
but a mixture of colours. 

In the same way, if one 
series of rays be re- 
moved, the rest will 
strike uh as one colour 
only. 

All the R])ectral ray.s 
need not, however, lie 
contained m tlic! white 

light, as a .suitable choice of two will give the 
same unpre.ssion. These .are calh*d coutplvninitKiif 
coIom*»-K as, for in.stanee, red and blue-green, or;mge 
nna cyan-blue, etc. According to Young’ .s theory 
nere are only three kinds of nerve ribre.s in om* 
pyos sensitive to light, and these communicate to 
W9 tho primary sensations of red, green, and violet. 
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PRINTING 

Tlie.so three eolour.s aic, th<?r(‘fore, called the 
fundamental colours. If all the. three nerves are 
acted on siinultaneou.sly by light rays, we see 
wliite. 

Pigments ab.-^orb colour rays. Now we must dis- 
tinguish from light-emitting .siibstanco.s those whieh 
only reflect or al)sorb certain r.iys. Some absorb 
parts only, and reflect otliers, 
ishich coiuhine together in a 
colour mix lure, and thus give 
us the impies.siou of colour. 
Subslaiic(‘s, either iu a solu- 
tion or a. powder, that .absorb 
certain rays in a high degree, 
are called ))igmcn(s or dyes. 
To distinguish them it is 
necessary to kia'p in mind 
that a colour ray emits light, 
whilst a dyestulf only reficets 
borrowed ray.s. 

The Principles of the 
Process. For eomm<M‘cial 
luiriioses it is essential that a 
colour re^irodnction .shoulcl he 
made with as few piinlings as jiossihlo to avoid 
expense; ami it has been found that by mixing 
pigim nts nearly all colours (ran he ropro- 
dmaal. 1 lu‘si‘ planting inks must ])0 very pure and 
also fairly [xa niancnt if expo.s(‘d to light. It will 
suflicM' h('r(‘ to say tliat tlu' inks adoptecl are a 
yellow', real, and blue, wliicli are a com])romise 
vaiioiis conditions 

'Die next tiling is to 
produce neg.atives to 
corres)»ond with th(‘se 
inks, 'rheymiisf sliow no 
action of liglit in those 
p.irts W'h(M‘e tlie colour of 
the original corresp'oiids 
with the ink, and tho 
sliades arrived at by 
blending this colour with 
the other two primary 
colours must lie repre- 
sented by gradations in 
the n ega f i ve go verned 
by this first colour. We 
must, therefore, exclude 
light rays of the jiar- 
l icular colour W'hich must 
bo transparent in the 
ni'gative, and only let 
thos(* rays act on the 
plate w'hich are. absent 
in 1h(* rellected light of 
tiu' jiigmenl. Thus, for 
the nal negative the plat*', 
must he .sensitive to 
green, and «a|ually for 
(he yellow .and Idia* 
iK'ga fives the ))la(.(‘S 
must he .s(‘n.sitivc to their 
ta'spcct ive. oomjileincn- 
t.iry rays. *To oxeliido 
liglit not wanted we have 
to employ so-e.alled light 
filters. "JMiese ciUisist of 
tanks from in. to jj in. wide, which .are tilled witli 
aiiilim' dyes in .solution. The (jorreetne.ss of tlmst^ 
dyes i.s tested with the .spectrum. They have to 
correspond with the light-.seusitive (pialif.ics of the 
plates used. 

Dry and Emulsion Negatives. The nega- 
tives can bo made with dry plates or emulsion. 
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^ vvfiiors TIMS USED FOR CROFXDS OF RUOf'KS 


For tlio former tlu‘r(' arc varioii'^ l)ran(ls of ]»lati\s 
on Uio niarlvol Sjioi ially laepaivd for <h * purpose. 
For tlu* liitliT, Dr. .Alhort's oiniilsion is now ironorally 
used. Jt may lu* aildod hero that lliou^li Uu' latlor 
(rivcH imidi boUer rosiills it ro(|uiivs <rn*ai cleanli- 
ness, and cannot bo worked in llu' same room, or<Iark 
slide and (annora, as (lie collodion process, as any 
free nitrate of silver upsets the emulsion. 'Diere 
arc days when the emulsion cannot be worked at 
all, and as its composition is a secret, it is aJmost 
impossible to (ind a remedy for an unknown 
cause. 

The first nejjative to be made is tin' one for the 
yellow print. Any ordinary dry plate will do For this, 
lis it is not sensitive to ycdlow, while the lack of 
red sensitiveness is ])artly eompensated by the 
ultra-violet sensitive (pialitic's of tin* ])late. For this 
reason no lilter is necessary to exclude y<dlow rays. 
A tank contaiiiinjjj Ilochstcr new' blu<‘ 1 : n.OOO, or a 
dry ^^ehitiu lilter can, li()W<‘ver, be used if the 
e.xposnro is very long ; otherw ise the filter is merely 
tilled with ordinary waU*r. 

A set of dry filters can lu' ])i‘oenred at any house 
supplying materials for ]»lioto-engraving ; but 
li<|uid liltcrs are ])referable, as they can be regulated 
very easily if they are not (juit(* true. The b<‘st 
position for tliem is directly behind the lens. As they 
deflect light it is best to focus the original .after 
they have been inserted. Plain emnlsion, with a 
standard glyein developer (l.\ minutes’ develop- 
ment). or ordinary collodion, can also be used for 
the yellow plate. The emiilsif)n process corresponds 
with wet plate in every detail, ('xcept that the silver 
bath is left out, the plate being sensitive to light 
without it. d’ho coating has to be done in the dark, 
where the emulsion itself must also he kept-. 

The Negatives for the Red Printing. 

For the second negative, for red printing, a ])late is 
coated with emulsion, as before, but afterwards 
sensitised wn‘th sensitisor “ A ” (diluted I : 10), by 
floating it over the plate tw'iee ; or it can be jiiixed 
with the emulsion (1 : 10). For lliis purpose it is 
gradually added in small (piantities, and shaken 
vigorously after each addition. Sensitised emnlsion 
must bo ke]>t (’ool, and wt'll shi^ktui before coating. 
Tt must, however, be used up quickly, as it w'ill not 
keep long, and incrcus<'s in spectl as it gets older. 
As the plaU^ is very sensitive to I iglit, only dark- 
red light may bo used in the dark-room. Before 
developing, the ])lato must be well washed under 
the tap. The filter used is picric acid, about 1 : 1 , 000 , 
or a corresponding dry filter. For gelatin plates, 
either orthochrematic or panchromatic plates can 
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be used. .Acid green and bicliromate of potasli 
solution serve as filter, or a dry lilter can bo used. 

The Negative for the Blue. For the third 
neg.\tive, for blue priuling, emidsiou is used, mixed 
with “ C ” sensitisor in pro])ortion I : 40. This is host 
worked in complete darkiu'ss, or with very dark 
grc(Mi light. T1 h‘ ])latc must be w^ashed bcfoi(‘ 
cx])osure. This emulsion will k(‘ 0 }) in the sfMisitised 
state. A mixture of t) parts Hiebricirs scarlet 
(I : 1,000) and 10 parts anrantia (1 : 1,000), serva's 
us filter. 'Tbo sumo lilter will do for re< I -sensitive, 
or panchromatic* (Iry pliib's. It is possilrle to gel 
plates highly sensitive to eolniir by taking ordinary 
dry plates, and sensitising them with essine. silver 
cyanine, etc. ; but the beginm*r will have sullicient 
diflicnlties witli ordinaiy ]>lates, or with <'mnlsion 
witboiil ex])erimenting any further. 

Another point wbi('h has to be taken into con- 
sideration is that if tb(‘ angle of the half-tone stween 
is the same in each negative, a very peculiar clTect 
will be given to the linished block, foe the three grains 
W'ill form what is called a Scotch [daid pattern. This 
difficulty is overcome hy using two sereeus— one 
ruled at 4")'^’, the other at 10")’. For the third 
]»late, the second screen is reversed, giving the 
angle of .30'. As the cost of screens is consider 
able, a eirei’lar sere(‘n has been I'Onstructcd, W'hicli 
can be turned to any angle reipiirod, and thus the 
expense of a second sere('n is obviated. 

The ratio of the ex])osure for the three plates is 
about I : 2 : H, but varies considerably according to 
the original. The etching, etc., is exactly as in 
ordinary haif-tone process, but, of course, aHer the 
first etch, a rough proof in three colours has to lx* 
made, to judge wliclher, ami how miu h, further et< li 
ing is necessary. With emulsion it is necessary 
fla.sh white card for the dark ])arts, as in half-t(ni'' 
])roccss. This is not done with dry plates. 

Collotype Reproduction. This is a purely 
jihotographio process, based on the fact that hi 
chroma ted gela tin not only becomes insoliibh' 
when exposed to light, but also retains greasy ink 
which it otherwise rep(‘ls. The grain neeessaiy f‘>r 
the gradations of the tom‘s is eansed by the reticula- 
tion of the film itself. 

In the first place a negative is procured eilhcf 
by dry plate or collodion process. If not tnk('n 
through a }>r ism or from a mirror, itmiustlx^ reversed. 
This is very simple witli <*ollodion. The film is enl 
round, the negative put in water, and a piece <1 
paper squeegeed on. The film comes off 
glass easily, and is transferred to another sheeb 
and then back to a clean glass. Should the film b'‘ 
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too weak to stand this operation, it is first coated 
with a solution of Para rubber in benzol ; then, after 
drying, with ordinary fairly thick collodion. Dry 
plates give more trouble to reverse, as the tilin does 
not come off the glass easily, and stretclies con- 
siderably. To avoid , this, the gelatin must be 
hardened with .alum or formic acid. To make it 
leave the glass, it is soaked in a mixture of hydro- 
fluoric, aoetic, and citric acids, to which glycerin 
has been added, rnstead of glass, tlio film (ran he 
reversed on to celluloid shNds, which, hesidt's other 
advantages, arc lighten’, and take' up less room. 

Preparing the Collotype Negative. 'I’lie 
negative is then marked off with strips of v(‘ry thin 
tinfoil about an inch wide. 'I’liis is best done on a 
rolouehing desk, whore, liar picture is carefidly 
squared up witli jx’iieil on the Jilin side, and the 
tinfoil stuck on. The latter must be the very 
thinnest to ensure contact wlicn ])rinting. That 
the edges must be absolutely scpiarc and sharp is 
obvious. The negative itself must h(^ full of detail 
and very soft. 

'riie next thing is to gel a suitable support for tlui 
g(‘hiiiii, from wliicJi the nogativo is to be ])riiit('d 
on the machine. For this ])ur])os(‘, cither glass or 
metal plates can ho used. Jf glass is taken, one side 
of it must be carefully graimsl to giv(‘ tlie film sutti- 
eient grip. 'J’his is done by ])utting eim'ry past4‘ 
lietweeu two glassc's and moving them aliout gently 
till an even grain is arrived at. Jt sljould be muther 
too fine Tior too coarse. I'lie plate its(‘lf must be about 
\ in. thick, to avoid breakag('s, and tlic (‘dgi's should 
ix'. bev(^il<xl, {.s they might otluawise cut the inking 
rol]«us in the machine. ('o])p<‘r, zinc, or aluminium 
can also l)e used. Zinc is cleaned with ('mery jx^vder 
and a brush, and then passerl in a, weak nitric acid 
and alum batli. (formula : <»() minims nitric acid, 
1 (juart wat(T, and I oz. alum.) (’opper is ground like 
a glass plate, and aluminium is treated with weak 
sulphuric acid (I : :tl) or willi a strong potash hatlu 

(Jlass, before being coatixl, has to have a 
substratum of albumen and potassium silicat(‘. 
(Kormula : 7^ l><'U’ts alluimen, parts of jxjtas- 

sium silicate, and f) parts of water.) Instead of tlie 
albumen, stale Ixht may be used, 'riie mixt ure is well 
Ix'aten up and filtered, and after dusting the plate, 
is ])oiir(.Hl on, drained off, and dried. The ])Iate is 
then wasJicd to remove superfluous silicate, and dried 
again. Before coating, live plates an*, evenly heatvnl 
to about 120^, great care being taken to prevent 
thetu from sweating. Tliis is Ix-st done in a drying 
oven on a knelling tripod, wliore the plates are also 
dried after coating. 


Coating the Plate. The solution consists 
of gelatin or isinglass, some bichromate salt, 
ammonia, chromic alum and water. The gelatin 
should ho fairly hard, as this gives the pinto a longer 
life on the machine, though it giv(.*H more trouble 
in etching. Both bichromate of potash and 
ammonia arc used. The ]>ro]X)rtion of the two is 
rukxl by the fact that the former is slower than 
th('. latt(‘r. A ])lato eoab'd with the two gives 
more detail in Die dark jvarts, and more definition 
than if one s.ilt only is us(‘d. The pro[)ortion 
of the bichromate to (he gelatin is defined by 
the salts erysl.allising out, if in excess. The ])ro- 
portion of gelatin to water is about 1:10, and 
a little chromie alum is added to avoid excessive 
relief, 'fho gedatin is first swelled in cold water, 
and the salts umhI are dissolved in another vessel, 
'fhe gelatin is (hen li(‘at(‘d, but not more than from 
120' K.to I4(.® K., and the .s.iltsare gradually pounxl 
in and stirred. The solution is jium filtered tlirougli 
chamois k’ather, if possible’ by a filter pump, 
The solution must biv kept warm during tJav 
filtering and coating. d’h(5 ])late is fixed on a, 
tripod and warmed, as ])r(‘v iously described, and 
the li(piid pounxi on. It may be. giiidc'd a. -littk* 
w'ilh a clean glass rod to sjwead i!. evenly over the 
])late, and th(‘ utmost |»recaiition must be taken 
that no bubbles or particles of dust remain. 

Drying and Exposing. Afl(‘r coaling, 
the plate is dried at about 120’, 'fliis takes 
about two boms. During and after (bis timej it 
must be kept in tin* dark, as, once exposixl, th«v 
action of the light continues and s]X)ils tlie plafi’. 
When dry, th(‘ plab* should lx* ]x‘rlectly even and 
matt. If glossy, it shows tliat the gcdatiii was 
t(X) cold. Any vibration or cold draught during 
drying will Ix' shown by wavy or streaky marks. 
'I’lie plat(‘. is (‘xpos(xl to liglit in frames, exactly as 
in lialf-tonc process, and if several negatives 
have been slrii'ped on to om* plale, thi'y can all be 
printed at tlu* same time. All wast(‘ space betwaxai 
])i(‘tnr('s lias, of course, to be masked witli tinfoil. 
Por <‘Xposun‘, it is Ix’sl to iis(* an aetinomeba'. 
If glass plates are usixl, an additional short. e\- 
]x)sm’e to the |)lah‘ from the liaek is advisable, 
as this givi\s (lie film more hold on (he glass and 
])reveii(s excj’ssive ndief of the pie! ure. 

1'lie ]»!ate is then wasluxl in colil w’ator, till all 
imex])osed bieluomate is nmioviMl. 'I’his takes 
about two lioms. 'The substxpient drying also 
takes a few boms, but at least a day sliould be 
allowed to ]>ass Ixdore (lie ])late is ])ut on the 
machine, to give the gelatin time to liarden. 



4-, HALF-TONE SCREENS : RESPECTIVELY 50, 80, 110 AND 160 GRAINS PER INCH 
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The So-called “Etch/* The plat<> is (hen After exposure, the paper is put into cold 
put into a bath of water, glycerin, and salt, ainiuonia water till it loses all tendency to curl. Tt is then 

oeing {“Oi net; UK'S rsed instead of the latter. The sc|ueegeed on to the gelatinised plate, and after 

object is to iriakc the j)late absorb moisture. This stcanding for a few minutes, is developed in water 

is called an “etch” (though it is nothing of the at about 120’ F. The backing paper will then 

kind). It is done to enable those parts which have come off easily. The water is now renewed, and 

l)cen exposed least, and which, therefore, absorb the picture can be dried as soon as it has been well 

more water, to retain the smallest ([uantity of developed and all soluble ntatter removed. Under 
fatty ink in the ])rinting, whilst the fully ex])osed or over-exposed plates will be useless, as all the 

parts hardly absorb any wat(^r, and therefore retain detail must be cleaiiy delinod both in the high 

nearly all the ink. After about lialf-an-hour, the lights and shadows. 

plate is taken out and wiptal with a s])onge and The copper plate is now dusted in with finely 
dabbed with a, clean rag to dry it. 'Phe ink used powdered bitumen. 'Phis is done in a so-called 

must be very stiff, only thinned down with a little “ dusting box " containing a fan, which violently 

varnish. It is rolled up vt'ry earefiilly with a map whirls uj) the dust. The copper plate, carefully 

roller till the plate, which will not take any ink at cleaned with whiting an<l ammonia, is introduced 

first, looks black all over. It is then rolkal with a in the centre on a larg(^ board, and the dust is 

composition roller, which cleans it uj), and is now allow'od to .settle. The longer the ])latc is left in 

put into the press. An albion, lilhogi.i])hic, or even the box, the finer and closer the grain will be. 

a letter- copying ])ress will do. It is best to put a The time is from fi\c to ten minutes. I’he plate is 

few sheets of paper under the ]>late to ])reveiit iiovv heated, and the bitumen melted on. If tlu' 

breaking, and to ba(;k the j>roof sheet w’ith blotting graining is not sutlicient, the ])late can be ])ut 

paper. If on the proof the shadows are (illetl u]>, ba<*k into the box again, and the process repeated, 

and the high lights are dirty, the ])1ate. is cleaned Finishing and Etching the Plate. 
with turpentine, and re-etched. This is repeated the next stage, a special aiitogravure carbon 

several times until a satisfactory result is obtained. tis.siie is ])re])ared as the one betbie, ex(;e])t that 

Skies or dirty margins are eleaiKid up by etching the glass ])lat(‘ must not bo eollodioriised. It is 

the plate with a weak cyanide of [)ota.sh. or a strong exposed beliind the transparency, the latter having 

hypo solution, on a brush. If the ])late is wanting Immui sah'-edged previoiisiy. After exposure, it is 

in contrast, an etch is given without clean ng the ink taken out, immersed in vvat(T, and rubbed gently 

off. For a short run, the })late marginscan be masked w ith a .s]K)nge to lot the water soak in evenly, 

with oiled pa])er instead of heingetclied wit'i cyanide. 'I’he copper ]>late is also sponged and the tissue 

When a proof show's a. satisfactory result, tlie plat<5 s(pieegeed on to it, and IIkmi weighted, after backing 

is ready to be ])ut on the machine. it with blotting paper. It is developed as before 

The Art of Photogravure. Pliotogravure and is ready for c'tcliing, the margins having 

is an intaglio process -that is to say, the surface ])reviously been <lri(‘d and va/riished. 

of the plate does not repi-ese?it the picture. The solution for etching consists of perchloridenf 
as in all the other ])rocesses, but wlnai tlui plate iron in w'ater, the prrcldorale having been neutralised 

is inked in, the siirfaco itself is wip<‘d clean, and with ferric oxide whih' hot. TJiere slumld lx; five 

the picture is produced by the paper being pressed baths, varying instnmgth from Jr)'' to 32’ Fk^aumc. 

into the crevices to pii'k u]» the ink. Tlie proct'ss These baths can be used over and over again, as 

of prodticing the plate is not complicated, but they im])r()ve w itli use. d’hey will have to be. U^sted 

re(|nires great skill in the final stages, and a good occasionally for strength. Tlie ]>latc is first pul 

deal of artistic sense and judgment. into the w'(‘ak(‘st solution (-tr}’ Ri'anme), where it 

III the first ]>Imc(‘ an ordinary negative is made remains till I lx‘ coppta- under flu* shadows di.scolonrs 

from the original, and from this a f ransp.-inuicy (about one* minute), 'riio next tw'o .solutions, which 

either on a dry jilate by contact (and if another attack the half-tones, take about one and a hall 

size is w'aiited, in the camera), or on a pigment minutes, while the final liaths take from two to 

paper. For the latter pur])ose, a so-<*allcd aiifogravure three minutes n‘S])ectively. The ])late should he 

tissue is procured. Of the two kinds, it is better et< hed one minute after the highest lights have 

to procure the one not sensitive to light, as the been attacked. Finally the. ])late is cleaned witli 

other docs not keep. Before use, it is sen.sitised carbonate of soda., the film nibbed off, and the 

in a bath of bichromate of potash and water with margins cleaned with benzol, and brightened u]) 

a little ammonia added, for about lhrc*e minutes. with w'eak caustic potash and very weak sulphuric 

A piece of plate glass is then carefully cleaned, acid. Wli(*n the filate is cjuite finished, defects can 

rubbed over with French chalk, coated with ])liin lie remedied liy roulefting and burnishing. After 

collodion, and the tissue scpieegced on to it. This this, tlie plate is steel-faced and is ready for proving, 

must be dried in the dark, for, w'hen tissue is once Classes Sind EooKs* (^lasses in the above 
exposed to light, the process of making the gelatin processes are held at the Polytechnic, Begeiit 

insoluble eontiiiues. The negative is then safe- Street, and the Bolt (^ourt School of Engraving, 

edged- -that is, all the edges of the picture arc Bolt (kmrt, Fleet Street, London, as well as in 

covered with .strips of bla(!k ])aper or black varnish. similar institutes all over the <;ountry. Useful 

Another glass ])late is then cleaned, coateil with books on tlu'se subjects arc : “ Half-tone Process,” 

biohromated gelatin, and, after drying, exposed to by d. Verfasscr ; ^ Collotyj^e Process,” by W. 

light, to make the gelatin insoluble in hot water. Fithian ; “ Throe-eolonr Proce.ss,” by A. v. Hiibl; 

This is to serve as sup^nirt to the tis.suc during and “ Photogravure,” by W. T. Wilkinson; “Manual <>f 

after development. The tissue is then exposed to Photo -engraving,” by H. donkins, 1902 (Inland 

jight behind the negative, and ns this carbon Printer (.o., Chicago); “Photo- mechanical P>c 

E rocess cannot be watched, an aetinometer must ceases,” by W. T. Wilkinson (Hampton & Co.): 

e used with a piece of P.O.P. Finst' the speed of “Collotype and Photo-lithography, by Dr. .)• 

the tissue (which varies according to the make) Schrnuss translated by F. (f Middlotoii (Iliffe tV 

will have to be tested by comparing it with Son); “Photo-lithography,” by G. Fritz, translatcil 

silver paper which is exposed simultaneously. by E. J. Wall, 1895 (Dawbarnand Ward), 

Continv^d 
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Group 1 

FLOWERS 

GARDENING 

The Queen of Flowers. Lilies, Chrysanthemums, and Carnations. Bulbs 

3 

of Spring and Autumn. Dwarf and Bedding Plants and Flowers. Ferns 

C 'iitlnucd from pag« 


By H, HAVART 


N O matter in what part of the kingdom a young 
gardener may find himself, he is sure to bo oalled 
ii]H>n to pay K])eeial attention to the five favourito 
gardcA flowers : the rose, lily, ehrysanthemum, 
carnation, and sweet ])ea. Tluae an', of eoiirso, 
many other favourite garden flowers, and details of 
their culture are given in tliis and further artieles. 

The Culture of the Rose. Tlie rose lias 
often justly been called the “ Queen of Flowers," 
and it is well to remember tliat her Maj(‘sty re(|uires 
regal treatment. Failure with roses is generally due 
to the fact that they are ])lanfed in the wrong sort 
«»f soil. It is impossible to get good roses in bad 
ground, and, wliere the soil is not suitable for 
their eidtivation, it must betakcm away, and proper 
material introduced. 'Hie soil iu which the rose 
thrives best is a good rich loa?u two or three feet 
in depth, resting on a subsoil of clay. The clay 
subsoil, being im]>ermeable, retains all moistun*, 
and so ke.e])s tlie roots of the roses cool during 
the hot moiitJis of summer. Whore the soil 
is very light it must be made heavier liy the 
addition of thick, heavy loam and clay, otluMwisi* 
the gardener is iiun’ely courting failure. Roses ar<! 
generally grown in the forms of “ Standards," 
“ Dwarf Htandanls," “ Bushes," or " (Tmlxns." 

A standard is a rose wliich has been graft<‘d on to 
a stem fibout three feet in lieight. A dwarf stan- 
<lard has been grafted at about half that distance, 
wliile a bush usually spiings from the ground 
without showing any main stem at all, having been 
grafted close to the roots. Jtoses on their own roots — 
that is to say, roses that have not been grafted at 
all — are invariably grown as bushes. 

Boses are usually grown as standards when 
extra large sized blooms arc required for <*xhibilion 
])ur|)OSfis, or where s])ace is limited, fn jrlaees where 
plenty of room is availalrle there is no doubt tliat 
Ihe best way to grow the I’ose is in its bush form, as 
it blooms far more freely umler these eorrditions. 

The Best Varieties of Roses. Roses are 
divided into several seidions, or groups, the most 
ini])ortant of which are : 'Peas, Hybrid Per]»etuals, 
Noisettes, Hybrid Teas. Bourbons, Monthly I’oses, 
■Old .Vyrshires, titles whieli are dei’ived ehielfy from 
t he bind their birth, or the time of flowering. Alto- 
gether tiieie are nearly two thousand varieties in 
' lilt ivatirm, anti tire numb(*r is added to every year*. 
Ihe following twenty-four sorts recommended by 
^Phe Century Book of (lai-dening" as suitable for 
town and suVnrrban cultm*eare, ]H;rhaps, as jiidieious 
a seleetion as conld be made for all purposes : 

Hod : Ceneral »faetjueminol, AltVed Colomb, Abel 
f ’arri^ro, Dupuy damain, Chesbunt Hybrid (climber). 

Pink ; Mi\s. .lolm Laing, Baroness Rothschild. La 
I'l'aiice, Captain Christy, and Pink Rover (elimirer). 

White; Boule do Neige, Mervoille de Lyon, and 
Aim^’e Vibert (climber). 

\f‘Wow : Marie van Houtte, Madame Hoste, 
Lndly (climber), and Mrdea. 

Apricot : Prancisca Kruger, Safrano, Revo tPOr 

(climber). 

0. Naboiinand, Bouquet d’Or (climber), 
•h*. Grill, aiid Felicity Per])etue' (climber). 


How to Propagate Roses. "I'lic three 
chief methods of propagating los ^s are by grafting, 
budding, and cuttings. Grafting I19j and budding 
artMisually ]ierformed upon th 'stem of a wild briar 
wbost^ sturdy growth makes it eminently adapted 
for tile ) air j lose. 'Phis briar is called a stock, and 
the. main stem is cut down to tho desired height 
of the standard, or bush, as tho ease may be. A 
V-sha])ed notch s cut in the to]) of the stock, 
from one to three imhes dee]», according to its dia- 
meter. The end of the graft (the rose, which it is 
dcsirwl to ]>ro])agatc) should be cut wedge-shaped 
in order to fit the notch in the slock, and earefully 
inserted, the junetioii beiiigthii^kly covered with elay 
to afl'oiai protection, 'Phe operation of budding 
consists in lifting, witli a very sliar]) knife, a bud, 
and about a (|uai‘ter of an inch of the bark round 
it, ami inserting it in a stock. 'J he .stock is prepared 
by cutting a 'P-sha])ed slash in its bark, raising the 
bark gently with the knife, so that the bud may Ix^ 
iiisertial underneath it, and, when once the l)ud is in 
position, binding it round fairly tightly at top and 
bottom, to ensuri' its retaining its position. 

Cuttings are sli]K takim olf witli a slanting cut, 
and eonlaiiiing two or three “ (‘yi's." They are 
best ])otted u]) in small pots in a mixture of sand 
and leaf mould. If put iu a frame and well exi) 0 sed 
to the sun they will root in about ii month, but 
must be kept fna* from frost all tho winter, and 
gradually hardened off the following s])ring. 

The o])eration of ])nining rosi's is carried out in 
the s])ring, and is better piu-foruusl with the secnleiir 
than the })runing knife, ('limbing ro.ses do not, of 
course, rei]uire so much ])nming as the standard 
or bush sorts Probably no two rosi' tna's require 
evaefly the same sort of j)riming, but th(^ golden 
rule to be obs(‘rv('d is to see that tlie branches in 
the (cntre are well thitined, so that light and uir 
have free access. 

'Pile best time for planting roses is from November 
to March - -iKe earlier tlie belter. All newly-jilanted 
roses should have ])roteeti()n from frost during the 
winter months. 'Phis may be afforded l)y a mulch 
of straw, bracken, or similar material. 

The Lily. 'Pbougb not so popular as tlie rose, 
])erha])s, lilies of varied sorts must be found in 
])rofusion in evi'i v garden whieli ])retends to be at all 
representative. 

GeiUTally speaking, lilies <lo not like a heavy 
soil; eonsiMjuently, with tlie exce|)tioii of a few 
varieth'S, the lieavy clays which are t«> |^e found so 
frequently in the neighbourhood of large towms 
and cities are. not calculated to grow them to 
the best advantage. .\ light rich soil, with plenty 
of sand and leaf-mould in it. is what tho. lily revels 
in, and it is one of the few flowers wliii^h lias no 
liking for the ]iresenee of animal nianu.e. 

The most po]ailar forms of liliei suit-able for cul- 
ture ill gardens are given in the (able on next page. 

The Chrysanthemum. Tho iimnense 
poj)ularity to whieli the ehrysanihemuin as an 
exhibition flower has attained during recent years 
has militated somewhat against its general employ- 
ment as a garden plant. In fact, it is not too much 
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to say that the efforts of most growers have been 
directed more to producing isolated blooms of gigan- 
tic siz”, than to growing the plant for general effect. 


TIJK 

MO.ST PpPULAU IJIJES 1 

Ni-tiiie. 

HdKht. 

L’r)lour of fluwiT. 

Auratum 

About () ft. 

Wliitc with yellow 
band 

l^ulbiferum 

2 ft. to 2 ft. 

Orange red, black 
spots 

Madonna 

tall, varies 

White 

Easter . . . . j 

2 ft. 

W’hitc 

Tiger . . . . 1 

.‘1 ft. 

Red, puriile simts 

SpecifiBum ru- 1 

2 ft. to ‘i ft. 

White, jiink spots, 

Iruin . . ..! 


ciiin.son markings 

Orange . . . J 

0 ft. 

Orange, black .spots 

Scarlet Marlagtni 

lift. 

Rrigbt red 

Elcgans 

J ft. to 2 ft. 

Oraiigi* 


It is a ]!Orfi c*tly hardy flower, and may be grown 
in the garden border with tlie same facility as the 
dahlia. Chrysanthemums are a])t, certainly, to 
be damaged by rains and frosts in the late autumn, 
hut they may be protected from this by an awning 
of some light materia^ siudi as water]) oof calico. 
Jf grown in ])otH, they are generally tranaj)ortcd at 
the first sign of frost into a cold greenhouse, and 
left to finish blooming there, 'riiis is the method 
at'endant with least risk, and is gimerally adopted. 

Chrysanth(*mnms are divided into three classes : 
Incurved, Japanese, and Pom])on, 'I'he incurved 
variety, as its name im])lics. has all the petals 
eurving inward, and overla])})ing, so tliat it sonie- 
what resembles a (lattened ball in s1i:i]h‘. In the 
.lapanese variety of chrysanthemum the •])elals 
throw thejnselvcs about in every direction), so that 
the flower looks lik<‘ the head of a mop, (‘arning for 
it the coll()f|nial mime of ragged elirvsanlhemum.” 
The Pompon is n dwarf with small, closely jx'talled 
flowers, rarely more than two inelu's in diameter. 

Growing Chrysanthemums for Cut= 
ting and Exhibition. The liesi sod in which 
to grow ehi ysanthemnms is eijiial parts of loam, leaf 
jncjuld, sand, and rotten manure. Tlu‘ young plants 
should ])e ])nt in about March or .\pri]. according 
to the weather, about three fiM't a])art evi'ry way. If 
they are !.im])ly to he grown for the jnirpose of cut- 
ting, there is no need to tamiier with them again, 
cxi’ept to give them /in occasion/d dose of liquid 
innnurc, but if tliey /ire destined for show or decor- 
ative ])ni jK)ses in pots it is usual to remove many 
of the buds so that the whole strength of the ])lant 
can be eon entrated u])on two or three blooms, 
which will necessarily be of gigantic size, ('hrysan- 
tiiemnms giown for tin's [lurpose, howev(‘r, are 
usually cultiviited in ]>ots, eomim'neitig with /i small 
thumb ])ot, and reqiotting e:ich time into a larger 
size, until they are fimilly pl/u ed in nine inch i)ots, 
which should contnin the best lo/im, with a little 
finely pow^lered cli/irco/il. It is necessary to tic 
chrysanthemums grown for large blooms to sticks, 
otherwise they will be topheavy, and fall over. 

Like so many other flowers whicli tlu* nurseryniiin 
has taken *in liand, the chrysanthemum has in- 
nujiierahle varieties. A few' of the best for general - 
culture areSoleil d’Oetohre (golden yellow), ISladaine 
Desgrange (white), IMontague (purple criinsoii), 
Ryecroft (ilory (ycllovv-sluided bronze), Vivian 
Morel (pale pink), Madame K. Roger (green). The 
last-mentioned variety is somewhat of a freak, and 
would be grown more as a curiosity tlnin for any 
ornamental Vi\lue ; it is, however, very hardy, as 
it does well in many parts of J-.oiidoii. 

The ** Buttonhole” Flower. If the car- 
nation were grown for no other purpose, it woidd 
always he sure of a piominent jdare in gardens by 
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reason of its value as a buttonhole ” flower. To 
be seen at its beat in the open garden, however , 
it should be grown in bods or clumps. A good plan 
is to grow the bold, self-coloured sorts in beds, am) 
have little clumiis hero and there, dotted about tin 
borders, of jricoteos, Hakes, and bizarres. Thest 
last three terms are the names by which the striped 
and marked varieties of carnation /ire known. 

Layering Carnations. A rich, loamy soil is 
iKM'essary for the carnation. 'I’hissoil must be well 
di-ained, and just a little sand mixed with it. The 
richer the soil the more vigorous the carnation, 
hut on a light soil the plant will never do well, 
'riic chief methods of propagation are from seed., and 
by the opcr/ition known as lai/cr’'hi(/[22\. Layering is 
I'arried out in .Inly or Angiist, wlicn the j)lant Is iji 
full vigour. Selci t a good strong shoot near the 
base of the ]>liuit, and clc/in off /ill the leaves on 
that shoot with a sharp knife, except half a dozen 
at the top. Cut ludf w/iy through thi^ shoot from 
holow' ill an almost liorizont/il ilircction, for a distance 
of idiout 2 in., taking care to cut through a joint in 
the stem on the w/iy. I’ush the wounded part of 
the shoot into the ground, which has been previously 
prcfiarcd by having s/ind mixed with it, /ind kcc]) 
it in that jiosition by ])cgging it down. Sjiccial 
]>cgs may he procured for tills puiqiosc, but a common 
hair])in /inswias tlie ])mposc jidmirably. 

Carnalion seed must be sown in May, in ])ots or 
boxes of riidi lo/imy soil. dJicy must be stood in a 
shidtcrcd s]>()1, /ind, when the pl/ints show' a few 
Ic/ivcs, they can he put out in beds of the sanu' 
matcriiil, .and k*ft till l;itc /uitumn, If they have tlic 
jirotcction of ;i fr.imi* during winter, many of the 
young pkints will bloom the follow'iiig season. 

Among tlu* h(‘st (‘arnations for the (qien g/irdcii 
are: White: Ccorgc M/icqu/iy, Trojan [20j, Alice; 
Pink: I)uch(‘ss of S’ork, Asphodel, Kndymion, Rahy 
(fistic, Kettou Kos<‘ : ^’cllow' : IMiss Audrey 

Cjimph(*ll; Ihilf: Mrs. Reynolds IFole, Prince of 
Or/ingc. Scarlet: The Cadi, Isingl/iss, King Arthur ; 
/md Crimson .and Dark Iti'd: t lie old (Move (Jarna 
lion, Urial) Pike, Mi‘phisto, Ho;ulice.\. 

'IMu* picotec and other f/ini‘y v.arictit's of c/irnation 
jirc more numerous (‘ven in variety thiiii the good 
s(*lf cojonrs. Six good ones arc (.'/irdinal VV’olscy. 
J,.adas, Perseus, Dervisli, Mis. Robert Sydenlmni. 
jind the Cz/ir. 

The Sweet Pea. 'riiere is ])rol)ahly no men* 
])opular annual flow'cr in the garden than the .swetd 
])ea, Jind certainly none wdiieli yields a more bounli 
fill siqiply of bloom for enfting. It imiy be h;id in 
j)ractieally every (*oloiir from white to wdiat m.ay, 
by a very slight stretch of iimigination, be c/illcfl a 
black, and is of the easiest eultnro. The sweet ]»e:i 
thrives in any ordin/iry g/irden soil, juid may he 
sown (‘ither in antiimii or s])ring. Seed should be 
])ut ill the ground 2 in. or in. a]iart, and at a .siinil.w 
depth. It is customary to atlrihuto failure witli 
sweet ])eas to tie- r;ivages of birds, and certainly 
they <lo a great de/il of damage. This m/iy he 
guai-ded against to a gre/it extent, liow’cver, h\ 
rolling tlu* .seed in rod lead before putting it hit" 
the ground. Wlieii the young plants show tliein 
selves, and art* likely to be nipped off, the surfiie<- 
soil should be liberally dusted with soot. 

Sw'oet peas are usually seen in g/irdeiis trained ii|' 
l)oan sticks placed against walls or fonce.s, or in 
clumps. A method wliich has recently been pnt 
into practice with good effect, i.s to sow them in 
row's, a bean stick being driven firnd}'' into tlu 
ground at each end of the row. At about 3 in 
above the ground, a string is stretched front pyl‘' 
to pole, and the young plants lifted, up, so th^^ 
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tljjeir heads rest on the string. Am tliey grow higher 
and need more support, other slrinp can be stretched 
across and so on, until they reach their full height. 
Practically, the only support* to be seen is the pole at 
each end of the row, and oven this may be hidden in 
a simple way by letting a fast-growing climber, such 
as the nasturtium, Japanese hop, or canary cree))er, 
run up it. Unless it is desired to save seed of any 
IMirticular plant for future use, the flowers sho\dd 
never bo left on sweet peas until the seed pods form, 
as this weakens the MU})]>ly of 
bloom. On the contrary, tlie 
blossoms shoul<l he cut almost 
before they are fully expanded, 
and then the plants will go 
on yielding a prolific supply 
.of bloom right through flic 
summer months. As regards 
sorts, all of (hose named 
“ Eckford are good, and there 
a 1 C several of these christened 
after differetit inembcTS of this 
famous grower's fa in il y. A])a rt 
from these, a few of Ihe best 
are Blanche Burjicc (wliitc), 

(’aptain of the Blues, V^uiiis 
(pink), ('!ount<*ss of Badnor (hcliotrop<‘), Cardinal 
(red), and Primros<‘ (])a1o yellow). 

The Bulbs of Spring. K is iinptissihh* to 
overestimate the value of hulhs in l!ie garden, no 
matter Avhother they he tlie spring or antunin 
flowering kind. At ]Mesent, tin* former are innch 
more generally ciilti\at<‘d flian the latfcn*. 'this 
hah boon particularly tln^ case during recent years, 
now that the custom of naturalising siich tilings as 
dalVodils, crocuses, snowdrojts, ami anemones, in 
llie grass has arisen. 

Hyacinths are grown in pots or glasses. Eor pot 
cuHure, a mixture of ordinary garden soil with saml 
and a little Icaf-moidd answers W(‘ll, or the leaf- 
mould may be dispensed with if it is not readily 
available. Oetolier is tin* best month to plant tl 
bulbs, and they should he hari*ly covered witli soil. 
A leading tirrn of growers 
says: *' After potting, give 
one good watering, and 
then place the- ])ots out- 
doors on a. bed of ashes, 

<-over with (i in. of coeoa. 
libre, an<l leave them 
exposed to all W'eatlicrs. 

IVheii the bulbs have well 
rooted, r.nd made aliout 
1 in. of top growth, they 
may he removed indoors, 
first into a subdr.ed light, 
nnlil the foliage has at- 
tained its full green colour, 
and then in the sunniest 
situation at command in 
the greenhouse or con- 
servator}. It is a good plan to yilace an mvert<‘d 
tlower-pot over the young growths for a few days 
after being removed from tlie plunging bed, as by 
so doing they are protected from possible draugbi. 
Abundance of air, a moderately moist atmos]ihpre, 
and plenty of W’ater at the roots, are then necessary 
for early well-developed flower spikes.” 

In qiiito small suburban houses, hyaeintJis 
n rule rather than the exception. 

Imring the winter it is best to fill the glasses 
with rain-water to such an extent that the 
bottom of the bulb Just touches tho water. At first, 
keep the giasees in a dark place, filling them up with 


water as it ovaporat<^ ; by this means, healthy root 
growth is promoted. By the time the glasses arc 
nearly full of roots, they may be gradually exposed 
to the sun in a window. Ijiis t-reatmeni ensures 
large and healthy trusses of bloom. Hyacinths 
which have flowered in pots one year, will flower in 
a border for several years in succession afterwards, 
but ilic j esulting flowers will not be so large. 

The Narcissus (Daffodil). The daffodil 
| 21 j is undoubtedly the most valuable spring-llowcr- 
iug bulb we have in our gar- 
dens, and there is no eapacity 
in whicli it cannot he used. H 
may he grown by thousands on 
hanks, lawns, and in meadows, 
inc eas ng enormously, or it 
will flourish bravely on the 
sooty window-sill .of a city 
slum. 'I’he best way to grow 
it in ])ots is to use three bulbs 
to a live-inch ])()t. The soil it 
likes is just ordinary garden 
soil, with a mixture of shar]) 
sand. As dallodil bulbs vary 
so much in si/e a good general 
plan is to plant the bulb at on<i 
and a lialf times its own de])th. Aftm* flowi'ring, the 
Imlh shonid not he liftisl out of the giontul until 
tlic foliau(‘ has (piit<‘ died down ; hut where this 
cannot la* avoided, owing to the ground being 
r''(piirc(l for otlici jiiirposes, lliey shonid bo earc- 
fnlly lifted, and r(‘-planl(‘(l in some spare corner 
until fh<‘ foliagi* h.is (piite witlu'i'Cfl. 

'riio narcissus family divided info several 
important groups, inclmling tliel’nnnpet sei’l ion, the 
StardalVodils.and the Poet's <lafYodils. They number 
several Inmdred varicti(‘s, ranging in price from a 
few shillings ]H*r hundred to fifty guineas a bulb. 

The Brilliant Tulip. What the dalTodil 
gives us in dt'lieaey of colour the tulip supfilies 
in brilliancy, and it is entitled to rank among 
the best (‘arly flowering bullis. It is not, how- 
ever, adapli'd foi’ cidfuri* in the grass, hut does 
well in beds of soil as 
recommended for th<i 
dalTodil. 'I’lu* genus is 
divided info three sim;- 
t ions : Early flowering. 
May flowering {(lesner- 
iaiia) and late flowering 
(Darwin), 'riicre is also 
a curious distinct breed 
called the Parrot Tulip, 
so named for its ^leeuliar 
shape and colour. One 
tulip aliove all, othigs 
suitable for town culture 
is Kaiser's Kroon, a bril- 
liant scarlet tiili]» with 
yellow edges: whilt* otlier, 
good sorts, arranged in 
order of time of flowering, are: the Dm: Van 
'riiol grou}), Ophir d'Or, Proser])ino, White Swan, 
'Bouton d'Or, Oesneriami Sjiathulata, Golden 
(rown. Royal White, May Queen, Salmon King, 
the Bride, and the Sultan, the latter approaehing 
nearest to the much sought after bhick tulip. 

The Iris, Gladiolus, and Lesser Bulbs. 
Although different varieties of iris may be made to 
give flowers from the beginning of the year on into 
August, tho great majority of them are siiring 
flowering bulbs. These are what arc known as the 
Spanish and English sections. September is the 
best month for planting the bulbs, whioh shojild lo 
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put in deeply in any ordinary garden soil. There 
ia a long list of sorts of all colours from white to 
nearly black, and splashed and marked with 
every conceivable hue. Sorno choice species of 
the iris include : Alata (Scorpion iris), Atropurpiiroa, 
Ibcrioa, Reticulata, and Ungiiicularis. 

The spring flowering section of gladiolus bulbs 
is not a large one, only one or two varieties blooming 
as early as May. As, however, those which do not 
come into flower nntil dune and »luly arc planted at 
the same time as the ordinary Hj)ring flowering bulbs 
they arc best iiieludtd here. (Jladioluscs rtMpiire 
shelter from the wind, and also shade from the full 
lieat of the sun. October is the best month to 
plant, though good results have been obtained with 
bulbs plantx^d as lalo as (^hrislinas. A layer of 
braekeii or straw should be s})rea(l ovmt them to 
protect Uieiti during (he winter, while deep planting, 
say at a depth of six inelies, also elfeets an insurance 
against damage by frost. The Hridr* (pure while) 
and JWzantinus (light crimson) are tlic^ best of this 
early flowering s(‘eiion. 

(Vocuses, snowdrops, anemom's, K*illas. alliums, 
dog’s-tooth violets, chioiiodoxa, and museari arc 
the most important of the dwarfer growing spring 
tlowering bulbs, 'riieir eiiltnn' is exejM'dingly 
8im]>le. In fact (hey merely re(|nire putting in 
the garden or woodland, or wherev<‘r i( is proposed 
to grow them, at any (inie 
during the months of Oi'toher 
or November when the ground 
is dry. The rule of ]»lanting 
at the depth of a bulb and a 
'half holds good in this case. 

Autumn Flowering 
Hulbs. Jnst as the spring 
flowering bulbs an* planted in 
autumn, so should the autumn 
flowering bulbs be ])lan(ed in 
spring. With the exception 
of the gladiolus, ln)Wovor, the. 
culture of aultimn llowering 
bulbs has been somewhat neg- 
lected, though their ])resencc 
would he a great hel[> at a 
time w'hen gardeners are a])t 
to rely greatly upon the <lahlia and clirysantlicnnnn. 
It is ])o.ssibIe to get exactly the same (>fTect with 
the crocus in aiitiimn as it is in spring. As a 
writer in the “ (Vninty Clentleman ’’ says . “ Their 

culture is simplicity itself. Tlu'v should be planted 
in any ordinary garden soil, and just coven^d with 
earth, or, if in i)ots as specimens, in ordinary 
potting mould. . . . The best antiiriin tlowering 
crocuses are the Asturious vari('ties, which represent 
the mauves and pnrj)les in all shades: Salivns, 
the purple saffron crocus ; Hadriaticus, pure white ; 
Zonatus, rose and oivinge ; aful Speciosus, bright 
blue, recalling, when ])lanted out in the gras*^, (he 
beauties of tlie gra])0 hyacinth in (lie sja’ing.” 

The aiit\imn flowering gladioluses are varieties of 
the s[)ecies known as (landavensis, and they may 
be relied upon to provide tliose brilliant masses of 
scarlet so often needed but so rarely seen in the 
autumn garden. It is merely necessary to plant 
them out in March in decent soil, and leave them 
to take care of themselves. They are somewhat 
shy of frost. 

The I elladonna lily {Amaryllis belladonna) is the 
most beautiful of all the autumn flowering bulbs, 
but it should only be planted on the south side of 
a house or wall, as it is not <piite hardy in other 
situations. It grows nearly a yard high, with large 
lily-like white flowers, tinged with pink towards the 
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centre. It needs deep, fairly rich soil, and* if the 
bulbs are planted in autumn, which is the best time 
to ensure a display of bloom the following year, 
they should be protected with a layer of fibre 
during the winter. I’hey soon establkh themselves 
and will bloom freely every year. 

The tiger flower {tigridia) should, as far as 
culture is concerned, be treated the same way as 
the gladiolus. The flowers are six inches wide, 
bright red in colour with crimson spots, and the 
]»larit attains to a height of 2 ft. or more. Each 
(lower only lasts a day. It is true, but a sueccssioii 
of flowers lasting in all nearly two months are borne 
on the same stem. 

Other aiitinnn llowering bulbs include Crocosmas ; 
Stern bergias (the best aiithorities soy that this is 
the lily mentioned in the Bible) ; Ijcucojiim ; the 
autumn flowt^ring Scilla. 

The Dwarfer Flowers of the Carden. 

'Pile pro})cr ))laco for dwarf (lowers in the garden is 
obviously in fi'ont. Many of them are of grc.il, 
value for edgings, whilt* others hcl|> to form .1 
carjK't at the foot of taller growing things. 

Although (he viohd, is frecpiently found wild in 
the hedgerows and ('0])ses of the country, the ])rac- 
tiee of eiill ivatiiig it, either for private use or for 
market ]nirposes, is not. a general one. 'I'lic. French 
growe r thinks nothing of having (wo or even three 
acre's of giound ce>v(‘reel with 
violets, while the Englisli 
gre>wer is content with a fenv 
sepiare'! yards. As violets like- 
shaele', they are essentially 
suitable for evirpet ])lanls, and 
(he'v thrive in any rnoderale'ly 
good soil. It is well not (n 
leave (hem for more than tvei 
years in the' same spot, how- 
ever, as llu'y deteriorate' in 
epiality after that time. 'rhe\ 
are best, ])lanted in May fni 
the following season’s dis[>lay, 
a little manure from the liotf^cd 
be'ing forkexl in when planting, 
'rim most, popular sorts arc 
Neapolitan, Marie Louise, ba 
Fraiu'e, the 'I'sar, and Priiie’css of Wales. .Belle 

de (.'hatenuy is e)nc of the best white sorts. 

Pansies, Lily of the Valley, and 
Lobelia. T’lie pansy [ 17 ] is a sister of the violet, as 
both belong to the same genus (Viola). They arc 
one of the easiest garden flowers to grow, and may 
be used as edgings or to cover the surface of a 
bed of roses, or other flower. Pansies may *'c 
planted either in autumn or s])ring, the formei' for 
early flowering. They should be put hi about b mj. 
apart. T’o. obtaifi ])lants from seed in the open an 
it should be sown in the jniddle of summer (sa>, 
.hdy), and the little plants transferred to tk'" 
flowering beds in the. ordinary way in the autumn, 
when they will bloom the following spring, Ib'tb 
the violet and the })ansy are subject to attai kn 
from green fly, and, occasionally, red spider. 

The lily of the valley is so frequently seen forcc(l 
in pots in coni])any with other exotics in florist 
8ho}>s in the middle of winter that the fact that it 
a perfectly hardy garden flower is apt to be over- 
looked. It can bo grown almost anywhere, nnd 
suburbs near to the smoke of London appear to suit 
it well. The corms should be planted in October, 
just at the time when the spring flowering bulk 
planting is going on, and the bed in which it is pi«' 
po.s0d to plant them should have a liberal dose ot 
leaf- mould mixed with, the surface soil. The conii^ 
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should bo x)laced about 3 in. apart, and just oovored 
with soil, and they will start into growth in early 
spring. It is a good plan to ohango the position of 
lily of the valley beds, or, at all events, rc-make 
them, every five years. 

The dwarf section of the lobelia family is known 
teelmically as Lobelia Kriniis. It is the familiar 
little blue flower so often seen as an edging jflant 
in gardens, and also as a 
prominent feature in window'- 
boxes, for both of whieh u'^es 
it is admirably adapted. Th(‘ 
lobelia is only halfdiardy, and 
requires the protection of a 
greenhouse in winter. Tlie 
plants can be raised from see<l 
sown in boxes of light soil at 
Christmas-time, or thereabouts, 
and given a gentle heat. If 
the eommon tiiistake of sowing 
the seed too thickly has not 
been mad(‘, they will he. ready 
for putting out in May with- 
out further transplantation. 

Emperor William is one of the 
best sorts, and White Ladie is 
a beautiful white kind. 

Virginian Stock, and 
Other Dwarfs. The 
Virginian stoek is one of the v(‘ry liardiest of 
dwarf growing annual flowers, adapt<‘d for an 
edging, and its culture is sim])lieity itself. It is 
only heei'ssary to tak<' a stick and go out into 
the garden t»n a bright day duri»ig April or May, 
and drag the stick along the edge of a bed or 
border, so that it leaves a furrow behind it. Into 
this furrow s])rinkle the Virginian stock seed gently, 
and just eov4.‘r it with the (‘arth which has been 
disturbed. fii a very few' weeks, 
a substantial edging, from I in, 
to (i in. in lieighf, will makt* its 
a])[K>arane(’i covered ^v^th thousands 
of tiny flow'ers — red, white, or 
mixed, according to the variety 
used. One sowing <jf X’irginian stoek 
will bloom foi’ many weeks, and 
it may be renew'cd by successivi* 
sowings. 

The most useful variety of the 
Alyssnm family of dwarf-gl•o\^ ing 
f)lants is the .sweet alyssnm, a white, 
fragrant little flow^er, useful as an 
edging, or charming in etTeet if 
sown to form a broad sheet, and 
tlow^ering all ihrough the summer 
and w'ell on into the antiimn. It is 
host sown in the open air in spring, 
and if tlie precaution of sowing 
thinly is taken there is no need for 
transplanting. 

Nemophila is another of the dwarf 
hardy annuals, and .shoukl h(‘ treated 
in the manner already de.seribed for this ela.ss 
of flower, with one ditferenee. In addition to 
sowing in the spring for sninmer flowering, a 
sowing should be made in the autumn, where 
tulips and other of fli<‘ taller flowering spring 
bulbs are being planted. The nemophila will then 
bloom with them in the springtime as a eaf])ct of 
doliedte pale blue or white as thc^ case may be. 
Nemophilas will flourish in any soil, and so are 
eminently adapted alike for culture in town or 
eountry. The plant should never be used, however, 
where cats are likely to cause any trouble. For some 


mysterious reason, cats are ])articularly fond of this 
plant, and have been known to travel a long way to 
get at a garden in whieh tiiere w'as a bed of it. As 
their appreciation takes the form of lying down 
and rolling over and ov('r in it this naturally inean.s 
the destruction of everything in tlu* bed. 

I’he garden forget-me-not {Mf/oso(i.s lUnHiti flora) is 
probably the most useful of all the dwarfer flowers 
of the garden, inasmuch a.s it 
blooms ill spring, and .so form.s 
a carpet for the bidhs. Seed 
may he sown in tlu* autumn at 
th(‘ same time, ami in the 
same beds, as the spring- 
llowering bulbs are put in, ami 
they wiM all come up and 
llower together The plants uri* 
easily ]>ropagaled by digging 
tlu‘ni up ami dividing the roots 
din ing the flowering season, or 
if they an* allowed to remain 
when* they are the seed will 
ripen, droj) ofl, and .sow itself 
during the late summer 
im)ntl)s. This is not the forget- 
me-not of th(‘ stream side, 
a 1 ) 011 1 which ])oets talk so 
mMcli, tlu* latl(*r being known 

.IS ,l///o.s(///> /jalu.'ifris. 

Other dw’.irf 11 ‘t-s of spring arc Arabm nlpina, 
LiaufaHtlie.'< Ihiifflftsi, Sfiponariif calabrint romt, 
and pnitJuht, while tlie stoneerops are at all 

tiim*s u.s(‘fiil, apart from (lieir phwo in the rock 
gard(*n, in eo\(*ring u]) odd form*?’s. 'i’he flowers just 
mentioned are all liardy annuals and merely require 
the treatment alri'ady set forth for such things. 

Carpets of Flowers, l-'pon few subjects 
has mon* w'ordy warfan* been waged thaji that 
of (‘arpet bc‘dding. 'Pile extreme 
school of “ wild gardi'iiers” e\<‘eratt‘ 
it, and there is no doubt tliat, if 
carried out to (‘xeess, the.si* tiat 
b(*i]s made up into eartK*t-like 
designs are both dull and un- 
interesting. fl’lu* r.itional g.irdener, 
however, will be ijiiiek to re(*ogni.se 
that tlu're is a pla«‘(' tor them in 
every gaiilen that, has any pre- 
tensions to si/e. ('arpet Imls may 
be of any slia])e the designer 
pleases, but this is usually regulated 
by the si/.e ami shape of the j)Iace 
in w’hii'h the bed is to be put [.see 
Frontis]»iec;e op])osile ])agct)r)29). 
very good ]>lan is for the gardene" 
to w^ork out designs on ]>aper, 
drawing them to .scale, during the 
long w'inler evenings. A good idea 
of what the general efieet will he 
like, may lx* obtained by colouring 
thes(‘ plans as m*ar as possible to 
the hiu* of the plants it is intended 
to employ, tiefore ])roee<'diiig to cut out the bed it 
is best to mark an outline of it in whitewash. 

Tlie majority of carpet-heiiding plants are raised 
from .seed, sown in boxes in .March, and subjected 
to a bottom heat of about SO’. One of the most 
imjiortant plants for carpet bedding is the a I tern an- 
thera, of which several varietie.s arc useful. They 
range in tioloiir from yellow to brownish-red, the 
variety aurea being a brilliant yellow. . 'Phe pyre- 
thnim.s, OP golden feathers, are another mainstay of 
thecai*j)Ot bodder, and thediffei’cnt variet ie.s give him 
grey, pale green, and gold for his beds. Antennaria 
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is the plant generally employed to get the delicate 
silvery white effect so often seen in the best carpet 
beds, while for very deep rod effects the boot is occa- 
sionally ein]>loyed with advautag<?. Tlic dee]» blue 
, and white varieties of lobelia are also valuable aids 
, to car])et-bedding. -No(*arpet bed woidd be eoni])lele 
unless it contained sonic of those curious tlatrosctte- 
liko plants calh‘d PJeha vria sccu-hda. They arci raised 
from seeds sown on lino soil in gentle heat, and 
merely recjuire protection from frost in winter. 

Where a eentr<‘])ieee is desired for a car])ot bed, 
and sueh a thing is ofbai an improvimient, it is 
best to emjiloy the lishboiu* tliisMe {Chum(vpencv 
msmhoHin), a graceful plant, with shining dark- 
green loaves marked with wliite and brown. 

Tlie following are in general use as carpet bedding 
plants, but they re(juire no special treatment: 
Alyssum 'marifivitun, Mvntha pulrgiinhy h'f'.tinc 
lindvniy and Sedutn (jlaucuyn. 

Summer and Autumn Bedding Plants. 
Among gardeners llie term “ summer bedding 
plants” is understood to eom^irise those }»lants 
which, although invaluable for giving us a disjday 
of bloom, say, from iSlay until September, are too 
delicate to withstand the rigours <if tuir winters, 
and need the protection of a frame or gii'cnhouse, 
or at lest a slual, if they are to he kept alive. 
Until eomparatively a few years ago, summer bed- 
ding was eoiiliiK'.d to the laying down of strips of 
blue lobelia, seaihd geraniums, and yellow calceo- 
larias, which occurred in garden after garden witli 
never varying monotony ; but things have now 
hiqipily altered for the better, and a wider range of 
effect is ])ossible. In the genial climate of the south 
and west of Ungland some of the ])lants d(‘seril)ed 
hereafter as net'ding protection during the winter 
may remain in the (jpen ground all the year round 
with impunity, but this favoured ar(‘a*is of such 
small extent that for practical purposes It is neces- 
sary to treat summer bedding jdants as being only 
half hardy, ddu; flowers enumerate<l lu-reunder are 
those most gcuierally in use for the purpose, and 
may he su})piemented, where s[)aee and o])port unity 
affords, by any of those mentioned in id her sections. 

The Geranium, Fuchsia, and Begonia. 
The geranium, as most jieople know it, is not a 
goranium at all, but a jielargouium ; it originally 
sprang from tlie wild geraniimi, but has been crossed 
with various siiecies in order to obtain fresh variet ies. 
Tt is the most popular of all summer and autumn 
bedding plants, and one of tlie easiest to cultivate 
well. It will grow in any ordinaiy garden soil, and 
is increased by taking cuttings, or slips, when the 
floweriiig season is practicfdly over — say. in Se])- 
tember. 'ITiese slips should be cut off the ])arent 
plant at a very aciit^ angle with a sharp knife, and 
should bo ])ut into little pots containing some fairly 
good soil, and wn'tli a ])ineh of .sand at the bottom 
of the hole wlicre the cutting is stuck in. As soon as 
there is any fear of frost they should be got in under 
gla-^s, and they will quickly root and be ready for 
planting out the following May. Cuttings may also 
bo struck in the spring, in slight heat, and will be 
ready for planting out at practically the same time, 
but they will not make such sturdy plants. Very 
little water should be given during the winter. 

Fuchsias thrive in soil similar to that .suitable 
for geranium.s. TJiey are, however, propagated in a 
sohiewhat different manner. It is customary to take 
- old plants which have been stored in a cellar or 
aomewhere else away from frost during the winter, 
and start them into growth in the heated greeiAouse. 
Wheh the young shoots ap^ar, and are about two 
pr thr^ inches in length, they should be taken off 


and potted up as directed for geraniums. They should 
be thoroughly hardened off by exposure to light 
and air before being planted out. Iq some gardens, 
es])ecially near towns, the buds of the fuchsia have 
a jirovoking habit of dropping off instead of opening 
info fiow^er. 'ITie general cause of this is insufficiont 
water, or, if tlic fuehsia.s liapiien to be growing in 
]»ots instead of in beds, it w ill probably be found that 
they are “ pot bound ” — that is to say, the pot is not 
large enough to contain the roots wliicli have been 
formed. When this is discovered to bo the case 
tlie pbint should be re-potted at once. 

Tlie begimia of so tiuieh value for summer and 
autumn bedding is wliat is known as the tuberous- 
rooted begonia. It is Ix'st raised from seed or leaves 
sown in early sjiring in ])aiis [ISl or boxe.s in sandy 
soil and brought on in a temjierature of not less than 
<)0*‘. In three weeks or a month’s time the ])lants will 
be ready to be put into ])otM, after w'hiirh they should 
he gradually liardeiied off for planting out in iJune. 
({real e.'ire should ho exereiseil in flic sow'ing, as the 
seed is so very minute. In a rich, light soil begonias 
will continm* to llow'er until cut dow’ii by frost. 
When this happens it is usual to lift them U}), and 
store the tubers Avliicli will he found fo have formed 
at the roots, in silver sand in a dry ])laee. These 
tnhias e.an he started into growth again in the spring. 
T’here are many sorts, in all shades of wTiite, yellow, 
salmon, and red, and some d()ii]>le ones. 

Dahlias, Calceolarias, and Other 
Bedding Plants. When tin* summer begins 
to wane there is probably no more im]>ortant bed- 
ding plant in the garden tluin the dahlia, as it forms 
•stout bushes threa* or four feet in luu'ght, giving 
a generous supply of bloom for cutting, right into 
the very lute autumn. 'Phere are tj.)nr ])rineipal 
kinds : thedoulde dahlia, wlni'h is the old-fashioned 
almost spherieul-shaperl tlowi'r so often found in 
cottage gardens : llii' pom-pom, which is ii smaller 
lalition of the dou))le dahlia : the eaetiLs, ilis- 
tinguished by its almost elaw-like petals; and the 
single dahlia. 'Plie dalilias are gemnadly proimgated 
from cutt ings, wliicIi are obtaimal hy start ing a tuber 
into growth in a lii^ali'd greenliouse in January or 
February, and taking olT the cuttings as the young 
shoots a])])ear. 'Pliese an* tlien Ireateil in the manner 
d(*scribefl for seedling begonias. When the dahlias 
are thoroughly hardened oil', and ready for planting 
out, a stick some four feet in height should be ])ushod 
into the ground at the side of the hole dug to receive 
each ])lant, and to this stick the young dahlia 
should be tied sutlieiently tightly to prevent it being 
swayed about by the wind. After lloworing, the 
bulbs slioiild be lifti'd and stored in a box of soil in 
a fro.st-])roof )>laec during the winter. 

The yellow e.deeolarias are a familiar siglit in the 
summer bed. 'Phey arc propagated by cuttings 
taken in the autumn in sandy soil, and ])hiced in a 
cold frame, where they will root during the winter, 
and so le ready for planting out with the rest of 
the bedding stuff. 

The eanna is as effective in the summer garden 
for its foliage as for its flowers, most of the varieties 
having rich brown leaves. A group of cannas 
in the centre of a large bed is particularly effective. 
reaiJiing, as the plant often does, to a height of six 
teet. They are propagated by spring cuttings, in 
the manner described for fuchsias, or by dividing 
the old roots, and potting them up. They need a 
sunny position, or they fail to develop. The best 
Boi’ts are Antonin Crozy (crimson), Antoine Chantin 
(salmon colour), and I^aiil Bert (yellowish red). 

The heliotrope is best known under its old- 
fashioned name of “ cheiTy pie,’* and the little 
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flower is a great favonrito because of its delicious 
perfume. It is propagated in tlie same way as the 
fuchsia, or forced from seed and hardened off. Ti 
is generally a failure in moist soil, and, when 
desired there, should bo kc))t in the grooiihoiise. 
Petunias and Tobacco Plants. 

petunia is a hardy annual, raised from seed sown 
in heat in J^^ebruary, and ])lanled out in May. 
l\articular care must be. taken in planting out as 
the roots of the plants aro<very brittle, mid liable to 
damage if they are at all earelessly handled. Seedling 
plants often yield bloom with very curious markings, 
and if it bo desired to per|Kduate those it must be 
done by cuttings taken in August, and ])laeed iu pots 
or a frame in soil wliieli is well mixetl with rotten 
manure and kept moist. They must be wintered in 
a cold frame, ami eare taken that the frost does 
not get at them. (Jood bedding sorts are (V>untess 
of Ellesmere (crimson with paler throat), Delieata 
(white with purple stripes), and E(K*tor Kogg 
(purple with white throat). 

No garden is complete without its tobacco ])lants, 
as the varieties of nieotiana are popularly called. 
'Fhey should be treated as half-hardy annuals, and 
raised frojn seed sown in heat in lAdiniary, vvlien 
they will be ready for planting out with the rest 
of the summer and auturun 
bedding stuff. The one most fn*- 
(piently met with is Nieotiana 
a jlinis, part icula rly s w e (* t 
scented in tlic evening, and 
reaching a height of about two 
feet. A taller variety is called 
Sylvestris— three feet in height, 
tlie llowers of wliieli do not 
shut when exposed to the full 
glare of the sun, as is the ease 
with Afiinis. A very interest- 
ing variety is calk'd Sander«'e, 
having red llowers. 

The Hardy Ferns. In 
order to grow hardy ferns to 
the best advantage they must 
liavc a shady ])osition in tlie 
garden. It is not, of cMUirse, im- 
])ossiblo to grow ferns in the 
sun, but it is hofieless to 
ex[)ect them to do well there, 
as they soon get scorched u]). Ferns dislike being 
moved: hence, to get the best results, the fernery 
should be established at some spot in tlie garden 
whore it is likely to remain fora number of years. 
A sloping bank makes an ideal spot for a fernery, 
but, no matter ^vhero it may be, it is essential tliat 
tlie ground should bo well di’ained. Ferns will not 
nourish when they have a lot of stagnant moisture 
about thoir ro.ots, though, at the same time, the 
majority of them tlirive admirably in the neigh- 
bourhood of a running brook or strcHiii. The 
ideal soil for the fernery is a mixture of good loam 
and ])cat, the former predominating. 

Ferns are usually propagated by taking the seeds, 
or spores, which are found upon the backs of tlie 
fronds, .'ind spreading tliem earefully upon the .sur- 
face of a lump of jieat, keeping the peat thoroughly 
moist, when the majority of the sticds w'ill succoss- 
fully germinate. Those fern.s which have running 
roots, however, may be divided in the usual manner. 
Ill order td ensure that fresh bright green appenranec 
so niiic^ to be desired in ferns it is necessary that 
wio foliage should have plenty of water. In small 
indoor ferneries this moisture is often supplied by the 
introduction of'a small fountain. Out of doors the 


best substitute is freipieiit soaking with tlie hose, 
the rose of which has holes of the smallest size. 

There are several varieties of .spleenwort 
(asplenium) ranging fioni oiui to two feet liigh 
rcs|x*ctively. 'rhe mos( iiu[M)rtant is the black 
spleenwort. {Adiantinn nhjrnm) wliieli, in addition 
to being grown among otluu- ferns, may be ])lanted 
witli snecss at the fool of sueh shrubs as azaleas 
to act as a carpet. Its iroiuis are also useful when 
boiupicts have to be made u]), or to mingle with cut 
flowers for general dec orative ]mrpoKeH. 

Royal and other Popular Ferns. 'I’be 
Royal fern {(tsnninda retjafis) is rightly named, 
as it is the largc'st and most im])osing of all 
our native ferns. It has been known to attain a 
height of eight feed, though its average altitude is 
not so miicdi as tliis. It wants damj) peaty soil, and 
may, in fact, be ])lant(‘d with its roots in w'ati'i 
in a .shady spot, 'rhere are several varied Les, natives 
of North America, useful wdiere large collections are 
being macks but otherwise not of great imjioitancx'. 

One of the most popular ferns is Kart’s Tongue 
fern {Seofopt ndriiim rnffjarc), deriving its name* 
from the shape' of the frond, s. Like most other ferns 

like shade and moisture', lint lias the eharae- 
teri'ific )f thriving particularly well in a soil con- 
taining lime. It is attractive 
when grown in ])ots for the* 
t.ible. 

The Lady io.rn {Alhi/ritijn) is 
another family of ferns mueli 
oveuladen with valueless v.irie- 
ties, but the type^ is worthy ot 
(•ultivatie)!! under orthodox 
condilions in the fernery, or 
among evergreen herbaceous 
plants. It dies down during 
the* winter, and, therefore, 
re«|uir(?s no water then. 

A very useful liarcly little 
fe'.rn is Folypody {Pnli/ podium), 
the trouels of wdiiedi are green 
idl the year roiind, and which 
may be grown on walls or in 
rock work. It is one of the 
easiest of ferns to ])ropagate, 
being easily increased by divid- 
ing tlie roots — an operation 
liest carried out in the springtime. It ])refers a liberal 
atlmixturo of .^aiul in the soil in whicli it is grown. 

The Shiehl fern {A.spidiuni and Poli/slichum) is 
one eminently suited for emlture in town gardens, 
as it will thrive in a com]iaratively poor soil pro- 
vided it has ])lonty of wateu'Muring the hot months. 
The Shield ferns arc partie-uhirly useful for planting 
under trees, where there arii ofte'ii bare spots nx)e3ii 
which grass- refuses to grow'. Die well known Holly 
fern is a variety of this family, of which consider- 
ably over 100 members are found in catalogues. 

There are several other families of ferns, indi- 
vidual members of wdiich aie worthy of a place in 
our gardens, wdiere a speciality is being made of 
the fernery. 'Phe system of nomenelature by 
wdiie'h they are distinguished is a very confusing 
one, and the* young gardener wdio holies to get on iii 
the world can oci'ujiy his time far better in doing 
more useful things thin, for instance, trying to 
identify Aihyrium jilix-jcemiim florc plena 
superhum pvrisrristatum. which is a rather insig- 
nificant variety of the Lady fern. In any case too 
many feu-ns in a garden are a mistake, and unhss 
the place is of any considerable extent it is perhaps 
a mistake to lay down a fernery at all 
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'T^H K proliiniriMry conHidtM’ation for a dock is l]jo 
^ clioic^* of a sifc. Lovv-lyir)g lands along lidal 
portions of rivers and estuaries are generally utilised, 
and th(Tel)y the amount of (‘xeavation is inueli 
reduced, and what is retpiiriHl to he dug out can 
he employe<l in making u]> the hacking of the 
quays. Bends in the rivers furnish very suitahfe 
sites for docks, the surfat'cs la'ing low. In shaiq) 
bends the dock is carried right across the hend, with 
an entrance at each end. The hends of the Itiver 
Thames at London, also of the Biver .Medway at 
( hatham, have thus served as sites for docks. 

There are various types of docks, and their 
design depends iqxm tlie condition of the site, the 
nat\»re of the traffic, and possihh* future extension. 
'J’lie length given to a dock depends upon the site, 
and the width is regulated by fhe size of the vessels 
using the dock. 'LMu' depth (lepends u])ou the water- 
level at neap tkh's, depth of the a])])roaeh. river, or 
channel, and the draught of (he vessels (liat will 
frecpieut the dock. The deepening of a dock is a 
very ex])ensive process, involving tlu^ consideration 
of the underpinning of all adjaciuit walls where 
their foundations are shallow, lhaiee (he depth of 
a dock at the outset of its eonsti uelion is of primary 
importance. 

Dock Walls. Duck and (piay walls form a 
very important feature in the coustruetion of rloeks, 
as upon their <lcsign, the foundation, and the 
mat-erials uhcjI, the total expenditure of a dock 
mainly depends. The object of dock and quay walls 
is not only to utilise the area of the dock, but also 
to enable vessels to lie alongside for loading and 
disehargiiig, which they cannot do against a slo])ing 
bank unless it is piled out. Fender piles arc 
introduced, and a coping that will bear the run of 
loose chains Hurmonnting the quay wall. The 
foundations adopted for dock walls depend iq)on the 
nature of the soil to be built iq)on. In firm ground, 
the walls are generally built u])on it direct, the 
excavations being increascul in depth accordingly. 
If the ground is soft for some (considerable depth 
below the intended Icvel of foundation, other means 
have tx) be resorted to — namely, bearing piles, driven 
until they reach a hard stratum, the tops of the 
piles being connected by walings, and upon this 
staging the wall is built. If the ground is .soft, a 
layer of concrete is nut in between the piles and 
walings, and the wall is then biiill, n{)on this con- 
tinuous layer of concrete, which must be thick 
enough to distribute the pressure. 

Pressure upon Dock Walls. Quay walls 
act as retaining walls, since they retain the earth 
at the baok. The presence of the earth tends to 
overturn the wall by causing it to slide forward, 
or to turn on its outer edge. Tlie prt^ssure 
de^nds upon the nature of the soil and its con- 
dition, and is always increased by the presence 
, of water at the back of the wall ; also by the weight 
of cranes ; and the effect of goods trafliic on rails, if 
provided, must be duly considered, 

^ The pressure varies with the depth, and may bo 
• provide for by inore^^ing the width by means of 
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Hte})s from the to[) towards the bottom, the face of 
llnr wall being g(‘ncrally built on a batter. Tht* 
width at the hast; is generally from one-third to half 
the hciglit, according to circmnstaiicos, (’onnter- 
forts are also built at certain intervals. A straight 
hatter to a dock wall is ])referahle to a curved one, 
as it cnal>les vessels to ap]>roacli close to the wall. 
Its foundation is also (‘asicr to (roust met when a firm 
slnitnin is obtaiin'd. 'Fhe ground is (‘xeavated 
vertically to a depth snfiici(‘nt to s(^cure the wall 
from being ])ijsli(‘(l forward, and the foundation, 
generally of concrete, is th(‘n put into ])()Hition, 
The foundations are generally ])ut in in short 
lengths, t(j reduce the cost of pumping and to avoid 
possil>le slips. 'Phe remaining concrete formii»g the 
wall is tlun carri('d up in layt^^s, with pro])er 
]>recanti()ns as regards the laying of one course over 
another. 

Faihuvs in doerk walls arc caused chiefly by slips 
of the ground at th(‘ hack of the wall and by the 
pressure of (he water heliitid at low water tending 
(o push th(‘ wall forward. A corjerete toe is gener- 
ally built at th(‘ foot of a wall to add to the stability 
of the wall and (o obviate tin* elteet of scour. The 
co])ing of a dock wall is gc'ncrally of granite, but 
special concrete is used in some of the new walls 
at Liverpool. ( V)])ing-stoneH are dowelhal together, 
so that they juay not he displaced by blows. 

Foundations. Wliih* rock is the best mate- 
rial for foundations, it is s(unt*limes treaclierons, 
and beset with diflicidtii's unless ]>roperly dealt 
with. In .‘ome cas(*s the surface of the rock is 
irrcgidar, hut is easily dressed to th(^ rc‘(pdred l(*vel 
when the roede is not too hard to admit of this treal.- 
ment : hut wlum such a, eoiirse eannot be adopted 
the rock may be roughly dressed and levelled to 
receive a course of facre .stones hcddc'd in ecinent 
mortar. In the cas(‘ of cxtnnne unevenness of 
surfac(‘ of th(‘ roek, m iss concrete may be deposited 
from skips or bags, e()nrnu‘(l in position by board- 
ing or bags of sand. Bags of eonerete ar(^ sometimes 
used instead of mass concrete, but do not make sucii 
a satisfactory job. 

It is often found ex])edi(^nt to bench the rock if 
it is inclined, and light charges of dynamite or 
other ex])losives are used to attain this residt. 
Prior to building ny)on roek, all sand, gravel, or mud, 
together with all weed and other sea growth, must 
be. removed to ]>rovide a clean surface for tli(‘ 
adhesion of the superstructure. A small grab is 
suitable for such work, but if the surface of rook is 
too irregular, the work must be exec uteri by divers. 

Sand is an excellent foundation, being practical!}' 
incompressible,- but must on no account be allowed 
to oscai^e from its natural position. In building 
breakwaters ujwn a sand foundation, rubble ston»' 
is deposited over the site and extended well sea 
ward, forming a wide apron to protect the sand 
from scour. Sand may be found by boring t<| 
overlie some stable ground, when it can be removed 
by a sand pump and the firmer rock bed laid bare 
Boxes filled with sand have been known to retain 
heavy weight resting on the sand without depressio/! 
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until thp sides of the boxes have received a shock, 
with the result that the sand has immediately sunk. 

Mud foundations, if not of great thickness, should 
be removed to the more solid ground underneath. 
If depth of water permits, piles may be driven 
over the entire area to be occupied by the super- 
structure with pro|)er cills and layers of jdanking. 
The mud should then be removed for a depth of 
4 ft. or b ft. below the pile heads, nnd good eonerete 
jnit in. Sheet piling along each side will increa.se 
the security against scour an<l iindormining. 

(travel may he .similarly treated, but is not so 
liable to sinkage as .s;jnd described above, while 
clay depends upon its eharaeter, wlietluM* li.-ird and 
compact or soft and treacherous, lik(‘ mud. Clay 
must he ])rotC‘cted from aeoiii-. 

In the ease of foundations u])oii rubble, after 
a deposit of rubble a liiiu' bed for the reception of 
blocks may be formed of small broken stone, wbie.li 
divers can j)aek and arrange to tlu^ re(juired level. 
Sometimes the surface may be seal('(l by a layer 
of soft eonerete in small bags. 

Cylinder Foundations, (yiiuder founda- 
tions are not economical if several cylinders have 
to Ik) sunk together, lienee it is better to make one 
cylinder suliieieiit for one girder of a bridge than 
to use two or four cylirKlers to sup|>ort a jd.il- 
form siiitabk' for a pier. They ar(‘ usually a<lopt<Ml 
for foundations in de.-p wat<*r, required to be 
sunk to a considerable de])th in the ground. 
Where rock has to be dfvdt with, cylinders can 
be used jirovided tlie rock is first levelled off by 
divers or otli<‘r means to ensure a lev<d Ixal being 
obtained for the cylinder. 'Flic cylindrical form 
is preferable to an oblong, stpiare. or flat ellijitical 
section in ])lan, as it best resists internal pressure 
and collapse, and is suitable for soils such as eday, 
which is likely to swell. C-ylinders should not be 
sunk nearer together than ft., and for considerable 
depths in sand not nearer than one-font th toone-liftli 
of their diameter. One or two largo (-ylinders used in 
preference to a number of smaller ones are liable to 
get out of the vertical in sinking. The thickness 
of metal generally us(mI for cylinders ranges from 1 in. 
to 1:| in. The eylind<*rs shmdd be east in sueh length 
that vertical joint flanges are not recjuired. 'Fhe 
rings arc usually cast in lengths of 1) ft. It is 
almost impossible to sink evlimlers .so that their tops 
are level, their subsidence under a loud not being 
uniform or the strata perfectly hori/.ontal. 'Fhe 
top or making-up ring should not he east until 
the tost load has be(‘n removed from the cylinder. 
The cutting ring shoulcl have a eliisel-pointcd cutting 
edge, and its form should he suiltHl to the mat<Tiul 
it has to ])enetrate. The rutting ring is best imule 
of wrought iron l)ee,ausc of its not. being so liable to 
fracture from blows, and its more uniform strength. 
It should be well strutted and stayed to })revent 
deformation. The ii]q)er rings are Ix'st of east iron, 
l)eing*eheM]wr, and they are more easily and (piiekly 
bolted together. If the cylinders have to be sunk 
to a considerable depth, the diameters should be suffi- 
ciently largo to allow for any unavoidable deviation 
in sinking which may occur. The joints of cylinders 
may be caulked with iron-rust cement for lialf of the 
outer thickness of the rings, and the remaining space 
filled in with Portland cement. Cylinders are some- 
times lined with tarred felt to allow for the expansion 
of tlhie concrete in the hearting or filling, the freezing 
of water or unequal contraction, and e.\pansion of 
iron and material used for tilling in the cylinders. 

SinKing Cylinders. A cylinder foundation 
Hhould be weighted with a load equivalent to that 
which it will be called uiiOii to sustain, and the 


equally distributed load on the hearting of the 
cylinder should remain for some days to ensure no 
future settlement. 

Hocks are usually not loaded with more than H 
to 10 tons per sq. ft., aeoording to the description 
of the rock ; sandstone rock, if soft, 11 to I| tons per 
sq. ft. ; soft clay, \ ton per sq. ft. ; damp clay, 1 J 
to 2 tons ])or stj. ft. ; looser sand, 2| to 3 tons 
per s(j, ft. ; .solid clay and linn sand, 4 tons per 
S(|. ft. ; bine clay, 5 to H tons ])er sq. ft. ; soft 
chalk, 1 to J.{ tons per s<|, ft. ; hard ciialk, 2.J to 
4 tons ])er stj. ft. 

'J'he sinking of cylinders can also he exetmted by 
the l^lcnum, or coinprcsscul air method, though 
nsunlly the cylinders are forced down by weight, the 
material in tlie interior ))eing excavated by dredgers, 
grabs, or excavators, or the exterior may be exca- 
vated by divers, or the interior (InnlgtHl till rock 
is reacli<‘d, the bed being levelled by <livers if 
neeess;uy, and snffieieiit concrete deposited to keep 
back the water, and tlujiji the water ])iunt)ed out 
of the cylinder. ( ’ylinders can be sunk in loose soil, 
imid, sill, sand, and gravel, overlying imixnmeablo 
stratum at a inod('rate de])tli, by tlie aid of pile 
singing elected around the site. 

Cylinder Rings. A number of rings to reach, 
wluai Slink, a little above fh(‘ wab'T’-level. being bolted 
together and caulked, are lowered into iiosilion by a 
travelling ^•rane working on a stage. The loose soil 
being taken out by a grab dnalger, fresh rings are 
added as the eylinder sinks until i in permeable soil 
is reached. 1’lie water is (hen pumped out, and the 
oxeavationconlimied. (heat care must be taken that 
the cyliiid(‘r is perfectly vertical at the beginning of 
the sinking. 'Fhe exc avation should bo I'arricd out 
unitornily over the vsliole surface to ensure the 
eylinder sinking cfinally. Should two cylinders 
have to be sunk close to (*ach other, or k*sa than a 
diameter of a eylinder ai>ar(. they should hi* sunk 
alternately, not siimdtaneously, otherwise there 
is a tendi'iiey to draw towards one another. In 
lowering the water in ' a cylinder hy ])nmping, 
blows frequently oeenr— (hat is, tlic soil wnll rush 
up from below, and possibly fill tlii^ cylinder. 

Sueh blows also oeenr in sinking eylinders from the 
eompre.sseil air escaping under the cutting edge. 
They generally take place in loose, porous soils by 
eliauges in (be water-level owing to great range of 
tide or wave action, hut may be arrested by carefully 
lowering the air ])ressure so as not to endanger 
the lives of the men. In sinking cylinders, boulders 
varying in size are freipiently encountered and oftfii 
tilt the cylinder. They are often difficult to remove, 
requiring to be drawn into the. cylinder, pushed 
outw'ards. sfilit or drilled. As regards the kentledge 
required for sinking a f vbnder, balks of timber are 
placed aiToss (he top of the eylinder and medium- 
sized stones ])aeked upon them, or pig iron is usually 
eui|)loyed. I'ho weight must l)e adjusted so as to 
lie di.stribiited equally to ensure uniform sinking. 
Jffaeiiig (lie kenthalge on the to]) of the cylinder 
raisi's the centre of gravity, and the kentledge is 
often laid nixni stages ])iaeed within the cylinder, 
thus rodneing the leiuleiiey of the cylinder to tilt. 
The quantity of kentledge required deiMinds upon 
the nature of the soil through which the cylinder has 
to 1 m* sunk, its size and dej3th in the ground. In 
calculating the kentledge required, when, the com- 
pressed air system is employed the lifting power 
of the air pressure must be added. The hearting 
usually consists of .Portland cement, concrete, 
brickwork or masonry. 

In the compressed-air system of sinldng cylinder^ 
the chLif i)omt8 to be considered are sufficient supply 
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of eir for the expulsion of the water, and for the mea 
in tho working chainlwr, toother with the provision 
of ready entrance and exit f)r the men, introduction 
of plant and materials, and discharge of material 
excavated. 

Well Foundations. Upon the suitability 
of well foundations as an alternative! to the use of 
cylinders, tla; following points have to be con- 
sidered. The soil should be loose strata, not tinner 
than sand. 'PIhj ])rot)ability of debris and boulders 
and other obstructions, sncli as liard stratum, 
would render the em])loyment of cylinders ])re- 
fcrablc, while in compact soil the sinking of a. brick 
or concrete cylinder, on a curb, w’ould be ditti<‘nlt. 
and an iron cylinder with a fine cutt ing edge would be 
preferable. Tlie w'ell system is economical in sand 
and sjlt, if the wat<‘r is of moderate depth. Suitable 
plant and excavating ap})aratus must be us(*d. if 
tho depth is too great, hy the employment of eoiu- 
prc.sRco air. VV'ell foundations inay consist of masonry, 
concrete, or brickwork, .Mid the j(‘imirks on cylinder 
linking are generally a])plieable to well sinking. 

Borings. Iterings sliould be taken to ascertain 
the nature of the soil to be ( xcavated, and also the 
strata to be built upon. Am}>le borings should be 
taken upon the site, as the depth .ind thickiu'ss of 
the different strata vary eoiisiderahly. Can* shoiild 
be taken in examining the mateii.ils laki'u from 
the boring tool .and allow.ancc madt' for the altera- 
tion in their consistency duo to (ho .••otion of btu ing. 
'Prial pit.s are ])roforal)lo, .and afford more r(‘li.Ml)l(‘ 
information than Ixirings, and should be u.s(‘d in 
])reforenee to boriags, wlu n tlu‘ •pu'stion of water 
))ormits of their use. In a trial pit, tin* inclinatioti 
or dip of a strata may bo taken with the aid of a 
clinometer. 

Cofferdams. A oolferdam is g(*ner;dly com- 
in’ised of two row's of limlu'r piles (Iriva'n into (he 
ground to a, sutlioiont depth, tho (list, nice bctw'cen 
the row’s being It ft. to o ft., the intervening spao«‘ 
l)eiiig filled in W'ith clay puddle. 'I'lui (tlay sliould 
f)e carried dowm to as impc'rmc.ibh* a stratum as 
]H)ssible. FJorizonfal w'alings arc attaclu'd to the 
piles to ]>revent/ them yielding to the pi<‘ssme of 
the (day puddle inside. Further support can ho 
given by means of struts inside, and hy a bank of 
approved earthwork or chalk against tli(‘ inner fall. 
Cofferdams are used to k(^cp ))ack the water from 
the .site of a pr()]>osed dock, to permit of the. ])uild- 
in[i; of the wadis. 'IVmpor.ary eartlK'uw'ork dams, 
though che.iper in the first ease, iKu-ome costly in 
their.' removal owing to tli(* large ainomit of 
material used, .so that a coll’enlam is deemed 
preferable (se? also ])age I402|. 

Pumping, 'flic levels of (be foundations of 
docjks, walls, etc., arc generally considerably lower 
than the ordinary water-level found in the ground, 
hence pum]>ing is necessary wluai diving is not 
introduced to enable tho excavation to lie c.irried 
down to the re(piircd depth. Puni])S should be 
sunk at the lowest jioint, and be in dujdicate so as 
to meet all oontingencie.s. As the lift frequently 
excJeeds 30 ft., chain pumps and centrifugal piiru]>s 
arc employed. An (’xperamcod contractor can 
generally sugge.st to the engineer a reliable mode 
of procedure in such a case. 

Dock Gates. A dock gate, when closed, is 
subjected to the direct water pressure on the gate 
itisell, which increases with the depth and varies 
with the length, and produces' a strain on the gate 
similar to that on a uniformly loaded girder. It 
also has to resist the pressure transmitted to the 
meeting’post by the other gate. This compressive 
strainitelfl^ the direction of the length of the gate, 
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ami may be regarded as equal to half Jhe water 
pressure on the gate multiplied by the tangent of 
half the angle at which the two gates are inclined 
when properly closed. *The angle depends on tho 
inclination of the fa.cc.s of the sill, or the pro- 
jection of the sill in proportion to the span, commonly 
called the rise of th»» gates. (»ates are usually curved 
so as to form, when c1os(h 1, a continuous circular 
are, «nd acting as an arch .sustaining horizontal 
normal pre.ssures, tin? transverse strain disappears 
and the w'holo strain be(^ome.s converted into a 
compressive strain acting in tlio direction of the 
Icnglli of the gate, is the same on each horizontal 
section, and increases with the depth owing to 
the iiicreascd increment of water pressure. This 
strain is evidently cipial to the pressure on a 
cirenit of surface multiplied by (ho radius of curva- 
tun‘. The rise given to a gate atfeets considerably 
the eompre.ssive strain on the gates, the strain 
varying inversely a.s the rise. A small rise increase.s 
th(‘ strain on the gates, and the Icmgtli of the gate 
is at tlie same time rediu^ed. With a large r.ise, the 
r<‘vers(' is the case. 

Materials for Dock Gates. Dock gates 

are constructed of w'ood and iron, W'ooden gates 
being b(‘tter able to resist, slujeks and ])OHS(‘ssing 
iuor(‘ ('lastif'ity. Wo(')den gat(‘s arc compo.scd ot 
lieelpost and nu'ct ing-post at i‘ach (‘ml. connected to 
a fr.im(‘work of horizon I al ribs to wdiieh a s'leeting 
of planks is fastened, forming the skin to the gabi 
to r(‘tain the water. All joints .are caulkeil to 
(‘nsure (lie skin being watertight, (tna'iiheart is 
the best w'(K)d for gates ox)>os('(l to siilt water. 

Iron is better snit(*(l l;ug(' gates, but to resist 
('orrosion it should be thorouglily painted at walcr- 
levi'l and (‘overed with black varnish below water- 
l(‘vcl. Irorj gates arc built with a douhk* skin of 
])lates connected to a framework of vertical and 
iiorizoiilal ribs made up of plates and angles and 
t('(‘s, w'itli manholes to .admit of .aeeess inside the 
gate. 'Phe (‘x posed edges of all ])lates should he 
kept clean and fra'e from mud (le])osll, as the mud 
aids corrosion, Tho hec'lpost, me(‘ting-])ost and 
sill-])iece are made of greenh(\art. 

Forms of Dock Gates. 'Pliere ar*(5 various 
forms (jf (lock — straight dock gates, imateing 

at an angle ; cnrrrd gates, meeting at an angle, 
and, vvIk'u elo.sed, taking the form of a (lothi(! 
arch ; and srf/menUd gates, forming a circular arch 
wh<‘n closed, "i'lie sill is genei'ally m.ide sti’aight 
for any (U'sij^n ; a straight proprietary sill-pii^cc 
is fa.stencd to the liottom of the (Mirvod gate. 
Sluices af’p nuulo near to the bottom of the gates, 
and closed by sliding d(^ors, raised or lowerxvl 
by rods w'orked by a screw on the top of the gate. 
The h(M‘lpost is sujiyiortod at the bottom on a steel 
pivot lot into the lieelpost stone, and turning upon 
it-. At the to]i it is held by nmdior bars built 
into the wall and also long tic-rods anchored in the 
back of the wall, thus allowing tho gate to revolve. 
An additional support is given to the gates in thc! 
form of a roller near its outer end, thc centre of the 
roller being fixed in tho same vertical line as the 
intersection of the centre of gravity of the gate and 
thc centre of tho heel post ; in curved gates it falls 
outeide the gate. The roller is made slightly conical 
for rolling along its curved path, and adjusted by 
means of a rod attached to the top of tho gate to 
ensure its always bearing upon its path. Rollers are 
not necessary for small gates, and in iron gates are 
often dispensed with, a counterbalance weight of 
water ballast being placed in the gate near the hoel- 

r t to reduce the strain on the anchor straps, 
very large and wide gates two roller paths 
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concentric with one another are provided to each 
gate. Oaftes may be opened and cloaed by chains 
attached to the gates and passing round drums 
turned by oa^wtans or by hydraulic engines. Four 
separate chains are recpiired, and they are attached 
more than halfway down the gate near the lower 
support of the roller to avoid straining the gate 
and to facilitate motion, (.'hain passages are eoii- 
siructed in the walls of the docik, with guide rollers 
for the chains. Hydraulic rams are also used, but 
when introduced are attached at a higher level, so 
that their actuating machinery may bo above 
water- level. 

Single skill gates arc not much use<J now. As 
gates are seldom opened oxco])t at or near high 
double-skin gates are more buoyant, and 
adapt themselves better to the usual reipiirements. 
In ease of a fracture by a vessel running into a gate, 
there are two skins to break through instead of one, 
and the water in the dock is less liable to be lost in 
consequenee. Double skin gates are in tlnunselves 
heavier than single skin gates, and double-skin gates 
are liable to leakage and diflicult to rt'pair <‘onso- 
(pient upon the deposit of mud within them, besides 
their buoyaney under the inllnenee of a. ditTcrence of 
level between high and low water. 

For grecnlieart gates, the difficulty 
is to oiitain the material. At Liv(T- 
))Ool they have the jiiek of all tin* Ix'st 
limber; but ev(‘n there there is diffi- 
culty in obtaining emougli for a large 
])air of gates. 

Caissons, 'riicre are two types 
of caissons — sliding and floating. 'I'he 
advantage of their a<loptioi\ is to 
sliorten the length of the entrance. 

They ilisjumso with the hollow ({uoins. 

They facilitate maintenances and rejiairs, 
and when made to be capable of <*arry- 
ing a road or railway along their toj) 
tliey obviate the cost and inconvenience 
of a swing bri<lgo across the entrance. 

SlidiiUj e/iissons are usually con- 
stnuded rectangular in section, and are 
drawn backwards and forwards by 
hauling gear fixi'd at the inner end of the : 

caisson (diamber; the weight of the g 
caisson on the sliding ways or rollers 
l)eing adjusted by the amoimtof waU r admitted to the 
water eliambers. The ]) 0 >\'er ajiplied may be steam, 
compressed air, eloelrieity, or hydraulic power. A 
sliding (laisson is found to etTeid a sav ing of time in 
adjustment and removal. Uolling caissons are of 
similar constniction, and have roll(‘rsto lhebott<»m 
<»f the V iisson, or slide? on rollers atta<?hed to the? de>ek 
floor. A ( hamber is provided on one side* of the walls 
of the e lock to ree:oive the caisson when imt in use. 

iflofninif enUmti-a, termed “ ship caisseuis," are 
built of plate-iron sides, with angle's anel tee stiffeners 
anel diagonal braee,s. They are eliviele*d into sev’^eral 
water-tight compartments and air e'hainla*rs by 
means eff tho bulkleids. Flotat ion is ])rovided by 
the air chamber, hile others are ballasted, and so 
can be floated in and out of position. The width 
on the top depends on the nature of the road or 
footpath to be carried over. A recess is formed iii 
the bottom of the dock to receive the keel of the, 
caisson, and the projections on each aide of the dock 
walls atkthc entrance for the caisson to preas against. 
The caisson being required to close the dock 
^^ntrance, is floated into its pi ace against the side 
wall projections, and water la then admitted into 
the air chambers, ceasing the oaiswson to sink into 
thft reoeaa in the dock floor. 

Ic 


Graving Docks. An ordinary graving dock 
is a chamber of sufiicient size and depth to receive 
the vessel that is ref|uired to be cleaned or repaired. 
For this purpose the vessel must be placed high and 
dry, and adetjuately sujiported. (Graving docks are 
also called “ dry dorks.” They eomruimicate with 
a wet dock, or have access to dee]) water outside, and 
the entrance is closed by a ]>air of dock gates or by a 
caisson. The side walls arc formed to the outline of 
a vessel, with steps or altars to receive tho timber 
props su])f)orl iiig the vessel in an U])riglit position. 
The keel of the ship to Ik? examined or re))aired rests 
U])on keel blocks. lI])on a vessel entering a graving 
dock at or near high water, the entrance is closed, 
and the water is allowed to run out by means of the 
sluices to the level of low water ; tlu? sluices are then 
closed, and the remaining water in the dock is 
pumped out. As the wmt(‘r lowers in the dock, (he 
vessel is gradually propjM'd ii]) by timbers. TIu? 
dimensions of graving docks v'ary aeeoiding to (Ik? 
class of vessel to be |>rovklefl for. Portsmouth 
graving dock lias a length of 401 1 ft., and is 110 ft. 
wdde at the toj), with a maximiiin depth of 42.J ft. 
({raving docks, licing lixed structures, are lined with 
briekw'ork, concrete, or masonry; the facing to the 
walls being li.iblo to rough usage, 
caused by tin' ])ro|)s used in siqiport- 
ing a vessel, are, when? ])osaible, 
))roteeted by sj)(‘eia I recesses to receive 
such ])ro])s. 

Slipways. Slipw'ays re(|uire a 
largt' spae»', but an* less costly in eon- 
strui’tion and pimqiing than a graving 
dock. V’ess(‘ls an* liable to strains if 
any settlement in the foundations 
oeeurs. The vessel is deposited upon 
a cradle and hauksl iqithe sli[)way by 
hydraulic or oth(‘r ()Ower. 'rhec:entre 
of the cradle sustains the weight, the 
bilge blocks men*ly serving to steady 
the ves-el at th<* sides. A sli])W’ay 
provides better ventilation and light 
than a graving dock, but the cradle 
lias to In* specially adjusted to ])rovide 
an even k(*el. 

Floating Docks. The use of 

floating docks de])eiids on the physical 
conditions of tin* site. In the United 
King<lom th(*re are eomjiarat iv<*ly few floating 
docks, beeaus**, owing to the rise? and fall of the 
tide, graving <loeks an* ])referred wlien a. site is 
free from springs. In iion-tidal or only slightly tidal 
waters, such as those of the Baltic and the Mediter- 
ranean, (loafing docks are <hielly used. 

The One-sided Depositing Dock. This 
has only one side wall, arranged to regulate the 
descent of the dock under water and to give stability 
fore and aft. Transverse stability is afforded by a 
floating outrigger attached to the doi*k by several 
pairs of hinged beams. So long as tho outrigger 
keeps an even keel, the do(*k keeps a similar position. 
'Phis type of dock is also capable of depositing 
vessels upon fixed stagings erected along the fore- 
shore ; (he pontoon, iiisk'ad of bi*ing continuous in 
construetion, is composed of a number of short 
]>ontoons, with a space between them like a rake, 
which fits into another rake, formed by a stage. 
The shore stagings arc thus constructed with the 
])rojeoiions arranged so as to be capable of occupying 
the. spaces left between tho pontoons. 

The One-sided “Off-shore** Dock. 
Instead of being controlled by means of a floating 
outrigger, this type of dock is provided with columns 
which are sunk in the foreshore, and the booms are 
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attached to them. In a combination of the “ de- 
positing ” and “ off-shore ” ty|x?a the pontoon is a 
continuous structure, and the booms arc attticlied 
to the floating outrigger. The outrigger is used not 
only for stability, but to carry the boilers of the 
dock and small workshops. 

It must not he forgotten that considerable depth of 
water is re(|uirod for the installation of the floating 
dock. Dredging is often resorted to in obtaining a 
hole deej) enough to receive the dock, but such a. 
hole is apt to silt up and needs ]>eriodieal ro-dredging. 
A lloating dock is further dependent upon tin*, dis- 
])laeen\ent of the vessel to be lifted not exceeding tlie, 
dock's lifting eapacity, wlieroas a vessel that can 
enter a graving dock can be docked irres]Ka;tive 
of its weight. .V sheltered position is also 
essential. 

Groynes and Sea Walls, (iroynes are 
used for the ])ur]>ose of gatliering the shingle 
and raismg the i)each of a foiediore. 'Fhey 
stay the littoral drifting a-tion. (Iroynes them- 
selves cannot be regarded as a |)roteetion, but 
are' sc'rvieable in tin* effec't tbey produce, on the 
beiudi. 'J'hey do not ereat fresh material, but 
rely on wasting <'liffs, etc., te contribute fresh 
sujiplies, which t}u\v collect. 'Fheir formation has 
been di-oussod jit leii^th in the article beginning 
on fmgo 0077, v\here also (he* eonstiiie 
tion of sea walls is eonsiden'd. 


Buoys. Ihioys [7 and 8] are used 
for denoting positions in navigalde 
channels. Their location is rendered 


Captans [9J are indispensable nix)n every com- 
mercial quay. They 'are sometimes worked In 
hand levers, sometimes by hydraulic power, and 
sometimes by electricity, which is now preferred to 
steam power for u^.o upon a quay. 

Lighthouses. Lighthouses servo to murk 
the sites of projecting headlands, entrances of har- 
bours, and outlying rocks, also to indicate to a 
mariner the ))OHitiori of his course. Lighthoust s 
arc generally built conical in form, and construeh'd 
of stone or iron, with a lantern at the t^op. Stone is 
])refcrahlo to iron, as the former is not subject to 
corrosion. Jjiglithoiises built on an isolated rock 
in the sea have the following serious difficulties 
to combat. The foimdatjon ot a lighthouse being 
below high-water level, or very little above low- 
water level, can Ix^ i)ut in only during calm 
weather by the aid of divers, or executed as tide 
work. "Hiere is no shelter for workmen, and 

materials can be landed on the rock only as re(piire<]. 
The a])])roaeh to the rock is uncertain ^and at times 
dangerous. 'Phe distance of the depot from the 
site is often considerable. 'Fbe preparation of tlu* 
foundations presents the greatest difficulties, l.'n- 
soiind rock must Ix^ removed and level benehings 
formed to receive the foundation courses, wliieh an^ 
boltfsl or otherwise .secunMl to the rock. The hard- 
ness of a rock n])on which a light- 
house sfaruls is of paramount imjmrt- 
anoe in seenring suttie,i(‘nt stability to 
the struct lire to i)e (‘reeted upon it. In 
stone tow(*rs the courses an^ dovc- 


serviccable by night as well as by day tailed together both horizontally and 

by charging them with eom])i’essed gas vertically. 'I'he rate of progress de- 

of a sp<.'eial kind which, as it issues forth, fiends upon tin? level of the rock and 

burns in a suitableap])aratus, and cannot the eA])osun? of llie site, and is 

be extinguished by the waves. I’hey necessarily very slow at the Ix'ginning 

are constructed of wrought iron and of the work. In lighthouses con- 

are of sufficient capaeity for six weeks’ struoted sufficaently higli to be out of 

illumination (burning niglit and day), 9. capstan the reach of the waves, store-rooms and 

and cost from £300 to ioOO each, ex- tlwellings fur the lighthouse kcc])ers an* 

elusive of moorings. 'Thesliorea])])arat us for making provided. (Wstant care and supervision is 

and compressing the gas costs toOO to £1,000, and needed to juaintain the cffieieucy of a light- 

storage tanks iind buildings £ 000 . Solid wooden liouse and its lantern. Oil. gas, and the 

buoys are liable to get wat(‘rlogged. ( la sk buoys arc electric ligh are iistal as illuminanla, but of 

often used for mooring of vessels. Oan buoys an? these three, the lirst-riamcd is ])referred. Klt'c- 

used to locate the fairway of a channel. Ih‘11 buoys, trie light ])ossesHes great inUmsity, but is 

or buoys with a hanging bell attached at the top, are reckoned to be inferior to the other lights in 

useful at night or in foggy weather, the ringing of foggy wtnither. The. distinction in character 

the- lx‘11 b(;ing (*a used by the oscillation of the buoy ; of the resptx'tive. lights is made by a detinite 

but light-giving buoys an* the most satisfactory, number of Hashes in (piick succession, follow- 

the. bell buoys having the disadvantage of limited ing a certiiin period of obseuration, which enalh-s 

range of sound in windy weather and absence of the mariners to recognise any particular light, 

sound during e>dm weather. In foggy weather signals are mado by ringing 

Beacons. A wooden l)cacon may be former! hell, or blowing a horn or trumpet and steaai 

with a wood pole well se(mr(‘d at its base, in the syrens. A similar arrangement of combinations 

ground or in a mound of stone, with a ball at the of sounds can be made as above, worked from s 

top. These b(*aeons are used to indicate tides of liglitbouse. 

a channel or estuary, and inainlaiu their ]>ositioii Screw Pile Lighthouses. 'Phis form of 
during the rise ami fall of the tide. In tin's way construction is adopted on sandbanks where the 

they are j)referable to buoys, but buoys can be foundation is iiiiKuitable for a more solid bas( . 

anchorerl when; a boaeon would not be. available. Such construction presents little obstruction to the 
Iron beacons are usually eonstruete^i of iron tubes waves, but requires protection from drifting ice. 
or of UToiight-iron bars sunk into the ground or LighUikips are moored in different positions t'> 
rock, rigidly braced together at the toy) of the serve as a warning to vessels of dangerous shoal', 

beacon, and surmounted with a yiainted ball having whore lighthouses would either be iniyiossible to binhl 

distinguishing marks thereon in bold colours. or too costly for the required pury)Ose. 

Haubours and Docks cmchidei ; fallowed by Civil Enoineertno Abroad 
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Ratios of 15'^ and 75". Formulae for Sum and Difference 
of Two Sines or Cosines. Multiple Angles. Logarithms 


Group 21 

MATHEMATICS 

45 

TIll<.;OMtMKTRY 

fioiu 


By HERBERT J. ALLPORT, M.A. 

22. ihnitinuod. To jjrove 
sin (A - B) sin A os B-cos A . sin B 



c<<s H + sin A . sin B. 

Let KOlj be the 
iinj^le A, anti LOK 
the angle B. Then 
KOK is (he angle 
(A-B). Making the 
Eaiue construction as 
before, wc have i.s 
-/? PMO, PNO right :_s. 

O 01^ DP as (lia- 
meter passes through M and N. Hence l VPN 
is the supplement of 1.NPM, and is etpial to 


^ MON {1 

'*ro{t. 41), ?, 

,c., to 1 

.A. 'riieii 

Similarly, wt* 

sin (A - 

B) 





tan (A - 

MP 

KN 

-PY 

XN 

PV 

By 

the sanu* 

OP 

XN 

OP 

ON PV 

OP 

PN 

OB 

ON 

* OP 

PN 

OP 



c< it ( A 1- 

— sin 

HOL . 

e< IS 

LOK - 

c<is VPN . sin LOK 



- sill 

A . CO- 

5 B- 

cos A . 

sin B. 

■Hllll 

cot (A - 


Again, 


(A - B) 


OM 

OP 

OX 

ON 


NV 

OP 


ON 

OP 


OX 1 NV OX 

OP' ■ OP 

N V PN 
PN * OP 

” cos ROIj . cos LOK + sin VPN . sin LOK 
^ cos A . cos B sin A . sin B. 

[n tJie above proofs we liavt^ only consideretl 
the castjs in which the z. s A, B and ( A + B) are 
ea(!li less than a right angle. It is left as an 
tixercise to the student to tlraw the tigunjs anti 
modify the proofs ft>r t)ther values t)f the aiigle.s. 

23. Ratios of 15° and 75". 'rhe results 
of the last article enable us to find the ratios of 
15” and 75°. 

Examplk. Find the value of tan 75". 

70*. ^ 5 

_ sin 45° cos IMP -\- cos 45 ’ . sin IMP 
cos 45° cos 1^0° -- sin 45° sin IMP 
_ cos IMP -I- sin 150" 
cos 1^0° - sin IMP 

[Cancelling numerator ami dt*- 
nominator by which is the 
value of both sin 45° and cos 45°] 


'riie otl»(*r latios of 75° can be foiiml in a 
similar way. In Mu* east* of 1.5 , we use the 
fact that 15 45 ’ 

24. Fortnulije for tan (A±B). We have 
tan(ApB) 

sin(A -l-P>) sin A cos B-t-cosAsin B 
cos (A + B) cos A cos JP- sin A sin B 
sin A . cos B ^ (‘OS A . sin B 

_ (SIS . cos B cos A cos li 

cos A . (M)s B sin A . sin B • 

cos A . cos B e(js*A . l‘<is B 

tan A I tan B 
i - tan A . tan 1‘»‘ 


tail A - tan 1^ 

1 I Lin .A . tan IV 


cot A . cot P» — 1 
eol A L cot B 
cot A . col B 4- 1 
col B - cot 

25. The “ S, T” Formulae, We have 
already proved that 

sin (.A 1’ B) sin A . cos B 4- cos A . sin B, 
sin (A - B) ■ sin A . cos B - cos A . sin ]b 
cos (A 4 B) cos . t‘()s B — sin A . sin Jh 
cos (A - B) - cos A . cos J? 4- sin A . sin B. 

By adding and suhtracting the liist pair of 
rcsulls we get 

sin (A lB) Lsi)i (A - P>) 2 sin A . cos P> | ... 

sin (A PB) - sin (A - B) - 2 cos A . sin B f * ’ J ^ 
Similarly, from the second pair we get 
cos (A P B) P cos (A “ B) ' 2 cos A . cos B \ 
cos {.A - B) - cos (A 4- B) - 2 sin A . sin B ^ ' 

Let A 4- B=^ S, and A - B T. By solving 
these e([uations wt^ find A - ' and B ■ ^ y- . 

Substitute these values of A and B in (1) and 
(2). Tlien 

S i 'r S - 

sin S -1 sin T -- 2 sin . cos 

2 

S 4 T . S - T 
sin S - sin T— 2 cos » 




, S4-T 
2 


S - T 


TTT- 
2 2 


.^3-H (v/:5-H)’^4-(-2v';5 

\/3-l 3-1 2 

- 2 -f ea- 


rn o o • + - S-T 

COS T - cos S 2 sm . sin . ~ • 

u 2 

These results should he remeinhered hi ivords, 
thus 

(i.) 77ic sum of the sines of tivo angles eguats 
twice the sine of half their s-um, times 
the cosine of half th*dr difference. 
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(ii.) The difference of the nines of two amjles 
equals twice the cosine of half their suni^ 
times the sine (f half their difference. 

(lii.) The sum of the cosines of two awjtes equals 
hrice the (•osi}ie of half their sum^ fitnes 
the cosine (f half their difference. 

(iv.) The difference of the eitsines tf two aiajles 
[the cosine of the less^ minus the cosine 
of the greater] equ<ds tieice the sine of 
half their .sum, limes the sine of half 
their difference. 

1'he student must also be able to make a 
ready use of the results (I) and (2); be 

must remember that the product of a sine and 
cosine can be expri*ssed a.s the sum of t wo sines, 
and so on. 

Kxaaii'Lk. 

:iA A 


1 

l^COS 

/3A , 



A\1 

2 


2) 

1 cos - 

■ -0} 


{cos 2A 4- cos AJ . 


26. Trigonometrical Ratios of Multi* 
pie Angles. 

By putting B A in the formula 
sin (A 4- B) ~ sin A . cos E -I- cos A . sin B, 
we get 

sin (A 4- A) - - sii» A . cos A I- cos A . sin A 

i.e., sin 2A 2 sin A . c<>s A (1) 

Again, from 

cos (A B) — cos A . cos B sin A . sin B, 
we get 

cos (A I- A) - (!os A . cos A - sin A . sin A ; 

i.p.f cos 2 A - cos'^A - sin‘‘4\ 

Since 1 - ■ cos‘“A 4- sin- A, 

it follows that 

I4-C0S 2 A - 2 co.s-A 
and J -cos 2A - 2 sin‘-A, 
or cos 2A - - 2 cos- A - 1 \ 

cos 2 A - 1-2 sin -A t ' 

Also, from 

tan A 4- (an B 
i - tan A . tan B’ 


(•"0 


tan (A 4- B) - 


we get 


Ian (A 4- A) ^ 
tan 2A — 


tan A 4- tan A 
1 - tfui A . tan A ’ 
2 tan A 


(4) 


1 - taii“A 

The.se four formuhe arc imporbint, and mast 
be remembered. They are, of course, true for 
all values of A, so that it is just as useful to 
know the results obtained liy })uttiiig A instead 

of 2A 


Thus we have .sin A = 2 sin . cos 

o o » 


and so on. 

27. Sin 3A in terms of sin A. 

Ein 3A 

= sin (2A4- A) 

5-- fiin*2A . cos A 4* cos 2 A . sin A 
~ (2 sin A . cos A) . cos A 4- (1 - 2 sin^A) . sin A 

2 sin A . cos-A -f sin A - 2 sin'^A 

=« 2 sill A . (1 ~ siu-^A) 4- sin A - 2 siiv‘A 
« 2 sin A ^ 2 Bin'^Ad- sin A ~ 2 sin^A 

3 sin A - 4 sin^A. 


In a similar way we obtain 

cos 3A = 4 cos^A - 3 cos A. 

LOGARITHMS 

28. By algtdjra wo know that 

(i.) The index of the product of two powers 
of tlie same (juantity is obtained by 
addinq the indices of tlie powers. 

(ii.) The index of a quotioit is obtained by 
subtractituf the indices of the powers. 

(iii.) The index of a pov:er or a root is obtained 
by mult i'f)l yinq or dividinq the indices. 

These facts are made use of to shorten arith- 
metical calculations. A power of the number 10 
c;in be found which is practically ecpial to any 
given number. For c.\am[)lt*, 2 is ai)proximately 
number 10 thus used is called the 
base ; the index ‘30103 is called the loqarithm 
of 2 to the base 10. Hence, 

DkI'MNITiox. Tlie loqarilhm of a number to 
a given base is the Inde.e of tlie power of the 
ba.se wliich is ecpial to the given number. 

Log.arithms to the base 10 are, in general, 
incommensurable numbers. They have been 
calculated to sevmi signiticant tigures, for .all 
numbers from 1 to 100,000. 

Logio2 -“ ••10103, and 10 2, arc ditferent 
w.'iys of .stating the .same fact. 

29. From the index laws of Algelira we have 
(i.) 'J'lio logarithm of the product of two 

numbers is c<jual to the sum of the 
logarithms of tlie numbers. 

(ii.) The logaiithm of the quotient of twi» 
numbers is the logarithm of the 
dividend minus the logarithm of the 
divisor. 

(iii.) ^riie logarit 1)111 of a iiuiiilier raised to the 
pou'er ;> is p times the logaiithm of thi‘ 
number. 

30. Since 10'*-^ 1, the loqarithm of 1 is 0. 
Also, since 10 = 10^ and 100 — KF, the logarithm 
of a number between 1 and 10 lies between 
0 and I, and that of a number between JO and 
100 lies 1 let ween 1 and 2, and so on. Thus, 
the loqarithm of a nund>ei qreater than 1 is 
posit ire. 

Again, 


•1 = 


.10 


’Oir. r 
100 


10 - 


10 - 


and so on, .so that the loqarilhm of a positire 
number less than I is neqative. 

It is clear that the logarithm of a numher 
between 1 and 10 is a positive decimal fraction ; 
Hie logarithm of a number lietween 10 and lOtt 
is oipial to 1 4- a decimal fraction, and so on. 

Also, the logarithm of a number between 
1 and *1, /.c., between lO*' and 10"^ lies 
between 0 and - 1, and is therefore a negative 
decimal fraction. This is equivalent to - 1 4 - a 
positive, decimal fraction. Similarly,* we see that 
the logarithm of a number between ’X and ‘01 
can be written in the form — 2 + a positive 
decimal. 

Continued 
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DYEING 


How Wool, Silk and Cotton are Dyed Together. 

Wonderful Colour Effects by Simple Methods 

7 

Cuiitiliuv>l fmiii 


By HERBERT ROBSON 


W/HEN the dyer has to deal with a luixtiirt^ of 
^ animal and vegetable fibres in a fabrio it is 
obvious that, he has a more diftirailt ])roblem to face 
Ilian when he has simply to dye elotli woven solely 
of wool, cotton, or silk. In the days when the. 
natural colours reigned alone it. was necessary, 
generally speaking, even when a mixc'd fabric, 
say, of wool and cotton, was to be dyed a self- 
colour, to dye the weft and the warp separately 
l)(‘fore weaving. The general emiiloyulent of the 
.irlilieial dyi'stuffs, and es])eeially the advent of 
the direct cotton colours, has changed all this. 
'The dyer can dye a mixed fabric a single colour in 
one or more baths, or he can dye one tibre alone 
ill the fabric, leaving the oilier white, or even, 
treating the cloth in a single hath, In; can make the. 
different fibres take uj) diflVront colours. In 
short, he can ring the changi's in a variety of ways, 
producing a vasf variety of (dfects, th(‘ most im- 
portant of which will be touched upon. This 
facility has naturally had a strong iniluence ujum 
the manufacture of mixed fabrics; they are now 
woven in infinite variidy and in ever-increasing 
ipi.Mitities. 

Mixed Effects. It evident also that by 
taking advantage of the varied jirojierties of thc‘ 
different dyestuff's, and of the action of (*ertaiii 
chemicals upon the textile fibres, the dyer can pro- 
duce mixed effects upon a fabric com])osed of whole 
wool, cotton, or silk. What lies in his power in this 
way would, in itself, furnish mattorfora long treatise, 
hut a few examjiles must suffice. It is obvious that 
if, say, the warp is mordanted before weaving and 
I he weft is left unmordanted, then, on dyeing with a 
mordant colour, tlie warp alone will take up colour. 
If a suitable direct colour be addeil to the bath the 
libres will be dyed in different shades. If, in the 
case, of wool, part of the cloth is chlorinated, that 
])art will take a darker shade tliaii the rc.st, and the 
same effect is obtained on cotton by taking ad- 
vantage of the effect of caustic soda ujion the 
fibre. For instance, if the fabric is “ .slop-jiadded ” 
-that is, treated on one side only with lye — that 
•sidi* will take u]) more eolour out of the bath than 
the other. The intelligent student of this cour.se 
V ill readily gather the infinite possibilities of 
variety in the light of the.se examph's. 

Again, in dyeing witli yarn or cloth, merely 
mechanical contrivances can he hrouglit into use 
to the .same end. Portions of the yarn can be 
protccttKl rnccli.anically against the airtion of the 
dye- bath ; to take a simple exam])le, the liank or 
warp can be tied in tight knots at determined in- 
tervals. Cloth may be dyed in a tilted hath or 
passed unevenly through the dye liipior, or may 
be raised slowly out of a dye-bath, the composition 
of which is gradually clianged. 

Chenncal resists and discharges arc also em- 
ployed to obtain a variety of effects, but these are 
usM mainly by the textile printer. 

"©papation for Dyeing. Union goods 
must be well scoured before dyeing and thoroughly 
wetted out. For dark shades they are sometimes 
entered dry into the dye-bath. In the case of thin 


cloths especially, they must be crabbed |see ]»ago 
tilffS] and steamed to ])revent “cockling” — that 
is to say, a sbrivclled-up appearaiu'c of the cloth 
cau.sed by the woollen shrinking in the dyc-bath. 
(Vabbing machines arc sometimes ])rovide(l with a 
hollow, perforated roller through which steam can 
he admitted, hut the decatisiiig maeliine, used also 
in finishing, is often emjiloyed. After thorough 
cralibing and steaming, the cloth is “ set” and it is 
scoured in the usual maimer. The simjffest way 
semns to give the best results, and that is to add 
the scouring agent to the water in the crabbing 
machine, ami to follow this by steaming the 
cloth. 

Dyeing Mixed Goods. Broadly s])e.aking^ 

the dyeing of wool and cotton mixture cloths Is 
simple. The goods may be treated in a bath of an 
acid colour and this goes on the wool only. If the 
cot ton Is slightly tinted, all that is necessary is to rinse 
well before dyeing the cotton. A sim])ler w'ay still is 
to dye in a single bath with a direct «*ot1on colour 
alone, or combined wilb a wool eolour. In practice, 
however, ti ade reipiirements necessitate the use of a 
variety of metliods that ari‘ not (piite so simple. As 
regards their Ixdiaviour to wool and cotton, the dye- 
stuffs may be divided into five groups, and these will 
suggest the variety of effects that may be obtained 
on union cloth. 

1. ('olour.s which dye wool and cotton eipially, or 
nearly so. 

2. (Vdours whicli dye tlie two fibres different hues. 

3. (V)lours wliicli dye wool a dc(‘pcr shade than 
cotton. 

4. (flours which dye cotton a deeper shade than 
wool. 

5. Colours which dye wool alone. 

ff’he diri'ct (uitton colours can he categoriod in the 
first four groups, and there aie a number of wool 
colours which leave the cotton threads perfe<*tly 
white when dyed in an acid hath. Some of the 
eolour.s in group 4 leave the wool almost untouehed. 

The customary met.Iiod.s of dyeing may be grouped 
as follows. 

One*bath Process. 'Hie goods arc dyed with 
direct cotton alone or in combination with wool 
colours. This method is so simple that it has largely 
.sii|KTscded other methods of dyeing. Colours may 
he clio.sen which dye the t wo fibres a solid sluule, 
tin woo! dee])er than the cotton, the cotton deeper 
than the woo], or dye the two fibres different 
hue.s. If is impossilile to timi space to enumerate 
all the direct colours suitable for these effects, 
and a few exam])les will be given from the diamine 
and dianil range's. 

(a) Colours rlyeing wool and cotton alike ; 

Thioflavine S, Oxydiamino Yellow GG, Diamine 
Orange F, Diamino Rose GD and BD, Oxydiamine 
Red S, Diamine Red in several brands, Diamino 
Fiust Red F, Diamine Brilliant Blue G, Diamine 
Green G, Union Black and Oxydiamine Black in a 
variety of brands, Dianil Yellow 3G, R fuid RR, 
Aurophenine 0, Dianil Orange N, Dianil Red R, 4B 
lOB, Dianil CUret Red O, Delta Purpurine r>B, 
Dinnil Blue BX, DianiU Indigo O, Dianil Black 
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N, E, Dianil Brown 3GO, 3B, and Dianil Copper 
Brown 0. 

(h) f’olours which dye the two tibres diffcn*ni 
hues : 

J)iamiiie Brown VS, Diamine Nitrazol Brown B, 
Diamine Blue BX, Diariiiiie Blue 3B, Dianil Brown 
5G, Dianil daponine G, Dianil Blue E, ET, and 
Dianil Black in several brands, 

(r) Colours which dye wool a deeper shade than 
cot ton : 

Diaiuim^ (told, Diamine Scarlet B, 3B, Diamine 
Bordeaux S, Diaminogtuie Extra, Dianil Yellow G, 
^Vesotine ^'ellow G, Toluylene Oranue B, Diaiiil 
Scarlet CJ and 2K, Brilliant Diauil Red, Dianil 
FBaek T, and Dianil (Jreen (t. 

(d) Colours which dye cotton a <h‘C])cr sha<h* than 
wool : 

Diamine East Yellow A, Diamine Orange* (J, D, 
Diamine Nitrazol Brown (t. Diamine (Jat(‘chinc! E, 
Diamine Sky Blue, Diamine Blue 2B, 3B, B({, 
Diamine New Blue It, l)iamin<‘ Black BH, Di.-iinine 
Dark Blue B, Diamine Bordeaux B, Diamines Violet 
N, B, Dianil ()ranj*[e (J, Dianil Brown in several 
brands, Dianil East Browm B, Dianil Blue in sev^eral 
brands, Dianil dark Blue H, .‘iB, Dianil Black in 
several brands and Dianil New Black. 

If a wool colour is used for shading it must be 
capable of going on to the wool in a neutral salt 
bath. 

'rhe dye-bath is sim])ly prepared w ith the reipiired 
amount of dyestuff, usually from J ])er cent, for 
light shades to 2 per ('ent. for f(dl shades, and fro»n 
30 })er cent, to bO ])er cent, of Glauber's salt. 'I'lit^ 
material is entered at about 120 i'\, and the tem- 
perature is gradually raised to about 200’ E. if a 
self-colour is required. As a rule, the wool will 
take more colour than the cotton if the temperature 
is raised to the boil, 'the dyer, therefore, must watch 
his goods and rais(^ or lower the heat according to 
requirements. 

It is always better to w'ork for a lighter shade than 
the ])attern, as it is always easier to add colour Hum 
to take it away. VVIum the cotton is dyed to p.attern, 
the colour to .shade the wool is added if this is 
requisite. The addition of a little borax to the bath 
will cause the wool to take up less colour. 

Ordinary Two»bath Processes. In 

this method the avooI is dyed in the ordinary 
way with acid colour, and ihen the cotton with 
a direct cotton colour. The cotton, if re(piired, may 
be topped with a basic colour. 'Phis ])roeess is best 
for producing “ shot ” or “ changeant ” effects — 
that is to say, the eye catches different colours on 
the fabric according to the direction the light 
strikes it. Some examples may be given. 

Wool erimf^ov, cotfoit qreen. Dye the wool with 
3^ per cent. Naphthol Bed G, 10 jH*r cent. Glauber’.s 
salt, and 2 per cent, sulphuric acid ; the cotton with 
2,| per cent. Diamine Sky Blue FF, IJ ])er cent. 
Taioflavine S, and 10 per cent. Glauber’s salt. 

Wool blue, cotton brown. Dye in a bath at 150" F., 
with 3 per cent. Diamine Orange G, 0’81 ]K‘r cent. 
Naphthol Blue G, 0‘91 per cent. Formyl Violet S4B, 
and 20 per cent. Glauber’s salt. 

Wool violet, cotton yellow. Dye the wool with IJ 
per cent. Acid Violet OB, 10 'por cent. Glauber’s 
salt, and 1 per cent, sulphuric acid ; then dye the 
cotton with 3 per cent. Mikado Golden Yellow 8G, 
and .10 per cent. salt. 

Wdof green, chiton red. Dye the wool with 3 per 
cent Guinea Green B, 0*25 per cent. Ciircumine 
extra, 10 per cent. Glauber’s salt, and 2 per cent, 
sulphuric acid. The cotton is dyed with per cent 
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Mikado Orange 4RO, 0*75 per cent. Erika 2GN, and 
20 per cent. Glauber’s salt. 

Wool clard, cotton black. Dye the cotton (irst 
wilh 5 ])er cent. Diamine Black BH, diazotising 
and develo])iiig with phenylcnc-diamine in the 
usual way ; then dyo the wool in a fresh bath with 
1 per cent. Brilliant Cochineal 2R, 1 per cent. 
Brilliant Coehinea! 4R. and 10 per cent, bisiilphab* 
of .soda working at the hoik 

Wml olive, green, cotton dull lilac. Dye the wool 
with 25 per <‘ent. Najdithol Green B, 0*5 per cent. 
Orange (jIG, and 10 ])er cent, l)isul])hate of soda 
working at the hoik 'I’lie cotton is dyed in a bath 
which eonfaius 1 jut e(*nt. Diainine Violet N, 0 25 
))ereent. Diamine Sky Bine, 20 per cent. (Oauber's 
s.ilt, and 3 j)er cent, soda working at a low heat. 

Cross Dyeing. In the method known as ero.ss 
dyeing the cotton warp is dyed heforo weaving, and 
the woollen or worsltsl weft is dyed in Hu* })ioce. For 
instance, the cotton war]) is dyed wdtli Gross Dyi* 
Bkick 4B, the |>iccc is woven u)) with the woollen 
W'(‘ft thrown over the face, crabbed, steamed, and 
singed, and the woollen is then dyed wdth A<‘i(l 
Violet F or Disul])hine Blue in a hath of (dauber’s 
s.dt and sul[)liuik; acid. (Voss Dye Black ami Cru.ss 
Dye Drab are sulphur colours very suitable 
for this class of work, as they are very fast to acids 
and boiling water. The .\eid X’iolet F at»d Di.sul- 
])hine Blue art* us(‘d in (*xtr('mely small proportions, 
say, I’; oz. to HHl lb. weight of the goods, ami Hu* 
result is a brigli1-fae(‘d materi.’d which could be 
obtained in no other way. Gross-dyed goods have ;i 
.soft(‘r hamlk* than tlio.sr* dyed wholly in the j)i(*ee. 

Mordant Colours. 'I’he wool may 1)0 dyisl 
with an acid ej>Ioiir, the cotton mordajited and 
dyed wilh a bask*, or the cotton maybe mordanted, 
and the ])i(*ee may be dyed with a basic* colour. 

('otton or r(i)nic e/Jicf thread,^. A very ])o])ulMr 
style of dress m;it(*ri:d is made witli .•» w'hite cotton 
or ramie “ etfeet ” thread running through tlu* 
goods, and showing on Hie faei* of the material 
in lines, strifK*s, dots or ligures. Bl(‘aehed or bleached 
and mere(‘risi'd (*()tton must be useil, as these goods 
are alway.s dyed in tlu* pi(*ee ; the wool colours 
which will not evt‘n tint the cotton an* alom- 
admissible'. As a ruh*, the acid and the (*hrome 
developing dyes are most suitalih*. A few exanqilt s 
will suffice. 

Mode Shade with White Cotton 
Effect. Mordant for 15 hours at the boil witli 
4 per cent, hieliromate of |)otash, and 3^ per 
cent, tartaric acid. Rinse and dye in a fresh 
bath with l.I per cent. Anthracene Ghrome Blue 
B, i ])er cent. Brilliant Milling Blue B, 2 per cent, 
acetic acid. Enter at 120" F., raise to the boil in 
half an hour, and boil for one hour. Then add 3 
])er cent, acetic acid, and boil for another liqur. 

Black with white cotton effect. Prepare the 
dye-hath with 0 per cent. Carbon Black BD. 
20 per cent. Glauber’s salt, 3 per cent, acetic acid 
Enter at about 130“ F., raise to the boil, boil fot 
half an hour, then add 2 per cent. siil])huri' 
acid, and boil until the bath is exhausted. 

Black with white cotton effect. Prepare the dye 
bath with 6 ])er cent. Cashmere Acid Black M( 
or MCS, 20 per cent. Glauber’s .salt, 5 per cent, 
sulphuric acid. Run the cloth in lukewarm, rais- 
to the boil in half an hour, and dye at the boil h" 
another half hour. ^ 

Dyeing ehoddy. Union goods are sometinio 
woven from “ shoddy ” — that is to say, soft wool lee 
rags worked up for re-manufacture. Tb: 
generally contains burls ’’—that is, cotton twist* ‘1 
into hard lumps in the shredding process. Thcsi 
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cloths are usually dyed in dark colours — for 
instance, a logwood black on a tannin and iron 
mordant. Sometimes, however, the colours 
are* stripped with sulphuric acid or other agents, 
.and the goods are dyed in the same manner as 
other unions. For ligliter shades, the burls arc 
sometimes ]>icked out with burling irons. 

Half-Silk. Hummel in his manual, ])ub- 
lished in I8!)r>, dismissed wool and silk, and 
cotton and silk (half silk) mixtures as of little 
interest, but lately they have come more and 
more into vogue, and are noM' of high imjmrt- 
ance. Half-silk goods, broadly s[)eaking, are 
treated like unions, but with greater precautions 
as silk is more difllicadt to handle than wool. 

Preparations for Dyeing. The goods arc 
first singed, winch must be done on tlie gassing 
machine, and as silk is more intlammablc t‘ven 
than cotton, great care is needed. 'I’hc goods are 
then scoured and rinsed in very soft water. 
A five- hole washing macliine is suitable for this 
operation. The tirst scouring bath is made with 
good olive oil soap or white curd soap. For 
100 lb. of half silk, about 40 lb. of soap is used, 
but for a second batch of 100 lb. of goods the 
addition of about 20 Ib. of soap is suflicient. 
The bath should not be used for ujorc than 
three batclu's, as an old bath will give the goods 
an uni)I(‘asan( odour. 4'he si'cond hole is 
tilled with soap solution imule with 10 1b. of soap, 
and little ad<Iition is needed for subscijucnt 
batches, 'the next hole is a weak bath of soda 
to remove most of the soap. 'I’lie fourth is water 
slightly souimmI witli sul])lmric acid, and the fifth 
is water alofie iii which a thorough rinsing 
is given to remove the acid. Only heavy goods 
require crabbing and steaming. If it is re- 
({uired to bleach the material this is done with 
sodium or oxyg(*n ])eroxi(le. 

Dyeing Half-silk. he colouring matt<*rs 
may he grouped in the same way as those for 
wool and cotton, with the exee])tioi] that the last 
group is eliminated. In fad, the treatment 
of the two des(*ripl ions of mixture eloths only 
<lifl’cr in so far as the [ihysieal properties of the 
tibre interwoven with tlie cotton are ditl'tuent. 
In dyeing half-silk. vt‘ry little (llauher's salt must 
be used, and nom^ at all for light shades, as the 
salt injures the lustre of the silk. The half-silk 
hath must he more alkalim^ than is iHupired 
for half- wool, and this secured by adding soap and 
carbonate or phosphate of soda. Soap is of 
great assistama^ in i)reserving the lustre of the 
silk. 

Ill the one-bath process the half-silk is entered 
into the lukewarm dye-bath, which is then 
gradually lirought to ratlier under the boil, at 
which lem])erat lire it is kejit for about an 
hour. For light shades the bath I'ontains soap, 
•soda, or soap and phosphate of soda. For 
dark shades a little common salt is also added. 

The cotton is allowed to dye in the cooling bath, 
and if the silk is to be darker the bath must be 
less alkaline. Tf, as happens with many dyes, 
the silk does not get snlftciently dyed, it must 
bo topped witli acid or basic dyes in a frc.sh bath 
with from 3 to 0 ])er ( ent. of acetic acid, cold 
for^ba.sic dyes, lukewarm for acid dyes. For get- 
ting two-colour oflFccts (changeantfi), both wool 
and silk can be dyed toother in some cases. 
For example, either Alkali Blue or Direct Vellow 
is dyed in one bath, followed by a rinsing and 
souring. The more usual practice, however, 
as to use dyex which leave tW silk white, and 


then to dye the silk in a fresh bath with an acid 
dye of a colour contrasting with the cotton. 
Another method is first to dye the ^silk with dyes 
which leave the cotton white, and then to dye 
the cotton with a basic dye on a tannin antimony 
mordant. To load the silk the fabric is often 
put through a stannic chloride bath of 22* Tw. 
between mordanting and dyeing. 

The tannin mctliod is now used only in cases 
when greater purity and wanutli of shade is 
demanded than can be got with a substantive 
tlyi*. The giuieral uudhod of dyeing the silk 
as well as mordanting and after-dyeing tlie cotton 
is (he same as for unmixeil fabrics, cxc(*pt Ihst, 
as in dyeing half- wool in more than one bath, 
it must be remembered that the after dyeing of 
the cotton always injures the shade more or less, 
'riie following are two illustrative re(dpes. 

Magenta on Half-silk. Make a bath with 
2 per cent. Fuehsine S. Enter lukewarm, and 
gradually heatup to 1110’ F., adding aeeticwieid 
to <‘xliaus( the bath. Finally boil the l)ath iip, 
lift, rinse, mordant tlu^ cotton in a eol<l tannin 
bath with about S per cent, of tannin, and soured 
w'ith a little hydroehlorie acid, giv(‘ a. slight rinse, 
pass thnmgh a cold tartar emetic bath, rinse 
thoroughly, and finally dyir in a cold acetic bath 
W'ith 0'7r> p(‘r cent, of Diamond Fuehsine 1 in 
needles. Finally rins(‘- and centrifuge. 

Shot Effect (Green and Red) on Half- 
silk. Dye the silk as above with Quinoline Yellow 
and Light (Inam SE yellow'ish. Mordant as above, 
and dyo Die cotton in a cold aeeti(5 acid bath with 
Safranino XX, and Auraiiuue If, rinse and wring. 

If the cotton dye goes too much on to the silk 
the mordanting was not done cold enough, or 
the goods w’cre insulhidently rinsed after mor- 
danting, or were not dyed cold enough, or there 
was not enough acid in the dye-bath. If the 
tannin bath is too weak the. cotton will come out 
too light. 'I'liere must be not only the proper 
total amount of tannin, but (he solution must 
not he too wi'ak — that is, f he bath must not be too 
long. If a. bronzy appearaiiei' is seen on the silk 
the water usisl |jas not bemi ])roperly softened, 
or the soap was m>l rinsial out properly before 
dyeing, or too much dye was us(*(l. 

Wool and Silk. A very great variety of 
fabrics com]>osed of a mixture of w'ool and silk 
are on the market. The w’ar}) and weft arc W'oven 
in a large variety of ways, and the difTercnco of 
affinity and receptivity for dyes is taken advan- 
tage of by the dyiT to produce many charming 
effeets w'hit’h have eauseil w'ool-silk fabrics to be 
always in reipiest. A very ordinary form is a 
smooth fabric with silk warp and wool weft, 
but the war}) or weft is sometimes thrown out on 
the face of the fabric in pattern. 

Pop! in, a dross fabric for which Ireland is 
famous, frYorm, largely used for umbrella and sun- 
shade cloth, and Henrotta arc famous examples 
of wool-silk mixtures. Tliis last is a light weight 
<lress fabric sometimes made from single worsted 
yarn, but in the best qualities with silk mixtures. 
On the other hand, in low qualities, cotton warp 
is substituted for the silk. 

Before the advent of the artificial dyestuffs, 
even when a self-coloured fabric was required, 
it was necessary to dye the w'arp and weft of a 
wool-silk fabric separately, and when a shot effect 
was desired it was secured by a twill weave in the 
fabric, and by using two already dyed fibres 
of different colours. Before the advent of the 
direct cotton colours eombinntions pf acid and 
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bailio dyes were used, but now the dyer can treat duller the final shade. Puds, for example, must never 

^ the wool-silk fabric in a single bath, oven to pro- be bpiled for more than half an hour, and hence 

* duoo a shot offcci-. skill is required in shading. 

Preparing the Fabric for Dyeing. Pink is largely dyed with Acid Rhodamino IR 
The bleaching and other preliminary operations and 3R in a boiling bath with from 4 per cent, to 
differ little from the procedure adopted for pure 8 per cent, of tartar preparation, according to shaded 

wool, with the exception that the lustre of the This dye, however, dyes silk much deeper than wool, 

silk must not be spoiled. In some dye-houses the so that it is mixed with ('hromotrope 2R for light 

material is wrapped round a roller and soaked for pink, and with Fiichsine S for bluish pink. The 

about ten minutes between rollers in warm soap combined dyes can bo made lo give a yellowish 

solution. The stuff is then re-wrap|x^d and left so pink by adding Orange 11, which dyes wool and 
for half an hour. With very hard yarns Uic soaping silk nearly the same. For pale blue, xMkali Blue is 

is done on a full-width washing machine. Bleaching very good. It is dyed with borax and soap at from 

is done with peroxide of sodium or hydrogen, with (50" C. to the boil. Then rinse well, and sour in* a 

or without a subscqiicrit sul])liuring. After sul- fresh bath with siil])hni*ic acid. Cream is dyed with 

phuring, careful bluing is necessary to get a bluish- Azoflavine FK, shading with Quinoline Yellow or 

white. With this end in view, the goods are Orange If. Nile green is dyed with Patent Blue 

tiioroughly rinsed the morjient they leave the sulphur 11 and Quinoline Yellow, or, if a pure shade is 

chamber, and given a bath containing a trace of wanted, with light Creen SF yellowish and Quinoline 

acid violet and some acetic acid, in which they Yellow, and on the hand w'ineli, for it is difficult to get 

remain ten minutes at the most. With a strongish pale shade.s level with light green. The following 

bath, or after a longer time, the silk will become are also useful dyes: Bordeaux Fast Rod A7, Fast 

distinctly bluer than the wool, and the ap])earanee Ponceau (}, Orange TI, .Acid Violet 4R, Brilliant 

will be ruined. It is of great afivnntage. to be able (Voceine, Ponceau R. and 4RR, Navy Blue, Acad 

to dye the i)iece, whether for a self colour or for a Violet bBN, 5BF, 3BN, Wool Blue S, Patent Blue V, 

shot effect, in a single bath. Then all t he grease and N, (^, Fast Blue, Fast Dark Blue, Ouinea Violet; 

dirtwhichliave hocomcattached to itduringspinning and for deepening: Wool (been with Orange TI 

and weaving can he removed before dyeing, leaving or Fast Red. Black : Palatine Black bB, Naphlhyl- 

thc fabric in a perfectly clean condition. Thus amine Black 4B, Wool Black OR. Add A<‘id 

no after-clcansing is required, whereas when the Vh’olet for hlnc black. 

fibres are dyed in the yarn (he goods must be Some of the dianil colours dye wool and silk 
cleansed after weaving to free them from dirt, and alike in a neutral salt bath at the boil. Those ai(' 
this Inus a deleterious effect u])on the. brilliancy of the various brands of Dianil Yellow, Brown, Claret 

the colour of tlie tinislKul fabric, more especially in Red, Bine, and Black, Dianil Orange 0, and Dianil 

the case of light colours. Red 4B. It will be no1< (l that Ihcso give*, a goo(i 

Dyeing Self Colours. Half-wool is or- variety of shades andflu^ hatli is simj>ly made with 

dinarily dyed in the vat, hut pale shades, the most (JIauber's salt, the amount varying with the shade 

difficult to g(;t uniform, atMMlycd with a hand winch. desircMl. If the silk is dyed too light tlie bath is 

It is a good plan to line the vat with calico to cooled down a little, and the material is worktnl 

prevent nibbing tba material on the wood, wbi(di for some time at a lower tenqierature. 

causes streaks. Shot Fffects. l^'or shot effects, very familiar 

The acid dy<*s arc ordinarily usial in a sinifde on gloria in umbrella and sunshade < loths, the usable 

hath with (dauber's salt and sulphuric acid. <!yestnffs may be classed as ; 

In dyeing self colours the dy(‘stuffs may be con- I. Those which will dy(‘ the wool almost e.v- 
vcniently put into two elass(‘s. clusively. 

1. Those going on silk and wool e(pially from a 2. 'Phose which will dye only the silk. 

boiling acid bath. A slight difference of the shade In the case of a large number of acid «M>lours which 

is sometimes of little im])ortance, and at others it go n’adily on wool, scarcely tinting silk, tb(5 dye- bath 

jt is aimed at to obtain a ])lea.sing effect. is prepared with 10 ])er cent, of acetic a<’id and th»! 

2. Those going on wool deeper than silk. roqiiisih^ percentage t)f tiui dyestuff. The material 

This is^ corrected for self colours by topping the is entered at the boil and boiled for an hour or more. 

silk with a basic dye. The shade must, la? dyed deeper than the pattern. 

The atudity of the bath and its temperature have. as a little colour will be taken off by the cleaning- 

a great effect upon the evenness of colour. The more hath necessary to rid the silk of tint. This is made 

H(ud tlie hath the more dye goes on the wool, 'The with one gallon of acetate of ammonia to 1,000 gallons 

exact procedure varies, and no bard and fast rules of water, and the. goods arc worked in this until 

can be laid down. If, however, the silk is not sufti- the silk is clear of colour. In many instances the 

ciently dyed or differs in shade from the. wool it is silk is so little tinted that a lukewarm hath of water 

a good plan to leave the goods in (he cooling-liath is all that is reqiiiri^d. The silk is sometimes dyed 
for half an hour. If more dye is atlded during the with a liasic colour in a boiling atud bath, but there' 

cooling, most of it will go on to the silk. If this does are many dyestuffs which dye silk in a cold acid 

not effect the puriiosc, (he silk can be shaded in a bath without affec.'ting the wool, 
fresh cold or lukewarm bath with basic dye and The following colouring matters go on th(? wool 
acetic acid. The basic dye should not bo added to alone : Palatine Red, Azo Crimson S and L, Wool 

the cooling-bath, as it will bo liable to rub off. Scarlet 4R, Orange CJG, Tartrazine, Ntt])hlhol 

With the view of obtaining bright colours it is of Yellow 8, Indigo Extract, Azo Acid Blue OB, Azo 

great importance to dye as far as possible in old Acid Black, and Victoria Violet 4BS. 

baths. Independently of the saving in time and Those dyestuffs which give a full shade on silk 
of Glauber’s salt and sulphuric acid, fresh baths in the cold, and have little affinity for wool, inclndt? 

never give such lively hues as standing ones, especi- the following well-known basic colours ; Magenta, 

ally if the water used is not quite faultless. The Safranine, Rhodamino, Acridine, Orange NO, 

saving in time is important, for every second Phosphine Malachite Green, Turquoise Blue, Methy- 

the boiling lasts beyond what is necessary, the leno Blue, Methyl Violet, Coal Black H. 

Continued 
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Q uantity surveying is a proeoss in building 
eiiteriiriso which conics, in ]K)int of liino 
between the •|)re}»ar;i<ioii of tiic drawi?ig.s and 
specification by tlie architect and th(‘ making of 
an estimate by tlic builder. A bill of <pian- 
tities purports to set out, in the terms usually 
cm])loyed in the building trade, the (piantity of 
materials and labour which will have to he su])]>lied, 
and, generally, the scrvic(‘s which must be ren- 
dered in erecting and^ com])lcting a ])arti(adar 
building for which tcn lcrs arc desired. 

Qualifications. 'Po make a succc.s.sful quan- 
tity surveyor the qualities of character requisite 
are a love of accuracy and thoroughness and 
what may be termed intelligent doggedness ; in- 
telleetually, a taste for analysis, for calculation, 
for constriud-ion, and for mechanical contrivance. 
MMie young man who hopes to attiiin his results by 
brilliant dashes bus no ])lace here. 

The g^nfTal (‘ducat ion which must precede tech- 
nical training inchiflcs dearness and msatnoss in 
w riting — especially in th(‘ making of tigun's — the 
ability lo write English with pri'cision and distinct- 
ness, a thorough knowlccigi* of arithmetic and 
mensuration, and a firm gras]) of elementary 
mathematics, including j'lanc and .s<.)1icl geometry - 
as taught at South Kensington — some familiarity 
with niochanical and — if ])ossil)lc — freehand draw- 
ing, and bookke(‘|)ing. \\’iththis (‘((uipinent a lad 
(jf It) or 17 will he ready to Ix'giu the study of the 
technjeal work of (juantity surveying. 

Squaring. ]\b‘asurcm(‘nls in a <juan1ity sur- 
veyor’s ofiic(‘ ar(‘ calculated in duodecimals, and 
the first work he would thf'ie ))(* pul to is wh it is 
known as scjuariiig diniensions.'’ An example 
follows : 
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Of the three eolumns on tin left hand side of 
the pa]>er the middle one is for the actual nu'asure- 
Mients, or “ dimensions,” which are known as 
cubcN ” (/.c., solids), “ su])crs ” (/.c., areas), 

runs ” (i.c., lineal measurcnu'iits), and “ numbers.” 
ihe eoiumn on the left is fi^r “timesing” (/.c., 
niultiplyiug) ; in the cohimn on the right a:<* put 
down the results of the “ squaring.” The result 
w Usually calculated to one place of duodecimals ; 
if any remainder fall short of 0 it is neglected: 
o fi or over, a unit is added. In some cases, as in 
nieaaurernents of .steel, iron or cop})er, the squaring 
JS carried to two places. The third item given 
»d)ove is a semicircle of 5 ft. diameter, its superficial 


area being set down in the third eoiumn. The 
next item nqin'scuits a solid mass semicircular on 
plan and (i ft. d('(‘]): iu the third cohimn is i!s 
cubical contiMit. 'I’lu* process of “ tiiiu'sing ” is 
as follows : “ 2/" nit'ans twice ; “ :l/2/ ” means first 
multi])licd by two and tlu'ii by thri'c, or six limes ; 
“1*3/2/” means inultiplual by two, and then by 
three plu.s I (or four) - /.c., S times. The iigur(;“ 1 “ 

is said to be “dotted on”; ' '1/ " three 

times thrc(‘, or nine times. 'riie student will do 
well to ])ractisc S(|uaring dimensions (which he can 
easily inviait) until he becomes ])rotici(“nt. 

Abstracting. 'TIk* next |)rocc.ss in the work 
is “abstracting,” somewhat analogous to “posting” 
in l)ookket‘])ing tVom tin* d.iy-hook to the ledger, 
and consists in transferring the results of the 
“ s((uaring,” together with the descriptions of all the 
items on thi‘ (ajlumns of dimensions, to the sheets of 
abstract, at th(‘ same tune arranging them under the 
various tradt*.-? to which they hi'long, and in the 
order in which they an* finally to a])pcar in the 
hill. Abstract ]);i]»cr is usually ruled as slujwn in 
the illustration, tin* v(*rtie;d liiU'S being rather less 
than an inch a]):irt. SoiiitMiincs these liiu's are 
inad(* by folding the ])a])(‘r. Tlie cliief diftieulty in 
abstracting is in the “sefting-ont ” — licit is, in judg- 
ing of the amount of space lo leave for the ditferent 
items. It will lu‘ nsadily understood tliat quantities 
of the same item occur many times in ditferent 
])arls of the sheets of dinn iisions, and one of the 
objects of abstracting is to colli“ct tiu'in s ) as to form 
one item in the bill. Kxamjilc of abslracting : 



'Phe only dimensions I hat som(‘tim(‘S undergo 
a cliange in their way 'to tin* ah.str.icl arc those 
of brickwork. In tin* usual or ” London ” .system 
of jneasnreimmt, brickwork is reckoned in HiqHM'ficial 
“ rods” ({.(., 272 ft.), reduced to a thickness of IJ 
brick, and tlu‘ items an* abstracted in a way to 
facilitah* thi.s. Thus 500 ft. super, of 2 B (m-., wall 2 
l)ri<*ks, or IS in. thick) would be ab.stracted as 
1 ,000.0 under the head of 1 B ; .500.0 of 3. B, as 
1,()00:0 under 1.1 B ; 500.0 of 2.1 H as oOO.O under 
1 B, and 500.0 under B ; .mo of 2| B as 500.0 
under 1 B, and 2.50.0 under 1 .1 B, and so on. When 
the columns have betm added nj), and the deductions 
subtracted, the total of I B i.s “ reduced ” te 11 B 
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by deducting onc-third (or multiplying by .two 
and dividing by three ), the result i.s then added to 
the 1 J B, and the .sum divided by 272. Exportncfts 
ill abstracting can be attained only by ])ractice. 
The following gcaieral maxims, however, may use- 
fully 1)0 borne in miml. Do not be afraid to use 
plentv of paper. He careful to ])ut the iigures exactly 
under tho.se to which they will hava* to ))(‘ added. Do 
not take any liberties with the dimeii.sions. Abstract 
the de.s(M i])tions precu.sely as they are given by the 
taker-off, and, above all, do not use any abbrevia- 
tions of your own invention. Abstraet all notes and 
memoranda as earefully as any of the dimensions. 
As each item is abstracted a v<‘rtieal line is drawm 
through it on the sheet of ditnensious. The abstracts 
are then ch(H*ked, the items thereon being tucked in 
red, and the eorresponding items in the dimensions 
cut through in red. This done, the abstracts arc 

made up ’’— that is, the columns of figures are cast, 
deductions abstracted, and then results brought 
into superfieial yards, (Mi})ic yards, ewts., ((is., and 
lb., etc., as the ease may be. This work, for the 
sake of clearness, is commonly done in vioUd and 
checked in red, or done in rial and checked in black. 

Hilling. Hilling consists in taking from the 
abstract.s, when ])re])arcd as above described, the 
various items thereon and throwing them into the 
form of bills n‘a(ly for pricii\g. The following is 
a usual (Jider of hills. No. I, I’reliniiiiary. This 
bill (fonsists of g<‘ncral iteuis not suseej)tible of 
nu'asurement and not IxMonging to any particular 
trade, and yet important to be borne in mind as form- 
ing an element of cost - for exaini)!e, provision of 
water for the works, sheds and lairines for w'orkmen, 
office for the clink of works, insur.ince from fire and 
making good after tliat or any other accident, 
kee])ing the building in re])air for a stipulated tiim* 
after (;omplotion, risks under the Employers' Lia- 
bility Acts, and otlwM' matters eKtract<‘d from the 
conditions 'of contract an<l the preliminary clauses 
of the sp(‘( ilication. 

No. 2, Excavator and ( oneretor ; No. .‘1, Hriek- 
luyer and drains ; No. 4, Mason ; No. 'I’iler (or 
SlaU*r) ami Slate Mason; .\o. (>, ( 'ar])(‘n(<‘r ; No. 7, 
.loincr and Ironmonger ; No. <S, IMastercr ; No. {>, 
Founder and Snn'th, (fasfith^r (or EIi‘<:tric l.ighting 
Engineer), Hellhanger, II ot-wa ter Engineer ; No. JO, 
Plumber; No. 11, (Hazier; No. 12, Painter and 
Jhvperhanger ; No. El, Summary. 

At the head of each bill are jmt the general 
elauHcs from the. spccitication touching the labour 
and materials firoper to the trade for instance, the 
nature and quality of the bricks, stone, slates, timber, 
steel, ete., the composition of the concreti^ and of 
llm mortar, the bond of the brickwork, the gauge 
of the slating and the like. (_)f the onhu’ of the items 
in the various bills it is jiot ])ossible to give more 
than a general aecoimt. Suffice it to say that, 
usually, ‘‘ (^ubes ” come first, th(*n “ supers,” 
“ runs,” ami “ numbers.” Within these divisions 
the order followed is, generally s])(*.aking, that of 
increa.sing value. 

TaRing^off. \Ve now come to ” takiiig-off,” 
or the measnreni(*rit of builders’ work from tlic 
drawings and a])ecilication |)re])ared by the architect. 
Here it is that the chief work of the (pinntity 
surveyor is found, and on his excellence in this wdll 
his standing in his ])rofession rest. During the 
wliole of tilt' time the student is engaged in the 
subordinate ela.ss of work already tlcscribed ho 
should keep his eye on the “ taking-off ” and lost* 
no opportunity of tpialifying himself for it, sinniding 
an evening oi two every w'eek in studying building 
eonstnict ion at classes such as are held at the various 
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polytechnics or under the Education Doparlraent, 
South Kensington. It has been said that in order 
to tako-olf properly a surveyor must understand 
every process in every trade. This is {ierhaps a 
slight, but only a slight, exaggeration. The student 
will do wtH, therefore, to keep his eyes open and 
observe any building work, however trivial, that 
may be going on, if it is only a. car()cnter i)uttiug 
in a sasli-liiie or a (ilumber bending a j)ipe or 
wiping a joint. Every o]>(M>rtimity, too, should be 
s(nzod of going over buildings in progress, especially 
wdiile the workmen are tlicrc. lVu(% much informa- 
tion may (and must) be got from books, but the 
stiidenl shouhl make a |)oiiit of (jelling info conUicl 
with the work itself^ ami should not be satisfied 
until he has seen an exam})le of whatever he has 
read of in his studies. Failing this, ho will find 
liinisclf at an iimnediafe disadvanfage when he 
(!onK‘.s inlo confact with other surveyors, and 
es])ecially wilJi })iiilders. 

General Rules of Measurement. 

In the following pages it is assumed that the 
sludent has become familiar with building terms. 

In measuring a length, alw'ays measure from left 
to right. In measuring a “ super ” —to- cxami)l(‘, 
a door th(‘ lirst dimension taken should bo the 
wudth, th(i second tlu^ height, and thi^. item would he 
hooked thus : 

3 b I 2" di'al moulded both sides, 

7 0 1 j four-panel door. 

In measuring a ” eul)e ” for inst inee, a stone the 
first dimension taken is the. length, the second the 
distance fj’oni front to back, and the tliird the height. 
This order should never he de[>arted fVoju. Walls, 
l)las((‘ring, slating, I'le., aie measured as if the 
o|)enings in them did not exist. 'J'lu'se w'ill he 
dediie(<*d later. In booking th(‘ dimensions care 
should he taken to avoid erowdiug. Not iti- 
frequently it is necessary to go back and insert a 
dimension, and a gooil rule is to leava* room belw(*en 
every two dimensions for another. Jn wu’iting the 
descriptions it is important to k(‘ep well clear of 
the line on the l(>ft, hearing in mind that, tlie squar- 
ing has sfill to eom(‘. If any dimension is arrived 
at hy ealenlation the process should h(^ sliown on 
(he right-hand side of the eoliimn, thus: 

N S4 0 
E 43 0 

' 127 0 

Ddt. U) (> 

] 1 (> (> 

110 (> I I* Hill cement. North and hidat 

14 0 wall K ground floor to flrst. 

(lenerally state at th(^ end of the description tbe 
situation of the wairk in (piestiori in the building- 
Kead (rarcfnlly tiirongh the sjieeifieation b(fore 
beginning to take olV. Never put down an item 
that you do not yourself umhu'stand, or do not 
see how it is going to w'ork, evam if you can ((uole 
cliajiter and versci for it from the specification. 
The areliitoet is entithal to ex peed 3'ou to consult 
liiin u-|)on it. Settle your order of taking olT, and 
having settled it, lie excei'dingly chary of departing 
from it e.V(m if another Avay s(^ems less eurnbrons 
ill a ])artieular ease. It is often important to 
be able to go back, ])erhaj).s a year or two later, and 
follow a measurement without liesitatioii. 

Order of Tahing«off. Dntil some tliirty 
years ago it wa.s the (iraetice to hike off each traih' 
separately, but that custom is now quite out ol 
(liite, and modern surveyors, broadly speaking. 
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measure not a trudc, but a thimj, whether it Iui]i|>eiis 
to involve one trade only, or several. The exeep- 
tions to this rule are joinery, plastering and painting. 
The following order of taking-olf is recommended': 

Kxcavation and eoncreto foundations ; brick- 
work ; damp-proof course ; external facings ; 
inhTiial facings ; formation of internal openings 
and recesses ; fires ; ventilation ; extt'rnal openings : 
floors ; ston<> or (•oncr(‘t<^ staircases ; ijuartcr 
partitions ; roeds ; caves gutters and rain-water 
])ipes : internal plumbitjg and water sup[)ly : drains; 
iiot-water engineer'ng ; gasfitting; bellhanging; 
joinery ; ]>lastering and j)a perhanging ; painting. 

Excavation, Concrete and Walls. 
Jf the architect has not su]i])licd a plan of the 
foundations it is often worth the surveyor’s while 
to make one himself. 

The first item of diggirig is sometimes a super- 
lieial one for removing tin* veg<‘fahlc soil to a stated 
depth, say 10 in., hut the general excavation is 
taken by the foot euhe. If the contour of the site 
is irregular, an average depth may he got hy a series 
of ordinat<'s. VV'hen the “surface excavation”-- 
to bring the level down to that of the eoiierete 
under the ground tioor — has Imm-ii taken, the 
(‘xeavation for the ])asemenl is measured, tirst to a. 
de})th of () ft., descrihiiig it as not exceeding 0 ft. 
d<M']), thence to a dc])th of 12 ft. (or less, as th<* case 
may be), deserihing it as “ eonimeneing at (> ft. 
deep itfid not exeec'ding 12' 0" deep,” and so on. 
'I'lie doserijdion must be worded so as to provide 
for any old foundations, roots of trees, drain-pi]K*s, 
etc., that may Ix' eiu'ountered. 1'bc excavation 
for the tn‘neb(‘s should next he taken, first those 
below th(‘ has<‘ment, deseribed as “ Kxeavalion for 
trenches eomirumcing at basement l(‘vel and not 
(‘xeeedirig 0' 0" Ixdow same,” and so on. Now, 
as to dealirig with the earth (‘xeavated. In the 
ease of, say, a mansion in a park, where the surplus 
earth can he easily dispos<'d of, it will probably be 
surtieient to say of the excavation from the trenches 
” part returned filled in and rammed, the remainder 
wlieoled, s])rea(l and levelled ;is directed,” But 
usually, and in |iar(ienlar in larg(* towns, where thc^ 
riunoval of the earth oft(‘n costs more than the 
digging, the portion eart(‘d away should be.ke]>t 
sejmralc from that returned and filled in. A 
convenient way of doing (bis is first to measure all 
the earth taken from the trenches as returned and 
rammed, and then to take items of “ deduct return 
afid ram, and add cart away,” thus : 


lot) 0 
0 (i 


loti (I 
2 0 


loO 0 
1 II 
t) 


J'^xcavatc (rcnchcs not exceed- 
ing (>'()" deep, ami throwonl, 
• and 

Bellini and ram around 
foundations. 

Concrete as descrilied, 
ami 

I fecluet return ami ram, 
and 

.\dd fill and cart away. 

Oediiet return ami ram, 
a ml 

.Add earl- away. For 


loO 0 
1 2 
2 Vd 


Ditto Ditto 

And 

Ditto For wall. 


The area of the sides of the basement and of the 
frenehes may now bo measured for strutting and 
luaiiking, keeping them separate. Next take the 
‘Concrete foundations, using the dimensions of the 


treuehes for this pur])ose, and not forgetting the 
” leg” reijiiired when a shallow trench abuts on a 
deep one [see ski'leh]. 

Next come the exteiiial walls, beginning with the 
footings, then the internal walls, chimney bre ists 
and stacks, and piers. 
(lr(*at care is necessary to 
I void missing any of the 
internal walls. Agood]>lan 
is to take tirst all that 
rm^ IVf)m lidt toiiglit, and 
then all Ih.it go at right 
angles to Ihcsi*. 'The 
diimuisions of the couerelc 
for the external walls may 
soiiK'times he used for th(i 
brickwork. 'Flu* w.alls may lx* conveniently taken 
floor by floor, but chimney breasts and stacks should 
be taken one by om*. from bottom to 'Flic 

dam])-proof course should Tiext be taken from the 
measurements of (lie brickwork — as, for instance, all 
the on(‘-l)rick walls collected and the total bookeil 
as a dimension hy It in., and so on. 'I’h(‘ii the 
vertical asphalting on tlu' outside of the basement 
walls next the earth as a “ super ” dimi'iision, not 
forgetting to give th(‘ total h'nglli of thr; internal 
angles as “solid fillet at interna] angle.” 

Any reij[uisite st<'el girders, et(\, to su]>])ort walls 
on th<* ii[)p(‘r fhxirs should ho taken with the brick- 
work, or noted («> be taken later, 'I’he eliimney 
breasts usually grow wider as they go iiji, and require 

in. or t in. self-faced York stone corbels w’hcre 
th(‘y set olT. Ke(‘p.separatt‘ any brickwork in cement, 
also any brickwork luiistcd more than 40 ft. abovethe 
gronml-floor level, gi\ ing Ibo stages 40 ft. to (it) ft., 
00 ft. to SO ft., and so (»n. .Ml right angles are 
irieluded in (he priei* of th(‘ brickwork, but a lineal 
measurement is taken of all others — “ birdsmouth,” 
if internal angles ; “ stpiintipioin ” if external. 

External Facings Chimneys. Measure 
the w’cathering on the to])s of the chimney caps 
(KU})er), next the cornices ami neckings, etc., begin- 
ning witli th(' ]>r()je(‘ting brickwork (siqx'r), mid 
following with the ((irnice (lineal), as thus: “24.0 
Kxtra on ordinary brickwork for red-brick moulded 
cornice, as sketch, live courses high, two sejuare and 
oversailing, and three moulded.” Number the 
mitres and returned ends, and measuro the cement 
wealliering on to}). Take the general facing down 
to the roof line. 

Copings. Take tlie l)ri<*k co}ung.s (run), aiul 
dest'rilx* as in the s])eeilicat ion, sO}>aralii\g the, level 
from the rakiii 
and luimhering 
initre.s, ete. Simi- 
larly, measurt' the 
stone, i-oping, de 
.serihing the ma- 
terial and the la- 
bour for iu.stamx*, 
lit ft. run, 12 in. 
hy 4 in. Bui) bed 
I’ortland .stone (*o])ing, W(‘a1hercd, moulded, and 
twiee throated (as sketch), and .set and fioiiited in 
eement ; 20 ft. run, 12 in. by 4 in.; ditto raking 
to gables. 

No. 4 external angle.s. 

No. 2 internal angles. 

No. 2 fair ends w ith returm'd and mitred moulding, 
etc. 

No. 2 kneelers (as sketeli), 12 in. by 12 in. by 10 in. 
(labour and material). 

No. 2 bonders, 10 in. by 12 in. by 10 in. (labour 
and material). 
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No. 1 apex atone, lOJ in. by 12 in. by 11 in. 
[labour and material). 

. Number the cramps as specified, 'rake fair raking 
cutting (run) to faciiig.s on boUi sides of the wall 
under the raking co])ing. 

Cornices* etc. The brick cornices, string 
courses, etc., will bo ineasured as already described 
for the cornices of chimney stacks. If of stone, take 
them l)y the foot run, rnnnbering t(io mitres, etc. — 
for example, 

IbOO IS in. hy 12 in. Portland stono 

<*ornic(\ rubbed, wcatliered, 

' and moulded (as sketch), ami 

set and joggle-joinfed in 
cement. , 

N‘). 2 j iSto])])cd ends. 

No. b Kxlcrnal angles. 

No. 2 Irregular angle.s. 

No. 4 i Internal angles. 

General Facings, 'rhe general facings may 
now be taken, hcfirrcn the string cours('s, etc., but 
orcr all openings — 


N. r/crafioti 

44 

b 

H. i'h ration 

;{() 

0 

S. rt( ration 

20 

0 

At farak 2I.\) 

i 

(i 


10 

0 


14 

b 

11 . deration 

30 

0 


150 

b 


IhO 0 Kxlra on ordinary brickwork 

“S b lor lacings of best red Pare- 

liams, tJic joints raked out. 

and afterwards ncallypointc<l 
with a wcatber(“d joint. 

If the facings be of stono we should, instead, get 
an item su(4i as tlu; following : 

I Ibt) b Rubbed Portland storu* ashlar, 

28 b average fi-^* i»i. on bed and 

I setting and ])ointlng as 

i described. 

Internal Facings. Measure tlie surlaee.s of 
tho walls faced with brhrk; also the limewbiting or 
distempering, taking tho description from the specl- 
tic<atioii. In the case of glazed brick facing, give the 
run of tho internal angles as “Extra for waste at 
internal angles.” 

Internal Openings. Hegin on the lowest 
lloor, and take tho formation of all doorways, 

borrowed lights, archways, and rece.sses. Exaini)l(} 
of do«)rwa.y ; 

1 d tf j 1 B. deduct 

I 7 0 , j Hrtwnn kitchen and pa^ssayc. 

i b i I 1 H. deduct 

I liitfrl. 

I ‘1 b ‘bin. by ‘>-in. cori'refc lintel, 

I I including 2 in. by 2 in. by 

j } in. H.8.T. tho whole 

j length ; also any rerpiisitc 

j easing (brickwork dedueted). 

2/1 No Ti Kxtra on brickwork for eonerete 

! ; lixingMiricks, 0 in. by 4.1 in. 

I ))y o ill. 

b i 3-m. tooled York thre.sliold, 

b j edge.s jointed, and bedding 

! in cement. 

No^ 2 I Ends ditto, cut and pinned in 

1 cement. 


Some surveyors here follow with tbo joiner’s work 
for tho oj)ening. 

If, instead of a lintel, we have an arch, wc get ; 

3 2 Centring to segmental arch. 

No. I Extra labour and* waste and 

cement for vsegmental arch in 
, cement, 3 ft. span, 1 B. on 

I soffit, 1 B. high. 

Fire. Ex ample of meaRiiremcnt places : 

3 0 

3 0 \\ B., deduct. 

No. I Extra, to segmental and) 3 fJ. 

s})an, I Ik X 1 B. a.b. (a.b. 
u'.eaus “ as b.d’oro "). 

5 0 2 1 in. X j| in. wrought- iron 

chiuiuev bar, caulked and 

cambered and building in by 

bricklayer. 

0 

1 2 2^- in. York tooled hearth, edges 

joinb'd, and bedding in 

mortar. 

i b Hack. 

I ti 2.J-in. ditto, rubbed ditto. 

Front. 

4 b Half- brick in cement trimmer 

I H arch, and Icvtdling In line 

concrete for hearth, 
and 

centring trimmer arcdies. 

1 b Skewback cut ting. 

4 b I.J-in. by 2.J-in. (I(‘al featler- 

edged springer. 

N<». I Killeting soffit of trimmer ai'di 

for lathing to. 

No. I j Sl<nv-(‘om bust ion stove, p.c. 

■ ' j and add setting same with 

I j the refjuisite brudis in mortar, 

I fir(d)rick.s, and fireclay. 

No. I i Ihmdcring in lime and hair 

mortar to backs of fireplact',-.. 

No. I Eluo 30 ft. long, ])arge(l with 

' cow^-duug parge, and cored 

' out at completion. 

No. 1 Red terra-eutta chimney-pot, 2 

ft. 0 in. high, and setting and 
tiaunching in cement. 

No. 1 Cliiumcy-picco, p.c. £4, and add 

fixing in bc.st manner with 
the necessary galvanised iron 
(aiun])s, dowels, and cement, 
etc. 

No. 2 Not(diing 2i-in. York hearth 

for jambs of chitnney-)'ie( e. 

4 0 

3 0 Jhfdiict render float and s<'^ 

walls, 

and 

Deduct ])aper at 3s. per piece. 

No. 1 Making good in Parian cenicni 

; to ])lastering around cl\imnc\ 

’ ! piece. 

The void in the ea.se of flues ?n]) to 14 in. by 14 in ) 
is not dednete<l. It is left to pay for the forming oi 
.{.he flue. 

Ventilation. Take, first, all the foul-an 
extracts, and then the fresh air inlets. Number tin 
gratings, etc., and fixing, taking the descriptions 
from the specification. 
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No. 1. 14 in. by 0 in. cast iron galvanised air gratino: 
of ai3proved pattern and building in, in- 
cluding forming opening in 1 1 B wall, finished 
all round with 2 in. Portland ocinent trowelle<l 
smooth, also the requisite 3 in. tooled York 
liiitol. 

The ventilators in the roof arc usually taken 
with the roof. 

External Openings. First deduct the, 
brickwork, then take the work on the inside, and 
afterwards that on the outside of the wall. 
Kxanudc ; 

2/ 4 t> I II H deduct. 

2/ d _3 I : 

I Niff hi iffd'.sfnj (riiidoins 

I C2). 

2/ I 3 0 I i 

t) 0 I \ B deduct 

2/ : r> 3 ■ 

d , I B deduct FffrliuUl. 

'Ij ■ r> 3 , , 1) in. by d in. concret<‘, 

! ; I lintel, etc., a. b. 

2/ 2/ : No 4 j Concrete fixing bricks 

a-, b. 

2/4 d 9 t) 
2/<) 3 - 12 (i 


2/ , No. 1 

2/ 1 3 ll 

i 3 11 


-V I 4 2 1 

2 / 2/1 9 1 

V I 4 4 ( 

V ! 4 2 I 


-/ I No, 2 I 

-/. ' I No, 2 I 

y 1 No. j I 


21 n 

I Window frame 21 ft. 
t) in., around bedded 
in lime and hair and 
])ointed in cement, 
the sill bedded in 

I wliite hvul. 

(V'litring to 4,\ in. seg- 
mental so Hit. 

, Kxtra oil brickwork 
for re<l rubbed and 

! gauged a roll in 
T. Ia B., rubber-s .set 
in cement and raked 
out and pointed to 
match •! lie general 
facings. 

! Ditto, and deduct red 
facings a. b. 

I iSkewback cutting to 
facings (at eml.s of 
arch). 

I C’ircular cutting to 
facings (over arch). 

j 1 1 in. by t» in. rubbed 
Portland stone win- 
dow - sill, sunk, 
weathered moulded, 
throateil, and 
groovcfl for iron 
tongue, and .setting 
in cement (as .skctcli 
in next column). 

I Fair ends wdth mould- 
ing returned and 
mitiMsl and slop 
jiings to w eathering, 
ete. 

I Fnils of sill out an*l 
pinned to facings. 

I Sill ])pddcd liollow 
and made up and 
pointed at comple- 
tion. 


2/ 2/ 4}j Bed facings as before. 

Jieveald (i 3 
ti 

2 / 

Deduct facings as 
before. (1 t) 

Nome surveyors here follow with the joiners’ 

w'ork, ete., of the wiiulow. 

1 he external o))eiiings should be taken Hour by 
floor, beginning at lh(‘. bottom and sometimes front 
l)y front. 

Measurement of Stonework. In tho 

foregoing instance the facings arci assumed to 

•i of brick. Wlicn, how<*ver, the facings of the 
T front or the <lri‘ssings of the 

i-, }' ' '/ ■ opiMiings are of stone, the mea- 

siinMuent of the work on the 
I - outside is modified accordingly. 

I* //* J It may be convenient at this 

point, therefore, to deal wiihtho 
mode of measuring stoiunvork, of which some general 
account may here be given, tliongh the matter is too 
eomplieal<Ml to be e,\[)lained with eonipletenes.s. All 
stones not more than .3 in. thick are measured 
“ sup(*r.” tVipings, e()rui(‘os, string eonrses, plinth 
eouises, are eonnnonly taken by the foot run, with 
a sketch of the section. th<^ mitres, etc., being 
numbered. Sometimes the stones are “cubed up” 
and described, lieing elassilied imiler several heads, 
as “ cube Portland stone and all labours in plain 
string e.oursi's ” ; “Do. in moulded do. and eor- 
niee.s ” ; “Do. in moulded and n'bated jambs of 
doors and windows," etc., accompanicil by sketihes 
illustrating the character of the work. 

The most s<*icntilie mode, liowevt'r, is to take the 
stone and tlie labours u])on it separately. The only 
labour included in the ])ricc per foot cube is that 
needed to saw or draft it to ils size, and to hoist and 
set it. First the size is faken as the smallest imagin- 
ary rectangular eubo tliat woidd contain the tinislu'd 
stone, and if any ])arfi(‘ular stone is longer than is 
usual (generally (i ft. and over), it is kept separate 
and called “ scantling." The heading of the mason’s 
bill shoiihl state that “ I lie atom; is measured net 
as set, including preliminary labours." The follow- 
ing arc reeogniseil labours taken by the foot super. 
“ Back,” the labour on tlu' back of the .stone, where 
it eonies into eontaet with oth<;r material — as 
brickwork ; “ bod,” tlio labour on the horizontal 
surfaces above and below coming in eontaet with 
stone or oth(‘r material ; “ joint," that on the .simi- 
lar vertical faces at right angles Ij) the front face 
(these arc usually added together, (lu; (pumtity 
halved, and ilescrihed as “ out; face measured for 
tw'o"): “sunk bed and joint," ’similar labour to 
bed and joint, but not rectangidar wdth the adjacent 
faces, or rebated — a.s the joints of tlie 
voiiMsoir of an aich or the sinking for 
a door frame (the last-named labour 
I'.s .sometimes ke])t .separate): “ ( ir- 
eularbedand joint," t he labour wlien 
convex as at the to]) of a vonssoir; 

“ eirenlar sunk bed and joint,” that 
wh'MM- < oncave, as .at the bottom 
of ji vons.soir when not. ex])o.'4ed ; 

“ j.'laiii work," the lal>our on the 
evpo.sed plain surface.; “ .sunk w^ork," 
that similar to sunk joint, hnt ex 
po.sed, as the weathering on the top 
of a sill. Where the .sinking cannot .ii 

be worked without impediment (or I ) 

worked “ through”), as in a rebate [F " 

on the outside of a window head, it is 
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tormecl “ sunk work siojuKxl.” This a|>]>!ios al'-o t-o 
other labours. “ Circular work” is the face labour 
to convex surfaces — as to the shafts of columns: 
“circular sunk work,” the like to concave surfaces 
us to the soffits of arch stones ; ” ( ircular circular 
work,” the labour to the face when circular both 
ways, as to llu* outside of a doine : “sunk work 
eiriMdar circular/' that- to the insidi' of a dome ; 
“ mouhh'd work” is measured over the whole 
Kurfac»‘ as by a. liuestrin<^: “moulded work circular 
continuous,” as to tin', mouhh'd bas(^ of a column ; 
'riic followin*:: arc takc?i by the toot run : chamfers 
u)» to It in. wide, mouldings uj) to b in. girth, Groove, 
throat {i.r,, hollow groove), joggh‘, and the like; 
stonped i'lids, mitre* s mortises, [)erforations, etc., 
arc niimb(;n‘d. Kxam))les : 

2/12; I ('ui)i* Portland stone and 

I 10 I hoisting and sotting as 

' 5 2 (h* crihod. {Six .stouts.) 

j Jumhsoj u'in(lon\ .softf/t of 

! I ihrar}!. 1 See. sketch. ] 

2/l>/; I - ! Ih'd (oru* face jrieasnrcd for 

i 10 I two). 

: i 12 

2/ ■ 2 0 Half joint. 10 


Plain work 


■ 12 0 
1 H 
I S 
1 0 

: i H 
I S 
; I 0 
Xo. t) 


.Mouhled uoek. 

I .Moulding I in. girth, 
j (iiT)o\e for iioil e.Kscjueiit. 


0 i 



^ ! 



0 i 

(‘uIh* I’mlland 

stone a. b. 

" ! 

I (I'irnice of 

hilt/ irintfoir 

! 

j tidjoinintj. 

|8oe sketch 


; bcloW.J 

! Hod. 

I 

j .l(»inl. 

I (Vment joggle. 

I 

j Sunk joint (all measured), 
j lj<*atl cramps and mortises 
i as described. 


I Sunk work, 
j Mitres to 11 in. splay. 
I ]Mnuld(*d woi’k. 


Moulded uork stopp<Ml. 


Floors. Kirat take the “ hard ” floors, then the 
tifu her floors. Begin with the basement. Take any 
reipiisite hard core (super) describing the thicknes.s, 
“ well rammed and levelled for pavings,” the con* 
Crete bed, the cement floating, and the tile or other 
pavings, to the last-named of which, if the plan be 
irregular, take a “ run ” of “ raking cutting and 
waste.” To the u]>per floors tak*' any east-iron or 
steel t'oluinns or stanchions, girde.s and steel joists. 
( ast-iroii columns are measured up in detail (super) 
as metal of such ami sucb tbiekness, weighted out, 
r> per cent, being adtled for featherings, and billed as ; 
Cwt. i|rs. lb. 

128 2 ll In No. fl cast-iron columns and hoist- 

i!ig and fixing by bricklayer at lirst 
floor level. 

No. 1 ])attern fo cast-iron column 
in. mean diameter, 12 ft. high, 
l,j in. MW'tal, with moulded and 
brack(‘fed caj) and base and moulded 
necking. 

tlast-ircn stanchions are tak(Mi similarly, Steel 
joisfs are taken by the foot nm. and weiglitod out, 
Ihost* 12 in. deep and over being kept si*])arate. 
Compound girders aie measured u]) in detail, and 
kept se])aratc with description ; this is also the case 
with riveted ]»la1.* girders. In the last-mentioned 
ease a ]>(‘rc(*nf age* is usually added for rivet heads 
(from 2 per eent. to o )»er eent.). The shanks of the 
rivets take* flu* ])lae.e of tlie holes in the metal. 

rV)mie<*tions of girders should be numbered and 
<leseribed. The sfeel work of a floor having been 
taken, next measure the flat-boarded (*ent''ring, 
the eonerett* — giving the thickness — tjie cement 
lloating, (‘1e., as before deserilK'd. fl he timber floors 
now follow, beginning with the slep]>er walls, etc., 
and the sleepers, jdates, aiul ground joists (cubed 
up and described as “ flr and labour in slee])ers and 
ground joists ”). To the up])er floors, take any 
steel girders, and then similarly im*asiirc the joist.s 
as “ fir fraim'rl in floors.” Take the ends built in, 
and any stone or iron corbels next flues. 'Pake the 
herring-bone .strutting by the foot run. Measure 
any .sound boarding and plugging over the whoh* 
area of lli(i floors, and add to this deserijitiou 
“ joists measured in.” 

Quarter Partitions. 'Pake each ])ieee of 
timber by the foot cube and describe as “ fir 
framed in cpiarter part if ions.” Kec]) separate any 
that are ” trusscM,” ami describe the latter as 
“ 111 * framed in trussed partitions.'’ Measure tlu* 
horizontal timbers first, then the vertical, then the 
raking. Measure the straps by the foot run, an<l 
des< ribe as “ wrought iron in strajis, forged as 
itM(uire<l, including ])erforations and fixing by 
carpenter.'’ Number the bolls. 

Staircases. Here follow the stone or eon- 
ereie .stairs, the steps being taken by the foot nm 
by M in. by 7 in., or whatever may be the extreme 
si/.e, and the material, finish, and form — as whether 
s(|uare or sjiandril — stated. 'Phe labour to the 


No. I 
12 0 ‘ 


Mitres to moulding I ft. 1) 
in. girth. 

Irregular (’o. do. 

Labour carving egg and 
tongue enrichment p.e. 
per foot run. and attend 
carver to same. 



ends is numbered, as “fair ends,” or “fair end- 
with moulding returned and mitred.” The ends 
<*ut and pinned are also numbered. Winders arc 
numbered and deHeril)ed, the extreme dimensions 
lK*iiig given witli sketches. Next take the land 
ings by the foot snjier ; similarly, the labour on the 
«lge.M by the foot run, as also th * 

“ edge cut and pinned.” I 
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Number the newels aiid balusters, and the mortisea 
and lead for them. Take also hero the liandrails, 
whether of metal or of wood, by tlie foot ruru 
stating if “ramped” (curved in a vertical plane), 
‘ circular level’ ^ (curved on (he horizontal plane), 
or “wreathed” (curved in two ]»lancs, as at the 
turn roend a well hole). If the haiulrail he of 
w'ood, take at each joint a. “ heading joint and 
WTOUglit-iroii handrail screw, the heads, et*., let 
in and jielleted ” — that is, concealed with wood 
])ellots let in. 

R.OOfs* If the arohiteet does not supply a roof 
plan, it is worth while to make one yourself, or get 
one made. First, take the roof trusses, lueasiiring 
hy the foot cube each timber separately, thus: tie- 
beam, principals, king-post, struts ; and describing as 
“fir-framed in roof trusses.” Number the cleats 
for purlins, also the east-iron shoes and heads, 
giving the weiglds and stating how many patterns 
will bere<pnred. Take the straps and bolts as already 
directed for partitions, and number the w'cdges and 
(!otters, giving the weight. Take also (he stone 
templates and heels of roof truss cut and ]>inri(vl. 

If the trusses l)e of sliad, each ])icee should be 
measured in detail, and tlie whole red need to w'eight. 
'I'he item would then ap])ear in the bill somewhat 
as folIo\VH : 

( 'wt. (jrs. 11). 

‘J44 I 7 In No. 7 steed riveted roof trusses, 
ft. span, lo ft. rise, of 4 in. « 4 in. 
angle as judneipals, 1} in. and 2^ in. 
diameter tie rods, 2i in. A in., 
in. - 4 in., and 1 in. diameteu' 
bar as struts, etc., in. coniu'cting 
plate's, anel all fitting, forgings, and 
cutting, rivets anel bolts and he)le‘s, 
and he)isting and fixing by brick- 
layer, tlie apex 51 ft. abeive grounel- 
floor Ieve‘1. 

Measure the superfiedal area of the‘slating(e)r tiling) 
with the eleal hatteiis for same, and reiof lioarding 
and felt. If all the slope's are of the same pitch, (lie* 
liips and valleys do neit affect the area. 
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The irea of this roof is taken in tw'o (limcnsie)ns, 
Ihiis : 

“/ i fi7 0 I 1 Slating as de'seribeel, 

Ifi 0 ! anel 

12 0 ! 2 in.‘ V » in. battens 

8 0 spaced for eonntess slating 

and well nailed; 
and 

J in. deal roeif boareiing, 
Fnglish cut, edosedy jointed, 
and all splays, notehings, 
etc., and well nailing, 
and 

fcltasdoseriljed, well nailed 
with clouts, and including 
laps (measured net, as s 'eii). 


Collect the total length of the caves thus : 

2/ 25 () = 51 0 

27 0 

2/ 12 0^-24 0 

2 fi 
:j ti 
20 b 

1115 3 ' Kxtra lalmur and 

materials te) slating 3 6 

I at e*av(‘s 3 3 

' ' 135 3 

Kroin (lie* h'ngth eif the' e'aves may now’ he* taken 
the ea\e*s fillet at e*aves (nm), e)r eaves boarel (suiier.), 
and (lie* plafe may bi* e aleulate'd ; llie* roof plate 
(cube) next, anel other liorizemlal timbeis should 
he taken, as purlins, ridge-rafters, anel slate eir other 
rielge's; then tilt* rafters anel the e-eiling joists (t;ube), 
the extra labour and material to slate* verge* (run), 
and the deal filter thereto, the deal tilte*r next 
gable walls, etc., anel the* lead soakers and tlasliings 
to make wate'it iglit eonnt'ct ion bt*tween the ealge* 
of the slate* rotif and tlie wall. Lead soakers 
(super and wedglited) art* of 4 lb. lead, out* to eaedi 
eoiirse of s1ji1«‘s (»>r tiles), l.yiug 4 in. untler same, 
and going 4 in. up the walls; the length sliould 
eepial the* gauge* of the slating, ])lus tim lap, 
])lus 1 in. 

Number them for fixing by (he slater. For seert't 
!il)e 13 j of i , leatl *<pi *tl. Ne 
5-11). leael s((*))p('el Hashings, fi in. W'ide, as cover 
(supt'r anel weigljfeel). Lastly, the running le*ngtli 
for leael vvt*elging anel fe>r raking out joiiils e)f brick- 
work anel pointing in ea'inent to stepped Hashings. 
All Ie*;iel w'e)rk is measure-d strictly net, w’ith no 
allowance wHiateve'r tor waste. 

Te) ehinuu'y stacks take the* elednction e)f rafters 
anel the aeleliliem e)f the* trimmers, i*te*., alse) the 
eledue(ie)n of the* slating, e*(c. .Me*asure a tl-iii. 
wielth of slating de)wn the* sle>p(*s tor cuttings, anel 
the* leael work, etc., as to gables ; at. bottom a 5-lb. 
lead apron, 12 in. w ide*, and at top a leael gutter 
S in. w’iele*. Let us assume* that the* stack is tlire'C 
brie’ks thie’k, etc,, tlie* giille'r vvoiilej then be* me*a.sure‘e.j 
thus: 

2 3 

S ! I j in. deal gutter fioarels anel 

I fram(*el beareTs. 

No. 1 Short U'liglh e>f 2 in. de*al 

j rouueled roll (across the^ 

I gutter in the luidelle). 

No. 2 i Small I iu. de*al gussets, ])re- 

])are*e1 one siele tor lead, and 
fitte'el anel lixe*el at ends of 
gutters. 

; ft. in. 

2 3 

Kxtra for re >11 8 

At e*;o-!i e*nd 2/.fi 1 t> 

4 5 

ft. in. 

8 

Against briekw^oi k fi 
Fp slope I 0 

! t 2 2 

I 4 5 (Mb. lead and labour lying 

12 2 1 in y^utters. 
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No. 2 


Ends of roll bossed 2 3 

2/.0 1 0 

3 3 

T) lb. b‘a<l ami lalnMir layinjiS 
I as llashiiijis. 

3 3 I I Load wcdfijiii*' to flashint^s, 

and 

Kako out and point flashings. 
!>/ i 2 3 I j Large featlier-odg(‘d eaves 

and 

Extra to slatt* eaves a.b. 

Next, take the ]ii]>s and valleys, first the timbers 
(cube), then the length by (i in. of roof boarding for 
euttings, and by 1 ft. of slating for euttiiigs, also the 
length for th(‘ slate hips. Nun) her the labours at 
the end.s of the hips and the hip hooks at the foot. 
For a lead valley, super u]) the I] in. valley board, 
“ splayed and fitted,” r\in the filter on eaeh side, 
ami sui>er up the lead, the length ])lus () in. at each 
end, and (> in. for eaeh la]), by (say) 1 ft. (5 in. wide. 

'J’ake the gutters next ])ara])ets, etc., in the 
manner already described, but measure, the rolls 
and drips b}’^ the foot lun, and at ea<‘h 2 in. dri]», 
allow S in. extra of lead. 'J’ake the e(‘ssi)ools 
thus : 

i No. 1 i I 1.1 in. deal dovetailed eess])ool, 

10 in. " 10 in., and 5 in. dee]) 
(all in elear), holed, titled, and 
' ; j rebatt'd for cover. 

Super up the lead lining, and number the ” extra 
labour, etc., dn*ssiug and eopper nailing lead in 
ee.sspool,” the (•()p])er eov(T, the lead ,so(‘ket pip<‘ 
to carry the water to the rain-water h(‘ad outside, 
and the hole through the wall. All the cube 
timber in the foregoing is de.seribed ;is “ fir-framed 
in roofs.” Another way is lirst to nieasure all tlu* 
timbers, boarding, etc., as above, and afterwards 
the slating and lead woik. Note ])artieularly that 
the lead work of a gutter should always be' carried 
u]) the slope of tlie roof to a vertical height of 0 in. 
above the sole of the gutter. 

Eaves Gutters, and Rain»water 
Pipes. These are taken by the foot run, now gener- 
ally measured net, exee])ting to small breaks, and 
around pilasters, etc. (whitdi are numberodk the size 
and deseri])tion and mode of fixing being given, as 
thus : 

flS 0 5 in. by -t in. cast iron moulded eaves gutter 

(No. 20 in So and So’s list), with rebated 
joints Tuacle u]) in red lead and two bolts to each 
joint, and strongly screwing to deal fascia and 
bedding and ])ointing in cenumt on bri(;k cornice, 
including all cuttings and waste (measured net), 
'.riie sto])j)ed ends, angles, outlets, and covers for 
same are numbered. Tn the case of rain water pi])es 
the swan-ne<!k bends should be numbered, tJie girth 
given, and the number of j)attej ns rcijuired stated. 

Internal Plumbing and Water Sup- 
ply. It is convenient to include in th<^ heading of 
this bill a table of the w(‘iglils per yard run of tlie 
lead pipes, the pi|)es being class itied as “ waste,” 
“ service,” and ” main.” Tlie size of a ]>i])e is the 
diameter of its bore. The ])ri<’e per foot run fixed 
includes running joints, wall-hooks or tacks, also 
bends, sinless the ])ip(; is 2 in. or over, in which ease 
the bends must be numbered in addition. Number 
the soldered ends, also the “ brnneh” joints, stating 
th^ size of the pipe — as in the following example : 
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No. 2 Extra soldered joints to 1 in. lead 

pipe, or, 

No. 2 Soldered joints of J in. and 1 in. 

1 Jead ])ii)es. 

'riic joints to ta])S and unions are included with 
them. Lengths of ])i])e under 2ft. fl are num- 
bered, the iiuml)(‘r of bonds in each being stilted. ' 

Fittings and Wastes, Etc. Begin with t he 
w.c. on the to]) tloor. Number the H])paratuH, giving 
description and imduding fixing and all unions and 
joints. Next take the soil pi])e down to the drain 
and connect thereto, also up, as ventilator, and 
finish with cap, and take the hole through the wall. 
Take the w'ater-wasto ])re venter, the overflow j)ip(‘, 
and the hole through the wall, the ilushing pipe aiul 
connection to ]>an. Similarly, take all other w.c.’s, 
urinals, etc., discharging into this soil pipe. Take 
tlie anti-syplionagf‘ ])ipes. Sinks, urinals, lavatories, 
and baths, and tlieir wastes are measured similarly, 
f^are should be used to take the tra])s if they arc 
not iiielucled iti the (lescii])ti()n of tlie fittings — for 
instance, to the lavatories. With the fittings it is 
convenient to measure, any draining-boards, ou]) 
l)oards, ete., eonneett‘d therewith. 

Cisterns and Pipes. Cisterns are usually of 
galvanised wrought iron. Describe the ca])acity — 
e.r/., :K)0 gallons — the thickness of the metal, and the 
height to which lioisted. If the situation will not 
allow of a stock size being used, give the exact 
dimensions. Take any lir or stiafl bearers, tlie lead 
or zinc safe under and waste pi])e from same, and the 
deal cover. N<‘xt, takethe “ warning ])i]»e.” Jf this 
pas.ses through (lie roof, take a slater’s number item 
of perforation ” through slat<‘d roof for pipe 
])assing through, and making good, and ])himher’s 
item for a si^t of 5-lb. lead Hashings soldered on. With 
eaeh ])i])e that leaves the cisti'iii take the eonneetioii 
thereto — as : 

I No. lN‘rforation in galvanised iron 

I ' cistern for l.i-in. union. 

; No. I .l-in. brass boiler-screw union and 

lly nuts an<l 7-lb. lead washfM> 
to iron cistern, and solchMid 
joint to lead ])i])e. 

From the cistern take the service ])i])es to (lie 
various fittings (exe(‘])t, j)erlia])S, the sinks, whicli 
are now usually su])])lie(l from the ” rising main ”). 
Measure the eliief ])ij)e from the cistern on to tlic 
])oint where it ends, and number the soldered end or 
ta]) which flnishes it. If, in its course, the ]Mpc 
diminishes — say, from If in. to L}: in. — take at 
that point a ” 11 in. extra soldered joint.” Nexi 
take the sto])eock on it near the eisiern ; then tlie 
first ])i])e that branches from it to its end, with ali 
its ta])s and brnneh(‘s, complete. That bram 1» 
being exhausted, ])ass down the main pi ])0 till you 
come to tlie next branch; exhaust that in likt‘ 
manner, ami so on. Having eom])leted the ])i])es from 
the cistern (termed “ services ”), take the ” sup])l> 
j)i })0 ” — that is, the ])i])e from the main in the road 
ii]i to the cistern — ami the bnlleoek at the end of il. 
3’heii file sto])eoek near tlie beginning, and next, 
any branehes to sinks, et(\ If there are two or more 
cisterns, take one and all the ])ipes from it befoi» 
touching the other. If iron pipes are used, the modo 
of measurement is much the same as in the case ot 
load. With the pi])es take all pipe-casings (run), ab" 
holes throiigli walls and Ldiase-?. 

The hot-water sii])ply, gasfitter, bellhaiiger, lift"- 
s])eaking-tubes, and electric lighting follow hei' . 
and are usually dealt with by jirovisional sums ot 
money. 
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Drains. Begin with the gnlley at the point of 
the drain farth(‘st from the outfall, number and 
describe it, with the ex(;avation ami concrete and 
setting, and take tlui stone cover. Next take the 
drain therefrom to the lirst chamber, describing the 
size of the pipe, l,iow jointed, and the average (le)dh 
of the trench and any concrete under or around it, 
("ount up all bends, junctions, etc. Complete the 
drains that go int{) this pil)e and this chamber, and 
then take the elianiber. Next take the ])i])e from 
this chamber into the next, and all branches, with 
their gullcys, etc., and so on. Finally the ]iipe from 
the. last chamber u]) to the sewer in road and 
connection therewith. 

Joiner’s WorK. Measure the floor-boards 
(super), describing the. material, thickness, etc. 
if any edge of a floor is not S(piare with th»* others, 
take the length by d in. for waste. With the skirt 
ings, chair rails, dados, and wall-linings, take the 
grounds, separating those that are ])lugg(‘d or lixed 
with wall-hooks across flues. Niimhcr the mitres, 
clc.., in skirtings, and chair rails, aiul to dados, etc., 
take them by the foot run. 

Staircases. First take llu' newels (run), 
numbering the ea])s and ])endanis ; next the wall- 
strings and outer-strings (run), se]>arating the 
“ramped” and “ wroaf bed,” etc. (s(‘c ]»agctioiO|, 
fhen the stc])s, for which take the hmgffi from hdt 
lo right p^Ks \" at, each end (housing), d'hi.s 
diineii.S'on, mult i]>licd l»y the. width of flic tnsul 
and the height of the lisc'r aihhsl together is the 
measurement of a step, and should he hooked thus: 

Tread 1 1 
H iser 0 
1 5 

3 3 1 I IJ In. (leal treads witli moidded 

1 6 I I nosing and I in. risers, 

tongued together, gbu'd, 
blo(;ked and brackeU'd on 
and including two strong lir 
carriages and ]ncparcd for 
cut strings — (if the (Uids are 
visible, or for close strings if 
otherwise)- Nol(‘ that if (7 is 
the width of the tread and ft 
! I the height of lh(‘rist‘r, >1 plus 

i I '2h should I sM.t lly eipi.d 23 n. 

Winders are mcasunsl net, thus; 

Ditto in winders iiul 

3 measured net 

(i 3 

1 .3 

b) p — 

7 7 

10 0 

If the l)otfom step is longer and with a scmi- 
uifcuhir end measure it, the extreme length and 
takt^ in addition an item : 

1 Extra on treads and risers as 

before for .semicircular end 
with solid l)lock ;nid veneered 
front to riser wifliout heading 
joint (say) 1 ft. 0 m. glrtli. 

Take housing or returned and mitred ends of the 
•steps ; the handrail [see page <55111, number and 
de.scribe the balusters, stating how fix('d at I'luls, 
mul measure the lathing and plast('ring to the sottits. 
*'^up(^* u p and describe the landings, inel ud iiig bearers. 

Windows. Measure sashes and cased frames, 
the extreme width by the extreme height, and 


give the doscri])tion from, the specification. If the 
hcuid is (say) segmental, add the words “with 
segmental head, measured S(]uare.” Tlio price per 
foot for this work ineludt\s tlie usual sjilayed edge 
on the bottom rail and the s])layed edg(\s of tlic 
meeting rails. .Any furtluu’ labours are extra 
and must be lakeri by the foot run. Mention in 
the deseri]>tion if weigli1«'<l fur plate glass, also if 
in two or more lights, with e.isf'd mullions. 'I'ako 
the run of the galvanis(‘d iiou forigiie and groove 
in sill and number the sash f.isteneis and otluT 
ironmongery. Take the gl.iss, hearing in mind 
that parts of inches are counted as lull inelu's ; 
thus, 11[ in is 1 fi. If t he glass is of irregular shape, 
measure the cxIivmih* size and deserihe as “ cut. 
to shapes.” 'fake the linings, whether of wood or 
cement (super if over 4 n. wide), architraves and 
grounds (nm) the w'indow hoard (sutler) and the 
dediiefion of ])last(*ring and ]»a])er. ( asiMuenfs and 

solid frame's an* taloai similarly huf in detail, the 
easements fieing sii])eie(l and di'serihed as “ fixed,” 
“hung a( side,” oi- as the ease may b(‘, and each 
])i('ee eompo.>ing llu' fi'ame taken hy the foot run 
ancl the labours on it deserihiMl. 

Doors are measured by t hi’ foot. au])er, the 
width l>y tlic heiglil, and des rilied as: 

3 0 ! ; 2 in. deal four jiaiu’l moulded 

^ 0 i both sidi’S door. 

Moulded and sipiare nu’ans moulded one side 
and sipjarc' the oth(*r. If a door is glazed, describe 
it as (say) “ rebated and moulded on solid, and 
pre-|);\r(^d for glass,” take flu* run of the small beads 
as stop for glass (including mitres) and meas’.ire 
the glass. 

Next take the linings (supi’r) or the solid frames 
(run) and Ihi’ hingi’s, locks and other ironmong(‘ry 
and archilra\es. Deduel the ])lastering and pajier. 
In the ease of swing doors me.asure the run of Iht' 
roundeil I’dgi's similarlyf S]iaee doi's not ])ermit 
of ('ntering into thi' measurement of s' li^eii’i 
and cupboards and otlu'r tittings, but the student 
will find little diflieully in iid i])ting fh»’ informa- 
tion given above to joiiu’r's work of this kind. 

Plastering. Measure the ceilings (sujier), 
taking the d(‘seri]ilion from the speeilieal ion, and 
im’iitioniiig if ]>;in(‘IIed or coved. 'I’akc’ any 
ceiling mouldings (run), giving the giilh and num- 
bering all mitres, etc. Next the coin ices, su])er if 
12 in girth or over, if not, by the loot run, giving 
the girth. Number all mitres, etc., giving the 
axerage girth of the moiddiiig to w Inch they belong, 
liear in mind the “ eor'c ” for the eornii’cs. 'bho 
smaller cornices may he in solid ])laster, hut for the 
larger ones some “ hringing-out ” is reijuirc'd, over- 
sailed eourses of hi iekw'ork . if praetieable, and. bail- 
ing tlu'se, deal framerl hraekeliiig fsinx'r) of about 
one-third the girth of the eorniee. Wall sur faces 
are bikcm super, the same dimension serving for the 
plastering and for the papering. 

Painting. Painting is usually measureil for 
tJie rrrosi ])art from tlie slmets of ilimensions after 
the abstracting and checking lia\e been doti''. 
'I’his system has I lie advantage of giving liie sur\ eyor 
a final look through his dimensions, often iiivalualile. 
Measurements in ])aint]ng ari* taki'ii (super) 
‘‘wherever the brush goes,” and are elassiliod 
accord ing to the number of coats, kind of linish, 
whethi’i- in tw'o or’ more tints, etc. Any work that 
xvill have to he done off ladders sliould be given 
se])aralely. 

The inea.snrement of executed work follows th(5 
lines of the ” taking-off ” from draw in.gs. 
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PRIME MOVERS 


diverse arrangements, and in a lesser degree, in 
England and America. 

The Simple Engine. Not so long ago, 
increased engine power was sought by increase in 
dimensions of cylinders to the neglect of boiler 
power. It was not thought possible to increase 
the latter much, as has been now done. But at 
present the view taken is that am])le boiler power — 
obtained chiefly in the enlarged fire-box and boiler 
end adjacent thereto — gives more than enlarged 
cylinders without siicli powers. The diameter of 
cylinders is limited by the conditions of the gauge. 
(Cylinders of 18-in. or H)-in. bore are the maximum. 
Length of stroke* is rather variable. It is usually 
about 20 in., but the recent Great Western engines, 
illustrated, have a 30-in. stroke, which gives 
corres]iondingly greater capacity. 

The usual position for the'^cylindors in English 
I»raeticc is inside the frames, but in Amerkwa and on 
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the Continent, outside. Tliis alTccts the po.sition of 
the valve gears, which must be adjacent to the 
cylinders, lienee it seems odd to us to see the valve 
gears outside the frames in Continental engine.s. In 
favour of inside cylinders and gears it has been 
claimed that fhey are less liable to receive damage, 
and that they run more steadily than out.side ones. 
For the latter the elaim is that, they are more 
readily examined and repaired tlian if located inside. 
There is little, if any, basis for the lirst, while the 
advantages of accessibility are unquestionable. A 
real objection to th(^ inside arrangement is that dip 
cranks must be used, and these are liable to fractuie, 
and numbers of failui'es and some fatal accidents 
have been traceable to these. Witli outside cylinders, 
the crank axle is straight, and the crank pins are on 
the driving wheels. 

Simplicity is studied in locomotive engine details. 
The cylinders are not jacketed, but they are enclosed 
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in the smoke-box in iaside types. The cross- 
head guides are flat bars. The valves are of the 
common D type, and are main valves only, cut-off, 
and expansive working being controlled by link 
motion arrangements. There are only two types 
u.scd generally, the Stephenson and the Walschaort, 
the first in England and in America, the .second on 
the Continent chiefly. The Walsehiiert gear is, how- 
ever, being taken up on some of the English lim's 
lately. Oilier rivals, as the Gooch and the Allan 
gear.s, and nther.s less known, have fallen into disuse. 

Compound Engines. All locomotive engines 
are of non-<^ondensing type, because there is no room 
for condensing apparatus. A certain measure of 
economy is thus sacrificed. It seems a pity to 
generate steam, anri, after using it once, to dissipate 
it into the atmosphere. Hence the fascination which 
compounding has had ever since it was proposed bv 
Mallett in 1874. His was the only compound in 
the Paris Exliibifion of 1880. The full story of 
the growth of the eompomid, if written by a qualified 
man, would lie one of the most fascinating in the 
story of engineering practice. Invented in Franec, 
if has been d(‘veloped in every coimfry in Europe, 
and in America. In England the late ^^r. Wehh 
will be remembere 1 as the persistent advocate of 
file system in Ihe teeth of inueh ojipositinn. Then* 
are now at- least a dozen fairly distined. types 
of eom])ound loeoniotivis in regular use on the 
railways of the world, differing in arrangements of 
the cylinders anrl valves, to descrilic whicdi is not 
pjissible here, and tliey wo.nld be bewildering 
apart from illustrations. The most familiar names 
are the Mallett, tlic Wehh, the Henry, the De 
(dehn, and llio PlamduT. Tandem eomjioimds, 
though in existence, are in a great minority, most 
designs having cylinders in ])arallel relations. There 
arc two. three, and four cylinder com])Oiinds. 
Generally, engines can be worked as simple or eoni- 
poiintl. Piston valves are adopted in some rec(‘nl 
engines. ( ‘oal economy ranges from 1 2 to 20 jier cent. 

Methods of Propulsion. These involve' 
ju’ohlems eoneerned with diameter of driving wdieels. 
of the loads on them, and of tractive force. In 
these, as in other details, the evolutionary proi*es.ses 
arc writ large in the ever fascinating history of 
tlie locomotive. The influence of the old Walt 
idea that jiiston speed should not exceed 200 f(. 
])er minute long atfected locomotive practice. The 
idea held was that the velocity of the ])istons 
should be kc])t dow’ii to moderate limits, or from 
500 ft. to 000 ft. per minute, and speed obtained hv 
having driving wheels of large diameter, say of 
from 8 ft. to 8 ft. Oin. That explains why the ohler 
cxjiress engines drawn’ng com]>arativoly light loads 
often had large single drivers — that is, uncouple 1; 
and the goods engine drawing heavy loads had 
small coupled wdieels. The idea still lingers, no<- 
withstanding some of the fastest ex])resses are now 
drawn by coupled (mgines wdtb piston speeds of 
considerably over 1,000 ft. iier minute. This a lx* 
cxjilaiiis why, wdth increase in tractive force, tlu 
diameters of cjdinders have not been much increasi'd. 

Increasing piston speed is as efticient as incrcasinu 
diameter to an equivalent amount. If, for ex- 
ample, a given ])iston speed w^re increased by 50 
per cent., the engine power would be augmented by 
50 per cent, for the same steam pressure. But steam 
pressures have also grown largely. Compoundinu 
is also a source of gain. Larger boilers siippl> 
larger volumes of steam, and all these things have 
produced engines of greater powder, so that one engine 
now hauls loads that required the services of two 
engines a few years since. 
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Adhesion. The two essentials which render a 
locomotive capable of hauling a load on smooth rails 
arc its adhesion and its tractive force. Everyone is 
familiar with the slipping of locomotive wheels when 
starting on slippery or wet rails. This means that 
the greasy state of the rails overcomes for the 
moment the adhesion of the wheels thereto. In the 
early inception of locomotive engineering it was 
not believed that engines could haul coaches on 
smooth rails, and rack rails much like those employed 
on mountain railways were used. It was foiiml 
that adhesion is secured by putting enough weight 
on the driving wheels, hence tlie advantage of the 
employment of big, heavy engines. The adhesion 
of an engine is not the same as the weight of the 
engine. It is less because of the sli]). About one- 
fourth of the total weight on the driving wheels 
is available for adhesion on dry rails. On wet 
rails it may bo as low as one-tenth. One-sixth is 
about the average ])roportion for ordinary con- 
« lit ions. Because of tins loss of adhesion, the 
practice of sanding is net^essary when .starting, 
and when climbing inclines in wet, foggy, and 
frosty weather. 

The weight which can be imposed on the 
driving wheels is obviously limited, and, there- 
fore, with increase in weight of engine, coupling 
l)eeomes necessary. But the weights on a 
single axle have increased largely. In ISt^O, 
six tons was the maximum load considered per- 
missible on a single wheel, now 10 tons and 18 
tons are carried. This is largely due to the substitu- 
tion of steel tyres and steel rails for those of iron. 
Hut even with these loads, the inercasing weight 
of engines has had to he distributed over more 
wheels, and the old types witli single drivers arc 
rajudly passing out of existence. Four, six, and 
eight wheels eoii])lod are eommon types, and even 
len wheels in some Anuudran designs. Coupling 




wheels means that each wheel must lake its pro 
portion of the load whate'^er that may be. 

Tractive Force. In order that the engine 
shall ])ull its load, its friction on the rails must 
be at least eipial to the eflcetive pull or tractive 
force, if the engine wheels do not slij), then 
obviously any nu)vcmeiit of the engine must draw 
its load along. If they slip then the adliesion is not 
(Mjual to the tractive force. Th ' driving wheels arc 
liners, and their point (<f contact with the rails is 
their fulcrum, d'he tractive force is ealeulal-cfl thus : 
(Diani. of c.vIirifhT in iii.)‘^ X stroke in in. 
l>l;uncttr of diiviiij; wIkoI Hi inches 

. Tractive force in Ih. for eiieh Ih. of eflfeetive 
steam pres-sure mion the pi.ston. 

All imjiortant clcnuMit in smootli running at high 
s])eedM is the balancing of the reciprocating and re- 
volving parts. These include the ])istoii and con- 
necting rods and the cranks. They are coimter- 
balanecd in the driving wheels by the aildition of 
weights. Many rules havi* boon given for these, 
but the most exact results are obtained by trials. 

The illustrations, [76 to 80] give various views 
of an Atlantic ty])e, 4-4-2 class of Creat Western 
Railway engine, designed by Mr. ,1. O. (diurchward. 
The appended list of jiarls may be compared wdth 
the drawings wdiudi are lettered correspondingly. 
A, frame.s ; B, driving wheels ; C, coupling rod ; 
li, bogie wheels; E, trailing wheels; F, bogie 
pivot; (I, boiler barrel; H, inner tiro- box ; J, 
outer fire-box ; K, smoke- I)ox : L, tube space ; 
M, blast pipe; N, cab; (), cylinders ; P, piston, 
valves ; Q, valve gear ; R, ])istou rods ; vS, cross- 
beads ; T, connecting ro !t: U, cranks ; V, vacuum 
brake cylinder ; W, ditto for bogie; X, brake rods; 
V, brakes ; Z, draw bar ; a, steam pipe ; ht eccen- 
trics ; c, reversing lever ; cf, regulator ; 6, axle 
boxes ; /, horn blocks ; fir, axle springs ; h, compen* 
sating levers ; /, sanding pipe. 

Continued 
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By D. N. 

growth of a business is ])riinarily a matter of 
* organisation; organisation is primarily a matter 
of system ; and the foundation of system is energy 
applied with intelligence. Many business and pro- 
fessional men would install systems if it were not for 
tlie false im])ression that they entail extra w'ork. 
This error needs no other refutation than the fact 
that no good system is ever diseanbal after having 
been installed, but is extendcMl and modihed as 
business requirements demand. 

What is System ? System means a thorough 
knowledge of the smallest details of one’s business, 
s(>cured not. by the ])rocess of doing everything 
oneself — there are too juany details — but auto- 
matically as the result, of well-<lirected effort .iiifl 
organisation. Well-directed effort on the partof each 
member of the staff means that each worker must 
know or be taught to know how and where to apply 
his labour with the best and (piickest results. The 
])Ower of executive, or, of organising a business, 
means the ]iowTr to juake all the small ])rocesses 
of the busitiess dovetail into (‘acli other, and work 
wdth smoothness and efiicicney. Knowledge of the 
details can come only from a system which brings 
them regularly to the attention of the manager. 'I'lie 
best system is that which enables a man to do most 
work w'ith the least expenditure of time, energy, 
and money. 

The principle underlying modern system is the. 
elaboration of the jd(‘a of wornhlc as exempli- 

fied in the card and loose-leaf systems, wdiieh we 
shall reach later in tin’s e()ur.se. The old methods 
differ from the new in jnatiy res])ects, hut none is of 
more fundamental importance than the treatment 
of lodgers, books, and records of all kinds in which 
every leaf wms a fixture, and every item on each 
leaf immovable. The idea of the unit, eomplete in 
itself and movable, lias led to the keeju'ng of a hook 
of records whicli wanild liave been im])Ossil)Ie under 
the old order, and 'whicli enable the manager to 
keo]) in touch witli tlie whole of the w'orking iilarit 
and staff of his business. Daily, weekly, and monthly 
statements are brought to his desk to enable him to 
probe the etfieieney of men and machines in a 
manner unknown in bygone days, and to trace and 
sto]) leakages in every department. Numerous 
labour-saving a])plianee.s and devices double or 
treble tin* out])ut of tlie staff in work of all 
kinds, while some emjiloyes are disiieiised with 
altogether. 

Supervision. Supervision is another feature 
f)f the modern system ; no oflicer is allowed to dodge 
the responsibility for misconduct or failure on the 
part of a suborrlinato whom he is in duty bound to 
keep up to a high standard of (‘fiieieiie.y. Supervision 
must be close, eonstnnt, ine.xorable, but always fair, 
and must extend throughout the whole organisation, 
binding all parts together. :fhe result is that when 
an order is issued by the general managiT, it works its 
way from the centre to the most distant part of the 
establishment automatically, just as in a system of 
electric, distribution when the switch is turned on. 
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From the manager to the offieo-boy each employe 
has someone above him who knows what work he is 
doing, and w^ho comes jieriodieally to demand 
results. 

The Dwindling of Profits. Not so long 
ago, within the iiieinory of middle-aged men, tlu* 
margin of ])rofit to the mitklliMiian was so largo that 
lh(‘n‘ wa.s no nei'd lo institute careful methods of 
eoudueting business : guessing was near enough. 
But with inereasing eonqietition, large profits had 
to give way, and the margin became narrower and 
narrower. 'J’he balance-sheet, still shows large gro.ss 
profits in many easi's, hut tlie volume of business 
has expanded, and th(‘ concerns liave deveIo])ed and 
assumed enormous ])ro])ortions. wdiile the working 
ex]K‘n.s(‘s hav<‘ grown simidtaneoiisly, with the result 
that }}ii ])rofiis have inoporl ionatidy decreased. 

d’he result has boon a now’ livalry among business 
m(‘n — the jmrsuit and cult of economy. 

The Cult of Economy. The first lesson 
learnt w'as that economy does not mean eheapiiess or 
a ]mrely arbitrary redneiioti of (‘X])(’nses, but, on 
the contrary, intelligent and far-s(*eing ex])eiKlitur(^ 
and the elimination of all w.aste and leakage. 

New methods had to be soiiglit for redneing the 
outlay, while still accomplishing the end in view. 
Industrial and mercantile transactions involve the 
mani]>ulatiou of material by manual, mechanical, 
ami mental labour in order to produce a marketali'c 
commodity. Of these tw’o factors labour is tli(‘ 
more costly and also the more variable, (heat 
])rejndiee exists in many worksho])s against 
lafioiir-saving machinery, which is said to be a 
menace to the working man. Thi.s is altogether 
false ; the efTeot of labour-saving machinery is 
entirely beneficial ; it tends to lessen the cost ol 
])roduet.s and to raise the price of labour. 

Cost. The business man must know to a fraction 
of a jiermy what overything costs Jiim. A cost 
system should provide : 

1. Efficient means of collecting all the data 
necessary tor drawing up statements of detailed and 
total cost. 

2. Means of affording eom])arisoiis on all manu 
factored products, in order tliat the manager may 
have the ojqiortimity of analysing the comparative 
cost of any given job with that of jireviously 
executed jobs, and w’ith the estimates and tend* is 
for (;ontrae.ta. 

3. An exact account of the work ]ierformod hy 
every employe on the pay-roll during every hoiu 
charged therein. 

By means of these records, collected on separate 
cards, the general manager obtains incontrovortihlc 
testimony as to the efficiency of man and plant. 

A modern cost system should keep the j’ollowing 
aims in view : 

1. To lessen the cost of production. 

2. To determine the cost of products collectively 
and in dctal. 

3. To fix the sale price of every article on au 
absolutely safe basis. 
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The Factor of Labour. The following 
are some of the means of promoting this special 
quality of labour. 

]. Discipline and justice. 

2. Cultivation of good relations between employer 
and men. 

3. Promotion of moral and physical well-being. 

4. Co-operation in the business management. 

5. Participation in the profits. 

(>. The encouragement of (esprit de corpfi. 

7. Offering faoil it ies for the actpiisition of technical 
and 8;‘ientific knowledge. 

8 Inviting suggestions for imxu-ovements in 
machinery or processes. 

It must bo remembered that the employer who 
gives his men nothing but bare wages can ex])ect 
nothing from them but so many hours’ work put 
in. The manager must find the secret of enlisting 
intelligent and syrnj^athctic co-operation. 

Co-operation is effected by means of committees 
formed in all departments from superintendents 
and foremen and from employes drawn from the 
ranks, on acconnt of their fitness to serve on the 
committee, their sense of fairness and the esteem 
with which they are regarded by their fellow^- work- 
men. 'rhe meetings of the committee are held daily 
or weekly during Ihc lunch hour, or at the close of 
tlie working day at the expense of the firm ; their 
business is to report on the w'ork and organisation 
of their de])artincnt, and to make suggestions and 
discuss coniidaints and grievances. Committees 
are formed to look after sanitation and cleanliness, 
advertising sales, shipping, repairs, office details, 
etc. The employes get to feel that the business is 
“ours,” and they become imbued with a strong 
feeling of esprit de cx>rpfi, or common spirit of devo- 
tion, sympathy and enthusiasm combined with 
jealousy for the honour of the body as a whole. 
Many firms provide suggestion and grievance boxes 
kept locked, into which the men droj) slips of ])aper, 
duly signed, containing suggestions, and these are 
daily collected by the manager’s secretary and 
taken direct to the chiefs office where they receive 
immediate attention. 

i\lany employers have found that the ericouragc- 
ineiit of personal eleanliness and neat ness at the 
works by providing baths, spacious lavatories, 
and clothes lockers for the men had a beneficial, 
effect on the workmen’s homes and family life, 
foi‘ the self-respect thus engendered at ihc works 
refuses to tolerate slovenly habits and dirty, untidy 
homes. The sound discipline and high moral lone, 
too, Is likewise reflected in the home life of the 
workmen. The cost entailed by these methods of 
management is a sound investment which is jnore 
<'ffectual than many bonus and premium systems, 
and appeals to man’s nobler nature. 

The Labour Department. One of the 

most difficult problems which confront the business 
manager is the organisation of labour on a basis 
fair to maa+^er and men. The system adopted 
cannot be too simple in its working, but once in- 
stalled it must be rigidly rnforced. 

The system we would here suggest to managers 
who wish to improve their organisation falls into 
three sections ; 

(a) The labour department. 

(?>) The timekeeping system. 

(cf The routine. 

In a large factory employing a large number of 
hands it is essential that labour should form a 
separate department under the direction of a sjiecial 
manager. His duties are to organise this department, 
to create a labour x)olicy for the firm, to study 


labour questions, treat wu’th trade unions, aet as 
court of appeal in all labour troubles in the works, 
to frame rules and regulations, to impose fines and 
award prizes. 

The Executive. His executive comprises 
cmjdoymcnt agents for office, factory, and sales 
department, who devote their time to the selection 
of employt's, to their training, discipline, ])fomo- 
tion and dismissal. His right-hand man, the super- 
intendent or buffer, plays the ])art of mediator 
between chief and men ; he wins tlie confidence of 
the men, having no authority to ]>romotc or dismiss ; 
he hears complaints and suggestions, looks after the 
well-being of the men. organises clubs, co-operative 
schemes, and recreations and fosters caprit de corps. 
The labour manager receives all data dealing with 
labour and the cost of ])roduction, from which ho is 
able to study the eflieicney of his army of w'orkers, 
and to note the individuals who distinguish them- 
selves and are fit subjects for promotion. 

The employment agent prepares the personal 
records of employes, indexed by names, which 
comprise essential information concerning physi(pie, 
character, abilily, previous berths and n'cords, 
reason for hsaviiig, rate of pay, increase, promotion, 
quality of workmanship, complaints duly .suhstan- 
tiated after full inquiry, s])ecial services rendere<l. 

Three Classes of Industrial Labour. 

industrial lal;our is divided into three classes: 

1. Prodxcfirc lahoxr^ wliicli converts raw material 
into a finished product. 

2. Depnrtmvxt nou- product ire labour^ essential to 
the ]>roductivc labour, while not producing anything 
itself, such as foremen, oilers, sweepers, truckers, 
etc. 

3. General rum 'productive labour necessary for the 
operation of the producing department, but entirely 
outside its jurisdiction, such as labour of the office, 
the sale, advertising and shipping departments, 
timekeeper, engineers, firemen, etc. 

All thiTC kinds of labour must figure in the 
cost, the sum total corn's] )onding to the pay-roll 
for the same ])eriod. Hvery ])roduct must be made 
to bear its own share not only of [)r()diJ<‘tive labour, 
but also of both class(‘s of non-productive labour. 

TimeReeping System. The first aim of a 
modern timekee])ing system is to account in detail 
for every minulo of time charged in the pay-roll, 
and to see that this is aeourately distributed among 
the articles i)ro<lueed ; second in im])ortance is 
the elimination of all clerical w^ork from the factory 
departments. 

The w orkman has tw'o kinds of records to keep, for 
which cards are provided: (1) The attendance 
or da^ time card, showing the time at which ho 
enters and leaves the works ; and (2) the job cards^ 
showing the exact time spent over each o])cration in 
the workshops throughout the day. 

Mechanical Recorders. ]\reohanicaI 
recorders are used as substitutes for clerical work. 
On entering the works, the workman dro])s his card 
into a slot, presses a lever and })ieks his card out 
of a receptacle. The exact time in hours and minutes 
according to the clock on the face of the recorder 
is found registered in the s])aec on the card allotted 
to him for the morning or afternoon of the ])roper 
day of the w'cek: on leaving the works for the dinner 
hour, and finally at the end of the day, the simple 
action is roj)cated. The men, who are at once made 
to understand that they arc paid solely for the time 
thus recorded on their cards, take care not to omit 
to register on entering and leaving the works. An 
automatic recorder or a calculagraph is placed in 
every workshop under the now regime, and the 
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foreman on reocivinjz a completed job sees that the 
workman registers on his job card before he hands 
liiin the new work. 

Keeping Records. In every business there 
arc innumerable records of transactions, docu- 
ments, lists, etc., which must bo kept for constant 
referenne ; the ])roblem is how to tile and index 
them so that they are easily found when wanted, 
Kx])erience tea<*h('s that any inoUiod which involves 
turning over tlie folios of ledgers, untying tapes, 
unfolding wra])})ers, extracting from envelopes, all 
t<‘nd to limit the utility of the data in (piestion. 
'flu* card sysicni of tiling and iiuh'xing solv^e-i the 
))rohlem. Its watchwords arc tHohi/Ht/ and gci-fit- 
(fhilily ; it is based upon the rise of one or many 
series of cards, uniform in size, ruled, and printed 
according to the nature of the matter to be 
indexed, and arranged v<*rtically on edge in 
trays or drawers. Tlie car»!s are kept from slipping 
by an adjustable sliding block or follower, and are 
secured by means of a rod ])assing llirough a per- 
foration in each card which, when bolted or fastciuxl, 
picvtMits their removal, (bride cards of v’^arious 
•'olours, having indexed yrrojcctions, ai’c distributed 
among the eaixls to define certain sections and facili- 
tate identification, while for sub-indexing, tJie 
smaller tabs on the cards give various clues aljtha- 
betical or numerical. The trays and drawers can 
be obtained singly or in an intiniie variety of com- 
bination, in cabinets to suit the rerpiirements of all. 
p]x])ansion, which is one of the juost valualrlc features 
of the system, is ])rovided for by building up the 
cabinets in sections, which can be added ns they are 
rerpiireil. Tlie essence of the wliole system is that 
(Mch card forms an independent unit, devoted to 
one name only; it can be removed to anollier s(‘ries 
at any moment, according to its s])ecinl significance, 
without leaving a gn]) or being considered an intruder 
in its new jiosition, where it may be as rcarlily 
found as before. 

Decimal System of Indexing. 

the purposes of an index, with its innumerable 
divisions and subdivisions, a numerical a])plica- 
tioii of the card system has been found to save 
much time, as, for instance, in collecting and 
classifying the material for illustrated catalogues, 
in filing technical literature, ])hotogra]>hs, cuts, 
blue })rints, etc. The decimal system is the only 
one ,ca])ablc of kee])ing pace witli ])rocIivities for 
cx])ansion of the card index, while remaining 
intelligible and self-evident. 

As an illustration, let us take electrical engineer- 
ing, wliich is classified among the useful arts. ()00. 
To mechanical engineering is assigned 021 ; to elec- 
trical engineering No. 021 ‘3. In grou]) 021, the 
three after tlic ])oint is given up entirely to clce- 
trioal enginf^ering, and may be extended indefinitely 
as occasion demands; 021 •331 stands for eleelric 
railways. The whole system is worked out in 
Dewey's book, and a very eom])lete index gives a 
clue to the corresponding numbers. Any firm, how- 
ever, can form its own numerical sub-sections. 
For instance, the electrical railway section might be 
w’orked out thus ; underground and elevated rail- 
ways, 021*3311; three-phase, 021*3312; single- 
phase, 021*3313; mono-rail, 021*3314, etc. O, 
again, by analogy, the decimal system can be ein 
ployed in its entirety for any one business. It is 
evident that the use of the decimal system in index- 
ing necessitates a key made al])habetically by an 
intelligent and ros})onsil)le member of the estab- 
lish men t. With the key at hand, a moderately sharp 
ofiiee-boy can find the reference requiroc\ in a 
moment. GTiide curds and aljdiabetical tab-cards 
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can, of course, be used in combination with the 
decimal system for subdivisions. 

Adaptation of Decimal System in 
Engineering Works. In engineering and 
other industrial works this system may be aaaj)tecl 
with excellent results to the nomenclature and 
classification of machines made, used, or of other 
products of the factory. It is a good ])lan, in 
grouping them, to allot 100 for each group, whether 
there be few or many machines in the group ; 
memory is thereby assisted and expansion made 
possible without re-classification. For example ; 

1 to 09, planes, milling maohines, etc. 

100 to 100, drill presses, boring mills, etc. 

200 to 200, turning and turret lathes, etc. 

300 to 300, slotters, fixing machines, etc. 

400 to 400, saws, cutting machines, etc. 

500 to 500, oil separators, scales, electric cr.anes. 

000 1() (iOO, engines, motors, air compressors. 

By ailding a ])()int and figures to the right, 
numbers can be assigned to parts, tools, and 
accessories of each macliinc. 

The same system ajqilics to the machines of the 
workshops for kcc])ing machine records, and com- 
puting tlic machine jatc. 

The mimhcrs, once allotted, follow the maehines 
or products throughout (heir life in the factory, and 
represent tJieni on all reeords. If tlic classification 
be used for fhe manufaetured ])roducta, each 
drawing, iiattcrn, easting, and, later, the part itself, 
should i)(‘ar this niimhcr stamped upon it for the 
jmrpose of identification. Each number has a card 
on which all information ros])ecting the yiart, such 
as ' specificat ion, cost, jicrcciitage of floor space, 
insurance, interest, deyireciation, the hourly machine 
rate, etc., is comyiilcd and kept for reference. 

Endless ajiplicalions of the system will suggest 
themselves to those who have once tried it. For 
business houses, the decimal system recommends 
itself more esjiecially for indexing the literature, 
(•()rres]>ond(‘nce, drawings, yilans, ])liotogra])hs, etc. 

Vertical System for Correspondence. 

The vertical is the ideal system of filing eonc- 
.syxmdence, enabling any subject or name to be 
referred to without deday, and ])reHerVi‘ng doeu- 
ments in perfect condition. It is nothing but the 
card system applied to letters by sui)stit uting 
folders for canls. (biido cards with index tabs 
])rojeet above tlie, folders (made of strongest 
mnnilla), and may be filled in al])liabetically, 
numerically, or geograyihieally. By means of 
these guide cards, the folders can also be sub- 
divided into subjects. A sejiarate card index is 
requireil when the numerical system is used, to act as 
key to the numbered folders. Each oarcl may beat- 
entries of the. dates of letters received and written, 
which often saves lime in referenec, rendering 
imnece.ssjiry any further quest in the coi*res])on<l' 
ence eabiiiet. Seyiarate facts, which it is desirable 
to record for the sake of their own importance, ran 
be picked out of the correspondence by a. boy oi- 
girl after they have been underlined in bine yieneil 
by the chief of the deyiartment, and filed in otla r 
card indexes for reference under different hea<ls, 
such as : quotations, complaints, orders, inquiries 
for articles not in stock, etc. Carbon copies ol 
replies should, of course, be filed in the same folders 
as the original letters to save time in reference. 

With a wider experience of the card system has 
come an extension of its scoxie, and many ingenious 
little devices are added from time to time, wh eh 
considerably increase its utility. Movable tal);^. 
mounted on a clip, are extensively used for the 
purpose of rapid identification, oc for sub-indexing. 
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It is frequently necessary to keep several kinds of 
records in one tray or drawer. In order to dis- 
tinguish them, a code of signals may be used which 
renders each set quite distinct. There are several 
ways of doing this besides the above : 

1. By using cards of different colours. 

2. Another method of coding the cards is to stain 
the top edges with coloured inks, or to make rows of 
dots along the edge at regular intervals, the same 
for all cards. As the ink can be easily seratclied off, 
re-classification does not entail re-writing on new 
cards. 

3. Similar notches can be cut on tim top edges 
of the cards. When they are in ])la( C in the draw'cr, 
a lino is ruled along the tops from front to back at 
certain intervals. Kach of these lines produces on 
each card edge a dot, so that the edge of each card 
lias on it the same number of dots at equal distances 
apart. Notches can be (uit at any one of these dots 
to denote a certain thing. 

The Memory Tickler. This is another 
instance of the utility of the card system. Every 
business or ])rofessional man, whether liis jilace is 
at the top or the bottom of the ladder, needs some 
means for kee])ing him in touch with matters w’hich 
require his attention punctiially at definite times, or 
which may luivc to be postponed. A drawer or 
tray with guide cards for every day in the month, 
and every month in the year, is the best reminder, 
fn front of the guide, cards may bo used, folders 
or cards only ; into the folder may be dropjied 
slips of paper, visiting cards— anything that 
will serve- to call up the matter which must be 
attended to. If any importuit function be ])ost- 
poned, the memorandum is filed on ahead, with the 
eeitainty that on the ])roper day it will receive 
attention. Every morning, the first duty after 
opening the mail (or ])erha]>s even before) is to look 
through the tickler for the day, and lay out the 
day’s work in aceordanee with its records. VV^hen 
makng a promise, thi* date should at once he tickled 
one or two days before the fulfilment ; it is a sure 
reminder. Manufacturers use the tickler with 
admirable results in turning inquiries into orders by 
automatically indicating the ])roper date at which an 
impiiry should be followed up if no order has come. 

The Information Drawer. Business 
and professional men arc for ever coming across 
useful scra])s whieJi they collect and store up for 
future emergencies. These scra])S, valual)lc as 
they may be in themselves, arc worse than useless 
unless you can put your hand upon them at om e. 

'The information drawer is a catch-all for jottings, 
^li|>s, cuttings, memos, etc., and is worth its weight 
iu cold. Here, all transient, fleeting ideas are 
instantly anchored. The filing may be done in 
front of guide cards, indexed with a subject, and 
containing on its face and reverse a. list of the 
records filed ; or else folders may be used for each 
letter of the alphabet or for any subdivision that 
may be desirable, and they can then be filed in Uie 
usual way. The latter is the simpler system, and 
the best adapted to small needs. 

Kevolution in Office Methods. A oom- 
plote revolution has indeed taken place in 
methods Since the advent of the card and loose-leaf 
systems. The introduction of the loose-leaf into 
biwiness is no fad which will presently give place to 
wonderful })ossibiIities have already 
obtained wide recognition all over the world. The 
basis of both card and loose-leaf systems is the 
ingenious principle of the independent mobile 
nnit, each leaf or card being allotted to one person 
or account alone. 


Advantages of the Loose»leaf Ledger. 

Here arc a few of the reasons why this system 
is rapidly supplanting all otliers : 

1. The loose-leaf is the only know'n device for 
preserving a jierfectly independent record. 

2. It allows all extraneous matter or dead 
accounts to be removed to tlie transfer file. 

3. It renders tin* accounts elastic, obviating all 
difliculties about giving a customer a quarter- page 
when he should have had a half, doing away 
wi^h double double to utilise space. The loose-leaf 
adjusts itself to <*very kind of aceount book and 
ledger ; it is immaterial wlietlier there be one item 
or a tliousand. 

4. The loose-leaf ledger is per])etual ; once opened 
it remains o])pn. When business dealings with a 
customer cease his account leaf is removed to the 
transfer ledger ; should the business relations be 
resuiiK'd, all there is to be done is to return the 
Jieeoiint leaf to the current ledger. There is no need 
to hunt for old accounts through four or five ledgers, 
and ])erliai)s five or six folios in each ledger. All 
tlie accounts are found together in the file. 

f). Both sides of the loose-leaf can he filled up 
to the last lino, while with bound books about 2h 
))er cent, of the sj)aco is wasted. 

t). The use of the loose-lt‘af ledger saves no less 
than 33/, ])er cent, of the bookkeeper’s time. At 
regular ])eriods, the file ]uiges and balanced accounts 
are removed to tlic transfer ledger. The dead 
accounts having been eliminated, striking a balance 
is an easy matter, and there is no danger of over- 
looking an 0 |>en account. 

7. No written index is needed, for the loose-leaf 
ledger provides an automatic indexing arrangonent, 
the pages being filed in alphabetical order, as they 
would be in a directory, with tabs indicating the 
subdivisions of tlie alphabet. The most difficult 
of all bookkeeping errors to detect is that of posting 
items to a WTong account; but as the accounts in 
the loose-leaf ledger follow one another in alpha- 
lietieal order there is less liability of falling into 
errors of any kind. 

The Transfer Ledger. A characteristic 
of loose-ledgers is the separation of active and dead 
accounts. The oiirrcnt ledger contains all active, 
and the. transfer ledger the suspended or closed 
(dead) accounts, the latter, as Wv‘ll as all tilled ])ages, 
being eliminated and transferred after the monthly 
or weekly balance, so that tlie bookkeeper has to 
deal with only current items, while tlie whole of his 
previous work is kept accessible and clearly indexed. 
This entin'ly obviates the bi-annual transfer, and 
kee])s large accounts of several j)ages ])cr moutli or 
year always together in one })laee, thereby reducing 
the labour of going over an old aceount. 

At the time of the trial balance all eongoslion of 
work is avoided, and at the same time (he resiiKs are 
rapidly arrived at by dividing the ledger among any 
number of clerks working simultaneously. A rule 
should be made in tlie ollico that no transfer of closed 
accounts or filled ])agcs may he made from the 
current ledger until after tlie monthly or weekly 
balance has been made. Finns usually begin by 
drawing U]> monthly balances and statenicnt.s, but 
they very soon adopt the plan of W'eekly or even 
daily balances when they find how easily the 
.system works, more especially if they Inqqren to 
liave a tabulating or adding machine. 

The best practice in accounting with loose-leef 
ledger is to post from direct charges by what is 
knoAvn as the Bill and Charge system. A lad 
arranges the charges beforehand in strict alpha- 
betical or numerical order in accordance with the 
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scheme of the ledger. As it is inadvisable to in- 
clude more than 500 accounts in one ledger, the 
alphabet is divided into four or five sections, each 
in a binder. When i)Osting, you begin at the 
beginning of the ledger, and work straight through 
to the end of the last ledger ; you will then have 
come to the end of the charges and will not have 
had to consult the index once during the whole 
process. 1 bookkeepers and accountants will 
readily understand what a vast saving of time is 
tlius efTccted ; Ihore is besides an cf*<momy in the 
cost of labour which is one of tlie valuable features 
of the new business methods — the aecom])lishmrntof 
part of the bookkeeper’s work by lower- i)riced help. 

In order to avoid interruption of work on the 
ledger and waste of time, a tem])orary holder with 
a spring back is provided, liaving a capacity of 
50 sheets to 100 sheets for tlio rc(!e])tion of new 
accounts or transfers which come in during the day. 
The principle of the loose leaf a])j>lies ecpially well 
to all the other books used in acoouiitiug, such as the 
cash book, journals, cost hooks, bills receivable and 
bills payable ; purchase, order, and invoice hooks. 

Loose-leaf Cash Book. In the loosc-ku»f 
cash book the ruling of the leaves and distribution 
of the accounts can be made to conform to the 
practice of the firm. Tlie advantage of this form 
of cash book lies in the fact tliat rccei})ts and dis- 
bursements are handled separately on leaves of 
two difTerent colours, every liue of whicli can be 
utilised ; there may be in a month or a week ten 
leaves for receipts and ordy two for disbursements 
or vice versa. ’'Phe qm'stion of safety, should it 
he raised against the loose-leaf cash book, may he 
thus dis]) 0 scd of : the loose-leaf cash hook should 
be paged just the same as the bound book. The 
eashior uses the leaves conseoiitively, and if a leaf be 
spoiled or torn it must be left in its ])lace as though 
it had been used. The cashier Tuust be maclc 
responsible for every leaf of his hook ; any tamper- 
irjg with it by extracting loaves would, therefore, 
he easily detected. The eurrent cash is carried 
in a spring- back holder and as soon as the balance 
has been brought forward and the })OSting com- 
pleted, the leaves are removed to a permanent 
binder, and so arranged lliat the receipts follow 
('acli other from week to week and month to month. 
The (lisbiirscmeiits are kept to themselves behind 
a division leaf tabbed “disbursements” or in a 
separate binder. This cash book pro])er is stored in 
the vault or safe, and is no longer accessible to any 
not authorised by signed requisition to consult it. 

Loose-leaf Invoice and Purchase 
Book. These possess the unique advantage of 
never becoming filled. By means of a scheme of 
indexing, they may be made to serve as purchase 
ledgers, showing at all times the accounts payable. 
1’he bills of cacli firm are filed in succession, so 
that reference to old accounts is a Rim]>le matter. 
I’lie invoice book, in s])ite of being permanent, does 
not become cumbersome, for as soon as accounts 
are paid, they arc transferred to another binder 
kept for reference only. The bookkeeper can 
])Ost from this book direct without additional 
entry, and the accounts payable need no other 
luoof of accuracy than the Purchase Record. 

A simple form of leaf for this book contains the 
following columns— date, number, from whom pur- 
chased, amount of bill, discount, department, rebates, 
O.K.’s, date received, date paid, amount, remarks 
The Price Book. The loose-leaf system has 
sounded the knell of the consecutively printed 
price book. The prices of goods are printed on 


one side of the pai)er and well spaced out, so that 
each item can be cut out, dated, and pasted in the 
loo.se-leaf price book. As each entry, as well as 
each leaf is independent, any line of prices may 
be charged without affecting the balance of the 
book, or necessitating revision and reprinting ; the 
new entry is simply pasted over or at the side of 
the old one. For goods which fluctuate in price, 
the system is invaluable, as changes in price can 
be compared on the mmesheeU each line of goods 
in this case having a page to itself. 

Revolution in Rulings- The facilities 
afforded by the system for special rulings in- loose 
leaves has led to a number of changes in ruling, 
'I'he most notable and practical is the centre ruling 
for debit and credit columns divided by a balance 
column. The advantage of this balance column 
in the ledger lies in the possibility it affords of 
bringing down the balances in pencil at the en<l 
of the month nr calling them out to the adding clerk, 
if the firm jiosscss an adding or tabulating machine. 
It frequently hap])ens that balances are obtained 
wilhout duplicating the figures. Balancing in 
sections is also extensively practised and many 
bookkee])ers handle their work so that they arc 
])ractically always in a state of balance. 

Double-double Abandoned. It does 
not seem practical to use a double -donblc ruling in 
loose-leaf books under any circumstances, 'rin* 
argument adduced in fav'our of its use which is, to 
avoid more freijiicnt carrying forward of totals or 
balances — is a fall.icy in the case of the loose- leaf 
lodger, for it is no more troublesome to earry 
forward a balance to the succeeding page on a 
single leaf than to the second section of a dou))lc- 
double page. The use of donblc-douhle ruling 
either necessitates a very wide page and cumber- 
some ledger or very narrow columns for posting, 
both of which are inconvenient. With the loose- 
leaf account ing books as many leaves as arc 
necessary for an account may be provided without 
trouble or rcindexing; there is, therefore, no longer 
any advantage in using double-double in order 
to provide extra ])Ostiiig space on one page. It 
is no longer lu'cessary either to have such long 
ledgers, running sometimes from 24 in. to 50 in.; 
witli the loose-leaf ledger the 9} in. by 11 in. ])age 
or the 1 1 in. by I J in., which allows a line for (suli 
day of the month and a few extra lines, is found to 
be sufiicient even with large business houses. 

The Binders. As the loose-leaf books do not 
need to be renewed like the bound books, new 
leaves alone being required, the binders arc made 
very durable and strong with a capacity of from 
500 to 1,000 leaves (2,000 pages). The leavc-^ 
are punched with slit holes to allow of the leaves 
springing or slip])ing round the posts at any ]>oint ; 
the book can thus be opened wide, lying quilc 
fiat so that the leaves are easily manipulated. Tt 
is impossible to extract a leaf without tearing i<. 
unless the binder is unlocked. Leaves are just ;h 
securely held whether there be few or many, 
'riie binders can, therefore, be enlarged by tin* 
bookkeeper up to about 6 in., which accommodati s 
1,000 leaves, and makes as bulky a volume 'is 
can be conveniently used. So-callcd self-indexinL' 
features have been devised for the improvement 
of the bound ledger, but their utility is always 
restricted by their finite nature and inelaslie 
limitations ; they cannot compare with the loosty 
leaf book, the only ledger which will index alphabidh 
cnlly in correct sequence for different terms by means 
of ite interchangeable leaves. 
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VERBS 

The Subjunctive in Principal Pros 
positions. In addition to what has been said 
as to the use of the subjunctive in subordinate 
})ropositions, it must be observed that this mood 
is also used in j)rincipal propositions, with the 
following meanings : 

1. Command and exhortation ; in this ease those 
persons are used which are wanting in the impera- 
tive, as : Vaiga, vonga colui, so io come riccverlo. 
Lot the man come, 1 know how to receive him. 

2. Wish or imprecation, as : Iddio ti guidi e la 
benedizionc di tuo padre, t' accom pagni^ May Cod 
guide thee, and may the blessing of thy father 
accompany thee. 

3. Supiwsition, as : () fosse perfidia, o fosse puro 
caso, il faito sta cdic per seguire il sm consiglio ci 
troimntno ridotti a mnl partilo. Whether it was 
])erfidy or mere chance, the fact is that, in con- 
sequence of following his advice, wo found ourselves 
in a- bad position. 

4. Doubt, as: Che ahhki torto io ! It may bo 
that T am wrong ! 

5. Condition, regret, reproach, as: Tavessi incon- 
trafo primaf quanto tempo avrei risparmiato. Had I 
met you before, how much time 1 would have sjived. 

6. Concession, as : Ahfria tntti i difetti di qnesto 
inondo, per me e un galantuomo. Ho may have all 
the faults in the world, for me he is an honest man. 

Tenses and their Use. The present tense 
represents a fact or an action as happening at the 
very moment of speaking, as: (\jnimino., I walk, 
or I am walking ; piove^ it rains, or it is raining. 

The present is also used : 

1. To indicate anything that happens in a ])eriod 
of time not entirely elapsed, as: Qae.slo mese iufto mi 
va male, This month everything goes badly with me. 

2. To indicate facts which are always true, as 
in general statements and proverbs, as : Dim mi 
con chi vai, e ti dir 6 chi sci. Tell mo what com])any 
y('u frequent, and I will tell you who you are. 

3. Instead of the past tense, in animated narra- 
tion, and it is then called the Historical Present, 
as : ]l giorno dopo entra in c/imera, ma non rede 
nesfiuno. The next day he enters the room, but ho 
s‘’cs no one. 

Note. Instead of the historical present, an 
historical infinitive is sometimes used, as : Kd 
erco verso noi venir per 7iave — un verchio bianco 
(Dante), And lo ! there comes to wards us a lioary 
old man in a boat. 

4. Instead of the future, when wo wish to express 
a fact with emphasis or resolution, as : Sc torno 
a miscere ! If I am born again ! 

rho imperfect represents a past action, but as 
a Qontinuous one. It is used : 

i \ indicate something not yet entirely aecoiii- 
plished, when something else happens, as ; Quando 
cgh entrd io scrivevo, When he entered, I was writing. 

2. Instead of the past, and it is then called the 
historical imperfect, Un mese dopo, la poveretta 
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7noriva (for morl), A month after, the poor woman 
died. 

3. Instead of the present, as a slightly less direct 
form, used for the sake of courtesy, as : Arrira in 
temjx), vo/ero dornandarle inia cosa. You arrive in 
time, I wish to ask you something. 

The present of the conditional is similarly used, 
as in Engli.sh : Form dornandarle, I should like to 
ask you, instead of voglio dornandarle, I want to 
ask you. So also non saprei, resembling the 
English “1 could not tell you,” instead of non so, 
I do not know. 

4. Instead of the perfect of the conditional, 
es])ccially with the verbs potent dorere, bis'tgnare, 
as : Potevate dlrmelo {avrestc potuto dirmelo), \'ou 
could have told me ; Non dorevafe farlo partite 
{non avreste doruto). You ought not to have let 
him go. 

3'he ])ast detinitc {pas.^ato remoto) indicates a 
fact that ha])y)cncd in tlie y)ast, having no relation 
with present time, as: Qnando ci vide, fngg'i. When 
he saw us, he ran away. 

The past indefinite (passato jrrossimo) represents 
a fact not long ago y)assed, or having some rela- 
tion to the })resent. as : Perche non siete, venuto sta- 
mattina? Why did you not come this morning? 
Non vi ho visto tntta hi settimana. Dove siete stato ? 
I have not seen you all the week. Where have you 
been ? 

Note. The student should observ^o that the 
Italian passato pros-nmo can be used to represent 
a more distinct y)nst time than the English perfect 
compi)imdcd with “have”; as: Vho vednto 
I'aitro giorno, lit. 1 have seen him the other day. 

The pluperfect indicates a y)ast action anterior 
to another action also passed, as : Non seppe 
repHere una parola di quanto gli aiu ro detto. Ho was 
not able to rey)eat a word of what I had been 
telling him. 

'Fhe future tense indicates an action that is yet to 
take ydaee, as : Ti scrirero, I will write to yon. 
It is also used : 

1. To express a command or an exhortation, as 
Domani vi levereie alle. sette, To-morrow you shall 
get up at seven ; Lei mi permetterd. You will 
allow me. 

2. To express a su])position or a ■|)rohahility, as: 
Chic f liard rnio frateUo, Who is it ? It will be my 
brother (more usually, It may ho, etc ). 

3. To represent a shade of uncertainty, as ; Avrd 
torto, ma non posso fare aftrimenti, I may he wrong, 
but I cannot do otherwise. 

The future perfect {futuro anteriorc) indicates 
that something takes place previously to a future 
event, as: Qnando avrd finitog/iclomostrerd. When 
I (shall) have finished, I will show it to you. 

Like the simple future, the perfect future may 
also be used to express a conjecture, as : Come va 
die il suo amico non niene ? A vrd perduto il treno, 
How is it that your friend does not come? It 
may bo that he has lost the train. 
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INTERJECTIONS 

Interjections, strictly speaking, are not real 
words, but only sounds, expressing a sudden emo- 
tion, as joy, grief, surprise, contempt, etc. The 
number of real interjections being very limited, 
contrary emotions are often expressed by the same 
sound, the meaning of which is modified by a mere 
inflection of the voice, or by a gesture accompaiiy- 
ing it. 

Certain verbs, adverbs, and nouns aro also 
used as interjections, as : ! bent ! brnvo ! 

The following are the interjections most fre- 
(piently used, with the meaning they generally 
have : 

Calling ; ehi ! ohc ! oln ! 'as f 

Doubt : niah ! 

Crief : ahi ! olii ! ah ! om>'. ! 

Incertitude : vhm ! 

Negation and disdain : aibt) ! poh f 

Surprise or wonder : nh ! t h ! oh ! 

Threatening : dm ! 

Vexation or irritation : ih ! all ! 

Weariness or impatience : vh ! auff ! 

Wish, desire : VKtrp'/ri ! ddi ! 

Of the verbs, adv<‘rhs, nouns, and other ex- 
pressions used as interjections, the oommonest 
are : 


abbasso . . . / down 
with . . . ! 
addio ! good-hye ! 
ahito ! help ! 
ol jmeo ! fire ! 
nIVarrni ! to arms ! 
animo ! cheer u]) ! 
arrivederci is the Creneh 
an revoir 

hadate I take care ! 
bdla ! capital ! 
bene ! well ! 
bravo ! bravo ! 
hvono ! good ! 
die ! what / 

die peccato ! what a 
]>it.y ! 

dii va M ? who goes 
there ? 

davrero ! indeed ! 


(linvoh) ! diamine ! }h r 
dince ! the deuce ! 
dio mio ! dear me ! 
(ceomi ! 1 am coming; 

yes, here 1 am 
errira ! hurrah ! 
i rrlra . . , / vira . . . / 
long live . . . ! 
fiiori ! be gone ! 
guai ! woe ! 
gvardalc / behold ! 
oral) ! come on ! courage ! 
piano ! gently ! 
posaibile / reramente / 
good gracious ! 
ail ! au ! come along ! 
nrgogna ! shame ! 
ria ! eh via ! nonsense ! 
zitto ! silence ! hush ! 
etc., etc. 


Adjectives, as hello, hnono, bravo, ziltOy also 
when used as interjections, agree in gender and 
number with the person to whom they are 
referred, as ; hrava ! (to a lady), brave ! (to 
several ladies), zitli (to several gentlemen or to 
gentlemen and ladies), bdli ! (admiring ])ictures, 
for instance), etc. 


Exercise LVI. 

1. Vergogna! alia yostra oH fare una cosa simile. 
2. Ehi ! facchino, qual’e il treno per Napoli ? 3. Viva 
il Ro I viva la Regina ! 4. Che peccato ! hanno 

rovinato tiitti i fiori. 5. Piano ! piano ! non vedete 
che in qnesto modo roinperete tutto ? 6. Ahimo ! 
sono rovinato ; non so che cosa fare. 7. Badato ! 
e’e un gran fosso nel mezzo del giardino. 8. Che 
bella miisica e che buoni artisti ! Bravi ! bis ! 
9. Su ! non bisogna perdersi d’.animo ; il diavolo 
non e cosi nero come si dipinge. 10. Dio mio, coiv 
quest i ragazzi e’e da pi^irdere la testa ! 11. Aiuto ! 

al fuoco ! le tiammo minacciano un deposito di 
jietrolio. 12. Khi di easa ! buona gente, di\temi 
alldggio per qnesta notte. 13. Bella questa ! voi 
a vote rot to lo si)eeehio, c volete ch’ io lo paghi. 

14. III! che fracasso ! non e possibile dorm ire. 

15. AufT ! ( he noia ; andiamo via. 

Ivey to Exercise LVI. 

1. Shame I at your age to do such a thing. 2. Ifi I 
porter, which is the train for Na])les ? 3. Long live 
the King! Long live the Queen ! 4. What a pity ! 
they have sjioiled all the flowers. 5. Gently ! 
gently ! don't you see that in this way you will 
break everything ? (>. Alas ! I am ruined ; I do not 
know what to do. 7. 'fake care ! there is a large 
ditch in (he middle of the garden. 8. What good 
musi<‘, and what good artists ! Bravo ! Encore ! 
9. Cheer U)) ! om‘ must not lose courage: the devil 
is not so black as he is jminted. 10. Dear me ! thesi' 
boys are enough to drive one mad. 11. Hel]» ! 
lire ! the flames are threatening an oil warehouse. 

12. Ilulloa ! gooil ])eo])le, give me a shelter for to- 
night. 13. This is capital ! you have broken the 
looking-glass, and you want me to pay for it. 
14. What a noise ! it is not ])ossil)le to sleep. 15. 
VVOiat a nuisance ! let us go away. 

Formole di Lettere 

Mr. N. N.. N. N., Esq., Signor N, N, 

Mrs. N. N., Signora N, iV., Diaiintissima 
signora N. N. 

Miss N. N., Sigaorina N. N. 

Sir, Signore : Dear Sir, Kgregio signore. 
(Jentlemen, Signori, 

My dear friend, Cariasimo amico. 

Dear Mrs. N., Genfilissima signora {N.). 

Dear Miss N., Genfilissima signor ina (A.). 

T am, I remain, Mi creda. 

Yoiiivs truly, Suo devofissimo. 

Yours afTeetionately, Suo affezionatissimo. 

Note. The student is advised to use a good 
English- Italian and Italian English dictionary, sucli 
as that by Melzi, Cs. net, Hirschfeld Bros., Ltd., 

13, Fiirnival Street, K.('. 
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ESPERANTO 

Suffixes 

EDZ denotes a married person. 

Examrjles : Edzo, husband ; 
cdzinoy wife. Doktoroy doctor ; 
doktoredzinoy doctor’s wife. 
Poefinoy poetess ; podinedzoy 
poetess’ husband. 

EJ denotes a place where an 
action occurs. 

Examples ; Dormiy sleep ; dor- 
mejo, dormitory. Kuiriy cook; 
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kiiirejoy kitchen. rre{,iy pray ; 
preijejoy church. 

This suffix is sometiiues 
applied to noun-roots, in which 
case it indicates place of origin. 
Thus, orejo would be “ gold- 
field” and fruktarhejo “orchard.” 

EM denotes propensity or 
disposition. 

Examples ; Kredi, believe ; 
kredemay credulous. Lahoriy 
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work ; lahorernay laborious* 
Spari, spare ; ap af'e ni a , 
frugal. 

ING denotes a holder ; thtit 
into which a single object in 
appropriately placed. 

Examples : GlavOy sword ; 

glavingoy scabbard. Cirfaredoy 
cigarette ; cigar edingo, cigarette- 
holder. Viohnoy violin ; 
loningoy violin-oase. 



UJ denotes that which bears 
or contains. 

Examples : il/owo, money ; 
mmujo, purse. Anglo j English- 
man ,* Anglujoy England. IHro^ 
pear ; firnjo, pear-tree. 

In naming a country the word 
lando is very often substituted 
for this suffix. 

Examples : a Belgian ; 

BelgolandOf Belgium. Rufio, a 
Russian ; Ruskimlo, Russia. 

And in place of UJ, when trf^es 
are indicated, the word arho is 
very often used. 

Examples : Pomo^. apple ; pom- 
(irhOy apple-tree. Cerizn, cherry ; 
cerizarhoy (dierry-tree. 

Subordinate Clauses 

'File tense of a simple or coin- 
])()iin(l Esperanto verb in a sub- 
ordinate clause must always adhere 
)ogi(!ally to the idea to be rendered, 
and must never, as often occurs in 
English, suffer itself to be inti ueiiced 
by a verb in the ])rinci])al sentence, 
lii Englisli we should say: “1 
asked him whether he had a son.” 
whereas the question asked was 
whether he has a .son, this being the 
original terse of the verb used by 
the S])eaker. In Esperanto sen- 
tences of this kind the ton.se of 
the subordinate verb must remain 
that, which it was when first spoken. 
'I hus, the above sentence would be 
translated : 

“ Mi demandis al It, cn li havas 
fihn.'' 

A few' further examples will 
help to explain this principle. 

My brother said that ho w'ould 
consent, Mia frato dir is ke. li hm- 
setdos. TJie prince asked wdio she 
w^iis, Tm 'princo demandis kin si 
pstas. My father asked me w'hen I 
W'us going to visit him, Mia. patro 
demandis al mi kiam mi vizitos 
lin. She told nie^that she had 
sold the house. Si diris al mi 

^ estas rendinta la domon. 

Ill simple sentences, and princi- 
pal sentf uee.s of complex sentences, 
too, the student must he careful 
|o guard himself against misuse 
in English. 

Examples : When I am dead 
you will be sorry, Kiam mi 
mortintaj vi estos mnl- 
lehra ; ^ To-morrow' is Sunday, 
Morgan, e^fos Dimanco ; If you 
loved me I would love you, Se 
i't amus miUf mi amus vin. 

Vocabulary 

frank balhvt\ stam- 
prepay a mcr, stutter 

letter dedic\ dedicate 

fxiUim , sway, eks\ ex, late 

swing fahd'f story, tale 


font\ source riproc'y reproach 
funehr'y funereal 8al\ salt 
garanti\ gua- senir\ lock 
ran toe (siibst.) 

gros'y goo.se- simiV, like, .sinii- 
berry lar 

haven\ port, solv\ solve 
harbour starV, station 
kav\ cave, hoi- (railway) 

low Houp 

keVy cellar siirtnt\ o v c r - 
krucy jug, pit- coat 

elier ^artj'y load, bur- 

legom'y veget- den 

able idnk! y ham 

magi', magic .s t u p ' , s t e j:) , 
mien'y mitm, air stair 

milii'y -war svel\ .swell (v.i.) 
7nnv\ move injJor\ tailor 
(v.t.) kidg'y Ixi tit for 

links' y nut tim', fear 
ofer'y sacrifice, traj\ reach, fall 
offer in Avith 

ofic'y office Iraki', treat of 
(duty) tren drag, 

pilk'y play-ball trail 

pipr'y pepper tnrn'y turn (v.a.) 
prnn'y plum fas', touch (v.t.) 
pugn'y fist vast'y wide, vast 

rad'y Avheel t'ek' , av a k e , 
rem'y roAv (v.) arouse (v.t.) 

Exercisk XIX. 

Note. The partiei])lcs are to bo 
used where possible. 

He unexpectedly arriv'cd in 
London last night. In the middle of 
my g.arden there groAV jionr-trces, 
])lum-trces, and gooseberry bushes. 
Besides tho.se you find all kinds of 
vegetables. The .servant has just 
laid the covers on the tal)l(% but 
where are the .soup- tureen, the 
salt-cellar, the pep])er-box, and the 
bell ? Having been aroused from 
sleep the tailor opened his (the) eyes 
and saw^ the locksmith standing 
by him. Being naturally very 
timorous, he stammers somewhat 
w’hencver (any) one approaches 
him. Running ra]ndly to the 
station, he just caught the train 
as it .started. The letters were 
sent postage })nid. What .a strange 
swelling there is on your face ! 
This work lia.s been dedicated to 
my moat loved friend. Hero are 
the purse and the jcwcl-casc 
which 1 found on flic .staircase 
near my office. Many thanks! 
This cigar-holder strongly re- 
sembles mine. In crossing the 
street tlie child .suddenly fell 
under the Avhcels of a carriage. 
Having been loaded by the steve- 
dores the ship W'cnt out of the 
harbour. The tailor guaranteed 
that this overcoat Avas made (out) 
of the best cloth. In rowing 1 
broke one of the oars. The story 
of which ho was treating is not 
altogether true. Turning my eyes 
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to the wide sea, I saw the ship 
slowly moving away until it 
disappeared. Happily the terrible 
war b<?twcen Russia and Japan 
is now over, but we shall alw’ays 
til ink of tlio.so dead warriors who 
needlessly offered their lives for 
their countries. 

Key to Exercise XVH. 

1. Servant (female), brood of 
chickens, pliysician, robber-chief, 
S])imuT, tem])tafion, carpenter, 
biifeher, service, nurse (hunale), 
duckling, explorer, shepherd, lady- 
artist, ]mppy, tilly, .sciil]»tor, lady- 
doctor, preaching. The band of 
robbers Avcrc condemned by flu* 
judg(‘. A Avrifer {verkisto) Avritc^ 
books, and aAvriter (skrihisto) sim- 
])ly transcribes pa])er.s. Tlicy hoard 
the fusillade and the flying bullets. 
Tlie clerk has confessed that lie 
took the ring and now he is about 
to l)c tric<l (judged) by the 
judge. When the (female) spinner 
was ill, the physician visited 
her, hut after some time she 
died. The iron was forged by 
the smith. 

2. Till ci e.sta.s la rimedo, kin 
estas rekomendata de la maristo. 
La pordo cstis alriglita kontraii 
la rabisto. La suspektato estas 
denunoita dt^ la komizo, kaj 
li (*crte estos severe punata. 
Tiuj ci versoj estas clcerpitaj 
do la tradukisto, el la verkoj d(i 
la plej bonaj verkistoj. Iiij staris 
sur segoj kaj benkoj por pJi bone 
vidi, .sed la parolisto no povis 
esti audata. Ne estas cblc vidi 
flugantan kuglon. Li estis 
songanta pri sia malproksirna 
hejmo, kiun eblc li neniam 
vido.s pill. Neniu havas la 
rajton jugi. Memoru, ke kiu 
jugas, till c.stos jiigata. Nun 
estas nokto, kaj ni povas vidi 
la brilantajn stclojn super la 
saumanta maro. Amikoj, malofte 
vidataj, estas amikoj forgesitaj. 

Key to Exercise XVIII. 

]Mi pahs sagon cn la aeron, 
sed perdintc gdn, mi konkludas 
ke mi ne estas spcrtulo. Tin ci 
ckzercaro, presite per linotipa 
ma.sino, estas nun preta. Pen- 
trantc tiun pentrajon, kaj dcseg- 
nantc ci-tiiin desegnajon, li 
altiris raulle da atento. Vi 
estas parolinta scnsencajon. 
Admirintc la belccon de la 
meblaro kaj ornamajoj, ili pre- 
zentis argentaii moneron al la 
pordisto. Stalo estas fleksebla, 
sed fero ne estas fleksebla. Ciuj 
elmigrantoj malsparis sian 
monon, kaj alveninte en kom- 
patinda state, ili ekscitito picndis 
m25 
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pri sia malfclico. Tiu kantaato 
estas nek auclinda, nek vidinda. 
La skribinto do tin ci leiero 
estas la imiia atcstanto. Fininto 
sian mangadon, li sonoris. ^ J(‘n 
estas la rostita bovajo. C-u vi 
preferas bovidajon, safajon au 
safidajon, sinjoro ? Tia spriteco 


nenion signifas. Forprenu ci- 
tiun acidajon. Kiam la mason- 
isto estis mortonta, liaj heredon- 
toj venis por ricevi lian benon, 
kaj dividi lian ricajon. Ilia 
rapidoco posto pikis al ili la 
konsoiencon. Estas pli bone 
moiti malrica, ol neamata. La 
Continued 


propono estis zorge preparita 
kaj poste prozentata al la 
societanaro. Vi estus multe em- 
barasata, so vi scius kiel mal- 
prudenta li estas. La arbo 
f’stas fendita do la arbaristo per 
hakilo. Mi povas konscicnc(^ 
atosti tion. 


GREEK 

accidence, verbs- couti.i.u'.l 

Regular Verbs in -fii. Hillieito, with 
the exception of the two verbs be, and 
el/jLi, go, we have given the conjugal ion only of 
verbs in -w. We now come to the second class, 
verbs in -jut. These are dislingiiished in their 
inflection from the verbs in -w almost exclu- 
sively in the tenses forinod from the jirescnt 
and second (or strong) aorist stems. Tn the 
other tenses they jigree witli verbs in -w. The 
following is the conjugation of the present, 
imperfect and second aorist tenses of the four 
typical verbs ioTrjjm, set; riOT]/i.u, put; SiSw/xt, 
give ; delKvvfxi, show : 


Aotivk Vok f 
Present Indicative 


i<TTrj/j.i 

rlOrfn'i 

didw/u 

deiKvvfxt 


rldrjs 

didiiJS 

deiKvvs 

X(TT7\(Tt. 

tIOtjcti 

diduicTL 

dtiKVViJl 

iffrarov 

rldfTOv 

didoTov 

dllKVVTOV 

X(TT0.T0V 

rUkrov 

didoTov 

dtlKVVTOV 

Xarajxev 

rWcfxfv 

didofifif 

deUi'VfjLtv 

Xarare 

rUkre 

didoTt- 

dtthVVTC 

IffTdffL 

Ti0la(n 

5id6a(TL 

deiKPvacn 


hnperjecl Indicalin 


X<rTr]v 


cdidoiv 

(deiKVVP 

IVrT/s 

irWcLi 

^5if3oi's 

edetKvvs 

XerTT] 

irLOd 

idiSov 

(dtihvv 

Xararov 

ixiOcTOv 

(diooToc 

fdeiKPVTOV 

icTTd.T'qv 

^TlS^TTJV 

tdiddrrjv 

^OdKPvrrjp 

XarafJLfu 

^TiO€JLL€V 

fdidofJLCV 

ideiKPVjxep 

XffTare 

€TiO€T€ 

(did ore 

(deiKPvre 

Xffxaaav 

ixldiaav 

(didocrav 

idiiKwaav 


Second 

Aorist Indicative 

^CTTTJV 

[lOvv] 

[^5ci;7'] 

None 

?(Tr7;s 

[WijsJ 

[^Ows] 



[lev] 

I ^5w] 


I<rTl]T0V 

^0€TOP 

cdoTov 


iffrrjrrjv 

€0€T7)V 

(dorrfu 


^ err 7} fit 

^6tfl€V 

^dojjev 


liTTTjre 


^dore 


^(TTTJffaV 

tOeaav 

kdo(Tav 



Note, is intransitive, 1 stood, not I set. 

The first aorist laT-rjaa has the transitive sense, 
I set, 1 made to stand. The forms in square 
brackets, iO-rjv, ibtav, etc., are never used ; for 
the singular forms of t he second aorist the forms 
of the first aorist are boiTowed~^'^ij/^:a, ^OriKas, 
lt07fK€, and ISukus, ^ScoKe, 


Present Subjunctive 


lo'rXo 

’^lOXa 

dldu) 

deiKPvio 

la-rp 

TiOn^ 

did(pi 

deiKPiijji 

l(TT^ 

Tt$‘^ 

5id(^ 

beiKPinf 
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iffTTJTOV 

rLOijroP 

dldioTOP 

deiKPlJTJTOP 

iffTTfrop 

TiOrjTOP 

StdwTOP 

deiKPLiTfrop 

ilTTtbfJLeP 

TlOCbfXtP 

didQjuep 

deiKPi'icoficp 

ia-rrjre 

TiBrjre 

diduire 

SdKPl'yjTC 

1(TtG)(T(. 

riOuxJL 

didCoiTL 

dElKPOWCl 


Second Aorist Subjunctive 


od 

dio 

None 

(TTrj<i 


d(jji 


etc. 

etc. 

etc. 



Presc 

nt Optative 


i(TTai7)P 

TiOeiyjp 

didoh]p 

dcLKPVOLl.U 

urraiTjs 

TiOchjs 

didoiris 

dciKPl’Ol'S 

iaraiTj 

rtOeiij 

Oidohj 

OeiA'Pi'oc 

UrrairjTOP 

TltkbjTOP 

didolyjTOP 

etc., 

or ierrairop 01’ riBeiroi 

' or Siooirop 

like v(‘rl>s 

i(rTatr)Tyfp 

TlO(.iriT7]P 

didoirjTTjp 

in ’CO 

OX i(fTairi)P OX TiOdTrjp in' didoirr^p 


((TTairjixep 

TL0(iT]}XfP 

5ido'n}iJ.cp 


or liTTaifiep or TiHelpep or didolfieu 


laralr)Tt 

TiOciTjre 

didoirjTc 


or iaToire 

or TLOei'rr 

or didoire 


l(rTalr)<Tap 

TiOdncrap 

5i5olr)iTap 


or laraiep 

or Titfeiep 

or didoiep 



Second Aorist Optative 


arainp 

OfiriP 

doinv 

None 

(iraojs 

0 c it}’} 

doLf]^ 


etc. 

etc. 

etc. 



Present Imperative 


tari] 

tWcl 

didov 

dcUpv 

lardrio 

TlOcTO) 

diddrixj 

ddKPVTU) 

etc. 

etc. 

etc. 

et 


Second Aorist Imperative, 

(TT^Ol 

0Xs 

5os 

None 

<rTTJT(U 

Biru) 

ddria 


(TTrjrop 

0(rop 

dOTOP 


(TT-qrwp 

Birwp 

doTCJP 


(TTrjTe 

0{Tt 

S6t€ 


irrifTuxrap 

Birwerap 

SoTwaav 


or (TTaVTlOP 

or OiPTtjjp 

or 86ptu)p 



Present Infinitive 


iardpai 

riB^pai 

diSoPac 

ddKVVPac 


Second Aorist Infinitive 

(rrrjvai 

0(ipai 

boOpai 

— 


Present Participle 


lardi 

riBeis 

didods 

deiKPv^ 


Second Aorist Participle 


irrds 


dodt 

— 
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Note, lards is declined like Xi5<ray, and nOels 
like XvSeLs, 5Ms is declined like except 

in nominative and vocative singular : 


N&m., Voc, didoiJi 

didoOaa 

diddp 

Gen. 

8i56pTOi 

dldodCTTfS 

di86proi 


etc. 

etc. 

etc. 

detKpOs is thus declined : 


Nom.y Voc, SiiKPx'i^ 

dciKpOaa 

dcLKPlfP 

Acc, 

deiKPvpra 

SeiKpOaap 

deiKPVP 

Gen. 

deiKPVPTOS 

dtiKPvayjs 

8cLKPliPTOS 


etc. 

etc. 

etc. 


Passive and Middle Voices 
Present Indicative 

'iffTafJLai 

TlOfjxai 

8l5ojuLaL 

belKPV/JLai 

uTTaaai 

rLOeaai 

8i5o(Tai 

brlKPvaoLi 

iffraraL 

TiOeraL 

didorai 

8cLKPVTai 

uTTaaOop 

rLDcaOop 

didoaOop 

deikpvadop 

urraaOov 

rlOecrOop 

dLdoaOov 

dfLKPvadop 

'uTTdfjLfOa 

TiOtfieOa 

diddfjLida 

dfiKPO/uLcSa 

'iaraaOe 

rlOcaOe 

8idoff&€ 

brlKPvade 

uTTaprai 

TtOtPTai SiSoprai 

Imperfect IndicMive 

dclKPVPTai 

lUTdflTJP 

iriOcfiTiP 

t5id6iJ.7}p 

cdtlKPVflTJP 

UTTaffO 

irUkao 

(SiSotro 

ideiKPVffo 

lararo 

(TlOtTO 

edidoTo 

tdtLKPVTQ 

etc. 

etc. 

etc. 

etc. 


Second Aorist Indicative (Middle only) 
None idififfp edofjLTjv None 

idov i'dov 

^Oero ^doTo 

etc. etc. 


Icrriujuat 

lo-rii 

Icrrijrat 

etc. 


Present Subjunctive 

TiOwfjLaL didu}/jLai 

riOrj Sidip 

TiSrjraL didCbrai 

etc. etc. 


beiKPimfiai 

dciKPVT} 

dfiKPi't-ijrai 

etc. 


None 


L(Tra.LfjL7)p 

ierraio 

llTTaiTO 

etc. 


Second Aorist Subjunctive (Middle only) 


Ou>/xai dCofxai 

OrjTai 5wrat 

etc. etc. 

Present Optative 

TidcifirfP didoi/JLTjp 

tlOuo diSoTo 

TlOeiTO dldoiTO 

etc. etc. 


None 


dflKPVOlfJLTJP 

dciKPVOlO 

deiKPVoiTO 

etc. 


N 


Second Aorist Optative (Middle only) 


0elfxr)v 
Or 10 
Odro 
etc. 


doifJLTJP 

5oio 

doiTO 

etc. 


hraa-o 
or iWw 
icTTaaOit} 
etc. 


Present Imperative 
riOecro didocro 

or rlOov or 5L5ov 
TiOtaOo) diddaOu) 

etc. etc. 


None 


delKPvao 

dtLKPVadb) 

etc. 


Second Aorist Imperative (Middle only) 
dov None 


OtaOo 

etc. 


56(70w 

etc. 


Present Infinitive 

^araadaL ridecrdai Sldoadai delKPvaOai 

Second Aorist Infinitive (Middle only) 
siadaL d6a$ai None 


Present Participle 

Urrdficpos riOtfxepos diddfiepos SeiKPOfiepos 

Second Aorist Participle (Middle only) 
None Olficpos 56/xcpos None 

Tlie other tenses of these verbs are conju- 
gated like verbs in -w. They are : 

Future Indie, <rTria'<a Orjaitj dibao) deli^u) 

First Aor. Indie. toT-rjaa td-rjKa tduKa tdei^a 

Perfect ^arrjKa rlOtiKo. dcSrixa 

and Passive and Middle accordingly. 

i<TT7}fjLL has also a second perfect form : infini- 
tive fordvai, ijavticiple tVrwy. 'f'his is used only 
in dual and plural in the indicative : dual tararop, 
^arrarop J plural 'ilarafiep, i^arare, iardcri. 

17} fit, send, is conjugated like rlOrj/jLi, but the 
third plural i)resoiii indicative is Idai. It has 
future Tjffw, aorist ^Aa, perfect eha, perfect pas- 
sive (l/iaif aorist passive eWrjp. 

(pVM'h is conjugated almost like io-ttj/ii. 

It has imperfect and fiifuro (prjacj. The 
second singular present indicative is 07/y — 
(fiijs, (pTjcL ; (pardp, (par op ; 0a/4er, 0ar^, tpaal. 

SYNTAX. The Genitive Case 

The Greek genitive is a “mixed case,” 
standing both for the genitive proper and for 
the ablative. In Sanscrit there were eight 
cases - nominative, vocative, accusative, geni- 
tive, d/itivc, ablative, locative, and instrumental. 
Ijatin has lost the last two as separate cases, 
and u.sos the ablative for both. Greek has lost 
the Jiblative as well, and makes the genitive 
include the old ablative, and the dative include 
the locative and instrumental. 

A. The Genitive Proper. The genitive 
proper most often ‘qualifies a noun, loss often 
an adjective, adverb, or verb. It denotes 
1 Origin. 2. Possession. 3. Object. 4. Quality. 
5. Material. 6. Relation of whole and part. 

1. Ohio IN, generally of paternity, as At6s 
AprrfjLis, Artemis (daughter) of Zeus. Under 
this head may be classed the “genitive of 
cau.se” and the “genitive of exclamation.” 
The Genitive of Cause is common after verbs 
expressing emotions, as wonder, pit'Uf envy, 
revenge, etc. — as : fryXw <re rov vov, 1 envy you 
for your mind. It is also fveciuent in legal 
language after verbs of accusing, acquitting, 
condemning, convicting, etc. — as : Siujaci /xe ipopov. 
Ho prosecutes me for murder ; (f>euy€ip <fi6pov, to be 
charged with murder. The Genitive of Exclama- 
tion gives the cause of the astonishment or grief 
— as : (i/4ot iprj’i drrjs, Alas, for my infatuation ! 

2. Possession, the chief noun being often 
omitted — as : rd rup'KWtjpojp, the po.sse.ssions of 
the Greeks. It may be used predicatively after 
a verb — as : earip dpdpb^ (ro(f)ov Koafiiios ^lovp. It is 
the part of a wise man to live discreetly. XVith 
this may be classed the “ ^Subjective Genitive,” 
denoting the subject of an action or feeling — as ; 
7 ] ToO drjpov cCvoia, the goodwill felt by the people. 
This is sharply contrasted with the next use. 

3. On.TECT, often called the “Objective Geni- 
tive,” denoting the direction or object of the 
action, or feeling. After a noun — as : tpKOi 
ToXtfiov, a protection against war ; weipa 

an attack on one’s enemies ; t 6 Meyap^iop 
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the decree concerning the Megareans {met pro- 
posed by them) ; Tiffvxia. ix^pCjp, peace from 
foes-. After an adverb— as : XdOpyt Aao/j^dovrosj 
unknown to Laomedon. After an adjective or 
participle— as : 4irL<rTpo<l>os dvOptbinoVf conversant 
with men ; t6^u>p ei5 €td(i)s. well skilled in the bow. 
After a verb, to express (a) direction of phy- 
sical eifort — e.g.t after verbs like begin, rule, 
try, touch, aim at, desire, guide, reach, jailoi^-m: 
hvx^ (rvyxAvof) ohrov, He gained pity ; A^aadai 
{diTTOfxac) x^tp^h to cling to someone’s hand ; 
01 ^ voUfiov Apxofifv, We do not begin war. 
(6) direction of mental effort, after verbs like 
hear, know of, s'peak of, remember, remind, forget, 
perceive — as : (fxjjvrj^ d/coi<w, T hear a voice ; 
/iiv^(ra(rOai, to remember one’s strength. 

4. QrAUTV or Descutption — as : rdXfiTis 

wiKpdi, an eye of cruel daring ; ttjs avrijs 

yvit}/irfs, some men of the same opinion. With 
this we may class the “ Genitive of Price as : 
t4pt€ fjipCjp TijuLarai, He is valued at five minae ; 

iaTi OapdTov, Ho is worthy of death ; ttojoO 
didder Kei; For what price does he teach ? Also the 
“ Genitive of Detinition ” — as : 4pKos dddpriap, 
a fence formed by the teeth. 

5. Material — as : tvp^ iaOrjTo^ pLoXaKrjs, a bed 
of soft clothes ; at 5^ (ides xp^'<roio (Homeric geni- 
tive form) reredxo-'ro Kaereriripov re, The cows were 
wrought in gold and tin. 

6. Partitive Genitive — i.e., the genitive of 
a noun which in the nominative denotes a divi- 
sible whole — as : d4iras ol'pov, a measure of wine ; 
0€u)p All, to Ze\i8 among the gods ; woXd rijs yrjs, 
much of the land. It is often used after an 
adverb — as : dXXo^t 'yairjs, in another land (lit. 
elsewhere of land). But the most important 
use is after a verb : (a) Predicatively after 
“to be” — as : -^deXe rwp fiepdpriap etpai, Ho wished 
to be one of those who remained. (6) The geni- 
tive denoting that of which part, not the whole, 
is given or tiiken — as : rijs lavroO yrjs ^diaKe, He 
gave some of his own land. Similarly after 
verbs like fill, lack, enjoy, taste, smell, spare, 
share, etc. — as : Kpo/xfiOwp d^ippatpoyai, I smell 
onions ; pdXiros ye\>e<r0ai, to taste honey ; fjt^rix^ 
r^s Xetas, 1 share the spoil. Sometimes after a 
negative adjective — as : ddupdraros xPVP-d.Tojp, 
taking (of) no bribes, (c) A genitive of plac,e 
or time may be used in loose dependence on a 
verb to denote the limits within which the action 
is confined, as the accusative is used to denote 
the extent of the action. Place' tpxoprai vedCoio, 
They go through the plain ; ttov y^s; Where on 
earth 'i In prose this use is found in a genitive 
neuter of an adjective used adverbially with a 
verb of “ wanting as : d4o) rroXXov, I fail by 
much ; iXaxla-rov ^ddrjae dideftOelpai, It came within 
an inch of destroying (lit. it lacked very little 
to destroy). It may even bo used as a plain 
adverb, as p.iKpov, nearly. Time: vvkt6s, by 
night ; dpaxuhv Trjs hp^pds, a drachma a day. 

B. The Ablative Genitive. This denotes 
the “terminus a quo” — i.e , motion or separa- 
tion from a person, thing, or place. It is used 
(a) after a verb, to denote motion from — as : 
*OXi}yToio (Homeric genitive) Kar^iXBofiep, We came 


down from Olympus ; or to denote “ hearing 
from” a person, after d/coJw, xXuw, k.t.X. It 
may also denote separation in general— as : 
mpwas &fivP€ peup, He kept the Trojans off from 
the ships. (6) After a comparative — as : 

4k€(pov, greater than he; the idea being “tho 
greater, starting from him, or as viewed from 
him.” This genitive is used after verbs, adjec- 
tives, or adverbs implying comparison — as : 
TfcriTdadat tipos, to be weaker than someone, to 
be beaten by him; frepoi rodriap, others than 
these ; Dirrepoi rrjs fidxmt late for the battle ; 
KdXXoTTOp tQjp rrpoT4pu)p, fairest of those before 
(i.e., fairer than all predecessors) ; fieyiarriP rwv 
TTpb adrris, greater than any before it. 

0. The Genitive Absolute. A noun and 
a participle, not connected with the main con- 
struction of the sentence, may stand by them- 
selves in the genitive. This is called the genitive 
absolute (corresponding to the ablative absoliiti^ 
in Latin) — e.g., duopros roc rjXiov dipUero, As tlie 
sun was setting, ho arrived ; iyov KaOeOdoptos ravra 
4y4p€To, This happened while I w^as asleep ; 
TovTiap o(>K d(f>iK0fji4pu}p dTr'i)Xdoficp, As they had not 
come, we departed ; raCra ewpdxOv 
crrparrjyovpTos, This was done when Conon W’as 
general ; /jLrjdepos eirapKoupros dwdXujXa, If no omj 
aids, I am ruined. The participle sometimes 
stands alone, the noun being understood — as : 
oiVw dexoPTiop, eiKds 4<rTtP, k.t.X,, And this being so 
(iindcrstaiul wpayfidTiup, lit. things being so) it is 
likely, etc. This is tlie regular construction, 
the accusative absolute being confined to certain 
impersonal verbs. 

Key to Translation (“The First Glimpse 
of the Sea ”). 

Thence they marched through the Chalykcs 
and came to a great city which w’as called 
Gymiiias. From this city the ruler of the 
country sends a guide for the Greeks, and lie 
coming said that he would bring them to a siiot 
whence they could see the sea. So he led them, 
and on the fifth day they reach the mountain. 
When the vanguard were’ on (the summit of) 
the mountain and caught sight of the sea, tliere 
arose a great shout. Xenophon and the rear- 
guard, hearing it, thought that an enemy was 
attacking those in front. But when the shoiiiing 
became more, and those who kept coming ap 
ran at full speed to those who kept on shouHng, 
it seemed to Xenophon to be something more 
serious (lit. greater) ; so mounting his horse and 
taking the cavalry, he went to the rescue. Soon, 
however, they hear the soldiers shouting, “Tlic 
sea ! The sea ! ” and encouraging one another. 
Then they all ran ; and when they got to the 
top, there they embraced one another, generals 
and captains alike, weeping. Immediately t he 
soldiers carry stones and make a great hca|>. 
After this the Greeks dismiss the guide, ^giving 
him gifts : a horse, a silver vessel, a Persian 
dress, and money ; and he, having shown thcin 
a village where they ought to encamp, am 
the way which they should go, went away m 
the night. 


Continued 
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By H. H. HAVART 


W HKN first laying out a garden, or altering the 
apiiearfyice of an existing one, the proper nsc 
ot the taller plants is a matter which requiies«v'cry 
c-.ireful consideration. In a aiiiall garden the cin- 
))loyment of many tall plants is a mistake, for not 
only do they overshadow the humbler plants grow- 
ing at their feet, but their general elTect is to make 
Die garden appear smaller than it really is. Tn fact, 
the only positions in which tall-growing flowers can 
he em])loyed 'vith advantage in small gardens is in 
tlie borders against a wall or fence. Even then, if 
llicic are many of them, they give the plaoe a somc*- 
what military appearance, with their spiky heads 
standing in rows like bayonets. 

In large gardens the tall flowers can be used in 
])rofusion almost everywhere, to break up the 
moiiofony which would otherwise be produced l)y 
the dead level of height of al)out 2 ft., which is 
attained by so many of our fairest gaialen flowers. 
TJicy may bo used in clumps in borders, or in the 
('cntrcs of largo beds, or they look partienlnrly 
charming in beds by themselves set in tlie middle 
of an expanse of turf, so that they can he admired 
at a little distance. 

Hollyhock and Larkspur. The holly, 
liock is one of the most useful of the tail-growing 


flowers, and, although it is sometimes called old- 
fashioned, it is without a rival for ctTectiveness in 
poor soils. It is no uncommon thing to find tliese 
plants self-sown in gardens, but such varieties are 
i)cst relegated to the wild garden. The choicer 
sorts, however, deserve to be euUivafed everv- 
>vhere. There arc two ways of growing hollyliock.N. 
One is to sow seed in autumn in a cold frame, 
])rotei;ting it during the winter, and putting the 
little plants out in spring; and the other is lo 
sow in February in heat, and plant^out in spring 
or early summer with the bedding stuff. The 
former method usually gives sturdier plants. The 
average height of the hollyhock is al)ont 0 ft. or 
7 ft., though there are many insf am'es on record 
where they have attained an aUit\idc of nearly 
-0 ft. Nurserymen keep a good many st>rts, 
\ firyin^ in colour from white to a very dark crimson, 
aliich is almost black, and including yellow. There 
also double-dowered sorts, all of which arc worth 
gi owinnr where there is sufficient space. 

ll»(; t.all-growing larlcspur (Delphinium) must 
uot be ooufounded with the ordinary larkspur of 
I to garden. Though both belopg to the same 
family, the tall larkspur is a perennial [29], while 
the ordinary larkspur is an annual, and must be 
•'Own afresh every season. The perennial larkspurs 
eau be raised from seed, either oy sowing in heat 
“te early spring, and planting out the seedlings 
'wiere they are to flower, or by sowing in the 
epon ground in the summer, in which event good 
f be obtained to bloom the 

o lowiiTg year. Though the larkspurs do best in 
'Jnni, they may be made to thrive in a light 
‘ imiy soil provided it is well manured and freely 
many new hybrids embrace all sorts 
tiio * yellow to purple and red, but 

rum blue sorts are, perhaps, of the greatest value 


for general garden ))urposcs. Tlieir average height 
is about 5 ft., ibougli some of the newer hybrids are 
iniK'h taller. As iliese larkspurs increase rapidly, 
they should be dug u[) and the roots divided every 
four or five years. When once they have slart<‘(l 
flowering, they can be made to continue to do so 
for several months by cutting off a flower s])ike as 
.soon«as it has done blooming, wlicn another one 
will immediately begin to make its appcararne 
from the root of the plant. 

The Garden Foxglove. To the novice who 
know.s the foxglova? only as a tall, pale purple plant of 
our lanes and hedgerows, and is apt to regard it as 
almost a weed, tlie if lea of growing it in a garden may 
seem ])C( iiliar. As is the ease with many other flowers, 
however, it has heeii taken in hand by nurserymen, 
who have raised many new and valuable sorts. Fox- 
gloves rcftiiirc a good dealt)f space, however, and for 
that reason must be introduced into a small garden 
with care, as they soon develop a habit of sowung 
themselves. Kence, under such circumstances, they 
are host used as .s])eciitien plants in large beds. The 
method of culture is similar to that already given 
for the delphinium, and the white variety is the 
most imposing, often attaining a height of 0 ft. 
Canariensis, with flow'crs of a lirown colour, and 
Graiidiilora. having yellow blooms, are tw'o inter- 
esting sorts if variety is desired, while there are 
several sorts wuth spotted flowers known as gloxinia- 
flowered foxgloves, which aie interesting. 

As with the larkspur, it is tlie jicrennial lupin 
which is the tall-growing variety of lupin.s. The 
euUure lupins is simplicity itself, as the seed 
simply necfls to be sown in any ganlen soil in spring, 
and the ])lants thinned out wiieii they are a few' 
inches in iieight. The thinning should he drastic, for 
the lujhii is of bushy habit as growdli proceeds. 
Though, strictly speaking, perennials, lupins fre- 
(luently fail after three or four years, hut they are so 
easily growm from seed tliat this is not a mattfu* 
of great importance. The best sort, esjiecially in a 
j»oor soil or a rocky corner, is tlie tree lupin {Lnpinn^t 
arbortj u.'t), a stout, bushy ]>laut, with stiff spikes of 
yellow' flowers, rcoffliing to a height of 4 ft. or *nore. 
Litpinufi pof}/phyIluji is an even taller sort, witli 
purple-hhie flowers, and of this specnes tlicrc is ;t 
white variety ~A1 bus. All the tree lupins are ext^el- 
Icnt plants to employ in large })laees wdiere the 
formal garden melts away into the woodland, and 
the soil is probably not .so rich, or constantly 
w'orked, as it is nearer to the house. 

Flame Flower or Torch Lily. This is 
a valuable plant of many names. It boa.sts two 
Latin names— A'u/p/m/iV/ and also Tritoma ; while 
it i.s also known in different ]mrts of the country 
as the torch lily, and .sometimes a.s the red-hot- 
poker plant. It is a hardy perennial, cultivated 
in the same way as the delphinium, and at its best 
in a deep rich soil, though it will thrive in practi- 
cally every garden. When it is desired to increase 
the "plants, they should be taken up and the roots 
divided, either in spring or autumn. The mo.^^t 
popular variety of the flame flow'cr is Kniphofia 
aloides — attaining a height of 6 ft. or more, and 
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having long flowering wpikes of particularly brilliant 
scarlet ilowers, shading to orange. It is the |ie<mliar 
brilliance of the flower's spikes which has earned for 
it the name of red-hot- poker plant. An excellent 
plan to adopt with it, though it is rarely put into 
practice, is to mass it near tlie edge of a lake, in 
(loinpaiiy wifh bamboos and pampas grass, where it 
gives a charming effect in the autumn. 

The Despised Sunflower. Although 
many jxjople j)rott‘nd to despise the sunflower 
(Heliantlius) {25], to do so jwactically amounts to a 
j)rofossion of ignorance rogar<l- 
ing the plant. Certainly the 
ordinni-y annual sunllower, fre- 
quently met with in suburban 
cottage gardens, is not a idaiit 
wliicli it is desirable to cmf)loy 
extensively, as it takes a lot of 
nourishment out of the soil. 

Several of the varieties of 
perennial sunflowers, however, 
are among the most valuable 
of the taller flowers, of the 
garden, as the hrown-centred 
yellow blossoms give a hla/e of 
colour equalled by few oilier 
flowers of this class. The flowers 
are not particularly large, being 
in mos]^ of the varieties about 
IJ in. in diameter, but they arc borne in great 
profusion. Their best use is, perhaps, singly, in 
beds, us they are of bushy habit, and, conse- 
quently, take up a good deal of room, though 
where there is a large shrubbery they may he 
massed with good effect. TJicy are raised from 
seed in the same way as didphiniums, and may 
he. sown in the ojieri air early in April, vvlierc they 
are to flower. It is well to dig them u]i and ])art 
them every three' years, as they increase very rapidly, 
and are apt to get out of hand if left undisturljfod for 
a fjeriod longer 1 bun this, 'rhobost sorts are: fhgan- 
teusflOft.); Orgyalis (8 ft.); Dei ; a petal us (fl ft.). 

Other Tall Flowers. 

Though most of the hibiscuses 
are gtuierally considered to he 
greenhouse flowers, then* arc 
several of them suiltible for 
open-air culture in favoured 
s])ot.s, particularly in tho gar- 
dens in the south and west of 
England, and where deep and 
rich soil is available. In such 
circumstances, the best way 
to gjow tlicm is to treat them 
as half-hardy annuals, sowing 
the seed under heat in Fob- 
runry, and planting out in the 
late spring. The variety most 
likely to succeed is Hihiscxifs 
maiiijiot, whieh s o ni e t i m e s 
reaches a height of 5 ft. or 
more, and lias yellow flowers, 
with a dark crimson centre. 

Another hardy hibiscus, which is often classed as a 
shrub, is Syriacus (the Dose of Sharon), reaching 
to a height of 8 ft. or 0 ft. under favourable cir- 
cumstances. It mak{?s a good centrepiece for .a 
bed on a lawn, but should be used sparingly. 
There are hybrids with flowers of all colours from 
white to crimson. 

Humea elcgans is a half-hardy biennial plant— 
that is to say, seed must bo sown one year for it 
to bloom the next, after whieh it dies. The seed 
should be sown after the middle of the summer in 
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pots of rich soil, and given an occasional dose 
of liquid manure during the winter, as only by 
feeding them liberally can the best results be 
obtained. About a year after sowing they will be 
ready to plant out, and they may be used either at 
the back of the border, as a specimen on the lawn, or 
as centrepieces to a bed. They range from 5 ft. to 
S ft. in height, according to the soil and position 
in which they are grown, and have long feathery- 
like spikes of red-brown flowers. 

In addition to the foregoing, many beautiful 
flowering shrubswnay, with ad- 
vantage, be introduced into 
bed and borders, instead of 
confining them to the shiub- 
bery. It is necessary to make 
such introductions with care, 
as if overdone the tendcrej- 
plants will soon be starved to 
death. Shrubs which are suit 
able for such a purjuise iiK’lude 
the IjYdraiigea, pieony, J)aphnc. 
tnezfrp.hm^ some of the choicer 
rhododendrons, in a g n o J i a s, 
flowering currants, spircas, and 
the mock orange. 

How to Manage a 
Glasshouse. Glasshouses 
are roughly divided into Hire 
sections — the. cool house, the intermediate house, and 
the hoi house. In tJu^ cool house, no artificial heat 
of any soi t is emjiloycd. The intermediate house, 
which may, y>erha])s, be more readily recognised by 
its yiopular name of “ heated greenhouse,” is one in 
which the wdntor temperature is always kept at 
least Jo” above freezing point, and the hothouse, or 
stove, where most of the exotics are grown, should 
alw'ays be held up to a minimum of 10’ above this. 
All houses require tlie same sort of treatment in 
their general management. 

Hot water is the universal system by wliich houses 
are heated, and soft water, if it ean be procured, is 
th(*. best to employ, hard water 
(jiiickly fouling the pipes. With 
the ordinary upright boilers, 
coke is ]>ra(;li(!ally as good a.s 
coal for stoking purposes, and 
has, at the same time, the 
merit of being more ceoiionii- 
cal. It will burn longer, how 
ever, and maintain a regular 
heat better, if it is first slightly 
damped and mixed with coal 
dust. This latter is the licsi. 
method to employ wdien mak- 
ing u}) the fires to last all 
through the night, as, if once, 
the temperature of the house 
is allowed to fall below the 
point at which it ought to bo 
maintained, fatal results may 
follow. Every greenhouse 
should be furnished with 
maximum and minimum thermometer, the tube of 
which contains tiny glass indexes, one of wliich 
indicates in the morning the lowest point to whieh 
the temperature has fallen during the night, while 
the other shows the highest point touched. 

Although the purpose of greenhouses is avowedly 
to grow tender plants, it must not be forgotten f luit 
the more a greenhouse is ventilated, the healthii'r 
will be the condition of its occupants, provided the 
atmospheric conditions are right. On dull, wet, or 
fogg^ days, but little air can & given, but when iKc 
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weather is bright and warm, the ventilators can be 
opened all day long, ]n*ovided an eye is kept on the 
thormonieter. Cleanliness is an essential feature 
in the management of a greenhouse. Before any 
potting is done, the pots should be serubbe'd 
perfectly clean, and this cleanliness should be 
maintained after they are tilled by washing them 
over outsid# at intervals of a week or two. 'I’he 
shelves of the greenhouse should be washed down 
at least oiieo every three weeks, and the glass itself, 
as well. This operation als(> alTords hunlity hu* 
looking over ♦he ])lanls. 8ueli a Iiouno eleanhig, if 
it may bo so termed, not only beiu^lits the plants 
themselves, and improves tlie aiijiearanee of tin; 
house, but it also lielps to k('ep away insect pests. 

Never use c'dd water in a hothouse when watering 
plants. It should always be a few (h'grees In'gluT 
in temperature than tlic atmosphere in the house. 
The best lime of the <lay to water is about the 
middle of the day in winter and the evening in the 
summer-tiine. In the s[iring and autumn, watering 
may be done early in the mortiing. t heenhouses in 
very sunny ^lositions will re- 
quire to ho shaded in the 
summer-time from the glan; 
of the sun in the middle of 
the day. 'riiis shading usually 
takes the form of a blind which 
can be pulled down over llu* 
roof an<l let up again when 
necessary. Fivt; or six hours 
in the middle of tlu; day is 
generally long enough for tliis 
shading to remain down, pro- 
vided the sun docs not go in, 
in which ease it. should be 
* pulled u]) immediately. Jn 
the ])laeo of these blinds, or 
shad<^'k, a mixture of whitiuiing 
and water is sometimes thrown 
over the sunny side of a house, 
but tliis rough and ready 
method of shading has two 
drawbacks — it whitens every- 
thing with whieli it comes in 
contact., and cannot, mor<‘over, 

1)0 removed instantaneously 
durinj^ a cloudy time. 

The Flowers of Ihe 
Greenhouse. The proper 
arrangement of the greenhouse 
is one of the gardener’s most difliciilt duties, 
especially if the space under g ass at his disp.rsal 
he limited. 

Where there are two gn'enlunises only, it is 
certainly better to devote the la?g'’r one entirely 
to show, arid keep the smaller om; for rearing seeds 
and cuttings — that is, as.suniing that one is a warm 
and the other a cool greenhouse. The ideal way is, 
of course, to have housi’s of three <lifrerent tem- 
peratures in duplicate, one for show and the other 
for use, looking at it from the gardener’s }>oint of 
view. So much depends, however, upon the likes 
and dislikes of an cm])loyer that no definite rules 
iipon the subject can be laid down. 

For the purposes of this artieh*, the word “ green- 
house ” is intended to mean the general purpose, 
pr intermediate house, the temjicrature of wliich 
is not allowed to drop below 40 deg. in the winter. 
Practically all the summer and autumn biMlding 
plants mentioned on page 0402 may be flowered in 
the greenhouse, and bloom had several weeks 
t'arlier tj^an if they are ])lanted out in the .open 
ground. Daffodils, tulips, lilies of the valley, and 


all the other spring-flowering biilb.s may readily 
bo forced on in boxes tor cutting or table 
decoration. 

The Most Important Greenhouse 
plants. The ahntilons aro a family of fairly 
largo sized shrubs retiuiring a good deal of rooui, 
and therefore out of place in a small green- 
house. They are raised from seed sown in 
early spring, or from euttings of old plants taken 
at the same time. As soon as the plants are big 
enough to handle they mu.sb bo r<‘pottcd into 
Inrge.r |»ots, arul the pro(‘ess repeated at intervals 
until the ])lants aio full grown ; in Ibis stale they 
often attain a h^ght of li fr. The best sorts, 
especially for eommercial purposes, are Boulo do 
>ioige (while), Uoyal Scarlet (ix'd), ami Ciolden 
Fleece (yellow). 

Till' acacia is better known by its popular nama 
of mimosa, and is best raised from seed sown in 
spring in the ordinary way, as attempts to propagate 
it from cuttings are rarely Micet'ssfnl. Tliere are 
several sorts, all very much alike, bub the best for 
genend puiposc.s is Acdcia 
thdlhafa wlieia? space is of 
no objec't. It is this variety 
which is sold in .such huge 
qunntilii's in the >tieets of 
towns and cities, A lot of 
it comes to Ja^ndoii t^om tlie 
Soiilli ot Kra.nce. Imt Fiiglish 
grown mimo.sa usually r(;aIisev‘J 
an average ]»ric(; ot‘ Is. p( i 
‘■pad.’' All the acacias (lowei 
in s[uin'i lime, except Plalyp- 
lera, which is an autumn- 
flowering \ai'iety. 

Azalea. The azalea in 
the greenhou.se Is now usually 
grown in I he form of the 
small i)ot plant, so familiar in 
the llorisis’ windows. Although 
a hard wooded plant, its eul- 
lure is very similar to that of 
the camellia, except that it 
should be grown in pots in- 
stead of tubs. Jt flowers 
during the early sprhig, and 
should bo stood out about 
-Tune, giving jilenty of water 
so that, (he, wood can ripen 
properly. In the south and 
west of England soim; sorts grow into buslies in the 
0}H.*n. Aznhd Indiea, Kiehhrr’s White, and 

Dutch Pearl |23| are the most useful sorts. J^Joixl 
market })l.mts feti.li from 24s. to llOs. per dozen. 

Begonias aro among the most vi^luable winter- 
lloW(;ring plants of thi' gremilumse, while there arc 
in addition some sorts ecjually desirable on account 
of their brilliantly marked foliage. Ihey are not 
at present -seen to a gn^at extent in privaU' gnen- 
houses, but they are largely grown for the market. 
They are best projjagated by ciillings taken in the 
spring, and potted up in tiny “thumb’’ pots, in 
loamy soil, with a good layer of silver sand on the 
to|) of it. If allowed to liave a warm corner in the 
grei'iihouse for I lie first iiionlh or two they will 
make rapid growth, and when the pot is full of roots 
the jilant should be .shifted into a 5-in. pof, where 
it will flowiT the following winter. ’Fhe best sorts 
are (lloire de Lorraine, President Carnot, Winter 
(’h(‘er, Metjillioa, and Semperflorons, while of tho 
tine foliage sorts the varieties ot Begonia Rex aro 
mostly sought after. Average market price, lOs. 
per dozen in pots, 
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Calceolaria and Camellia. The shrubby 
section of calceolaria used for bedding out has 
already been dealt with, but the herbaceous 
varieties are equally important, as they include 
many choice Jiew" hybrids for s^)eciinen and 
exhibition j)ur])ose.s. They must be sown one 
summer to bloom the next, in very finely 
powdered loam and sand, moistening the soil 
Tirst and sprinkling tin* seed very finely over the 
surface. The box, or pan, in which the seed is 
sown must then lie covered with a sheet of glass, 
and put in a moist cornei' of the house. As soon as 
the plants arc larg(‘ enough to he handled they must 
be transftu'rcd to “thumb” poU, and afterwards 
to those ot larger size, in wliich niey are to bloom. 
As herbaceous calceolarias like moist. an<l shade 
care should be taken to shield them frou^the direct 
rays of the sun. Practically every nurseryiifan of 
any note, has his own « hoico list of hybrid calceo- 
larias, of all sorts of colours and markings. 

By far the l»cst way to grow the eain(‘llia 
is in a tub. Although essentially a gr<*enhouso 
plant, it can be mo\cd out of doors the summer 
after it has done iiowering, ami its home in the 
gri'enhousi' occu])ied for a few months hy something 
else. The best time of the 
year to start, camellia culture 
is in August, when ilu^ plants 
should J)e repolted, in a mix- 
ture of loam witli a little ])eat. 

In the ease of the camellia, 
repotting does not necessarily 
mean putting into a larger pot, 
for it is one of those things 
which sotun to do best with- 
out too much loot room. The 
plants should be brought in- 
doors in October, and given an 
occasional weak dose of licpiid 
manure, and they will flower 
from the end of NovimiiIxt on- 
wards. The \v(‘ll-kiiown white 
camellia is calked Alha, Pleno, 
and is the oasie.st of all to grow. 

The best pinks arc Lady Ifu me' s 
Blusli ami Beauty of Waltham ; 
of the rods, (A M. Jfovey and 
Doiickelaari. Allliougb there 
is a huge demand for market 
ramellias it is not a, very 
jiaying branch of horticulture, 
as the prices run low. From Is. to Is. (Id. j)er 
box of two dozen blooms is the a verage ])nce. 

Cinerarias are ])retty decorative ])laiits of many 
hues and colours, and arc best, raised fresh from seed 
cviu'v year. ']"liis stu*d may be -started in a cool 
frame in liglit, .sandy .soil in tlin month of May, 
and the -seedlings IransftTred to “ thumb ” pots as 
soon a.s they are largi- enough to handle, rej>otting 
them once more as rerpiircd. As soon as the first, 
sign of frost makes its appearance they mu.st be 
Iran-sferrod to the greenhou.se, but not tho liotlest 
])art, as they are -satisfied with quite a moderate 
temperature, ’’j’liey will ])loom from (liristmas 
tmtil (piite late in the spring. There is generally a 
good demand for them at Covent Carden during the 
>vinfer months, their chief use apparently being to 
stand on tlie dining-tables of hotels, a purpose for 
which they arc well a<lai)led, as they last in bloom 
a long time. 

Hardy Greenhouse Flowers. Id the 

south and west of England, the hydrangea is 
hardy, but it is generally grown as a greenhouse 
plant. In its popular form, and the one in which 
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26 . STEPHAXOTIS 

'I'hf sweetest -sccntetl flower of the greenlious*' 


it is always seen on tho market, it is a one-stem 
plant w'ith a big head of bloom. These plants are 
obtained by taking the stout .shoots of old plants 
and treating them as cutting-s, in any ordinary 
jmtting soil, when they strike readily and make 
rajud growth. The natural colour of the flowers 
is pink, but they may be induced to show blue 
blossoms hy soaking the soil with alu^n water, or 
growing them in soil in which there is naturally a. 
good deal of iron. Limited market demandat lOs, 
to L'is. per dozen. 

Tho heaths [ 24 ] arc best grown in a mixture of peat 
and -silver sand. They are useful for table decora- 
tion in winter, and are not difficult of culture if 
kept liberally watered and well drained. The most 
po])nlar sorts for greeiihoii.se culture are Lracilis, 
Jlyemalis, and Ventricosa. There is a constant 
market demand for them, as, in the hands of an 
amateur, they usually bloom to die, and, in the 
winter ])lants in r)-in. ])ols may realise anything 
from ffs. to 20s. in'r dozen. There are over 00(1 
sorts, mostly-differing but slightly. 

Primulas, Carnations and Chrysan>= 
themums. The seed of tho hybrid Chineses 
])rimiilas should bo sown in June in well sifted 
soil composed of loam and leaf 
mould, and •treated in the 
m* inner described for c-ilceolaria, 

1 aknig care to keep them in tlu' 
dark until tho S(;od germinates. 
Tlieir final potting should be 
into a b-in. pot, and they will 
bloom from November until 
spring. Tlio (lowers are all 
sliades of wliite, red, blue, 
magent.a, and pink. A branch 
of tho family mneh grown is % 
Pnrrnda obcon ica, but it should 
never be handled exc(*|)t in 
glov(‘s, ns it. is ])rone to set nj> 
an irritating s4;in disease. 

Tfardy flower.s cultivated in 
the greenhouse include tlui 
carnation and chrysanthemum 
'riieir culture is practically 
tho same a-s that recom- 
mended for out of doors. 
The variety of .carnation for 
greenhouse e\ilturo is kno^vn 
as tlic tree carnation. L 
may ])0 had in flower in either 
autumn, winter, or spring, according to the time 
the cuttings are taken, hence it is easy to arrange 
for a succession of bloom. Cut flowers of winter 
carnatioiivS fetch anything from Is. to 2s. (kl. per 
dozen. Kor market purpo-ses, chrysanthemums 

rcali.se ,33. to 4s. per dozen bunches, of about two 

dozen blooms eacli, but tho large specimen chry 
santhemum.s are marketed at anything from 2s. to 
;>3, per dozen blooms. 

The Ferns of the Greenhouse. Most 
of the maidenhair ferns thrive well in grce.nhou.se 
temperature, especially the popular variety Adtnntuni 
cimedtum. Largo quantities of maidenhair ferns 
are grown for market purposes, chifefly by division 
in spring, or from apore.s, but they need special 
houses for their culture if they are to be profitable : 
this particularly applies to the small ipaidcnhair 
ferns which are frequently to be .seen hawked about 
the streets in “ thumb ” pots, and for which the 
market price is about 1 s. per dozen. 

Tho peculiarity of tho hare’s-foot, fern (Davallia) 
is tl«3 curious, brown creeping stein.s wl^h bo on 
the surface of the .soil, and give rise to the popular 
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name. The ferns are well suited for a small green- 
house rockery, as they are shallow rooting things, 
and may be well grown in ])eat and moss. One of 
the varieties, ^^ariesi, comes into tins country in 
large quantities from ,Ja])an, rolled up in the form 
of balls, and twisted on wire into the shape of frogs, 
monkeys, and otluT curious d(‘viccs. These are the 
well-known “Japan (‘SC fern balls,” and, given gentUj 
heat, and plenty of moisture, soon cover tlicmselvcs 
with green shoots. They ar(‘ useful as novelties, 
but otherwise are of little horticultural value. 

The folloAV^ig ferns are also well adapt(‘d for 
greenhouse enlture : .I syJc/nwm hul- 
hiferum , Lasfren ^xttrn s, N vplimdiv tn 
nwllcf Pol j/ podium ounum, PUris 
(trgprara, and /^ Iremuhi. TIk' same 
methods may be apjdied to almost 
ev(.Ty fern that requires (he aid of 
artilieial heat to bring it to perfec- 
tion. A general mixUire of loam, 
leaf mould, and sand should be 
employed, and the mixture (“arefiilly 
gone over to see that it is not luiiqw. 

Repotting young ferns, or (lu* 
separation of the roots of old ones, 
should be doin' towards the l:itt(‘r 
end of ^larch, care lu'ing takc'ii 
that at no time art' they subjc'cti'd 
to the full rays of the sun. Aloistun' 
slionld be given in pltuity, but (he 
jiots or ])rac.kets in which the ferns 
are grown should, lie ]>rov idl'd with 
suilicient draiiiagf' to allow the water 
to elear away easily, as stagnant 
moisture at tlm roots is fatal to them, 'riie majority 
of h'l’us may be propagated from tlu' spores, found on 
1 ho under side of the leaves. When these cases begin 
to burst the frond sliould be. cut olf and carefully 
tvrap])ed away in clean paper. Tn tin* course of ;i 
few days, the remainder of the sj*<.>r(‘. eases will 
have burst, and a very lino dust will have eonn^ out 
of them. This dust should be carefully spread 
very thinly ini the to]» of a shallow pan or box, 
containing ])lenty of drainage and a mixture of 
loam, sand, and a little peat. The pan should he 
g('ntly moistened and covered 
with a sheet of glass, and, in 
the (*()nrs(^ of six weeks or so, 
if the moistening has been 
regularly attended to, wliat 
appears to be a covering of 
young green moss will show 
itself on the surface of the soil. 

’riiis mo^s is simjdy a huge 
collection of tiny ferns, and 
may l)e])ricked oil’ as soorr as it 
can be lianclled into other boxes 
or small ]>ots to develo]). 

The Care of the Hot= 
house. The hothouse, which 
is also known as tlic “stove 
is us(‘d for pre.serving and 
growii.g all the choicest exotics which cmno to us 
from the trojiics. Though the maintenance of a 
row of tropi: il houses is an essential feature ()f 
large (?stabli-ilimenfs it is often overdone in gardens 
of inoderato size, for, with tlm exception of the 
orchids, ^e tlow'ers of thi^ “stove” are not of gn'at 
iiuportaill^ so far as their beauty is concerned. 

The remarks on the care of a. greenhouse given 
above apply equally to the hothouse, except so far 
as temrierature is concerned. The hothouse should 
never allowed to fall below 60'^ in the winter, 
and thdffgh much less heat than is usually thought 


necessary will be riMpiired in the summi'r, the th(*r- 
inometcr should ru'ver fall Ix'low 70' at this period. 
Most exotics arc moisture loving plants, and the 
ns(* of liot-wat('r pipes lias a tcndi'iicy to dry the 
atmosphere. Moisture must, (lu'rciorc, artificially 
supplii'd, eitlicr l\v tilting sliallow troughs filled 
with Water over tlx* pi])»‘s, or c1m‘ by liberally 
syringing the floor and woixleii stages with water 
at friMpicnt inti'rvals. ^ 

Popular Inhabitants of the Hothouse. 
The Amazon lily (Kneharis) is a beautiful white 
lily like llowcivi the planls Ix'aring it attaining a 
iii'ight ol abonl. IS in. d’jjc flowers 
•ire di'licioiisly tV igrant, and, as 
t lucre is always a liug(‘ (h'lnaiid for 
tluMii for hoiKpK'ts and wn'.iths, 
tlicy are well worth growing for 
mnrkcl,,pnrpos(‘s. (‘specially as th(‘y 
can hi' made to Howi'r ]>rai‘tically 
all the year ronml. I'licy are grown 
from Inilbs, wliicJi siionld lx* potted 
•up in a mixture of hiam and leaf 
mould, otu* bull) to a 5-in. pot. As 
tJicy will not. )x‘ar repotting fre- 
(pKMitly. th(' Ufmiisliim'iit which 
they would have fonml in fri‘sh soil 
must be ap[>licd by doses of liipiid 
mannn*. rndep (his treatment tlu'y 
will VH'lcl two or tliK'c »‘ro})s a year, 
and the a\crag(‘ ])rice of tli(^ ilowTis 
is about 5s. 1 do/eii. 

5'liough not LTowii to any largo 
(‘xtent ill j)rivat(' ]»laei-s. there i.s 
an enormous demand for gardenias 
lit bill , lx til for i‘li(‘ap buttonholes, and also 
for fiiiK'ral wreath'-, 'idu* gardenia is a small hush 
about 18 ill. in lu'igbt having very dei'p glossy 
green leaves, and white llowers with ratlu'r a. sickly 
]x‘rfum(*. If ] lotted up in the ordinary mixtunJ 
of loam and leaf mould with a little red sand, 
and given jilenty of Ix'at and moisture during spring 
and (‘arly summer, they will flower freely fliroiigli 
autumn and winl(*r. or tlx'V may lx* hatl at praeli- 
eally any time by cli('eking tlx* growth. Cuttings 
stuck into sandy soil in sjiriiig root frcidy. and sooil 
bear tiow’crs, and this is the 
metlnxl geiii'rally arloptixl by 
mark('l growi'rs. d'he avi'rago 
lirice of the cut blixims i.s* Is. 
a dozi'u. 

Sti'phanotis 126] is tin* most 
wid(‘ly grown of all the elimb- 
ing [ilants in the iiothou.se. It 
has vvhit(‘ waxy-like tlowx'rs of 
great fragrance, and is best 
grow'ii 111 }x)is ])lunged into 
the hordi'r, or on a staging, 
as, if the roots are allowed too 
much I'noni, the plants run to 
!(‘af instiMd of llowcr. '!’he 
ordinary ]x)(til)g mixture suits 
it admirably, and it is in* 
creast'd from cuttings in tin* spring. 

Ferns in the Hothouse. To avoid repeti- 
tion, the reader is referred to the ferns of the green- 
house which iiavc been di‘alt with ahovi* for details 
of culture, tlie.si* d(*(ails being eiiually ap])lieable 
to (he hothouse, the grt'at diib'rence betwei'R 
greenhouse and hothouse ferns )x‘in<g the natural one 
of ti'iiipi'ratiire. It is more important than ever, 
how(‘V(^r, that in the hothouse the ferns should- he 
well shaded and kept moist — aeeidinital exposure to 
bright sunshine, especially if the atmo.sphoro happen.^ 
to 1)0 a little dry, will wither them up and kill thi'iii 
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alinoKt immediately. The following ferns are most 
useful for stove cultivation, and, as they have 
no Knglisli names, it is necessary to sot forth 
their Latin ones in order that the plants may be 
readily procurat)]o : AduuUum caudalum^ . A. 
farleyense. Aspic niinn jormosuni, vt. lon-gissimum, 
Wichnum hmsilu'nsc, DamUia degam^ (hjmno- 
(jramma calomdanos, Lomaria horyatui, Pohjpodium 
^ivcrsiloliam, O. pcctinatum^ and P tens tricolor. 

Orchids. There is no branch of gardening 
vvliich has been made more bewildering, and more 
dillieult to luidcrslaiid for. the young. horticulturist, 
than orchid growing. This is in a great moasurc due 
to the fact that new hybrids, the ditferenees in 
which are indistinguishable even to ex])erts, arc 
being introduccid every day. It is appalling to think 
that at the j>rcsent time there are over 4,000 
varieties of orchids, many Ixvisting LiA in .names 
of six words in length, ranging trom the Odonto- 
glossum, for which 1,1 50 guineas was paid in London 
in jMareh, 1000, down to the Codogyna cristattf^ 
procurable for a, sliilling or 
two. A general knowledge of 
the requirements of the varie- 
ties of the great families of 
orchids is, however, all that 
the 3^oung gardener can reusoii- 
ably ho cxjM'c^tcd to possess. 

VV'hen orchids first arrive in 
this eountr}^ from abroad 
they are naturally' in a very 
dry, shrivelled condition, and 
can have no lietter treatment 
than that roeom mended by Mr. 

W. It. White, F.R.tr.S., in his 
excellent work, “ The Book of 
Orchids.” “The plants should, 
within a few days after their 
arrival, bo suspended head 
downwards in an intermediate 
temperature in a shady ])art 
of the Jioiisc, and he ^^lightly 
syringed at least once a. day. 

Tn a very short time the leaves 
will have assumed their natural 
colour, and the stems and old 
root stumps will commence 
to emit their new succulent 
roots.. Immediately this is 
observed the plants should bo 
taken down and placed in as 
.'»mall ]>ots as possible, using 
the crooks for potting, so as to come- up almost to 
the edge of the pot, covering the whole with good 
living sphagnu?n moss, and pressing it dowii 
moderately firm.” 

The Most Important Genera of 
Orefiids. TMio Cahuithes are winter flowering 
orchids, the ditfereut varieties of which will give a 
succession of bloom for at least three months. Tliey 
are grown in jlftts, half filled with drainage, this 
being covered with a piece of turf, grass downward.s, 
and the pot filled with loam, sphagnum moss, ami 
silver sand. A little water should be given to the 
bulbs until the foliage begins to make its appearance, 
but as the plant grows the (piantity should be in- 
creased until a copious supply is found needful, 
i^liis quantity should bo. gradually decreased as 
the foliage dies down, and the flowers make Ihcir 
appearance. After flowering they should bo given 
rest for a month or two, and the bulbs repotted 
.again in the spring. Some of the Calanthes do not 
lose their foliage in winter. 


Among the largest flowered orchids are Cattleyas 
[281, purple in one of its many shades being the 
predominating colour. Many of them will thrive in 
tlio coole.st part of the hothouse, and they can bo 
grown by planting the pseudo-bulbs in pots, half 
tilled with drainage as recommended for the Calantho 
and the remainder a mixture of leaf mould or peat 
and moss. In their youngest stages t^ey like shade, 
but as they progress they should bo brought into 
full light and air. After blooming they should he 
given very little water during the time they arc 
resting. V^ory closely allied to the Cattleyas are 
the Ladias, the culture of which is sifhilar in every 
way. and there are many hybrids between the two 
families, known as La‘iio-Cattlcyas. There is a 
gootl market demand for (Cattleyas. This demand 
lluctuates a good deal, and the prices change also, 
but six shillings a dozen blooms is quite an ordinary 
figure — tliey sometimes fetch double tliat price. 

One of the easiest grown orchids is Cmlogyne, a 
vjViety of wliich, Crislata, w'ith pure white flowers, 
is the most useful orchid that 
can be gro\m in a small house, 
or where space is limited, as 
the flowers arc borne so abun- 
dantly. The orthodox orchid 
yiottiiig mixture of peat ami 
moss suits the Codogynes ad- 
mirably, and the practice re- 
commended for the Calanthes, 
of gradually increasing the 
rpiantity of water as the plant 
grows, and decreasing it aflei- 
wards, should be carried out. 

Cypripediums an? more fami- 
liarly known as “ Tlie Lady’s 
Slipper Ondiids ” [27], on ac- 
count of the peculiar ])oucli ^ 
which is a prominent feature 
of the flowers. They are a 
popular buttonhole flower, and 
there is hardly a month of t he 
year when one or other of th{‘ 
varieties cannot be had in 
flower. The mixture of S(»il 
already n'coinmended suits 
them, and they like one of 
tlie hottest corners in the 
house, ])rotectioii from the 
direi t rays of the 8»iii, and 
yilenty of water all the year 
round. Care must be taken 
with tlie drainag(‘ of the pots, however, in order thal 
the water does not remain stagnant about tlic roots 
of tho orchid, for this is fatal. They usually fetch 
about 3s. or 4s. per doziai blooms in the market. 

Although the Odoiitoglossum numbers among if ^^ 
variotios the most expensive kinds, there are plent y 
of others quite within the reach of tho very smallest 
grower of orchids. They may be given the oo')lest 
corner of the house ; in fact, some of them — notably 
Crispum — >vill flowor in tho grocnhoJise. 

An orchid family most remarkable for its long 
.sprays of flowers, which, in the majority of easCN, 
hang downwards, in graceful showers, is Onciclium. 
Oncidiums will grow almost as readily in ordinary 
well-decayed loaf mould as in tho orchid mixture. 

Members of the following families of ondiids arc 
tho others most generally met with in la(|gc coUcc 
tion-s, and the brood rules of culture laid down w ill 
be found sufUcient in most instances : Cymbidium, 
Epi<lendrum,HabenariH, Lj^caste, Ma.sdevallia, Maxil- 
laria, Miltonia, Phaljcnopsis, Stanhopea, and Vanda. 
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CAN THE MIND KNOW ITSELF? 

Group 3 

PHILOSOPHY 

The Eternal Question — What Are We? Relation Between Mind an l 

3 

Body. Does the Mind Influence the Body or the Body the Mind ? 

(’out ii'.U) (1 fioiii piiKt* 


By Dr. C. 'W. SALEEBY • 


PRAGMATISM aTiiounts lo tliis in practitr. \\V liavr ag!('ecl. have Avo not, that the 
^ that yoli are to mako up your mind as ])rol.ilom of p]iilost)])hy, with its inovitabh' 

to what you want in the way of a creed, and l)eli(‘f in Oneness or Monism, is to explain 

see that you get it. Whateviu’ you want to the apparent dualism which existiuiee presents 

believe, whatever suits you to iK'lieve, that to us - the dualism of mind on tlu^ oni^ hand 

is truth for you, proving its truth by its suit- and nol-mind on the other hand. Wo have 

ability. (^uite evidently this involves the- traced throughout the generations various 

utter destruction of the idea of truth at all. stages of th(‘ atteni])t to resolve this dualism, 

Absolutely oppos<‘d beliefs may suit one man and we base hint(‘d, perhaps, that both th(‘ 

and Iiis neighbour respectively, and ea<*h ‘is, mat<Tin.lists nnd th(‘ idealists may have h(*en 

therefore, on the pragmatic ])rineii)le, true or S(»m«‘what too ready t«) assume that one or otlu'r 

as trae as may be. “ But they eaimot both be of the terms of the dualism was an ultimate, 

true,” says the smalh‘sl (‘hild— thus .showing how Let us n<n\ ri'tiirn to this (piest ion, and pose 

deep the belief in the consistent One is plantcal it in the form that most elearly stati's the. issue, 

in the constitution of mankind — and the jaag- This form is undoubtedly Mind and Brain.” 

matist in his heart of hearts a.grees.with the child. The Nonsense Caused by Confusing 
The Essence and Humour of Prag» Terms, Jl’lie brain, of eours(', is a' material 

matism. If only tlu^ ])ragTnatie argument couhl thing wliieh may be seen and handled and 

be con tim'd just to those Ix’liefs which we want to cut -or, as in theea.se of the calf, may even 

have estahlislu'd ! But unfortunaU'ly it cuts both he (‘aten. Very few of us. however, can he 

ways, and the ])ragma.tie argument which you aeeounied guiltless of the monstrous ('iror of 

adcluee as the liiial warrant for ymiv Ix'lief is speaking of mind and «I>raiu as if they were 

precisely applicable to the ease of your neighbour interehangeahle terms. This ahsoliitoly inde- 
wiio finds liiat the negation of that belief is feiisible confusion of thought leads lo .such 

what suits him. Tints white is white if you like* ludicrous results as the following, which is taken 

to tliink it white, hut of eoursi', if you so prefer, from a ri'cent American author : ^j’he modern 

black is white — “ if you do not see what y’-ou want seientitie delinition of mind is that part of the 

in the window , ])lease ste]) inside,” we will (iud si'nsorium eaiiahli' of tlu^ greatest molecular 

something to suit your measure. Here verily is activity." This iinfoitunat.e writer has achieved 

.that royal road 1(» learning the existence of winch thetriumjiiof superseding tin' ordimny material- 

old Eiielid di'nied. Truth is now' a matter of isti<- view,that the mind is a product of the brain, 

taste. You need not go to sock her, slio will by th(‘ inagriiliec'ut fatuity that the mind ia 

always come to you. ISAithing is eillnu' true or the brain, i'hus. if you find that part of the 

fals(.*, but thinking makes it so. iinit is ])rag- si'iisoiy art'a of tlu' brain whiiii is ‘‘ capable of 

matism. It is quite the best joke in the histoiy the greatest molecular activity,” find if ;vj:)u cut 

of philosophy. But at li'ast let us attempt to it thin and ])ut it under the mieroseope and draw 

learn one uscdul lesson from the pragmatist. Is A\hat y<»u see, you will have tlu*. plt'asure of 

it po.ssihle to say what it is that they have eou- (ait ting and drawang a piece of mind it.self ; 

fused with truth ? The a.nswer to this is possible. (H’, if you desin* your intc'lligeiiee to dt^velop. 

That w’lii(;hthe jiragniatist confuses with tiuth is you might eat it, foi- what could possibly serv^e 

mJuc It is peiiia})S the profoundest eonvielum your ]nn}x)se hettt'r than a diet of mind itself, 

of the ]>hilosopher that, at tlu* last, wlnai all unless, of course, mind happens t<> he tough and 

secrets are unveiled, tiie tnie and the vahiahh* indigestible? • 

will be found absolutely to eoiueide. But U't This is tin* soil of noiistaiso that follows from 
him who thinks that tlu'y havi? always eoinrided the us(‘ of the words mind and braiii, as if they 

glance but for a moment at huinaii liistoiy and vvei'e oiu* and tlie same thing. •Jt is one more 

sec how' strangely it contradicts his as.sumption. illustration of tlu^ manner in which we are 

Mind and Brain. Having paid so miu Ji deceived liy language, 
attention to the liist(uy of criticism in })hiio.sophy. If We Could See the Brain. 

lot us turn to the main philosophic problem as it is the placi' to quote one ec'lehrated argument 

pre.sent^ itself to us to-day. SonuHme has said that of'Acliieli those wlio think that the mind is the 

the proper business of philosophy is not to answer brain arc apparently ignorant — an cargumej|b 

our queii^ions, but to teach us how' to ask them. which, simple though it he, is seen to be more 

That saying may be applied, perhai:)S, to the ease and more significant the num^ w'e think about it. 

of philosophy as we sec it to-day. Pt 3 rhaps it has \\(‘ may qiiotii it Irom Profe.ssor IMitehell, of 

answ'ered no question since its dawn, but at least Adelaide, the most I'ecrnt writer on tlu^ subject, 

it is tombing us how to ask our questions, and “ Adaj>ting an old illustration, let us suppose 
that is llaa^iificent service t o the intellect of Man. that w e had the means of so magnifying 
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the lirain — each examining his own brain in a 
miiTor, if you like — that its minute structure, 
and every movement in it, became visible. Wo 
are assuming that the cflfec^ts of a stimulus upon it 
would be seen as a continuous series of physical 
changes in which the total energy is accounted for 
at every point by the work done (including the 
potential energy of new structural arrangements) 
am heat. At some point in the scries, where 
the cerebral cortex is involved, we should see the 
VcTi’ious actions on which the course of feeling 
depends. W(; should not see the feelings ; they 
would be something of which we had no sensation, 
something over and above the physical process. 
If the brain we examined were another’s, wc 
could only know of his hicling, say of red, from 
himself ; if it were our brain, we should at the 
same time have the feeling of red, and see its 
immediate physical correlate, but our feeling of 
red wc should not see.” 

A Monstrous Doctrine. Tliis is surely 
clear enough. The only explanation of the 
fact that any contc'rnporary wiitor should 
think that the mind is the brain must be an 
ignorance of the literature of the subject so 
great ixa to mak(^ this argument unknown 
to him. The argument shows tha^ even tlu‘ 
simplest of psycliical fa(!l.s, a imuo uncom- 
plicated colour sensation, cannot possibly ])e 
explained away in terms of the [)hysical : it 
would still remain unn'ckoncd with, even if wc 
could watch ev(Ty j:!*)vcm(‘nt of the atomic; 
dance within our heads. If this lx; so of a mere 
sensation, w^hat shall we say of such a }>sychieal 
fact as solf-coasciousness ? JIow much the more 
monstrous must not the (kxilrine be which 
involves the proposition that my recognition of 
myself is the movement of atoms w ithin my brain ! 

It is worth while to hold clearly to the 
distinction between the nervous system, or 
th(; brain, and the rest of tlie body, never 
losing. sight of the fact tliat the brain is a 
material thing, as is the r(*st of the body. 
The initial recognition of tliis bodily division 
is all-important because of its bearing upon 
the theory of interaction lK‘twe<*n the psyelucal 
and the physical. There are innumerable eases 
familioj* to all of us which seem to illustrate 
this interaction —as, for instance, when depres- 
sion causes dyspepsia or dyspepsia causes de- 
pression. Thos(* aye instances of the action 
of thg mind upon tlu; body or the body upon 
the mind, and unless they arc more closely 
examined, they lead us to the apparently 
simple, but a^^tually inconceivable, belief, in 
causal intt;raction bet\veeii tlie physical and the 
psychical. If, howx‘ver, wc insert this concep- 
tion of the body as divided into brain and Hot- 
brain, we can express such instances in reasonable 
language. Wo then lind that they are all within 
Uie realm of the physical. 

• The Relation between Mind and 
Brain* Let us take it that our problem may be 
confined to the brain and the mind. This physical 
brain may have been in many ways modified by 
physical causes without* it. Wc fully rccomiise 
the action of such physical causes, but w’O nave 
also to recognise that this demonstration of the 
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action of the physical upon the physical tells us 
nothing as to whether the physical can act* upon 
the psychical 

Now let us address ourselves with minds .un- 
deceived to tin; question of the relation between 
mind and brain. And here, fortunately, it is 
possible to state the various theories in self- 
explanatory language. What arc the conceivable 
rdlations of the psychical and the physical ? Well, 
in the first ])lace, there is the relation of inter- 
atdion, and that is, properly enough, expressed 
by the phrase Psycho-physical interaction. Over 
and against this phrase we may set another, 
which is of extreme importance in current 
))hilosophy, and is known as the theory of 
Psycho-physical ^mrallclism. Now wc must at- 
tempt to tliseuss tlic arguments expressed by 
th(‘se two plirases. Obviously, wc must begin wuth 
j>sych()- physical intcrac'tion, one form or other of 
which has been l)('li(;vcd by the vast majority of 
men ever since men Ix'gan to think at all. Our 
})i(;vious discussion must already have made it 
quite clear to us tliat if there be any interaction 
it may act in (‘itlier or both of two ways. 

The Three Theories of Mind and 
Body. On the one hand, there may be 
interaction from th(‘ jihysical to the psychical — 
physical causes producing psy(;hical effects. 
I'hat, of course, is the view of uncritical 
common -sense, and it is the basis of all fojms 
of materialism. On the other hand, there is 
I hat theory- of interaction wliich asserts that 
])sychical (‘iTeets can produce ])hysical causes, 
as expressed by our old friend, the pliraso about 
the “influence of the mind upon the body.” 
And, thirdly, of course, wc may boldly lirush aside 
the difficulties involved in each of these concc})- 
lions, and declai’c that interaction in both 
directions is possible. 'J’he mind can produce 
physical or brain changes, and changes in the 
brain can iiroduce mental or jxsj’’cliieal changes. 

This is all very w(‘ll so far, perhaps, but philo- 
sophy, profoundly distrustful of the unexamiiif d 
o})inious of common-sense, begins to ask incon- 
venient (piestious, and these arc bascKl upon that 
fundain(*ntal idea wbieh wo call the idea of causa- 
tion. Can we really eonccivo at all, asks philosophy, 
that a s(‘cjuencc of material events should cause 
another scc[uenee of events which belong to the 
p,sycliical ? That is what materialism a.ssorts, 
and yet wc find that the most thoughtful of th(' 
so-called materialists avow the absolute impossi- 
bility of acce]iting such an idea. Our conception 
of causation fails* us. In a’ sense wc can under- 
stand how a billiard ball may push another 
billiard ball, or an atom another atom, hut tin- 
passage over from the collision of atoms within 
the brain to the psychical wc cannot bridge. 

Professor Tyndall’s Incomprehens- 
ibles. There is a classical passage from Pro- 
fessor Tyndall which expresses this difficulty in 
the clearest and most authoritative manner. In 
allusion to the con^iotis aiUomaton ^eory of 
Huxley, which we briefly stated in the course on 
Psychology, Tyndall wrote : 

“ Do states of consciousness enter as links into 
the chain of antecedence and sequence, which 
gives rise to bodily actions, and to other^tates of 
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consciousness ; or are they merely bij-jmxluvtSf , 
which are not essential to the physical processes 
going on in the brain ? Speaking for myself, it is 
certain that I have no power of imagining 
states of consciousness, interposed l)ctwecn the 
molecules of the brain, and influencing the 
transference motion among the molt^culos. 
The thought ‘ eludes all mental presentation,’ and 
hence the logic seems of iron strength which 
claims^r the brain an automatic act ion, uninflu- 
enced by states of consciousness. But it is, I 
l)elieve, admitted by those who hold the auto- 
maton theory that state's of cons(‘iousncss are 
produced by the marshalling of the moh'culcs of 
the brain, and this production of consciousness 
by molecular motion is to me <|uite as inodneeiv- 
able on mechanical principh's as the production of 
molecular motion by consciousness. TF, therefore, 

I reject one result, I must reject both. 1, how- 
ever, reject. neither, and thus stand in the ])res- 
ence of two Incom[)rehcnsihl('s instead of one 
lncomi)rehensibIe. ... I how my head in 
the dust before that mystery of mind which has 
hitherto defied its own penetrative power, and 
which may ultimately resolve itsolhinto a demon- 
strable impossibility of self-penetration.'* 

Materialism Refuted by Physics. 
This passage may -well be submitted by the 
serious student to the callow writers who 
can swallow whole the ordinary materialistic 
belief Avithout beginning to recognise^ how' 
monstrous it is. 'J^yndall had ev(‘ry kind of 
motive to induce him to accept the materialistic 
hy})othesis. It is not merely that ho had freed 
himself from bias against it, but that all his 
bias was for it. He Avas, of course, one of the 
greatest physicists of the most wonderful 
century in the history of physics. When he 
declares that the production of consciousness 
by molecular motion is to liim “ inconceivable 
on mechanical principles,” the assertion is that 
of one who really • understands mechanical 
principles. 

Nor must it he for a moment thought that 
this declaration Avas some personal (*cc(*ntrieity 
of Professor Tyiidall’s. On tlu^ eontrary, it is 
the inevitable conclusion to which jdiysical 
science is forced. These questions are often 
discussed by people such as Vogt, who depend 
for their scientilic information entirely upon 
liearsay. 8u(^h an imbecile assertion as that the 
brain secroh's thought as the liver secretes bile 
could only be made by one from whom tin' 
principles of the jdiysical sciences were utterly 
hidden. 

Materialism Inconceivable on Me- 
chanical Principles. Mind, Avhatevcr it 
is, is demonstrably no form of physical energy— 
Jis we hate seen. If it were produced in 
the course of physico-chemical changes in 
the brain and as the effect of those changes, 
then all the pb 3 rsicists’ concejitions of energy 
and #8 conservation A\mild he invalidated. 
The physics and chemistry of the brain con- 
stitute a complete system in which the hiAvs 
of the conservation ^nd transformation of 
energy are observed just they are in a test 
tube. That may not yet be a fully demon- 


strated fact, but every materialist is bound 
by his own hypothesis to belie\’’e it. But this 
belief as such involv(*s and necessitates a denial 
of the assertion that anything more than physico- 
ehemical effects are produced ; else something 
is being made out of nothing and we are talking 
babble. The materialistic theoiy of mind, 
Avhich asserts that,*though the physical series 
is oonipI(‘U' and closed within itself, yet tnind 
is produced by it, is “ inconceivable on mechan- 
ical principles.” 

Mind and Body Interaction Incon- 
ceivable. E(|iinllA’^ inconceivable is the produc- 
tion of molecular motion by consciousness, as 
suggested by the common phrase the influence 
of the mind upon tlie body.” This suggests the 
incursion of something from Avithout into the 
physical series of transformations of energy. 
Either this something from without does nothing 
at afl or else it must disobey the law of tlu^ 
conserA^ation of energy. It must either create 
energy or destroy it — Avhich (‘vt'ry materialist, 
Iik(‘ ev(‘ry oilier student of the physical sciences, 
is hound to deny. 

Thu'^, every form of the theory of psyelio- 
physical inti'raction is ineompatible AAith the hiAv 
of the conservation of energy. That and that 
alone is a fatal argument against any such 
theory. 

The second argument, Avhic'h has ulretuly 
hei'ii referred to, is really more fundamental 
still, ft (lo])(‘nds u]a«i that analysis of our 
ideas which shows that avc (tannot really conceive 
of such interaction. True, aac may think that 
Ave can imagine it, but that is only beciluise of 
the carelessness of our minds. 'Phe time has 
not yet come Avheii iiu'n will cease to be con- 
ti'nted with what Herbert S])(*ncer called 

pseudo-ideas.” This of psycho-physical inter- 
action in any of its forms is a ])scudo-idea. The 
Avorrls expressing it cah bo ])ut together in a 
grammatical form, so as to mak(‘ a sentence 
which can be iiarscd and analysi^d and Avhich 
may sound as if it meant something intelligible. 

'False Ideas. Yid if avc conic to look at it 
more closely, such a sentence contains nothing 
any more eoneeivable by us than the pseudo-idea 
of a ” moral fluid ” or a “square thought.” Just 
as AVC really cannot conceive of the movement of 
billiard balls or atoms producing consciousness, 
so Ave cannot coiict'ivc tli(' generation of motion 
in a billiard ball by an idea. We are mistaking 
mere combinations of words for rational cfoncc^pts. 
“ How can anything impalpable, non-material, 
utterly distinct from anything palpable or 
material, he the cause of chafiges in a material 
thing ? ‘ Which of you by taking thought caa 

add a cubit to his stature ? ’ ” Even if the law 
of the conservation of energy Avere not there, 
defying us to assert that mind can create or 
annihilate energy, the very laAvs of thought 
forbid us to entertain, except as a mere v(||bal 
proposition, the notion of psycho-physical 
interaction. 

A curious comment upon the fallibility of our 
minds is constituted by the ‘fact thtxt there arc 
many x>^oplo aaJio think they can entertain the 
notion of psycho-physical interaction from the 
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physical to the psychical — that is to say, trom^ 
brain to mind — but who quite aj^rce that the 
notion of any interaction in the other direction— 
that is to say, from mind to brain, is unthinkablo. 
“ They think they have no diffKadty in con- 
ceiving how the redistribution of a number of 
atoms in the brain can cause the production c)f 
ideas. But a moment’?^ (umsideration will 
shDw that if the one notion is untenal)lo so is 
the other. Jf an atomic collision can cause 
an idea, then an idea can cause an atomic 
collision ; Imt, as we now see, idea and collision 
arc in different worlds.” 

Eipially curious is the existence of other 
people whose oj)inion is precisely the revers<‘. 
They hold that “ the action of mind on matt(T 
is the only kind of action or causation that we 
are capable of understanding.” 

The Extreme Theories. Finally, it 
is evident that if we nqect as ineonceivahle 
(and as. even if concjMx able, contradu*ted by 
mechani(!al j)rincipies) iritciaction in (‘itluu- 
direction, we r(‘j(‘<'f «till more summarily the 
easygoing vi(nvs of thos(‘. who hold that 
inl(‘i*aetion belw('en mind and bra-in in bnlh 
directions is an obvious and comnion^ilaee fac t. 
But before wo pass on to th(' more modern 
theory of psyelio*])hysical paralk'lism, ue may 
briefly ol.)S(irve lunv the theories of interaction 
may develop at their two extnmuvs. At the one 
extreme is the solution of idealism, which is 
not menMy content to msert an action of mind 
upon rriatbu’, but dt'clarcs that matter is actually 
nothing more than a convenient bclion of th(‘ 
mind : “ into the man’s head the whole world 
goes, irnduding the lu^ad itself.” At the other 
extreme is the notion of iruxlcy, already rclVrr(‘d 
to, which g(>(‘s one l)ett(‘r tlian the assertion 
that matter can act upon mind, and dcclar(‘s 
that the psycliical manifestations which ac(‘oni- 
})any brain activity arc^ mere accidcaits. '^rhey 
” are somehow tlirown olf from the brain, like 
sheets from a printing-press, and they are 
barc'ly formed when thc^y pass into nothingness, 
being too (‘phemeral to remain anything at all 
or mak(^ a dilfei’eiKJO to anything (*lse. 'I’hev 
arc likened to words from our mouth, to tlu* 
shadow and to the whistle of a ])assing train 
and to whatever is incidental and easily dis- 
appears.” (Mitchell, “ Structure and (Jrowth 
of the Miml.” Macmillan, 11)07.) 

The Physical and Psychical are 
Parallel. If, then, wc are to reject any 
form of tlie belief in int(Taetion betwetui the* 
physical and lh(3t ps5Thical— -that is, between 
mind and brain — and if we- are not to ignore 
the indisputable fact that tluTc is some kind 
of relation between them, there remains only 
one possible escape from our ditliculty — if it 
is really an e.scape — and tliat must consist in 
the assertion that the relation between psyehi- 
ealsand brain states is one not of depencTonc'e 
nor interdependenc-e but parallelism. Two otJuT 
inodes of expressing this theory may be quoted: 

“ The two kinds of events or processes in con- 
sciousness form two scries that run parallel to one 
another, but never meet or interact.” Or better 
still, since it hints at a philosophic conclusion : 
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^ “ The physical and the psychical are two modes 
in which one series of real events appears to us, 
and therefore the two scries of api>e-arances run 
parallel to one another.” 

Tlie advantages of this mode of statement are 
that it by no means questions, but on the eon- 
trary (nn])haHises, the indisputable fact that 
mind and brain are related ; wliilll, on the other 
hand, it avoids tlie diflieulty of pledging us to any 
of those kinds of psyeho-physieal int.A’action 
Avhieh, as we- have seen, do not admit of rational 
conception at all. 

The Philosophic Inference. And now 

it is our business to observe the pbilosophie 
infereneo from this whi(;h seems to be the most 
warrantable cfuiclusion of psychological science. 
It is the eoiieliision which has already been hinted 
at. \Vv ar(‘ not warranted (dtlicr in regarding 
matter — for instance', the brain -as an iiltimalo, 
nor yet in regarding mind m,s an ultimate. On 
the contrary, mind and brain — that is'to say, mind 
and that jiarticular part of not-Fnind with which 
it i.s most ooniinonly associated — aie^ to be re- 
gardc'd as the correlative' a?ul proximate e'xpres- 
siems tor ns of a One Some'thing tlia-t lie's behind 
the'in. Our analysis anel recognition of this 
pre>ximale' rlualisin involves a meiuism beyemd 
it. Mind and matter are* ivlated. We elemy 
that tlie're* is any inleraedion he'twcen them, 
t bough we‘ a-sse'i't an absolute para I le'lism between 
tliemi. Palpably this leads us to the iiiovitablo 
e‘e>ne*lusie>n that, as has bc'cii said befeire*, they are 
the* ” subje'ctive and olijeclive fae*es of the same 
fa'*t." 'I’hat sanies fact, nee'd wc say, must be tho 
ultimate reality of whiedi philosophy is the quest. 

IiuIeM'd, there can he* no more im])ortant 
argume'iit for the* theory of psycho- pJiysie'al 
paralle'lisni. than iJie fae t tliat it le'ads ua 
dire'e'tly to monism, Mate'iialism and idealism 
leel TiH te) memism by de'iiying respee'tive'ly what 
seems impossible' te) de*ny — mind in one e*ase, 
anel matter in tlie otlu'r. 

Our Knowledge of the Eternal. 
Slmrt e)f these se)lutions there sexmiod te) be no 
eboice but te) reject our ideal of monism alte)- 
getlier, anel to rest disconte*iit, with a “ elisas- 
trems dualism.” 'I’lie^ whole stetry of e>xisteneo 
must then be> conceived in terms of a ea)nstaiit 
battering and interaction between these two 
irreconciiabb's. But wheMi further criticism 
leads us to see that this interaetiem is as inooii- 
ceiv'able as a etonstant. relatie)n is unde*niable'*-- 
tlien we are* forced to tbe eonclusion that our 
dualism is only proximate, and that mind and 
matter — or mind and brain,” or “ mind and 
not-mind ” — are like the cone*avity and the eon- 
ve.xity e.)f a curve, differe'ut aspects e)f euie fact. 

And if that one (;annot be known anei seen face 
to face by us — by us who are su bound that our 
belief in tbe existence of another’s consciousness 
is e)nly an inference from the mateu'ial facts e)f liis 
behaviour —what may fairly be infiM’red from our 
knowledge of its manifestations V Wc n»d not 
here concern ourselves w'ith tlie names under 
which this one has been described by various 
thinkers. The Absolute of Hegel, the Sub- 
stance of Spinoza, the Ineffable of many a po<7t, 
the Unspeakable of St. Paul, the Unknowable of 
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Spencer, the Unconditioned of Hamilton, the, 
Nature of the pantheists — all of these (lorrespond 
with an endeavour to express some aspect or other 
under which tliis inaccessible yet omnipresent 
eternal presents itself to us. Let us here con- 
template what is in modern thought the noblest 
and most cele^ated expression, in a poetic form, 
of the existence of this ultimate. Tt is taken from 
the lines “Composed above Tintcrn Abbey,” 
by William Wordsworth, then aged 28 : 

” And 1 have felt 

A presence that disturbs mo with the joy 
. Of elevated thoughts ; a sense sublime 
Of something far more deeply interfused, 
Whose dwelling is tlic light of sedting suns, 
And the round ocean and the living air. 

And the blue sky, and in the mind of man ; 

A motion and a spirit, that impels 

All thinking things, all objects of all thought , 

And rolls through all things.” 

Knowledge Lives — Shall That which 
Knows Die ? But apart from the more or l(\ss 
poetic names given by th(‘ 7)hilosopliers, and from 
the poetic expression of Wordsworth, how miudi 
are we entitled to s(it foilh as our warrantable 
and rational knowledge of something beyond ? 
At least w'c are entitled to make wliat inferenees 
we may from our knowledge of its i»henomena. 
Wo have agreed already that it is one and 
consistent. There; arc not many realities but 
one reality — in the last rt'sort not many incom- 
prehensiblcs but one ineompreliensilde. 

Again, all our physical sciences, in their (;lose 
study of pheifomena — that is to say, of one aspect 
under which reality expresses itself to us — 
warrant the conclusion that reality is “ eternal 
and uncreated.” Oaseless change there may b<‘ 
and is — change the best sign of vitality —but 
there is neither ci“eation por anniJiilation. Hen(M‘ 
there spring to our minds the words from the 
AthantusicUi Ci eed : “ eternal and uncreated,” 
reminding us of the words of tli'; psalmist, 
‘“from everlasting to everlasting thou art God.” 

Furthermore, this conception of indestructibh;- 
ness has its immediate bearing upon the ques- 
tion of the Hereafter, as to which science knov^^ 
only that she can neither afllrm nor deny ; but 
she is bound to listen to the famous question 
asked by Shelley as ho mourned tlu; untimely 
death of his friend Keats : 

“ Nought, -we know, dies. Shall that alone 
which knows 

Be .'IS a sword consumed before the sheath 
By sightless lightning ? ” 

A Mighty Conception. One, eternal, 
uncreated — but not intelligent ; smdi has been 
the amazing conclusion of some. The reality 
which ca# manifCvSt itself as intelligence is 
itself noil-intelligent I Can any more ludicrous 
belief be conceived ? If mind exists .at all, 
that in which it lives and moves and has its 
being^^must be at least no less than mind.. 
Rather must wo incline to the belief that the 
“infinite and eternal energy from wliich all 
things proceed” “wells up in ourselves in the 
form of consciousness” ; palpably it is monstrous 
Philosophy concluded ; 


to regard reality as lower and less than one of its 
own manifestations. Yet there remains the 
highest conception of all, tin; mightiest thought 
of an all but peerless mind. ” Is it not possible,” 
says Herbert Spencer, “ that there is a mode of 
being .as much trans(;ending Intelligence and Will 
as these transcend niechaiiical motion ? ” 

Here, perhaps, we have reached the highest of 
the uses of pliilosophy. L'ot us summarise the 
forms ill wliich it has worth for us, directing our 
summary against certain recognised criticisms. 
Tliest; are, in the first ]>lace, that uhilosophy 
reaches no conclusion. Tluai. in tTie second 
place, there is the criticism that philosophy has 
taken aAvay men’s jictivities from this world in 
Avhich we live -whieli still has need of every tine 
mind prid cnergetie spirit. Lastly, there is the 
eritieism that even if the answer of philosophy 
were ^obtainable or obtained, it is not necessary. 
As (jJoethe hinted, man was born to live his lif<; 
and not to solve tlie )>roblems of existence. 

What, then, is our reply to these*, criticu’sms ? In 
the first place, we may make* small points .as that 
the study of philosojihy helfjs to train the mind, 
and lh(‘n we may go on to sonudhing more substan- 
tial. W(‘ may ]>oint out tliat, even if philosophy 
returns no final and e.omplcte answer to the world 
riddle, at least it refntc's the shallow eonelnsions 
of those who tliink that they have found the 
answer. Now that is a very great service indeed, 
and if the study of philosoidiy had done nothing 
more, this would have lx;en sufficient to justify it. 

The Service of Philosophy to Religion. 
Without philosophy there would be the gravest 
risk that the common run of scientific students 
should forget the limitations under which they 
work— should imagine that tlieir atoms and 
forces and cells and metabolisms were ultimates, 
and that their conclusions were final and complete 
instead of being merely proxiinaU*., tentative, and 
symbolic. So long as men go on thinking, the 
services of ])liil()S()phy will bo neijcssary in order 
to ri'inind them that upon imn’ely phenomenal 
know](‘dg(‘ no warrant eau be grounded for 
d<*nying the reality of truths that lie beyond the 
grasp of any phwomena. And plainly, these 
services of philosophy, as tlu; necessary critic of 
scu'iice, constitute on the other hand, and more 
positively, a service to religion itself. 

Philosophy also has its constructive side, 
and it. is this wliich comprises its service to 
religion. Have we not seen that there is ])hilo- 
sophic warrant for certain, at least, of thow ideas 
wlih'li, apart from jihilosophy, can he reached by 
faith only ? Plainly, if rational support c.an be 
found, for instance, for such an expr(*ssion of the 
poet, as ” from Everlasting to Everlasting thou 
art God ” — jilainly that is a very real service of 
phik)so})hy. No less is the service if, when 
science, so critical, has smu^eeded in destroying 
certain of our religious conceptions, and there- 
after would persuade us that beyond the visible 
and* the transient there is nothing — if, then, 
philosophy should, teach us and compel us to 
believe that beyond the visible and the transient, 
behind the mind itself, there is and remains an 
Eternal Power which “ rolls through all things.” 
followed hy Religion 
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have already seen that the natural processes 
which break u]) organic material arc of a 
niiorobic nature, and during recent years the opinion 
•has been growing that advantage should be taken of 
this fact in order to dispose of the organic material 
in sewage. The idea is to imitate Nature, m this* 
matter as closely as ])ossible. We know that some 
bacteria exist naturally in sewage, where they break 
up organic compounds,* converting the nitrogen 
into nitrates and nitrites. It would therefore 
appear that the most re.isonablc way of dis]>osing 
of sewage would be to (‘iicourage the growth of such 
bacteria as. arc naturally presciit. 

The Bacterial Treatment of Sewage. 
The method adopted, speaking generally, is given 
Jn the following ]mragraphs. [Sec also Civin Kn- 
oiNKKiiiso, ]mges 4742 and 4S21.1 

“ It is usually cfTcetcd by running the sewage on 
to beds of coke, allowing it to stand for some hours, 
slowly nmiiing the. cfHuent out Ihrough the bottom 
of the. bed, and leaving the bed to rest for some hours 
before recharging. The final result is belter if the 
effluent be afterwards run over another similar coke- 
bed. According to some authorities, the sewage, 
as it runs into the fust bed, takes up from the air 
considerable fix*.e oxygon, which, however, soon 
(lisa]>pear.s during the stationary period, so that on 
leaving the first bed the sewage contains little 
oxygon. In the latter jiart of its stay it has thus Ihmui 
submitted to anajrobic — that is, without oxygen — 
(conditions. Further, while by the passage of the 
effluent out of thi^ first bed oxygen is sucked in, it 
rapidly disa])pears, and during the greater part of 
the resting stage the interstices of the bed are hlliMl 
with carbonic acid gas, with nitrogen, ])artly derived 
from the air, partly from jiutrefactive ])roresseM, 
and thus in the filter anierobie conditions prevail, 
under which the bacteria can act on the dejiosit left 
on the coke. . . . Probably the. best results in 

sewage treatment arc obtained when it is practicable 
to introduce a step where there, can be no doubt that 
the conditions arc anaTobic. This involves, as a 
preliminary stage, the treatment of the sewage in 
wh.it is called a septic tank, and the method has 
been adopted at Fxetcr, fSutton, and Yeovil, in 
this country. . . . 

“ In the explanation given of the rationah^ of this 
process, sewage is looked u])on as existing in three 
stages. First of all,/r(?.?/i sewtuje — tlve newly mixed 
and very varied material as it enters the main 
sewers. Secondly, stale sewaf/e — the ordinary con- 
tents of the main sewws. H('re there is abundant 
oxygen, and ns the sewage flows along tlicro occurs, 
by bacterial action, a certain formation of carbon 
dioxide and ammonia, which combine to form 
ammonium carbonate. This is the sewage as it 
reaches the purification works. Hero a preliminary 
screening may be adopted, after which it is run. into 
an air-tight tank — the septic tank. Thirdly, it 
remains there from 24 hours t(? 36 hours, and 
becomes a foul-smellmg fluid — the septic sewage. 
The chemical changes which take jdace in the septic 
tank are of a most complex nature. The sewage 


entering it contains little free oxyg('i), iiiid therefore 
the bacteriji in the tank arc probabjy largely 
aiuerobic, and tlu^ ch.inges wliicli they origiiiato 
consist of the formation of comparatively simple 
c(un]>ounds of hydrogen w'ith carbon, sulphur, and 
phosphorus. As a result, there' is a. reduction in 
the amount of organic nitrogtm, of albuminoid 
ammonia, and of carbonaceous matter. The latter 
fact is important, as the clogging of ordinary li Her 
beds is largely duo to the accumulation of such 
material, an<l of matters generally consisting of 
(M'llulo.se. One further imj^orlant effect i.s that the 
size of the deposited matter is (l(vreas('d, and there- 
fore it is more easily broken up in the next stage of 
the ]>rocess. This consists of running the efflu'^nt 
from the septic tank on to the tiller beds, preferably 
of coke, wlierc a furtlu'r ])urilicatioii jirocess takes 
place. Py this method there is, first, an anfcrobic 
treatnumt, succeeded liy an jcrobic one : in the 
latter, the process of^iitritication occurs by means of 
’the special bacteria concerned. The results are of 
a most satisfactory nature. 

“ Sometimt's the ellUu'ut of a sewage purification 
system contains as many bactc'iia as the sew'age 
entering, but, evS])ecially by liieans of the septio 
tank method, there is often a marked diminution. 
It is said by soim^ tliat pat hogenii'. bacteria do not 
five in sewage, but in an eftiuent Bacillus coli, 
Jh eiiteritidis, and streptococci hav(^ been con- 
stantly found, so that the observation is of little 
value, and it is only by great dilution and ]>io- 
long(?d ex])osure to tlu' conditions jiresent in running 
wat(‘r that sucli an ('fllucnt can be again a jiui'l of 
a potable water.” (.Muir.) 

The Relation of Bacteria to Disease. 
We must now turn oni attention to the special point 
to bo dealt with lu'rc -the rchition of microbes 
to the existence of disease, perhaps the most 
fascinating study in connection with medicine and 
pathology. Our illustrations [8 to 161 show .some of 
the more common and imp()rtant disease ])roducing 
germs, as well as their methoris of culture. The 
cholera bacillus [13] is sliiiwn in two stages of growth 
in nutrient gelatin, which it is liquefying as it 
grows 1 161. ft is also sliown /w in the intestine, 
where it is producing its ctre.’ts [14]. The deadly 
germ of anthra.x and wool sorter’s disea.so is.s(.*cn as it 
appears wlien sporing ( 12|. • d ho gc'rm of tuberculosia 
(the tubercle bacillus) is shovvu growing in blood 
scrum 19), and also as it issoirctimes found in a “giant 
eell” in the tissues, a larcc ('ell produced in tuber- 
cular areas [lOf. Another organism, of the spirillum 
sha}) 0 . is that of the di.seaso called relapsing fever 
itn I’liese, together w ith the various forms of cocci 
found in sujipuration, illiustrate th(i most important 
kinds of germs asso. iated with the common diseases. 

We have already realised the omnipresence of 
mierolx'S around us — that some are innocent or 
useful, and others pathogenic. It now remains to 
see liow the disease-producers do their deadly work; 
how they gain access to the individual ; how he re.^iists 
their attacks, and how ho may become immune to 
their ravages. 

• 
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How Microbes Enter the Body. In 

order that a microbe can adversely affect a ])er.son, 
it must first of all get on to or into his body tissues 
and act upon them. No germ arises dc noro ; 
every microbe springs from a pre-existing one. 
The popidar idea that a defective drain will cause 
microbes to come info existence is a pure myth : 
all it does is to }>rovidc a suitable nid>js for gerins, 
already })resent, to grow and mnlti})ly there. A 
microbe may get on to the surface of an imlividual, 
on to his skin, hy actual transference from the skin 
of another person, hy contact or contagion. Once 
on tlic skin, the microhe must gain further entrance 
throiigli some scratch or abrasion, in most cases, 
before it can do any Iiarni. (We are nut now 
referring to small animal parasites, siicli as tliaf of 
itch, which hurrow in the skin, or those which 
attack hair.) 'riie healthy unbroken skin is an 
effective barrier to germ^i, else wo should never be 
safe from their presence. Hut once the mieruhe 
has passed this harrier, many ways are open, all 
of which involve serious results. 'Idie germ may 
settle down at the ])oint of entrance, there miilti])ly 
and produce its poison or toxin, which is absorbed 
into the system, and kill the ]»atient witJiont further 
invasion. This occurs 

in tetanus or lock-jaw. ~ 

Or, having ])ass(‘d 

through the skin, the rgnii i 

germ may pass into im\Jl|lv -■ 

the blood eirculntion ilUfl'jll 

or the lymphatic ' /M Ijii 

vessels [see Physio- 

LOOY], and be carried 

with groat r.'H.iclity lo ij 

every part of the j.mMV, 

body, multiplying as |(f 77)1 I 

it goes and carrying -- : 

the possibility of dis- | ifj/ iii ^ ^ 

ease and death along lT\\ ij! 

its path, 'riie urgan- |j!l) j' ^ 

isms of .siip])urati()n h- j|j 

spread thus, and pro- 9 ■' 

ducc abscesses wher- I. | W ^ * 

ever they settle in |l j jM | 

organs such as the 

liver ami ki<hiey, as | 1 / ^ \ 

wadi as at the j)oint ^ \ 

W'hero they gained 
their first entrance. 

Other Paths of tTjberclk and 


Other Paths of tItberclk and other bacilli perfect devclo])inent 

Invasion. Tw'o ?• f-adllus in blootl smun. 10. Tubercle -iant, Ofll with in any of these spheres, 

other portals are open ‘ *• Theri is nothing of so 

to the invasion of great importance. The 

the army of bacteria — the digestive .system most perfect character ever known in the history 
through the month, and the res])iralory .system of the world was .so in virtue of 71 is immunity to 
through the nostril.s and mouth. Largo niimher.s sin. The healthiest man that lives is so in virtue 


arc inhaled during the act of breathing, and some of 
the.se air-borne germs are active agents in tlie 
production of disease — for example, the bacillus of 
consumption .and that of wool -sorters’ disease. The 
germ, of consumption is coughed up by tubercular 
patients and expectorated upon fho pavements, 
W’liere, after the moisture of the sputum is 
evaporated, it is left dried, carrieA about by the 
air, and inhaled. It fh for this reason that 
spitting in public places should be and is pro- 
hil)itc<l by law. 

The (piestion which at once suggests itself from 
the.se facts i.s, “ How doe.s anyone escape infection, 
since jiathogenie germs are apt to attack individuals 
from all these sources ? ” 

How we Escape the Attacks of 
• Microbes. Jt is quite obvious that were there 
not some means of repcdling the attacks of tin; 
microbes all around us no one would escape inf(‘c- 
tion. In other words there must exist in human 
beings sonu^ degree of natural resistanee to those 
attaeks. a r<\sislance wdiieh is horn with the in- 
dividual, without which he could not liv'c. And 
this is actually (he ease. This i(‘sistance. is termed 
notural imtnumhj or innate immunity, heeaii.so 
it is inborn. Tlie 
phrase introduces us 
^ the -most 

important w'ords in 
nainral 

t - 1 ^ fils Innniinif//. This word 

must 1)0 clearly nnder- 
stood if xve would 
11 ufulcr.stand life itself 

in any way. Immunity 
• is the key which tm- 

locks almost all the 

t important ])roblcms 

Jr which a man has to 

^ ^ settle for himself in 

^ (‘Very spher(% Ix^ it 

V " I physic* ah mental, 

j > •’ “ moral, or religious. 

, 12 ° should hc‘, 

his ;\im in life to be- 
, come imiiinne to all 

agencies of whatev(‘r 
^ nature wdiich threaten 

his existence or his 


of germs arc taken into the alimentary tvae.t along 
with food .and water, many of wdiieh do no harm at 
all ; but many pathogenic? ones also enter thus, and 
act either on the stomach or howads, or gain entran«*e 
through the mucous membranes of these organs into 
the general circulation. Their resuUs will be found 
mainly in the organs named, or the liver, and later 
on in the gener.-il poisoning of the whole system 
from their products. The ty])hoid bacillus is .a ea.se 
in point ; it selects a special portion of the bowel 
for its chief site of operations, •there producing the 
ulcers which constitute the great danger of that 
condition. In this ea.se, contaminated food or 
water is the usual carrier of the germ. 

Tlio third great path of invasion is through the 
breathing passages into the lungs. Many microbes 
or their spores float about in the atinosiphere, ami 
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of his immunity to disease. We must, tlierefore, 
carefully define the term, and thoroughly grasp its 
moaning. 

What is Immunity ? It will conduce to 
simplicity if wc consider immunity fust of all 
simply from the ])oint of view of disease, carefully 
remembering that this is but one ])haR(fof a general 
]>riiiciple. From this aspect we may define it thus : 
immunity i.s that condition of .an individual, an 
organ, or a tissue, in virtue of which infection can 
he partially or absolutely resisted. Let that 
definition be read several times and let the reader 
ponder it carefully, grasping its full significance 
before proceeding with the consideration of this 
vital matter. Immunity is that condition of 
ourselves ^hieh enables us to teep free from infec- 
tion, either entirely free or comparatively so. In 
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ether words it enables ns to resist attack. Without 
it all would become infected and none could resist 
when attacked. Life would bo impossible, for 
life itself is the sum total of our immunities. In the 
sphere of disease, total immunity means com])le<e 
insusceptibility to a given disease, whether under 
natural conditions or from artificial inoculation. 
Immunity from ^disease is therefore the great aim 
of modern soientilic medicine. If not jK)ssessed 
naturally, the next best thing is to acupiire it 
artificially in some way, which we shall consider in 
a moment. For the present wc are concerned with 
natural resistance. 

Examples of Natural Immunity. Many 
examples of natural resistance to disease occur in 
man and the lower animals. I’lius, human beings 
are immune from a disease which attacks pigs — 
namely, swine fever. They arc naturally so 
immune simply because- they are human beings. 
On the other hand the lower animals are absolutely 
immune from some diseases to Avhich man is sus- 
ceptible, such as typhoid fever and Asiat ic cholera, 
neither of which attack animals uiulcr natural 
conditions. This docs not mean that when the 


based his theory of phagocytojsis, which implies 
that cortam body cells tihis take up and digest, the 
germs of disca.se. The cells in the human body 
which do this are the leucocytes in the blood [seo^ 
Phy.sioi.O(;y1, and certain cells siieh as endotlielium* 
and those of connective tissue. Tlie more active 
these ])hagocytes the great (t the <legrec of immunity 
j)Oss<*s.sed by the iiidividuaj, and vict* versa. Whoa 
genus enter the body they .seem to attract the 
leucocytes towards tlicm, and the greater this 
attraction the bolter for the. animal, because the 
greater the destruction of the bacteria. 

SeeotKlly, it has also been shown that ordinary 
blood scrum posscs.s(‘s the power of destroying 
various germs, and upon this fact is based the 
recent scrum treatment* of dise.asi*, in which the 
scrum is made to ac(piire this power artificially 
against epccial diseases. 

Acquired Immunity. Tn addition to this 
inborn or natural immunity which wo have con- 
.sidered there is a second kiiul or type, which the 
individual acfju ires during his lifetime. Physicians 
have long known that certain disisiscs confer upon 
the individual who recovers from their attacks an 








organisms of these 
respective diseases arc 

introd\;iced into . the ^ _ _ - - ,v.:* 

body artificially, no m(^V' 

ill effects follow. It ^ 

means that the clia- 

racteristic syiu])toms 

and changes assoiuatcd 

with the diseases in 

question do not C,> ^ \w ^ 

^Sfetural immunity, iS 

thoreforc, varies with V ) y 

the species of animal ^ 

under consideration ; 
some species are iin- ^ 

muno from one in fee- ^ ^ A \ 

tion, some from * \! 

another. It also 

varies with different 14 

races of the same 

species. TIius, the 

various races of hu- ' CIIOLEB 

man beings, wliilc .and t3. Cholera ).adni. 14. Crowing 
black, exhibit varying on a i»hite culture. 16, 

degrees of immunity 

from and susceptibility to the same discaso.s. So 
in the lower animals, such as shc(*]), the different 
breeds of which show varying degrce.s of resistance. 

This natural, innate, or inborn immunity dcj>cnds 
upoii the power of certain colls and tissues and 
secretif^na in the body to overcome and destroy 
microbes which may gain ontraiico to the body. 

As a matter of fact the tissues in the body have 
groat power of destroying microbes during life. 
Natural immunity is therefore chiefly the power 
of resisting infection. 

Natural Destruction of Bacteria. 

Two factors are mainly responsible for the natural 
destruction of living germs within the living body. 
The first is the action of certain body cells which 
attack germs; the second is the power of tfio 
blood serum to destroy them likewise. The cells 
which operate in this manner are called phago- 
cytes (cell-eaters). Most of our knowkxlge con- 
cerning these' is due to the splendid work of the 
famous pathologist Metchnikoff. He noticed that 
it was a very common ]>roperty of animal cells that 
they could take up small particles into* their inteijor 
ana destroy them by digestion. On this fact he 
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ahsolulc immunity 
15 from fiirlbor attack 

® ])eri(»d, iu some cases 

for years, sometimes 
] .| iHMclically for a life- 

I * ‘ time. Now, this im- 

i . I'l ij l|| m unity is soiiu'thing 

I J[j W' HI which the patient did 

, ilf Dji f,j I'lot po''St'.ss before, ft 

\ iL— 'Jli something new, ac- 

' quii’cd, and hence is 

jj I jl I tcrmcMl r/C 7 wired i/n/rtu- 

' i ’ll U' I B of this acquirement 

/. d 1 I III II ©'"‘-ry d'^y* i-** 

I II ffl served in those who 
I fi Iw suffered from 

f I ^ 1 llr 1(1 smallpox, scarletfcvcr, 

IU Jf 111 ^ mJ end measles. J tisex- 
tremely rare that any- 
ou(5 has these diseases 
BICILLI more than once in 

i.a.,..sUnl 15. Cdoni<.;ofbadlli Hiwr lives. 'I'liis ac- 

holera baoiJIi in gelatin (piircd jmmuliity IS 

not, to be looked 
upon as the rcsidt of the di.'^case as such; it ]jro- 
bably depends in some way upon the ju’oduets of 
the germs which are introiTuced into the. system 
during the attack. Jn fact, ])y suitable administra- 
tion of the prtxluets of bacteria, a very high degree 
of thitf kind of immunity may he conferred upon a 
j)cr,son without hi.s undergoing the disease and 
without tlio occurrence of any symi)toms at all. 

This acquired immunity may he obtained in 
various w'ays. Wlu'u a jjcrson is vaccinated he 
is really inoculated with a modilied small-pox 
gtTiu product from the cow. 'J’he effects of this 
o})cration of vaccination are trifling if the vaccine 
be pure and (ho patient healthy, so trilling as to bo 
of no account when compared with the terrible 
results of actual smalI-])ox. Nevertheless, we find 
that the r<‘snlt of vaccination is to cause the patient, 
to acipiirc a complete immunity from small- pox 
for a number of years. It is less lasting than 
recovery from the disease itself because the virus 
introduced is less potent. 

It is too risky to inoculate from a small-po.v 
pustule ; the patient is immune if he recover, but 
^ may very easily dio. So the vaccine or lymph 
* ’ • C543 
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M wcakenofl or attenuated by i)assing it throug)i 
another animal. * 

Acquired Immunity Ending Disease. 

.“Recovery from an acute infeclive disease shows 
that in natural conditions the virus may bo 
exhausted after a time, the ])eriod of time vary- 
ing in different diseases. How this is accom- 
plished we do not yet fully know, but it has been 
found in the case of di]ditheria, typhoid, cholera, 
pneumonia, etc., that in the course of the disease 
certain substances ap}>ear in the blood which are 
antagonist i(; either to the toxin or to the vital 
activity of the organism, Jn such cases a process 
of immunisation would a|)])ear to he going on 
during the jnogrcss of the disease, and when this 
immunisation has reached a certain height, the 
disease naturally comes to an end. . It eaimot, 
however, be said as yet that sucli antagonistic 
substances are developed in all cases : and it is 
by no means the case that the degree of immunity 
is always ])roportional to the amount of these 
substances in the blood.” (Muir.) 

How Bacteria Cause Disease. It is 

convi’uient at tins ])oint to nolo that bacteria 
produce their (dh'cts by two distinct modes of 
action. First of all their action may depend u))on 
their ra])id multiplication in the body after gaining 
entrance, thus causing a ra-))id distribution of 
tlicmselves throughout the tissiie.y and a. general 
infection. Wlieii this rapid mult iplication occurs 
in the blood, the condition known as* scijticfpntia 
is ])rodueed. Secondly, tlieir cliiof effects ma.y 
he due to their own chemical products, not to 
rapid multiplication of individual gcTiiis. These 
poisonous or liarmful ])rodiicts arc called 
These dill'use out from the bacterial eolls into I he 
blood or tissues, /uid produce (‘fleets u]K)n the 
various ]> its of the body wlncFi arc susccj»til>le to 
the action of the spc^cial toxin developed. Tims, 
HOnn^ toxi s jaodmsi a high t<‘mpcratiire or fever; 
others dcj)r<‘ss the act imi of t he lieart, oa using cardiac 
failure; oilers, aiding on special parts of nerves, 
cause spasms of muscles, wjiile other.s act u])oii tlio 
tissues ill -their inniiediato localify, causing their 
d(‘ath or necrosis. 'J’ho results are, tlierefore, local 
(on tlio spot), or general (tliroughout the body). 

What an Anti>toxin is. Bearing in mind 
these two metliods of bacterial action, we may now 
return to tlie ipicstion of immunity. We see now 
wdiat it is against which a patient must beeomo 
immune in order to recover from an attack of an 
infective niierobic disease. In order to resist 
infection he must be able to destroy, kill, or digest 
the actual germs which gain entrance to the body, 
and prevent their ra})id inultijdication in the tissue.s. 
In other words, ho must have within Jiim (icrtain 
anti-bacteria] or bactericidal (germ-killing) sub- 
stances. These, wo have seen, are leucocytes, 
other cells, and serum. But should these fad in 
their efforts to destroy the invading microbes ; 
should these latter ctfect an entrance and begin to 
nourish in the body, producing as lliey do so their 
powerful toxins, then, in order to recover and 
become immune to further attack from the same 
source, something more is necessary. Not merely 
do the bacteria rinpiire to be killed, but their toxins 
must bo neutralised in some way. Indeed, this is 
more important than killing the germs themselves. 
The physic il effect of the presence of the microbe is 
trifling in cvmparison with the result of the action 
of the potent vliemieal toxin which it may produce. 
If this latter can bo antagonised, the former in many 
ci%ses is of little moment. substance which 


is capable of nullifying or antagonising the evil 
effects of a toxin is termed an anti ioxm. If this 
anti-toxin be contained in a si^rum from an 
animal the whole i.s termed anti-taxic strum, such 
as that which is used in the treatment of diph- 
theria. and otlier miiuobic diseases wliose worst 
action is that of their toxins. 

In acquiring immunity from a disease as the result 
of recovery from that disease, as in small-pox or 
scarlet fever, the jiatient obviou.sly manufactures 
for himself during his illness his own anti-toxin or 
anti-baeteriabsitbstance. Having manufactured it, 
it is available for future use, and ju’otects him against 
further infect ion from a .similar scourge. During 
the process of manufacture, he is more or less 
dangerously ill. Jt is for this reason that wo must 
trust to artificial ]»roduction of immunity in place 
of that eonf(‘iied by rccovcTy from disease ; lh«‘ 
latter is too risky, for the j)ati('nt may die. Im- 
muiiitj' is not .so powerful when artilicially t^onfertx d, 
but it is free from risk, and can be nmewed when 
nec(‘ssary. Hence it is made ill(‘g.i! to give [)eo])]e 
small-pox by inoculation, on the ohaii(‘e that they 
may rvrovvr and bci iune immune, though this was 
done formerly. \Vc nse the artificial nu'thod of 
var-ciiijition, whicb, though not quite so powerful, 
i.s liarmless, and confers ])rolection for some years. 

Treatment by Anti=toxic Serum.. All 
tli it is uece.ssary is to iind au animal which is .sus 
ccj)tible. to <h(* action of tlm germs against which 
it is recpiired to ])rodiice or ucapiire immunity. By 
variou.s motliod.s, the teelinical nature of wliieh tkmsI 
not ))e discussed here, the. animal is rendered 
immune arl ilieially. Th.it is to say, by carefully 
imn ea^ing t lie do.scs of germs the ;inimal is gradually 
brought to .siicli a stage that it can withstand the 
inoculation of a dose wliicdi jircviously would have 
proved fatal. 'I’he lior.se (in tlie ease of dijihtheria) 
has acijuired immunity from the dijditlieria germ 
.and its toxin. Not only so, hut it is found that tlm 
scrum of such an animal (‘outains the anti-substanccs 
ready made, and in such a form that they can 1 c 
transferred from au immunised animal to .anotlier. 
'J’hc .serum is anfi-toxie, and it has merely to be 
drawn off and preserved in a sterile condition to 
b(j mady for use as an anti-toxic serum. Such a 
substance is a great advance upon such a method 
as vaccination, from one point of view — that 
it can be used as a curatirc agent immediately. 
Vaccine cannot be so used ; it is a preventivt agent. 
From it.s irsc; the patient i.s enabled to make his own 
anti-toxin, but he imist be free from the disi'a.sc 
wlien lie does tlii.s. Having done it, he is immune 
for yeans. Witli the anti-toxic s(Tum, however, Hie 
doctor can at tack a case of dijilithcria actually in 
]M’ogres.s, bi'causc lie has ,a wca])on which cont.iius 
the substances rc.idy made wliich will neutralise the 
diphtheria toxins from whic^h the patient dies. 
On the other liand, though ho saves the tiatient’s 
life, the injection of the serum does not confer 
immunity for long ; it becomes eliminated from tlie 
body. The one may ])rov(‘nt death after the disease 
is in aclual ])rogr(‘ss, the utlier prevents infliction if 
u.sed before, exposure to infection. The future of 
curative and jireveiitive medicine is wrap])ed up in 
the further elaboration of anti-toxic and anti- 
bacterial remedie.s, and eonsidoring what bacteri- 
ology has accomplished in this direction in a very 
few years, he w'ould be a rash man who would 
venture to set a limit upon its future possibilities. 
Thus it will be reali.sed that in the sphere of disease, 
as in all others, the great aim of man is to become 
immune from deleterious and destructive agencies. 
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A SHORT DICTIONARY OF BACTERIOLOGICAL TERMS 


ACID-FAST — A ienn applied to those 
Dcganisins which retain stains even 
though treated by decolourising acid 
solutions. 

Actinomycosis — A disease most 
common in cattle, especially in the 
jaws, caused by the actiuomyces or 
ray fungus. 

jErobIC — A term ai)plied to mien)- 
organisms wiiich rcfinire oxygen to 
enable them to grow. 

Agar-agar — A substance preparcid from 
the roots of seaweeds, used to s«)li- 
dify the medium in wliich organisms 
are grown. 

Agglutination' -The pheiiomenon ob- 
served when organisms an* placed 
in a serum pre;)ar(‘(l from an animal 
immunised against similar organisms. 
The iirganisms thus tresited are ob- 
served to lose their motility, ami 
become aggregated or “ aggluti- 
nated ” into clumps. 

Agglutinins — Delhiite substances in a 
serum, whii’h causes the i»hciiomeiHin 
of agglutination. 

Alexins Suhstuiiees jirescnt in normal 
blood serum, which helj) to confer 
natural resistance to infection. 

Anaerobic- A term applie<l to organ- 
isms whleh will lud gr<tw in the, jire- 
senee of air. 

Anthrax —All infeetlve disease caused 
by the, antlirax liaeilliis ; commU' 
nicahle to inaii, in whom it causes 
woolsorters’ disease of tlie lungs ; 
malignant pustule in the skin. 

Anti-bacterial Serum —A jireparation 
of blood serum trom aii animal, which 
is destruetive to eertain microbes. 

Antitoxic - Having tlie. power of an- 
Uigonising toxin. 

Antitoxic Serum A preparati(jn of 
the blood serum from an animal, 
whicli antagonises the jioison or 
" toxin ” of cert,ain microbes {e.g., 
anti-dlplitheritic aerumb 

antitoxin - A substamM* whieb an- 
tagonises a hixin. 

Attenuation — The process liy which 
the virulence of a microbe can be 
reduced. 

BACILLUS — Literally a small rod ; a 
term applied to many organisms, 
which arc of that shape. 

Bacteria— Literally rods ; hut us(‘d 
to refer to inicro-orgunisms in geiuTal. 

Bactericidal — Having tlu* power of 
destniyiiig bacteria. 

Beggiatoa — Agroupof organisms eom- 
posed of indistinctly articulated 
threads, containing sulphur granules. 

Blood Serum - A nutrient medium in 
wliich organisms are grown. 

CHEMIOTAXIS — The name applied 
to theattrnctionorrepulslon exercised 
upon bacteria by cliemical agents 
(positive and negative elieniiotaxis 
rc^peet ively). 

Chromogenio — term applied to 
oiganisms xvhich iiroduce pigment. 

Cilia— Minute- protoplasmic threads 
attaiiUod to the sides or ends of 
lU'ganisms, by means of wliieh they 
mov«*. 

Cladothrlx -A group of organisms in 
wliich there is an appearance of 
branching, really due to two terminal 
cells lying side, by side. 

Clubs —Elongated, pear-8ha|)ed liodies 
seen at tie* periphery of a colony of 
the actiiioniyeosis parasite. 

Coccus — A round organism occurring 
either singly, in pairs, in fours, in 
chains, or in hunches. 

Colony — I'he term applied to a numhei 
of organisms growing together. 
Complement — A substnuce develope.ti 

. during tlie process of immunisation. 

Culture -The name applied to the 
growth of one single species of microbe 
when artificially cultivated. 

Cytolytic Sera — Sera which are <lo- 
structive to cells. 
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DIPLOCOCCU8— A eoeeus oeeurnng 
in pairs. 

Disinfectant -Any suhstanee which 
has the power of <lestroying the lite 
of microbes. 

Drying:- One method employed to 
weak(‘u the virulence of organisms. 

EHRLICH’S SIDE-CHAIN 
THEORY Till- term applied to the 
recent t heory advanced by Khrlieh to 
account for the format ion of antitoxins 
in the body. 

Enhsemospores- S^Mircs found in the 
blood (as in malaria). 

Exhaltation The iinn-aM* of viru- 
lence of microbes; the eomerse of 
■* attenuation.” 

Exotosporcs Simih's occurring m the 
body of the moH<|uito; a stage in tia* 
life, cycle of the malaria jiarasitc. 

FACULTATIVE -A term applied 
to organisms whieh can live cither 
with or without oxygen. 

Farcy -A form of glanders, atlecting 
the lymphatic vessels and glamls. 

Fever — An abnormal rise ot ho<ly tem- 
perature, fnxiucntly caused liy 
microbes or Ihcir lo.xins. 

Fission A process of mult iphcat ion in 
microbes. 

F 1 a gre I la — Delicate pioloplasmie 
threads [see ciliaV 

GELATIN -A subst ance used to 
solidify nutrient media. 

Gentian-Violet A stain mmh used 
to d(‘mouHtrate mierobes. 

Gram’s Method— A proecs-: of .staining 
which ditf event iates certain organisms 
from others. 

HAEMAMCEBA MALARI/E The 

parasite ot <tuartaii fever in map. 

Haemamceba Vivax - The parasite (d 
tertian fever in man. 

Hajmoiytic Serum The blood serum 
of <me animal which has the power 
to a certain extent of dissolving the 
red l)loo<l eorpusides id’ another 
animal of dilfereiit species. 

Haimoinenas Praecox The j)arasit( 
of malignant or uestivo-aiitumnai 
fever of man. 

Hydrophobia — .Vn infectious disease 
oeeiirring chiefly uinong carnivora, 
especially in the dog and wolf ; 
transmitted by bite. 

IMMUNE BODIES -Substances de- 
veloped during the pro< css ot iinmn- 
nisation. 

Immunisation The pr<»cess ot n lolcr- 
ing an animal immune. 

Immunity — That condition of an in- 
dividual, ail organ, or a tissue, tii vir- 
tue of wliich it is enabled to resist in- 
fection cither absolutely or partiallv- 
Imimmity may he natural or inborn, 
or it may be urtitlcial or aeiiuircd. 
According to the means used lor 
the production of immunity, it is 
active or passive. Active immunity 
is obtained by injections of organisms 
cither atteiiiiatetl or in suh-Iethal 
doses ; or, secondly, by injection ot 
their products or toxins. Passive 
iniiimiiity is the injection of the scrum 
of one uiiimal, highly immuiiiscii by 
active immunity, info another animal, 
the latter being thus nnulcrcd 
immune. 

Incubator An apparatus u-x-d to 
cultivate organisms whicli nqmri' 
constant warmtJi. 

Inoculation- The injection int<» an 
animal of microbes or toxin by means 
of a hypodermic .syringe. .Al.so, a 
means of separating one org.uusm 
trom a mixture of organisms. 

LEUCOCYTES -White blood cui- 
pliseles, which act as jdiagoeytes 
i.c., they have the power of taking 
ui> mierobes int«i their protopla.sni. 

Leucocytosis - An increase in tlie 
number of leueoeytes. 

Lysogenic Action— Tbe dest native 
action of an anti-scrum upon organ- 


isms. It is due to two hUbstuiiccs the 
immune body and tin* complement, or 
al(‘xiii*|see above). 

MACROPHAGES- Any cells larger 
than the small leucocytes which have 
tlic jiow'er of ingesting bacteria. 

Mallein- A substance used to diagnose 
glanders, prepared from eultures of 
tile glainlers bacillus. 

Micrococcus .\ general term applied 
to any small round mierobe. 

Mlcrophages— The smaller h ueoeyte.s 
which ingest bacteria. 

Myelocytes - (’ells in bone marrow^ 
from which leucocytes develop. 

NITRIFYING BACTERIA- Bai term 
in the soil which make nitrogen 
more available for plant nutrition 
by eoiivcrsion of ammonia into 
nitrites and nitrati's. Others take up 
tree nitrogen from air, and eombine 
it into eomponiids. 

OPSONIC INDEX A meansof stating 
the power of opsonins. Tin* opsonic 
index is the ratio of the baeilli in- 
gested by leucocytes inenhated in the 
patient’s scrum to tfiose ingested hy 
an c(|iial numher of h'ucocytes incu- 
bated under similar conditions in 
healthy serum. Thus for tubercle, 
baedli the opsonic indices ot healthy 
persons may vary from O rt tt) 1-2 ; 
in tuhenular patients it may be as 
low' as l) :j or as high as 1‘8. 

Opsonins - Substances contained in 
blood serum which act upon bacteria 
rendering them more easily eaten hy 
leiieo<‘ytes, (From Greek w'ords 
meaning “prcparcil for being eaten.”) 

PASSAGE — ’I'he process of passing 
a inicrohe through the body of an 
animal for purposes of attenuation or 
isolation. 

Pathogenic Productive of disease 

Pfciltcr’.s Phenomenon A destruction 
of organisms by lysogenic action 
|s(‘e above) due 1o a spccillc subs! ance 
in tlie scrum. 

Protective Inoculation - The «'oriter- 
riiigof immunity by .ictivc methods. 

Ptomaines — Siihstanees containing 
uitrogi'ii isolated from imlrefymg 
matti.*r or from cultmes of mi«*robes. 

RECEPTORS The name given hy 
Khrlieli to groiip.s of atoms wjtii 
atlinity for eertain foodstulls. 

Ricin \ vegctalile imison (allied to 
bacterial toxin). 

SARCINC — ( oeeus- like organisms 
whieh divide in three. axes at right 
angles to one anollier, usually seen 
in cubes of eight . 

Septicaemia \ txnnlitioii in whieh 
mierobes multiply witbiii the blood 
stream, ami givi? rise to s.\niptoms of 
general poisoning wdliout (he pro- 
duction of abscesses. 

.Spirilla — Organisms whieh are in tin*. 
shai>e of eylindneal, wavy, or spiral 
cells. 

Staphylococcus — .V eoeeu.s Wilieh 
occurs in clusters. 

Sterilisation -Tin* process of rendering 
any substance fnu* from rnicrohes. 

StreptOthrlx- .\n organism eonsisting 
of a mass of lilameiits in whieh trm* 
branehing oceuis. 

TETRAD— Tlie oeeurieiice or an 
organism in lours ('Petrucoceus.) 

Toxin -.V hacrenal iiroduct of poison- 
ous action. 

Tuberculin .V curative or diagnostic 
agi'iit for tubercular alfeetions, j, re- 
pared from eultures of tin* (ulnMcle 
baeilhis. 

UNIT OF IMMUNITY Th • amount 
of antitoxic scrum wliieh will lumtral- 
ise IIH) times the ininimum lethal 
dose of toxin, serum and t<»xm 
being mixed, diluted, and injeetrd 
subcutaneously. \ normal nn’i- 
toxic scrum is one of which 1 e.c. 
contains an imiminit.v niiil 
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T7()K llio distribution of oloftricdly in larL^iMjnanti- 
* ti{‘s. r,»l»)(*s lUV III yoniMMl us(‘. 'I’Ju* (‘loi lrical 
< ■i])lc i;^ .m iiisul.itrd (H‘ srn.ira l(‘(l art ificial ]):»1 li or 
Irark aloij;^ wliicli tl('( tri<*ity will How ivaddy. 'rii(‘ 
p ith is a nu'ial < on‘, known as tho coiiductor, and 
tlio laahM ial \\hi< h s(‘j)aratos it friMii tho surround - 
MUi oliji . ls known as tlx' ihodafiau. ( ’opjx'r has 
born toiuid to coikIucI h(‘th‘r tliau most otlior 
suiistaiua's, lu-iun wo lind tin- ronduotor in iioarly 
all cahk's maik' of a coiipcr- win- ropo or strand, 
^riic insulation is a (o iliiuj of a niatorial wliifli will 
not allow < h‘c1 l icit V to p.i^s Ihroiiuli, or aloin^ it, 
(‘\crpl uikIci vci \’ uiimI pK'S'.uTc ; I licrcfon*. when 
(his niatoijal is placed roiiinl the eoie, the luiriait 
llowini: throui^h 1 In- eondiiclor is cut in‘ly separated 
from objects around it, an I is < onsetpient ly under 
eont rol. 

Insulation. Insulations tall naliir.dly into 
t w o classes : ( 1 ) /. i/f/rosroya’r, or moisture absorbin'^; 
and (:_*) non hntjrit'<copii' ,OY ivWw-^X 'wwi.. 'I'he 

iuore ('oiumon of (he first class art' jute and pap<‘r. 
and of (lie second, vulemisnl iudiani hber, cutti- 
lM‘r<-ha, and bitumen. 

'I be lirst successful ('X])('i‘mieu( iu wliich a lon- 
(iuiiously insulated (sible was used was m |SI 2 . 
w hen Iku'on SeliilliiiL!, exploded a mine by eleetrieit v 
<*onvcyedbya w'in‘ insulated with ind ia riibbei , ami 
laid across tbe lli\er N(\.', In or ISHi, 

Ronalds carried out somi' <>\ piaiments in tidc- 
*.UM])hv, -lud. Ml addition to an o\(‘r!ie.id win*, 
which WMs siispcn<l<*d by si!!-: tlircad'- htinjine from 
wooden Ir. lines, he Ind on*, a little less than a 
fnrlonc; m IcmmiIi, umlercroimd. 'I'his w.as diaun 
ihrmicb c!,)-,.; tubes, (lie si pai.ite lenetbs of wliieh 
wen* joined (oeeilierby small ukass .sleeves placed 
<ner the joints and last ‘iied in p(»sition with w.i\. 
'i'lie el.iss tubes containing (lie wile W(‘re ibeu 
pi (ced in a woirleii Iroii'.rb -ind eo\er(‘d over with 
pil( h. ddiis nutliod ol insul.iiion u.is not very 
successful, .IS the m],iss was lery liable to brc.dv 
ami ie,i\e the ai ire uriiiisii!,i led, d'lu* str.indinc* of 
AN ires' \\;,s introdiKcd when Iar' 4 “ sect ion. il area and 
Hexibilily were ic(piired. In ls:’> 7 ,a line was laid in 
Loiulon in A\lileh the wires wtia covered with cotton 
sl«‘eped In resinous ( om]>oiind, -iiid tin'll l.-ii 1 in 
Ltrooves cut in b.ndks ef wood, 'I’hi' Jiisnlatioii <d 
(hc'ie wires soon c.inc way, be.-aiise tlie coltca! 
di'coni po'.ed and left (he wires practically l».ne. 
^riie dampness an liii h oisi-d the deeoin piisit ion 
;ds(t act ej as . i cond lie toi , -Hid -dloNNcd (he el< cli'l.'lt V 
to csca]ic. 

Ill the lollowinv, yc-ir aline was laid Inun Ikid- 
din!i;l»,»n to SUuiuli. In lliis inst-imc tin* nnoo 1 NNas 
n'placed by iron pipes; but the line liad tbe s niie 
f.ite as its prerlei essor, ami an oNci'iiead sNsl»*m was 
-ul»stitn(i‘(l. In IS 4 '>, a projxisil made by Wheat - 
.*^((>ne and Cook to enelost' the «'of loii-e(>v ered AA'ires 
in le.id tidies, wa • a st<-p in the liudit direction, aiul 
a piteiit w-is t.akea out in the sum* year for lead- 
<'ONeied wires. Cables eoM'ii'd nv i Ih leail S 4 <i\e inm*h 
better results tbm ]*i‘(‘n ion -i ones, and about this, 
time a new insulation was diseovered in 
percha, F.tr.ulay beine one of the men an ho found 
that it was a p.(H)d insulator, d’he lirst wires insn- 
l.iU'fl v'itii e;iit t.i -]»(*reh‘i N\N*r<* i.lid in iauidou in 
(ast-ii«>n pipes in tlie year ISfh. 
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Conductors. T'bf* cbii f eondnetor nowaday.s 
is tlie eop])er-\vire -strand or ro])e. 'The separate 
strands wliieh form this rope are iisnally tinnetl in 
order to kee]) their surfaces clean, beeansi* 
tarnished iop])er is not -so eood a eondnetor a.^ 
clean eojiper. The most lommonly lased nioistnn*- 
resistine insulators now in u-se an* iiidiarnbber, 
bitumen, and 4ntta-])er<ha, and (he principal 
moist un* absorbine;, jnti* ami pajier. The india- 
rubber insulation is l.iid on in two kinds, 'riie 
lirst kiml. wliieh lonehes tla* eojijU'i' str.ind. i< 
]uin‘ and fre<* from sulphur, U'e-insi* sulphur t;ir- 
nishes met.ds. 'I'lii* second kiml is a (omponnih'd 
rnbher <*on(ainiii4 -sulphur. This will vnli-anisi. and 
become (inn and i'esilii*nl. 'I'he bitnimn is lirst 
thoronclily n*fined and Ihi'ii mixed ANitli snl|)h!ir 
and other ehenik'als, and \ nle:' ni^'d like the second 
k'lyi'r of rnbbiT. lh*fore tin* bitumen is applied, a 
kiyei' of thin rubber (•o,((<*(l cotton 1-']U' or ]iaper is 
ANonnd roim<l the strand to pievinl tbe siilplinr in 
the bitumen t.arnisliiny (be eopjiei, (.‘n((,i pi'reh.i 
i-; ns(*tl in a llevible ‘-.late (liiell\' for hni - pressure 
work, sneli as ti'leera pliie insula I ions. 

'I'Ih p.iper Used lor insukilinij: |)in poses i- .slrorie 
manill.i ]iip(r .^oaked m risinous eom]M)und. 'i'he 
jute is nsn.dly ap]»liefl in the form of a braid imprec;- 
II. lied w itli oily < om pound. 

So f.ir, meniioM b.is been iiiide only of the two 
< s-.i>m 1 i.ds in a e.ible -n-nm ly, the eondnetor .md 

(he insnkition ; lait it i- not ofti'ii that om* nu'el.s 
N. ifli a e.ih|<‘ III use m,'Ml(‘oiil\ of iIk'si* two. .\early 
t*\ eiw ea bh* b.i-s soim* (*\ t r.i con ei iii.Lis. (‘it her to make 
till* msukil ioii ])e(f(‘cll\ NN -itei proi)}, or In ui\(' tlie 
e.dde some meeb.iiiir.d pioteelion. Li'ad shc'-itbinvi, 
‘‘lee! l.ipes, <;.d\amsed iron Wires, ;ind jnli* braid ar-' 
extensively Used for ‘liesi' piirposi*-;. as will l>«*sboNVn 
in tlie folloNN inc- d(*scnpl ions of eabh'-niakme. 

Varieties of Cables, Of t he scn (*r.d kimC 

of«‘le»-lrie b’eht m.c ;tnd poNAcr lables made, (iM'inost 
AN idel\ used are the " SiiiLde." (lie ( 'oiieeiit i ie, ’ 
till* ■ I an III. the ■ d'ripl,* ( oiieen 
trie, and the i lnc'e eon .' d’he 
cable [Ij eon.dsts of a e(*nlr-d 
eo])per sti ind, .i l-iyi'i' ol msul.it in;.!, 
m ill'l l. d, .a eovi'i in^ of br.iid, and a 
slieatliinc; of proti'ctiva* armoiirim!. 
The proia'ss of making a *• .sinyl • ' 

1. .srKAM; indi.inibber iiisiilab'd e.ilde begins 
CABI.K ANitli the eondnetor. The copper 
w ii'(* tor this pnrposi* ha.s nsnally i 
tin eo.ilin.iT. and comes from tin* makers, anIicu not 
draAvn at tin ealiU* \Norks, in hanks. 'I'hese hanks 
are s(,rt<‘d into tin* v.iri(,)us size's of W'ire, and tin* 
desired si/,e for tin* eabh* about to be irnuh* is chosen, 
:iinl tlioroiielilv’ eh'aiK'd to remoNu* all (races ot 
t.arnish, dirt, ami i>;re.i.se. After beinej eleainal .ainl 
('xamim'd, single leii.^ths of tin* eojiper Avin* an^ 
Avoimd on .separate* small metal elrnnis or bobbins, 
which tit- round tin* eirenlar frame of the stranding 
maeliiiie. The nund)(*r of drums used at one* time, 
and tin*, siy.e of an ire* wound iqion them, de])e'nd niioii 
the* aninnnt of current the linished cable will have In 
N-ondnet. A laree number, of a lar<j;e size*, ate 
reipiire'd for a, lar;^!* cnrreiit. When the drums are 
in position tln'ie is passi'd through the centre of the 
iiiaeliine* a eeiitrai wire to AN'hieli the ends of all the 
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wires on the small drums aro atlaclu^d. As this 
central w ire is drawn alofig the macliino is set in 
motion and the frame containing the drums rotates 
ill sueli a manner that it twists or strands all the 
other wires round the central one, so as to convert 
them into a wire ro]>e or strand [see pagt‘ 5175], 

Applying the Insulator. If the eon 
diietor is free from grit and grease after this opera- 
tion, it is ready to receive its covering of 
insulation. For this purpose, if it is a small-sized 
(‘able, it is taken to the longitudinal maehine, which 
consists of a long, raised bed, at each end of which 
there is a ])air of groovtid rollers. Rolls of narrow 
jiidianibber strip are jdaeed before each ])air of 
rollers, the iirst lot being pure, and th(‘ second one 
eomjmund indiarubber. As the end of the eondiietor 
is brought ui> to the tirst ]>air of rolhu's, the fuuls of 
two strips of pure rubber are J)lae(^d about it, one on 
to]) and one below : so that when it eomes out at 
the hack of the grooves the indiarubber stri])s are 
jiressed round in tlie form of a eom]>lett‘ covering, 
witli a tirmly-pressed longitudinal joint at each side. 
.Mthougli this joint is made only by ])rtssiire, yet 
if the surfaces of the edges of the strips are perfectly 
clean, it is thoroughly sound. (3n approaching the 
second rollers, two strips ot compound rubber an* 
a])j)lied in a siinilar manner, so that when the 
<‘<mduetor iinally ])asses out of the maehine, it is 
eom])letely covered with two layi'rs of indiarubber. 

If the cable is of large si/e, (h(‘ two kinds of india- 
rubber are applied by the la])]iing machine, which 
<‘Overs the conductor liy spirally wra])j)ing the india- 
rubber strips round it instead of jiri'ssiiig them on 
as at the longitudinal machine. The wrapping of 
large (*able.s is preferred beeaus<‘ the jiressiire giv<‘ii 
by the longitudinal machine lias not been found 
satisfactory for the greater thickness of insulation 
required by them. The sejiarate layers of stri])s ar.* 
wrap))ed in reverse sjiiral so as to jirevent, as far as 
may be, the ]) 0 .ssibility of a weak s])ot in each of 
two strips, occurring right thi’ough the insulation at 
one ])lace. 'riie thickness of the rulilier coating is 
deckled by the considerations of the pressure an 1 
disriqitive strain that the insulation will hu'(‘ to 
withstand. 

The Indiarubber Covering, When the 

reijuisite tliickness of indiarubber has been 
ajqilied, the cable is given a wrapjiing of india- 
nibber-eovored cotton tape, at the t.i)»iMg machine. 
This is to add firmness to the covering of indiarubber, 
which, up to this time, is a jilastic siibstauee, of the 
eonsisteney of stitT dough. In this state it can lu* 
I'asily moulded into any desireil shajie, and will 
stick in the sluqie it is formed. dMiis, of course, is 
very convenient while the indiarubber is being 
pr<*svod or wra])ped on tb<; coiidiK’tor, but before 
the armouring materials ar<^ a])])lii‘d over the iiisula- 
ti«)n, it IS necessary that it should be tirmer ami mon* 
resilient. With the object of giving these ]>ro])erties 
to (ho substance it- is taken to the vulcanising housr. 
ddiis is a room containing large, liollow, cylindrical, 
iron jians to which the necessary pi]»es, tajis, val\ i-s, 
etc., arc attached, so that steam may be let in o,- 
nut as desired. In this room the (;abl(‘ is placed inside 
lau' (u the jians, after being wound on tlic drum mad«; 
•‘siieoially for the jmrpose. The [laii is closeil u]) by 
a steam-light door, and the steam turned on until 
a ecrlaiii }>ressiire is reached. This pressun* is kejit 
for a certain time, until the indiarubber is 
)iroperly vulcanised, 'fhe- pressun^ and time of 
vulcanisation depend upon the (piality and thicknes- 
of the rubber apjili<*d. AVlu'ii the sl(‘aiii in the ]»an 
has hoen let ofl‘, and the cable taken out and cooled, 
R will be found that the outer layer of indiarubber 


Ins acquired the desired ])ro])erties of firmness and 
resiliene 3 ^ 'fhe aecjuisition of these prnpiTties is 
ehietly due to th(‘ indiarubber eontnining as one of its 
ingredients sul])hiir, whiidi is a vulcanising agent, 
and which, iimler the action of steam pr<‘ssure, 
chemically eoiiibines with the other ingredients ami 
gives tlu‘ springiness so ch ii acti'risi ic of all indi i- 
rubher gooils. 'flu* full elieniical action whicli takes 
place is not thoroughly uml'crstood eviai in india- 
riibher inanutactiirt^s. During the whole jiroeess 
of a]q)lyiMg and vulcanising tlu* rubhiT great (^are 
is taken that the surface is <piitc < !can and free from 
grease of any kind, as the successful iiianufaeturo of 
vulcanised iiidiarubher cahles greatly diqiemls ujion 
th<‘- careful Inmlliug of the indiarubber. 

The cable is now coinplctis! as far as its I'sscntials 
are eoncerncfl it, lias its conductor ami its iinished 
insulation; therefore, b(*foic any further eoveriiigs 
are added, either for ]>rotcctioii against danqim'ss 
or mechanical injury, it is taken to tlio test-house 
to be tested. Heie the cable umlergoes a rough 
test under water, to sec that ils insiilatinn is sound. 
A second and mori* careful test is given wlum the 
cabl<‘ is complete, details of wliicli ])roc<*ss will 
be given later. 

Braiding the Cable. If, after tli(‘ rough 
t(‘sl, the insulation is found satisfactory, the (“able 
is al!()W(‘d to dry, and is then taken to tlie 
braiding iiriehine to b(* covered with a stout jute, 
liraid. This liraid is moisturi'-absorbing. and in 
or(l<‘r to ]>rev(‘nl it from rotting, it must be 
protected from dani]). For this piuqiose tlie 
eabU“ eovi'red with lira id is jiassi'd througli the 
serving tanks, uliich oontain a hot compound, 
eoiiqiosed chiefly of ]rirafliii wax, and similar 
substamos. The (oatiug of com]>ouud on the 
braid as it comes out of tlie tanks, besides being 
damp resisting, is also iin insulator, ami tluTcfori* 
adds a li1th‘ to th<* b(‘tter insulation of the tinislied 
cable. SimiJ indiarubber is a wiiterproof m;it(*rial, 
it is not niH-essary to (“over the cable willi <i lead 
sh(‘alhing, allboiigli (.me is sometimes \m\ on for 
imH'lianiciil ]>rot(“etion. 'Phe more common iucUkkI 
of prot('cting indiarubbc'r insulated cables iigaiiist, 
m(‘chaiii(“al injury is by encasing them with 
galvani.s('d iron wir(“s nr st(‘(‘l tapes. 'I’iie wir(“s 
are stranded ovei- tin* juf(“ braid by tJie stranding 
m.-.chimg and the steel fajies ar(^ wrappei.l on bv 
the steel taping machine. .Vltliough the iron wir(‘s 
are galv inisi'd as a prot(‘ct ion against, rust, y«'t 
a jute braiding is often applied on the outside of 
them as a further safeguard. 

Testing the Cable, ddic cable is now ready 
for its final t('st, and fortius piiiqiose it is tak('n to 
the test -house, jilaceil in tanks of water, and 
allowi'd to rimiain there for about twenty-four 

hours. 'rh(‘ fi'sting o]K*ration is very important, 

and tak(‘s a day or two to comjilelc, 7die chief 

tests ma<lc by the maloTsari' 11 iom“ of f h(’ eomluctor, 
the insulation r(‘,'.i,stancc, 
and fh(“ <i pacify of the 
ca blc. 

'I’lie test of (he eondiietor 
is usually iiwuh^ by eom- 
])aring its re.sistanee wifli 
that of a known resistance. 
'I’Ik' eomparisnii may be 
ra])idly made by an inslrn- 
ment known as the W'heal- 
sloiU' bridge* js(*(‘ also ]>age 
71111. A sim])lili(“d diagram 
of the conneelions for the 
comparison is shown in 2. 
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TIk^ ))ro]>ortion of th<* n'sistanco through PJ and H2 
is the .same as th.it through (_• and Iv when the 
current |)as'<ing round llie arms <’auses no delloction 
in the gaK aimnuMer (i. HI and lv2 may be read 
olf llie hi idge se.di*. and K is a known resislaitee ; 
iherefun' the n'sist.inee of the eondui*tor under 
test is easily found from the formula 
lU - Cor PI K (\ 

It 2 K K2 

Su]))K)se the proportion of It 1 and 112 is 2 1, and 
the known resistance (apials .1 units ; then from th(‘ 
second formula tlie cable will h »\e a resistance of 
2x5, or It) units. Another method of testing the 
f'onductor is by the imdn* bridjje, the ]>rinei]de of 
w Iiicli is somewhat similar. 

The Water Test, I’hc test for the insula- 
tion is made afti'r the cahk' h;is hei'u in water, 
at a constant tmuperature, for 1 W('nt v-foiir hours. 
W'itli the cable still in wati'r, the insuiatioii resis- 
tance is t(“sted by a metliod of comparison. 'I’h(‘ 
leakage current thiougli tin' insulation is com pat «al. 
by means ot a g dvaiioiinder, witli the flow of cur- 
rent through a known high resist a mag when tlr 
same battery power is .applied. The galv.anomel«‘r 
is an insf rnment in wliich tfa're is a sensit ive luaalhg 
plaecal over a gr.idii.ited circular sc.ihg .and snr- 
roimdcd by a coil of wing d'his is its simplest form. 

As tlie cuiMMit p,tr>scs tlii-ougli tile gal vnnoimueig 
llu‘ needle is d(“lleelcd through a ctMtain angle. 
'The comparison, in iS sim]>lcst form, is made t]in> 
Suppo-.t' a circnil is made up of .i li.il l<Ty, a g'alv am 

cler. and a length of wirtg After the cnrrci 
has jiassi'd round the circuit for a short lime (he 
galvanometer m’c:l!(‘ will remain statitmary ;it 
ciM'tain ilelleclion from its original position. If 
the wile i^ now' (;ikeii out, and anotiu’r ou(‘ of 
eijual leuiph, but of didenmt .sulKl.imag ]mt m its 
pl.u'e, the g.il\ aiiometer lu'edhg wlieu the mirrent 
is next sent round th<‘ circuit, will come to ri's! at .» 
d(*lleet lou dillcrcut iV(mi I he one m (lie lir.'.l iuslancc. 
In b(»lh lhc-;c (‘ircnits the h,t1l(‘ry. the g.dvano- 
im'ler, and tlie length of llic wire .ue tin* same; 
the only din'e/'eiicc is ih(‘ suhstarice of tin* w iis's, 
hcrefore any change in the iirrent 
can be due only to t liis alteration. \ 

Now the cm lent in a circuit ^ '•./ 

approxiiiialclv cipi.il I o t In* eb'et ro 
moti\(‘ !'oic(‘ scut out by tlic 
battery, dividi'ii b\' the rcsislam-i> 


If the ell' 

I epri-'-.eiif ed 
by P, ami 


li is forec by t he w ires 
si aiices ill tlic eireiiil . 
■tromolive force is 
b\' p, t he revisl im-e 
the eurrciit by ( '. 


A pply iug 


formul.i to both 
we .s(M* 111 . it P is the same in both, but ( ’, .i.s 
shown hy the defici t ion of the needhg is 

(lilferenl ; ihcra'foie the re-iistam e must have 
.iltered in inverse jiroportion to the current. .\ 
ninmaic.d (‘\anij»l(‘ wall make 1 h 's cli'.ar. Suppo i; 
the b.attery sends out a forces of b units and gives 
.1 ihMliM't ion, in the tirst mst.ineig of, say, 20" . and 
in the second of 20 . Then since the eurrent is 
projvort ional to tlie dclleelion, we imty taki* it 
that tlie iiist ('inrent equals 2 units, and the second 

I.’ It 

2. .tml from the foimnla C we gid, tirst, 2- 

P' ‘ K 

.irid sis'oml, 2 'I’lierefore the lirst resistance 

eipials 2 uuils. and the second 2 units. Thus tlie 


n-^taui'cs above, 
s the .same in hot 
deflection of tin 
rc the re-iistam-c 
|)roportion to tin 


d P2 second wire lias a n‘si.stariee of one and a half tim<‘fl 
the the lirst omg 

['tion Insulation Resistance Test. In the 

read actual testing of cables the resistance whicli tlie 
*'^*^* ' insulation should otfer when .sound is lirst ealcii- 

inder kited, am! the circuit is made up of a powerful 

battery, a galvanometer, and a known high resist - 
aiice, wliich is a])proximately equal to what tin* 
ealeulation givi's. Figun* 3 sliow's a diagram of 
and <-onneelioiis for insulation resistance testing. A 

i th(‘ dellection is obtained witli tlui known resist aime 

*e ot iji cireuit by jjU’essing the key K into contact 

? the with P. 'rile known resisianeo is discoiiiK'ctcd, 

and one pole of the battery is connected tlirough 
the galvanometiT to one luid of the <‘able by 
suia- j)r<‘.‘'sing tin* key to tlie rigid to mak(* contact 

ater. with (A 'J'Jie other end of (lie cable is left entirely 

inrs. free, not even allowed to touch (he sides of tlu* lank 

■esis- in whii-li the body of the cable lie.s. Th(‘ otlu'r 

Th(‘ pole of tlie battery is connected to eai th at P. 

ueil. 'I’n complete the circuit, th<* I'lci Iricity will liav(‘ to 

cur- How from the b.illm-y through the galvanometer 

111 ' into the < ablc. I liroiigli 1 he insula t ion into the w’ateig 
lelia* down the sides of the tank to (girth, ami along llic 

cdhg (girth to the wire cartlnsl at P. 2'hiis it will be 

Mir- ijotic(‘(l that th(' electricity will have to go Ihrtunjh 

Drill. 1 h(' in.siilation as it h id to go fhnnKfh, tli(‘ known 

mer, high resist im ig and sinci' these ang apjiroximately, 

iglig (Mpial, the dellection obt aim'd when the cahk' is 

iuis in circuit should be nearly I lu' sime as that wlicii 

am the known ii'sl.-Ntance w.is in. 'Tliis ivill be tlm cas*' 

rci when the cabK' s insulation is .sound, and when tli(' 

tlu' (*nds. whicli ari' never allowt'd to touch theivat* r, .ua' 

it painted with puMfliu w'.i \ (o |)revent surf.ict* Ica kage. 

If A point may lx* mcnlioui'(l with rcg.ird to rc.idmg 

(‘ of tim gal\ anoiiK'tcr dcih'cliou when tlie c.ihlc is in 
I it'! irciiit. \\ lieu I In- electricity ciders tlie instrument, 
rent .a (l('lle(l ion will b(‘ shown, but as tlu' eli'elricity 

at .» eoidmues to How tlu' (h'llection will gradually 

nee. decrease lor a few minutes, .iiid then laaiiaiu 

ano- st;di(m:ir\. Ibis slow dccrc isc, is duii to I In' I'lccl nti- 

mc ; cation of the. c.iblo; that is, tlu^ absorption by fli‘ 

ill's, c.ible of a (crtaiii ({iianlity of (dectricity into itself. 

d’he amount of absorption is known as the 

^ ('(f/Kinlff of tlu' cabk'. If lli(' (b'crcase is 

V \(ry slight, or ]>roci'cds unsti'.adily, then' i^ 

^ piobably a dcfei l in iho c,.ibl('. 'This jno 
pt'rly ot I'lcclnlic.i t ion mav' Ixj iiscil as a 
I j‘urtli(*r test for the soundness of 

nc/.ii.f (.., 1 ,),, jjj (jjjg; xvay. If attcr 

f U. H elect rilieat ion llu' cahle is roii- 

m'cfed to earth thioiigh tic' 

J g,d\ anoiiM'b'r alter tlic ballciv 

_ has bc('n removed, the dcllectioii 

of tlie galvanometer will ^liow 
‘"b-adily deer.'asing eur- 
'iKSTlNi; llowing from the c.ililc. 

, .Is If the (iell('<-l ion decreases at the s.ame rate a.s when 

is the battery was iirst [iiit on, tlie cable is soim !. 

L.ave Te.sting Capacity. 'I'lie capacity of ilu'cahia 
may be t('.sled by eomparing it with a eondens('r of 
»o i; known ca])aeity. 'I’he condi'tisi'r is (irsl eluirged by 
;i b iltery, and then tlio aeimmul.iti'd charge, is sent 
;ind tlirough a galvanomettng The. (;al)lo is iirst (MDiuiecle l 
to earth to remov('. ali residual charge, and then elcc- 
‘‘ (rieity is .sent through it until it lias absorbed to 

oncl p,)| eajDacity. M’his point is reached when tlc' 

galvanometer needh* remains steady. 'i’Ii(' t)att('rv 
K is removed, and (lie cable eoiuK'eted to earth (hrougii 
nee and the deflection eomp.irixl with 

that ol)tain('d from the eiunh'iiser. 'I’he e.i pacifies 
tlie ar(‘ roughly in proportion to the detleclions. 

t ontimieil 


('()\M-:i"ri(»\s i’()H iNsi i.A'noN 
TKSTlNi; 
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throatoned wit!) collapst'. Tlivr w(‘nt to (.'a lent t a 
ami devoted all his encr^oes to the reformation 
of the (avil and military servh'os, and soon 
aecom])hshed a (‘ompU'te redorm in both de- 
})artnu‘nts, provim; Inmself as jireat a. civil ad- 
ministrator as he hadl)een a military <‘omFnander. 
Tnd('('d, the fu’aetieal working of Tlritish adminis- 
tration in India dati's from dive's last visit. 
In 17t)7 ('liv(‘ retinned to F^ngland, and the 
rest of his story is all sadrnrss. liis reforms 
duriiie his later years in India had made him 
many enemies; he was attaekcsl by Parliament, 
and his government of Ii\dia was made the sub- 
i(‘et of impiiry by a St'Uad Parliamentary C^mi- 
mitt(‘(*, which (‘inhal in somethirF^ like a voti* 
of e<‘nsiir(* on ('live, (jualilied by a few words of 
prais(‘. ('liv(‘ felt Hie reproach thns pnt upon 
him most (hs'ply. Sonu* of his a(‘tions mij^ht 
hav(^ been justly <*efisun‘d, but it is e(‘rtai?i that 
lie had made enemies, who put the worst con- 
struction on (‘vervthin;^ he did. lie trie<l to 
relieve his mental tlepiessinn by opium, which 
only im*r(‘ast‘d his melancholy, and on November 
2*2nd, 1771, tlu^ yr(‘at soldica- and stat(‘smari 
committed sui<‘i<le. It is slraiiei' that Diipleix, 
his' rival for tlu' masti'ry of India, also tell upon 
(‘vil days. He had la'cn recallccl from power 
by the Prencli (tovernment, and he died, 
neelect(‘d and uoor, in 17t)2>. 

Warren Hastings. The mxt famous 
hhn^lishmau who look part in th(‘ rul(‘ of Ifidia 
was Wari’eii Hastings, who was l>orn in IT.’>2 of 
an old Oxfordshire family Like (1iv(‘, la* was 
eom[i('ll('d hy family rireums(anc(‘s to mak<‘ a 
liviiii^ for inms(‘lf, and in his ('iicht('(*nth y<vtr 
obtained a )>laee as a writ(‘r in the si'rviee of tlu‘ 
Kast India Lompanv, and iH'foi-t* loiiir b(‘came a 
memlx'r of tlu* Comieil of ('alculta. In 1772 la- 
was made (hiveriior of Ih'n^cd a?al Pn sideiit c»t 
the ('oulicil, and soon aflei’ ( toveiiior-t .'en(‘ral ol 
the llritisli Dominions in India. .\s (lovernoi- 
(lenei’al la* had a eouneil of four Fuemhers, thns- 
of wlioFFi w'eF’t' .sent out fF'om <h'(‘at llritain. 
Hastings oceupi<'d hiFuself iFi eFid^a voinhii; to 
rest()F‘(‘ t he tinan(‘(‘s of tla* haiiau AdFiiinisI imI ioFi. 
which lia<l h<*eii redneed by Fa'^hsl, t>ad FUana.i:t-- 
nienl, aFid in some ea.si's by si*) fish lapaeity. lb* 
was .srv(‘i'i' aial sweeping Ifi his leforjiis. Xini- 
eomar. a llrahmiFi oflieial, bciii<j; uFisne<‘essfiil iFi 
his int riiiues, accused Warren llastinj; of ])eeuia- 
tion. llastinjis, iF\ roluriu had him tried for 
fnr^^'F’V, of whieli he was found guilty aFid 
s(‘nl(‘ia(Ml to deatli. Hastings was aecn.sed of 
iiFifaiFiies.^ iFi pr(\ssiFig this cliaF’ge, aFid <»f not 
having proeix'ded against Xunromai’ in tla'sana* 
iFiaiiFK*)’ as against the otlaa- ofheials aeeus(‘<i by 
him. The majority of the ('«)unril were* opposed 
to Hastings, and that majority was lerl by Sir 
j^hilip Francis, who is still believed to ha\<* 
he(M\ the aulhov of the famous Letters e.f 
dunius, ' which Ix'gan to appear in the “ Piihlie 
Advertiser '’ in rlamiaiy, 17011. In one of the 
lettcF-s, wliieh w(a-<‘ a series of atta<*ks on 
]\Iinist(‘F*s of the ('fowii and ollua* jFuhlie ofiieials, 
‘Miinius” said: "‘1 am the depository of 
rnv own .secret, and it shall ]UTisli with "me.” 
The eiiFnity hetwcxTi Hastings and Francis had 
gone so far that they fought a duel, in which 
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Francis was wounded. He retired from ollieo 
in 17S0. Hastings noi’ganised the I’evenues. 
revised the assessments, and greatly improved tlu* 
administration of jiistux*, and at the same time 
carF’ied on an almost continual war with the 
Mahratta tril.H‘s, and spread the power of the East 
India ('ornpany moi’(^ widely. Many of his acts 
as a ruler were harsh and unjust, and he had 
little seru])le as to the mt'ans by whidi lu* 
attained the results at which he aimed, lii 17S1 
he F’esigned, and returned to England. 

A Famous Trial. Not long after this 
his (xauluel in olhee was made the snhjeet 
of oii(‘ of th(‘ Fiiost e»l(l)rated Parlianumlaiy 
impn'ries evt'r lu‘ld in England. William Pill 
was (heFi Prinu' Minister, and the charges wi‘re 
made by FdmuFid Ihirke, ('haFles dames Fox, 
Rieliai-d Urinsl<'y Shcaidan. and other memhers 
of lh(“ OpposilioFi. Hastings was imp(*aeh(xf 
at the Par of tlu* llousi* of Lords, and liis 
foriii.al trial ]x*gau in W('stmiFister Hall on 
Fehniary ]!>th. I7>'S. Tin* trial last('d moi’e 
than sevi'Fi yeais, for tlu* sittiTigs of the House 
of Lords wen* not enntiFiiioiis, like tho.si* of .i 

(“oiFFt of justiet'. On A])ril 2.‘h‘(L 1705, Whi’nai 
Hastings was ae<jnitted by a Fiiajority of sone* 
of the ehargi's, and aeipiitted unanimously of all 
tlu* aeeusalioFis that all'eet(‘d his pcF’sonal lioFiour 
and ehaiaeti'i'. But tlu* ])ublie ifi geFU*!*al wcf’i* 
(•(‘F’laiFily Fiot unaiiiFFioFis Iff his acFiuitlal, and llie 
subj(*et IS still a matt(‘F* of eerntroversy. lb* was 
pF’obably l(x> seveF*(‘ly judgi'd by tlu* k'aders oi 
oFu* pai’ty, and tex) F-<*adily (‘xoFFerated by tlu* 
otlu‘r. 'Phe prineipk* that a Bi’it ish rul(*r Iff bulia, 
ha\iFFg many spF'cial dilhciFltic's to eontc'iul 
against, wa'- jFislilied in adojitiiyg Juiy eoFFF-.a* 
which h(‘lped iFiFii to inaiiilaiiF Knglish ffiIf* was 
th<U against which lOdmiiml BiFi kt* d( elainu d 
Iff .s()F)U‘ of liis most ei(M(Uent sp(‘(*cTies. Sheia'daFi's 
faFiFous Ik'giini sp(*(x*li. ' “ FTlativc* to t hi* B(*gFFiFF 
Princessf's ofthuk^." was delivered (hiring tlu* 
imp(*aehnu‘nt. 

Wai'ix'n Hastings sjX'ut the ri‘st of his days in 
Kiigland, li\ing the life of a country gentlciFian. 
Most of his laig(' fortiuu* had lx‘cn spent on In'! 
deh'iice in his tiial, l»ut the Fast India (.’nmjFany 
mad<* a lilx*ial j)i’o\ ision foF* liis closing years, Ih* 
l)a<l nnndx'i le.ss admirers t hrniiglionl tlu* countix . 
He was made Privy t'ouneillor by tlu* Piince 
Regent in 1S14, and four Vi-ars later bis long and 
eventful life (‘iided. 

The Indian Mutiny. In I7S4 Pitt had 

passed a nieasuia* estahli.shing a Boai'd ot 
Conti'ol to a.s.sist, and, when ii(*ee.ssai‘y, to ovei- 
rule tlu* Fx(‘cu(iv(‘ (Jovernnu'iit of India and 
the Fast India ('onifiany. The |)r(\si(h‘iFt was 
to lx* a leading .Minister of I lie (h’own, and a 
m(‘mlx*r of tlu* ('iibin(‘t. 'Phis lasted until ISoS. 
will*!! the (lovF*rnment of India xvas transfern'd 
t(v the ('rown. The history of India, in the niean- 
tiiiK', was a, series of wai's and eomjiu‘sts, wiiis 
against native princes, risings against British 
p()wt‘r, many eluxtks and disasters to tlie British 
forces, hut eompl(*te sue(‘(*ss ultimately to’’ 
British arms, until at last the wliole of the 
gieat j)eninsula was undt'r the ride of Fnglaiul. 

Tlie most memorahle event of this period 
was the Indian Mutiny, the mutiny in tlu 



HISTORY 


Bengal native ann>, which began in 1857. One 
of the greatest diftieulties at this tinv^ was 
caused by the large number of natives whom 
the rulers of India had to (‘mploy, as it was 
impossible to provide a large enough army (d 
Englishmen. A number of sepoys who seemed 
willing to ent(*r the service* were thcrefon* 
emjiloyed. Some of these troo])s w(‘re found 
to be in sympathy with tin*. Indian princes in their 
struggles against English dominion, but the 
mutinies which, in conse(iuence, occasionally 
avos(^ were easily suppressed. But tin? Mutiny 
of 1857, which began with incendiary tires at 
Barra(!kpur in .January, and a mutiny of sepoys 
in February, was more exteiisiva*, and had a more 
d(‘Hnitc object. TIk^ 1 1th and 2()th Native Infan- 
try and 3rd Favaliy in the garrison at M<‘(*rut, 
nt‘ar Ikdhi, mutinied on May loth, killed their 
otlicers, and marched to Delhi, and were there 
joined by the native troops, and received with 
enthusiasm by tla* native population, who killed 
th(i Europeans. 'Dk* rising was not merely a. 
sepoy r<?volt or military tmiliny, but a. suddtm 
combination of mutiny, race hatred, and 
fanaticism against the dominion of England. Tin* 
uprising of the native soldiers may liave been 
the signal for the outbreak of that religious and 
political storm which had long beem gathering. 

The Cause of the OutbreaK. The 
native princ(‘s and soldiers acted together, while 
the Mohammedans and tin* Hindoos suppressed 
for the time tlu'ir own religious differences 
and united against the (Christians. It wa> 
at first believed in England that the revolt 
was eaused by tlu* disfrihution of the Enludd 
rifles, the cartridges being wra])p<*d in ])a|H‘r 
gr(‘ased with cow's fat or hog’s lard. This would 
have be(‘ii to the Hindoos a profanation of tlie 
cow, which they venerated, and to the .Moham- 
medan if was, ])onution to touch any ])roduet of 
the pig. which hi* regards as an uncU'aii animal. 
M'he (Jovernment made (^very effort to a^ssurt^ the 
nati\e soldii'i's that tlie cartridges were not so 
greased, and that nothing had been done to 
offend their religious feelings or caste s{*ntiments. 
but if the alarm about the givased cartridge's had 
not set the mutiny alight, some other cause* 
would undembtedly have deme se). Tlu* mutineers 
in Delhi claimed the iwotectiou of the* d(*seendant 
of the great Timur, the King of De*lhi, as he was 
still I ailed. He* was a man ejf over eighty, whe) hael 
long be*<‘n a ])ensioiu‘r of the* East India (’om- 
pany, aiid it had b(?cn arrangeal that the title e»f 
King should die with him. Tht^ mutin(*ers jwo- 
e laimed him Emperor of India anel leade*r of flieir 
reve)lt. I’lnis the mutiny became an ufirising. 

Lord Canning and the Mutinv. 
There hael br.en a prophecy W'cll known through- 
out India that the hundredth anniversary of the 
Battle of Plassey would see the end of England’s 
dominion, and at the time that it was being cele- 
brated in England the nniliny was in full move- 
ment. Lord Canning, the third son of the famous 
fk'orge (Winning, was them Govcunor-Ceneral of 
India. He had suea*eeded to the title on the deatli 
of his mother, on whom it liad l)ee*n eonf(*rred 
after her husband’s death. He held office for 
some years in England, and in 185b he succeeded 


Lord Dalhousic in India. Though he had been 
there such a short time before tlu^ mutiny 
broke out. hc! provc'd e({ual to the 0 (‘ca^ion, and 
in that p(*riod of commotit)!! he rcrnainetl resolute 
and (;ahn. 

The Tragedy at Cawnpore. l^ord 
Canning eonsider(*d that the first thing to lx* dont^ 
was to r('ca])tur(* Ik'lhi. which had become the 
centre of the rebellion. ,\ large body of English 
troops on their way to ( liina were sumrnoneil 
to India by him to h(*lp \u putting down the 
mutiny, which luul broken out at Lucknow, 
at Cawii|)()r(‘. and at other ])la -es. 'I’lu* trag(‘dy 
of (‘aAvmpore is one of the most, tt'rrihle c\<‘nts 
of the war. 1 1 was caused (•hi(‘fly by t lur ti eacherv 
of Nana Sahib, the adt)pted son of an Indian 
prince, who predessed to be an ally of the English, 
and was trust4*d by them, hut he had long l)(*eu 
plotting against the English ( Jov(‘rnm(‘nt hci aiise. 
he felt aggrieved l)y Loid Dalliousie’s rejetdion of 
his petition for llu^ Ptsshaw's pension. Ih^ w(*nt 
over to file mutineers as soon as the mutiny 
began, Ix'camc oiu* of its chief instigators, and 
it was under his leadership the inntijiy at (.’awn- 
pore hrolo; 4>iit on June 5th. 

lie surrounded tlu* Ih'siflenjy, \vh(‘i(‘ the 
English inhabitants bad taken refuge. Th(*y wert^ 
sheltered by entn*nclimcuts of n, worthless <*harac- 
t(‘r, hut the garrison, diminishing daily in numb(‘rs, 
held out with splendid courage, and })rolong(‘d llm 
defemu* until' Jum* ‘24th, when the* ammunition and 
food wen* exhausted. 4’he condit ion of the wonu'n 
and children wii,s t<M’iihl(*, having ncith(*r food 
nor water nor adequate j)rot(‘(*ti(>n from the tin* 
of the mutineers. But tlu*. sc'poys showed tlit*m- 
selves unwilling to approach loo close to the tiri^ 

the indomitable Ihutish soldi(‘rs. Nana Sahib 
saw that. Ill* could not tak(‘ tlie Ri'sidiaicy by 
assault, and lu^ could not wait until tin* ganison 
had died of hung(*r as lie fi*arcd sonu* large* body 
of soldiers might (*onic to tlu*ir n‘li(*f. H(^ tlicrc- 
h>re ofiVnsl to transfer all those who would sun (Mi- 
d<‘r in safety to .Mlahahatl, and to supply them 
with food in th(* meantime. 'I’lio English, sc'cing 
no other ehanco of safely, accepU*d liis tc'rms. 

The Treachery of Nana Sahib. The 
evacuation of tlu^ garrison took place on Jum* 
‘27th. wom(*n and children were Iieltied 

into the boats, and the officers and men wi're 
about to follow, wiien the sound of a bugle was 
heard— a signal from Nana Sahili- and the nativi^ 
rowers .s(‘t tir<* to the straw roofs of tlu* boats, 
from which th(*y themsch is (‘S(*aped. At the sanu* 
moment shots wen* li?(*d from both hanks of the 
riv<‘r at fiie blazing boats. This dcfidly tire 
Iasf(‘d until the gr(‘iit(*r numl)(*r of tlu* passi'iigers 
had been shot, and the* survivors w(‘re brought 
back to (’awiipore. N(*arly all the men captun'd 
by the. natives were immediately shot, but 112 
Avomcn and children w(‘n* iniprisoued in a small 
hous<^ near ('awnporc*. Some* of the women were 
(•omp4‘lIed to grind corn for their gaoleis, hut it 
seems that no other indignity was otiered them. 

After the English victory on ,hdy I5lh, it wa^ 
decide<l that all who vemaim'd should he killed, 
iiiid on the following day tlu'y were murd(*red, 
some by shot and sonu^ by sword, and their l)odi<*.- 
thrown into a dry well. Tht‘rc seems to b(* no 
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doubt; tliat somt* wmc still alive at the time. 
Sir Henry Hav (*k>ek fought hisAV'ay into Cawn pore, 
but (uily in time to see llie hmrible evideiiees of 
the inassacre. The* ^v'el] was tilled up after tbe 
])n(li(*.s laid Ikmui biiric'd, and a memorial chapel 
raised on the spot. Nana Saliib mad(^ his last 
stand against the English m^ar ( 'awn})ore, and 
was completely defeated. He mamige'd to escape*, 
howe vt'r, and nothing was known of him after. 
Leaving Nesll at (’awnpore, Hav(*lock marcheel 
on Lucknow. lb* was afterwards reinfore‘t‘d 
by Sir .lames Outram, On Sej)t(‘mb(*r Idth 
Ih'igadier (h‘eath(*d surprised and route‘d tlu^ 
nnitinous troops from Rajpootana and Agra. 
Sir (’oliii ('ampb(‘1l, afte-rwarels Lord Clyde, 
(‘heeled tlie linal rt‘li(‘f of Lucknow in Novemlv‘r 
1S.">7. Th(^ ca])tur(‘ of Dc'llii was accomplish(‘d 
in S(‘|)t(*ml)er of the* saim^ year. 

.\ yoiing English oflice'r, William vSteven Hob- 
son, who tbrni(*d the body of cavalry known 
as “ Hobson’s Iforse/’ ottered to eaptim* tin* 
King of l)('lhi a.nd his family, and was permit l(‘d 
to do so by (ien(‘i*al W'ilson, on the' (‘onditicui that 
he s|)a.reel tlu* life of the* king. lit* Ibund lii<‘ 
Royal Family surroundt'd hy a-rmed men, but his 
manner convinet'd th(‘m that li(‘ had a la'*ge 
force Avithin call, and they surre‘neh‘reel. Iltdison 
.spared thr life of the king, aeeording tohisprt*- 
mist*, l)ut rt'gaieled tin* llirt'o ])rinees as reln'ls, 
anel, taking a earl»ine fi’om out* of his troopers, 
Ik; shot tlunn dead. 

The End of the Mutiny, lly theend of 
iSoT the* n‘Volt in Ikmgal had l)(M*n iK‘a!‘ly 
suppressed, and in many <dher ])arlsof India order 
luul l«‘en I’eston'd. .\t tin* begiiming of the* fehhm'- 
ing y('a.r tin* last of tin* Moguls was tra,ns|>ort(‘(.l 
to Jhirmah. During danuavy and Eehi ua. y 
Sir (bim ('amf)!)i‘ll sue(‘e(‘d(‘d in cUsiring Omle* 
and Rohilkhund. iuid in .March wejit to Lucknow, 
and at last Avn'^ti'd tin* city from the* enemy. 
.M(‘anAvhil{‘, Sir Hugh Rost*, commanding tin* 
I lombay divisieui, advanei'd to the re'lie'f of Saugor, 
a,nd ei(‘leat(’d the* rebels at Muddunporc. In 
April he d<‘feat<‘(Crant ia'^ropec’, and took the tort 
(d .lhansi, aful in. May tin* fort of Kalpy. In .June* 
he again di‘f’ea1('el the re'lx'ls outside' (uialior, 
ami ca])tur('d tin* city. Napi<'r elefeatml the 
re'bels a,t Alipore, anel this ('ueh'd the campaign. 

It \s as found that the cost of suppre^ssing the 
nwiliny was not h'ss than !l bf,tHl(>,(MK). When 
e)!(h‘r was n'slore'd, the proportion of nati\(* 
ti'oops was much r(*dnc('(I, the artille*rv be'ing 
mainly comimscd ed' Engli.sh gunners. On Sep- 
tembe'i- 1st. iSdS. Hie ( u>\ eT/iment ed’ Hu* EaU 
India Company ea.jue to an (*nel, anel on Nove'in- 
Ih'i' 1st Vhetoria was ]>roelaimed Soven'igu 

throughout India, witli l>ord Canning as Iht first 
\ ic(*rov. 

AUSTRALIA 

One* e>r 11 k' most impeirtarit parts e>f England’s 
Em})ire' is (hat matie up of the* Australian 
Coloni(‘s. It \\a.^ not until HiS(> tliat English- 
men landeel on th<‘ great island. William 
Dampie'r brneled Iheie in KiSti, and ('aptaiu 
Cook, iht* famous miviga-tor, in 177<L and w'ith 
him really hegins Englaiurs ownership of 
Australia. England .s(*nt hedore long a stre*am 


of emigration to tlie new soil. Tho whole of the 
Australian continent ])ecamc a ro(;ognise*d part 
of England’s dominions. I’he name Australia, 
AVcis only given to the island Avhen English 
mllue*nce began to pre'vail, for it had })e*en narn(;d 
New Holland, while tlu; Dutch claimed to have' 
been its earlie.st dis{;ove*r(‘rs. 

Eor a long time; — iiideeel, down to recent days 
— .some of tho Australasian Colonies Ave're used 
hy England as places to wdiiedi e'onvicts from 
the.se islands could be transporte'el and hold in 
p<*na! servitude. Nor w'as this sentence inllicte'd 
only on criminals e*onvict(*d of gre>ss (;riine*s, hut 
upon men of the highest ediarae'te*r aiul honour 
who had taken part in Tivland’s re'bellions - 
m(*ri like Smith (VBrion anel .lolrn Mitchel. 
d’h<‘ Ceilonie's might have made lt\ss e'om plaint 
if such Tuen as llu'se* Avc'n* the only e‘onvicl> 
sent inte> Australia hy British hiAv ; but. it, 
beeafue intoli'iahle' to tlu' .Viistralians, afle-r a 
while', that theii' soil should he used as a phuc 
of imprisonme'iit for me*n wlio.se pres(‘ii(‘.'> 
Englanel Avould not endure ('vc'ii within hei' 
priscuis. d'h(‘ systeun was graelually re'laxe'd. 
and e'ame to an e'nd in 1807 . 

Discovery of Gold. In I So I gold wa^ 
dis(*(>v(‘r('d in New South W'alc.s. and swou 
afh'r in NbVtoria and ollu'i’ parts of Australia, 
a-nd tlu're Ava,s a, sudden rush of immigi*ati(‘n 
from Eure)[)(; atul many otlu'r ])aits of tin* 
world into tlu' gold-produe-ing regions. 'lb'* 
population of .Vuslra.iia luis been sC'a.dily grow - 
ing during recent yt'a.rs. anel pi (>sj)eiing with its 

gr(»A\'t h. 

TIk' (h)\ (‘rniiK'nt in Engla.ud acted with a Avise 
li))(‘ra.lity towards tin* .\ustralian colonists in 
a,ll()\\ing tlu'in as lar as pessibli* tlu* ma.riagc- 
nu'nt of their (omi allairs, a, ml im such crisis 
ha.s fu'cti j)i-ovokeil a,s th.at Avliieh once hrouglil 
the p('opl(‘ of Canada into actual rcbi‘llion. 

I’iu' dilfe'ierit Colonies of .Vnstralia liave Ix'eu 
for the* most pail on friendly t('rms witli each 
other, anel tlic ])i inci[)le of local sclf-go\ ('i rmii'iil 
has Oeen proA ing ilsclf mori' and Tuoj'e' elleet ually 
as tinu' AVi'iit on. 'I’Ik* Australian Colonics on 
more' than one' oeca-sieui shoA\e'el tlie'ir loyalt' 
to tlu* British Cretwn hy giN'ing their assist. t,uc'‘ 
to England in sonu* e)f hi'i’ fore'ign Av.ars. Ai 
h'ngth a seln'me* of colonial h'deralimi Avas 
formed, by vlilue; of which the' Australiau 
(bl(»ni(*s hccame asseieiated in one' huh'ial 
^.yslem A\ith the soveac'ign e>f Enghind .at iis 
he'ad. e‘ach Colony man.aging its oavu local affairs 
for its(‘lf. .and the inli'rests of the w hoh* eonlineiit 
being nnde'r the; e.are e>f a\ hat may ))(* di'scrilied 
as the teeleral g()ve*rnmenl. Ea(;h Colony h.is 
a L('gislali\o Council or Smiate, and a Lcgisl.i- 
tive Assembly cone'sponeling in its arrangements 
to our House of Commons. The L(‘gislativ(; 
Asse'inhly is e'leedeel by manhood suifrage, or 
hy voters wfio.se* (jiialilieation, so far as profX'i’ty 
is eonce'riU'el. it is not diflie'iilt to obtain ; and 
all vote's are tak'ii hy liallot. 'riie Bill leu' tin; 
founding e)f the' Australian Federation was 
finally ]uissed hy tlu* Imperial Parlianumt in 
1900, and eame into foree, on January 1st, 
1001 . 


('imlinued 
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By CLAYTON 

'T'EA is an infusion of Iho prt‘]»:u(Hl luavus of tho tiM 
* ])]ant, tliu s|)tH‘ies usually (MU]»l<)yo(l lK‘in»: tin* 

77/m chhirnsis and 'J'hm (t.s.saniirtt. It was first mol 
with in China, wtu'n* it is said to liavc* Immmi iisrd 
four (■(.•III urios u.c. It was. howovcr, a very common 
article in the ci^litli cculiiry a.d. Ils introiluctiou 
1o Kuro])C dales from the bcLfinniuij; of the se\«-u 
leeulli eeutury, and the im])Oit into this eounlr\ 
had i>rovvn into cousidt'ra hie maiitiitude hy the 
middle of the eiuhteenth eenl ury. when it iMa-aim* 
(juile. a ireneral he\era»;e. 

Tln^ tea jdanf is a nati\e of (_’hina, and was intro- 
duced into India in I Sol), hut as now urown in India 
if is ijenerally a hybrid nilh I 'hinese varielies. 

'Kea, as il is ]»ul on the market, may he slixided 
into two classes, (he ^^ocen and hlaek leas, d’hi^ 
distinction is based solely on the method of manu- 
facture, and Is i\ot due, as oiitilnally sui>|)o.>ed, to 
a dilfereiiee in tlie tree fiom wliii h the leaves aie 
derived. Itolh ^reen and hlaek leas are ]»rodu'-ed 
m Chin, I, d<i()an, .\ssam, and (.’eylon. .ilthonuli it i', 
usually ailrnilted th.il the best eieeii teas ar(- made 
in ('hina [see .dso paces f!)(i() ami t'.lf'd |. 

Cultivating; the Tea Shrub. The culti- 

v.ded ])lant is a bushy '^hrub, not exceeding I) ft. in 
height, and somewhat resemblinu a I’ortusial laurel, 
iiie leaves slioidd not be plucked when the tree> are 
too youna, otherwise, v\ hen 1 Im‘v eomc! to maliiritv. 
the \ ield is iiiiieh impaired, iiie plan usuallv 
.ulopled is to pluck (he lea\<‘S when (he j»l,uit is 
three years old : the v ield will (hen be about SO I 
of tea per aeie. iiie best v iehU will be olta ned 
fioiu Irees whieh are six or seven 
years old,' when (he yield will 
amount to !V20 lb, ])er acre, ^ , * 

although maximum yields, 
amounting to SOO lb., Iiave been 
oblained in India. .\f(er (he 
eii^hlh year it is preferable l<> 
repl.uit. iiie .seeds ai'e iisiully 
e’athered in October. ab(Mi( a 
year alter (he (lower has faded, 
and are llx-n kept in -and and 
earth until (he follow inu' \laii h. 
f’V (his lime (he will 

have '.germinated, and are leidy 
io' planlin.^ out. Old trees .are 
removMi c'-ery year .and re]ilae<‘d 
by seedlines. In ,-eleetme the 
yoimd, attention slnnild be eiven 
to thoioiieh drainae(‘ .\nd irri'^.i- 
tieOj t(,i- which purpose, a vu'od sinipl> of water 
IS ue.eessary, !n General, hilly districts aie be-t 
ad ipte.l for (he ]mrpose, ,md the soil should be 
a I'cli loam. 

Gathering the Crops. W hether lor ureen 

i‘r black te.i, (he leaves are |»lueked three (m- four 
limes a ye.ir, those lirsi plucked priidueiuLC the bi-.st 
tea. iin* crops aia* elas.sed ai eordiiiLi’ to the .le* ot 
the leaf, and desitrnated aeeordini^ (o tlmir soiiret*. 
Some of th(? mon* im])ortant are Hyson. IVkoe. 
Souehone and Con}.;ou. Hyson is a term applied 
in (iiina to the h'af-lmds and the first leaves ]>ielv( d 
in A]>ril and in.ule into e|r( n tea. Other ureeii 
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variet ie.s are known as “ -.inniiowder, ’ Tankay, and 
Inijierial. Of the hlar-k varieties, I’ekoe re]>resents 
the yoimi^esl leaf and leaf luids iralhered in A])nl. 
Sometimes i( is (l.ivcmred hy (he add i( ion of orane«^ 
and other (lowers, when it i.;o( s by (he name of 
" Oranye Tekoe." diie s.ime term is a]»]>lied in 
.\ssam as in Chin.i. The term Klovvery I’ekoe" is 
also applied to tins el ls';, Soiiehone is ]tln'-ked 
next, and is foliov\e<l hy ConL^on. 

Chinese Methods* d’he m.-mnfaeture of 
iiieen tea ditfers from that of hlaek te.i m that n is 
pre]».ired as ijiiiekly is | os>il)!e from (he fresldy- 
pliieloMl le.ives. wilhoul allowing .any ferment irn^ 
]»roe(‘sses (o set in. Oil the oth-T h.ind, with hlaek 
tea a eeil.im amoiinl of fermentation is emoiir- 
aecd. The pisM es-c- emploved v.iry somewhat in 
dillerent eonntries. but m the e ise of 'jreen te.i (hev 
do not dilTer so intieh. The leives catliered in the 
moi niiiLmn-e 1 realed the - mu* day. The lirsi ]>n)eess 
I'oiisisf.s m -jeainiriir, with siibseipuait divine, 
allhoiieh in liidi.i the -teimin:.' process is usually 
omilled. When dry, 1 he le i v es .u i* roasted that- is 
to say, they ,ire lie i led m p.ms o\ i r t he lire, s( irriiie; 
cold inuously. The lem pia - 1 ( m e should iiol rise 
ibove |(*b' 1 '., .md the pioeess lasts about live to 
seven minutes. 'I’lie leaves, now in a soil, luilpv 
sf.ile, .ire rolled to break (be cells and liberate the 
iroma • (he rolline' o]>eralion is followed liy (Irvimj, 
in (he -iin ; and these proees.ses ;iie icpi'ati'd three 
limes III sueeessioii. and (hen lollowed hv another 
ro.i-tinu, after whiefi (hey .ne sifted and s<*rfed. 
and tinallv ro.is{<‘d .uiam, .ilthoiiLdi (he oril'-r oi 

the Iasi. ( w o operal ion- may he 
. ’ levei-eil. 

j. ^ I In I he < ISC of black le,i, 

i ■ ' alter drviii'.' m (he s ,n and 

; ^ .. r rolliiej, wlnih m.iy he .leeom- 

i plisheil eilher l>v hand or in 

’ ihe lollimj' maehme. i he le.ives, 

. in (he iorm 'd balls, me tell !o 

", • ' termeiit. I' Is ).|()''esS must be 

I pul an ' iid to ,i( I he rieht 

'1 moment in ord-T to obt on (be 

j best re-iiit, md ,( is elVeeled by 

Itr'-akiiej, up tli‘‘ !>.iMs ,md 

i i -prcadiii'j, the leaves in lie- 

: I i sini to dry. ’I’lns is followed 

bv til ini', the leaves beim- 
spread on Iriys wilh /laii/e 

hottoms, heated from under 
ne.ith hy lir hot 

tirini', the leaves aie leady t'>r the maiket 

Tea Cultivation in India and Cey= 
Ion. by fai- the wriMter pr()]>ortion of tea 

imported into (bis eoiiiitry come- from India and 
^ 'eylon, we shill d<‘serihe (he methods I hen 
emploved for eiil I i \ . 1 1 ion md mimdaelure. 

In .\Iar< liie voimi; siioot, with fresh leaves, 
or the first " (lush," is ready for Catherine-. T'Ins 
eonsisl.s of ;i shoot or new yrowfli bearine; the bud 
iind hve or six leaves. The pliu kers i^atber the bud 
with one, (wo. or three leave-, aeeoidinu to the 
(juantity desii-ed. The buds yield the finest tea, 
known as loMeii <.*1 silver tip." The top leal 
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]>rofluccs Orange Pekoe, or, when large, “ Pekoe.” 
'i'ho second or lower leaf also yields Pekoe, bnt, 
when large, I*ekoe Soiiohong (Ohristison). 

'rh(? ]>luek(TS go round the gardens at in1x>rvals of 
iihont a week. It is very im- 
])ortaiit that th(*y should avoid 
gathering h'aves whi(!h are too 
coarse, or uuri})e shoots, 'the 
baskets with the leaves are 
returned as (juiekly as ])Ossible 
to the tea-house. 

Manufacturing Opera« 
tions. These arc as follows 
I sec illustration 1, showing 
plan of an Indian tca-housej ; 

(1) Withering or limjjing ; (2) 
rolling or curling; (3) dry- 
ing or tiring ; (1) separating 
<ir sorting and cutting or 
equalising : (o) linal firing ; 

((>) ])aeking for ex])ort. These 
0 ])erations take together sonic 
22 hours to 2() hours. The 
withering is carried out in 
houses built open at the sides, 
titled with layers of trays or 
racks. The object of withering 
is to remove 20 per cent, to oO 
])er cent, of the water, so that when subjected to 
the ne.vt operation, the rolling, the leaf is sutliciently 
tenacious to stand this somewhat rough treatment. 
The h‘aves arc now taken to the rolling machines. 
I’hesf' are of special eoiistruetion, ami giv(‘, to the 
leaves the necessary twist, at the same, time rolling 
tlumi into balls. The balls aie then l>roken dowai. 

'I'he next process consists in spreading out the 
withered leaves on the eomrete floor of a largo 
eh iml)cr. 'Idic chanibei- is ke]*t dark, and the leaves 
are covered with cloth or muslin saturated with cold 
water. In the course of from two to eight hours 
the so-eallcd fermentation ]»roe(‘ss is eornjih'te. 

'I’hey tlum j).iss tx) cooling and oxidising luaeliiues, 
in which they are 
sjiread out on wire- 
gauze covered tables, 
tlirough which a cur- 
rent of air is drawn. 

Methods of 
Firing, They are 
now taken to the tea 
<irv*ng and tirin 
Tiiachines. Tn large 
I'aetories this is best 
a com])lished in 
t h ree st a ges. I n t he 
lirst. stage the leaf is 
passed q u i e k 1 y 
tluauigh an auto- 
matic machine which 
iinim‘diatoly cheeks 
th(‘ fermentation by 
exjiosing the leaves 
to a temperature ot 
;I0() F. 'I'he elTeet of 
this is to turn them 
darker in colour, 
and they h'.a\e the 
machine half dried. 

The sr’icond is a 
similar automatic 
drying machine, the toiqjcrat are of which is 20()'-’ F., 
and on leaving tliis machine the leaves are almost 
dry. The third stage is accom|)lisht‘d in a. machine 
under control, so that the operation may be carc- 
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fully watched. The object of the process is to 
drive off the moisture as completely as possible 
without losing the essential oils. 

The roasted leaves are next picked over by hand 
and t.h(^n passed thi’ough a 
Jiiechanical sorting machint^ 
to remove foreign matter, 
stones, dust, etc. The leaves 
then ])ass to circular or revolv 
iiig sieves lilted with wire of 
ditferentmesh, so as toseparaU; 
the loaves into two or three 
(pialitics. The general prin- 
ci})lc of the machine is similar 
to one which has been already 
described (see Milli.no, page 
.‘lUTllj. The ditferent ])roduets 
arc now subjected to a final 
firing to remove any residue 
of moisture, after which they 
are ready for packing. 

Chemistry of Tea, 'Hie 
aroma of tea is dtie to small 
of volatile oil not 
I IMU- cent, of the 
The. ])e(Mdiar 
])hysiological action is due to 
a sul)stane(' formerly termed 
“ theine,’’ but now vnerally krjowri ms “italTeine,” as 
it liMs been found to be den(i(;al with thc! alkaloid 
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obtaine<l fi'om eolfee. Teas also contain a eon- 
siderab’e (piaiitity of tannin, averaging from 10 per 
e(‘nt to 20 peu* etuit. 
riie iui))lie analyst is 
not often called upon 
to examine teas, as 
all that is im|)ort(Ml 
into tJiis country is 
examined by the 
Customs authoriti«‘s, 
and rejeel(‘d if found 
to ho adulterated. 

The proportions of 
essential oil, catfeine, 
and tannin vary eon- 
siderahly, and tlu're 
is also a distinctiou 
betw'oen the quan- 
tities in green and 
black teas. 

A great number 
of analyses have 
bt;en made on tea 
by dilTerent authori- 
ties. Thc table given 
above, obtained by 
a .Tapaneso ehemisC 
will give some idea 
of the elTeet of eon 
stituents on the 
original leaves when converted into green and 
black tea.. 

Tn the above figures it will bo seen that the oou- 
stituent most affected by the process of manufacture 
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beans are the raw material for the manufacture of 
chocolate, ooooa, and various sweetmeats. 

Manufacturing Chocolate. The manu- 
facture of chocolate comprises the following 
operations (Zipperer): (1) Storing, cleansing, and 
sorting; (2) roasting; (3) crushing, shelling, and 
removing radicles ; (4) mixing the different kinds 
of beans ; (6) grinding the beans until they yield 
a homogeneous pasty mass when warmed ; (6) the 
incorporation of sugar and spices with the liquefied 
cocoa mass ; (7) trituration by rollers ; (8) extrac- 
tion of air and division and moulding ; (9) cooling 
the finished chocolate. 

In general chocolate may bo defined as a mixture 
of pure cocoa (free from shell or germ) and sugar. 
W'itn the addition of cocoa butter, spices, vanilla, 
or other flavouring as required. 

The beans are first cleaned or roughly sifted, so 
that the dirt and flat beans are separated out. 
A cocoa-bean cleaning machine may bo used, and 
the clean beans arc delivered on to a travelling web, 
and any stones or foreign substances which have 
passed the machine, being about the same size or 
larger than the beans, are picked out by hand. 

Roasting Cocoa»beans. The picked 
beans are next roasted for the purpose of developing 
the aroma, gelatinising the starch granules, and 
rendering the husk or shell brittle so that it is more 
readily removed; at the same time the astrin- 
gcncy is largely got rid of. The plant usually em- 
ployed consists of a roasting drum similar to that 
used for coffee, but the temperature required is 
lower, and should not exceed 130° C. to 140° C. 

The illustration [2] represents a gas cocoa-roaster. 
The revolving drum is heated externally, and the 
gas is mixed with heated air to render the combus- 
tion more complete. The beans are fed through 
the hopper at the end, and the inside of the drum 
is fitted with helical blades to ensure the beans 
being turned over and fed constantly to the centre. 
The heated gases and steam from the beans escape 
through the hollow shaft of the trunnion of the 
bearing. 

Separation of Husk and Germ. After 
roasting, the beans are delivered into a cooler below, 
the bottom of which is provided with a perforated 
plate so that air can be drawn through the beans 
by means of a fan. When sufficiently cooled, the 
beans are treated to separate the husk or shell and 
germ from the particles of kernel. For this purpose 
they ai*e crushed, keeping the pieces of shell as 
large as possible as this facilitates subsequent 
separation. The cocoa nibbing, husking, winnowing, 
and germ-extracting machine is shown in 3. At 
tlic bottom of the hopy)er is a “ nibber,” with two 
pairs of rollers (seen on the right-hand side of the 
figure) to crack the beans, which arc then taken uj) 
by the elevator and delivered into a revolving drum 
made up of six different sections of perforated 
metal, each of which is somewhat coarser than the 
last. Each section is provided with a fan which blows 
away the particles of shell, leaving the clean cocoa- 
nibs to fall upon inclined sheets flttal to each section. 
As a small amount of nib may be carried over with 
the shell, an intermediate chamber is provided, into 
which it falls, most of the lighter husk being carried 
beyond. This chamber is fitted with a worm so 
that the mixture of nib and shell is returned to the 
hopper for treatment over again. About the centre 
of the drum the perforations are of such a size that 


medium-sized-nibs and germ pass through together. 
They are conducted to inclined sieves and a perforated 
drum, by means of which the germ is removed 
much in the same way as cockle is taken out o! 
wheat [see Milling, page 3080]. Here it is the par- 
ticles of kernel lodge in the hollows of the walls of 
the cylinder, while the germ passes off as tailings. 

Grinding and Refining Machines. For 
whatever purpose the cocoa is required it is essential 
that it should be finely ground. For this purpose 
the French form of mill, consisting of two stones, 
a bed-stone and a runner on a vertical axis, is usually 
employed. The action of this form of mill has been 
described in Paints and Polishes [page 6142]. 
Figiue 4 shows a double stone cocoa-grinding mill. 

The cocoa, which is fed into the middle, leaves the 
stones in a semi-liquid condition. The ground cocoa 
is not heated until it is liquid, when it is transferred 
to a melangenr or to a mixing and kneading machine, 
w'here the necessary sugar and spices are added. 

The stiff paste is then passed through chocolate 
refiners. Thase are built either with inclined rolls 
or are upright machines with rolls superimposed. 
Two iii)right refiners are shown [6] coupled togetlier 
to form a battery. The refining proce,ss reduces 
the chocolate to a smooth condition ; it is then 
usually stored in blocks for some time in a dry room. 
Illustrations 2 to 5 are from phot( graphs of machines 
constructed by Messrs. Joseph Baker <Sr Sons. Ltd. 

For conversion into tablets it is mixed or kneaded 
as required and passed through a weighing machine, 
which also compresses it- and extracts any air, and 
thence to moulcls. For certain kinds of chocolate, 
esj^ecially if larger quantities of sugar are added, 
an addition of c.ocoa butter is mtulo; but for some 
cheap ordinary chocolate this is replaced by a ehcay)er 
vegetable butter such as coco-nut fat, and the outer 
shell or husk of the bean, representing 20 i)er cent, by 
weight of the whole, is also ground up and utilised. 
Milk chocolate contains a largo yHOportion of con 
oentrated milk, and a smaller proportion of cocoa. 

Cocoa Powder. For use .as the beverage 
commonly known ns cocoa or “ soluble ” cocoa, the 
preliminary processes are carried out as we have 
already described ; but at some stage the material 
is treated with weak alkalies, such as carbonate of 
soda, potash, or ammonia, and heated, the effect of 
which is to modify the cellular matter or saponify 
part of the cocoa butt-er in such a manner that, on 
mixing with hot water, the cocoa remains suspended 
instead of settling at once (so-called Dutch process). 

Some English manufacturers, however, do not 
use alkali and yet are able to obtain a cocoa quite 
as soluble as with the Dutch process, but perhaps 
somewhat lighter in colour, the effect of the alkali 
being to darken the cocoa when in the cup. French 
makers are not allowed to use alkali. It is also 
necessary to remove a birge proportion of the oily 
or fatty matter contained in cocoa — namely, the 
cocoa butter. This is carried out after roasting 
by hydraulic presses. Altogether the cocoa butter 
forms about half the weight o! the seed. It is a 
white solid fat which melts at the low temperature 
of 30° C., a little below the normal temperature of 
the body. 

Cocoa contains an alkaloid, theobromine, which 
is a characteristic and important constituent. It 
is chemicallv closely allied to caffeine, but its 
physiological action is stronger. 

The amount of theobromine is usually about 
IJ per cent. 
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By CLAYTON BEADLE & HENRY P. STEVENS 
ENVELOPE MANUFACTURE 


Envelopes first earnc into general use with the 
introduction of the j)enny ])repaid postage system 
in or about the year 1840. Prior to this ])eriod the 
written documents were folded and sealed, but 
with the introduction of tlu* aforementioned 
prepaid iwstage system this method was found 
unsuitable and inadecpiate, and the envelojK* 
was invented and brought into general use. At this 
time envclo{)es were made by hand throughout, but 
as the demand increased, machinery was brought 
into use, an 1 very f(iw envelojies now are made by 
hand, only the very best envelopes, and those of 
an unusual size, being made in this way. Enveloj)e 
manufacture bj^ machinery may be classified under 
three headings — naaiely, cutting or punching, 
giimniing of the sealing flap, and folding. 

Punching or Cutting. For this a ( utter 
or die [45] is used of the shape cw outline of the 
envelope when it is in the ‘ blank” — that is before 
it is folded. Tliis eiitter is made of tlie best steel, 
and is usually 1 J in. to 2[ in. deejj. The ]>a]H'r out 
of which the envelopes are cut is iilaced in a ])ile 
of suitable height on the bed or lower platen of a 
specially constructed machine known as a ])un'‘h!ng 
or ciivclopc cutting inach n • [461. cutler is 

then ])lac(!d ujion the [»apor, and the top ])laleii is 
clamped down on to the cutter; this sets the driving 
gear into motion, and the cut takes place, tlu* top 
platen is released, automatically opened, and the 
machine stopped, ready for ]>lacing the cutter 
in position for the next cut, the entire o^icralion 
occupying but throe seconds. 

Gumming of Sealing Flaps. The blanks 
are then taken (o flic gumming macliim* |47J for 
gumming the top or “scaling” flap 
of the envelopes. A pile of blanks 
(about 4 in. high for thin paper, and 
b in. high for thick ipialities) is ])laccd 
oil tlie feeding talile of 1’ c machine. 

The blanks arc llien cari ied round a 
drum, Ix'ing held in ])osition by means 
of tape under the gum iiua-, them.*e over 
the drying ])lates, under which gas 
jets are burning, and are delivered on 
the 'olleeting table at the other end 
of the iriachine. The pressure of tlu* 
gas can be adjusted accoiding to the thickness and 
quality of pajier used. This machine will auto- 
ma»ically gum, dry, and deliver envelopes at the 
rate of 20,000 per hour at an inclusive cost of less 
than a farthing per thousand. One of these 
niachines is sufficient to keep six folding machines 
employed. 

Folding. The blanks are then taken to'the fokl- 
ing machine [48]. The machine as illustrated is 
the well-known “Reay” machine, as used by the 
Stationery Department of the (General Post Office. 
With this machine the feeding, creasing, folding, 
delivering, and collecting of the envclo|X!s are per- 
formed with the aid of but one attendant, who has 
ample time to band the envelopes so produced. 'Fhc 
attendant sits down in front of the iiiachiiic and 
places in the proi>er receptacle a number of blanks, 


the number being regulated by the substance of the 
paper. The blanks arc conveyed singly by pickers 
(the pickers also gumming the bottom flap of the 
envelojio) to the ercasing box. After having been 
creased, tiui envelopes arc, by a double action 
of the plungers, securely and correctly fastened at 
the bottom tla]), and folded. After leaving the 
plungers, they are mechanically collected and 
delivered to the attendant for banding. From tho 
time the blanks are delivered to tlu^ maehine till tho 
perfect envcloiic is turned out, the attendant has 
nothing to do with them, thus having ample timo 
to band them u]). 'fliis machine turns out high- 
class envcloj)cs at tlie rate of from 2,000 to 3,&0 
l>cr hour. 

** Leader** Envelope Folding and 
Gumming Machine. This machine |49| com- 
pletely folds and gums envelopes or bags ranging in 
size from the well-known small coloured packet which 
contains garden seeds to the very largo officual end 
and side opening envelopes, used for spetufical ions, 
documents, and the like, at a s|H!ed of from 00 to 
105 per minute. In a factory where this machine is 
installed it is imperative that a platen cutting 
machine is also at work supplying the folding 
nuu hine with the blanks cut to size out of the flat 
reams of pajuu’, a, steel knife or cutter of tho proper 
s!ia])e of the enveloiH' or bag required lx»ing used, 
1 he blanks, when cut, arc pas.sed to the folding 
mathine and iflaeed on the work table in front .’n a 
pile about 0 in. high and automatically lifted off, a 
sheet at a time, as the formed gummer takes them 
off the ])ile, and leaves them on the carrying rails 
to ])'»ss umlerneath tho top plunger, which in turn 
creases them 1hn)ugh a convcniciil sized hox with 
the h)ur side lla]>s turned u)) ready for 
the foldiM's, turning them over and 
closing same into shape. A hinged 
platform instantly falls down, which 
is carried on the main table of machine, 
and allows the folded envelope to fall 
through side guides into the drying 
eliain,' which, at the ])rop<!r time, has 
a ])air of its links in an open position 
to receive the envelope and carry it 
one s])aee along out of the way of tho 
next one following. 

While th( maehine is at work, and the finished 
product gatlioring in front of the attendant, he or 
she is engaged gathering the bundles of envclo])cs, 
— whk h arc counted into 25’s by a counter on tho 
maehine - and placing the band round, the ])ackets 
being the.i laid in a box ready for the packing-room. 

PAPER BAGS 

The manufacture of pa])er bags has during tho 
pasit fifty years tleveloped into a considorablo 
industry. Hand-made bags still survive, but in 
lessening iiroportioii to the ever-increasing bulk of 
the machine-made bag. Paper bags, whether hand 
or machine-made, divide as to form into three main 
classes : (a) The “ plain ’* or “ flat ” bag, made 
like a wheat sack without atUunpt to prepare tho 
bottom for squaring or flattening; (6) the “square,** 
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otherwise “block-bottom” bag, with its bottom 
folded so that on hlling it with little or no assist- 
ance forms itself into a square or oblong square 
package with a flat bottom (the satchel bag is 
also in this class); and (c) the ** conical bag/’ mat 
makes no pretensions to standing on end, but is of 
shajx; that affords ready access to the fingers. 

As regards structural formation, one thickness 
rf paper only is the rule, 
but all are occasionally 
made of two thicknesses 
(lined bags), the outer for 
strength or display, the 
inner often of impervious 
material to retain the aroma 
of the goods or prevent con 
tents exuding, or to protect 
the contents from exterior 
d amj). Further, to separate 
the goods contained from 
contact with a coarse or 
highly-printed or coloured 
wrapi)or, a clean and taste- 
ful lining is often advan- 
tageous. 

Special Require- 
ments. Hand-made bags 
arc now practically confined 
to special I’equirements, 
such as bags of unusual 
size, elaborately printed 
bags, most kinds of lined 
bags, and bags which must 
noVshow certain peculiari- 
ties inherent to machine- 
made bags, or where the 
quantity ordered is small. 

To these must be added the output of firms who, 
by cheap hand labour, struggle to compete with 
machinery. 

Flat “formers” of tin or zinc are used by the 
hand -workers to fold the sheets of which the 
bags are made, and in the case of block- bottom 
bags a hinged flap is sometimes added to assist in 
making the “ diamond” fold of the bottom. In the 
hand-making of self- 
opening satchel bags a 
collapsing “former” is 
used. In some cases the 
bags ai*e made partially 
by machine and par- 
tially by hand, the paper 
being folded and pasted 
by machine into long, 
flat tubes, and by it cut 
into lengths, the bottom 
being formed on these 
lengths by hand. 

Except when they can 
be used without packing 
together for transport, 
bags, whether machine 
or hand-made, are al- 
ways made “ on the 
flat ” — that is, the 
tubular body and the 
bottom are folded in the 
same state in which they arc subsequently packed 
and transported in bulk. All kinds of ^hesives 
axe used in hand and machine work, wheafeu paste 
predominating, dextrins and gums followii^ next. 

Continuous 6 Intermittent Machines. 
Paper-bag machines may be divided into thfee main 
types. Class I. cornprisei high-speed, continuous 
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action machines, prodwemg flat, often called plain 
bags [ 50 ], satchel bags (simple style), satchel bags 
(compound style) in dl thickness papers, and oblong 
block-bottom bags in medium ana thick papers ; 
also conical bags (all thicknesses). The speeds of 
these machines on medium-sized bags range from 
120 to 200 per minute, small bags still faster, conical 
bags onc-third slower. These machines always draw 
their supply of paper from 
a web of paper of suitable 
width wound into a roll. 
The usual maximum size, 
for ordinary bags in this 
country is about 12 in. 
wide by 19 in. long, flat 
make, or its equivalent 
capacity in other shapes; 
but in the United States 
and Canada bags of double 
this size are met with. 
Conical bags are seldom 
used to contain more than 
lb. of goods. Millinery 
ags are made up to 22 in. 
wide and of proportionate 
length. 

Clr.si II. comprises inter- 
mittent action machines, of 
the square block-bottom 
[52], oblong block-bottom 
[ 51 ], and one kind of 
triangular bag [see 50 ], 
drawing, as in Class 1., 
their supply from the web, 
but stopi)ing the bag blank 
one or more times during 
the process of manufacture, 
while the bag blank is cut off from the web, 
the “ bottom ” folded, etc. 

The speed on medium-sized bags varies from 
35 to 60 per minute. The usual maximum size is 
the same as in Class 1. The formation of these bags 
is almost exactly similar to hand work, an expert 
being required to point out the differences, which 
appeal more to fancy than utility. 

Class III. are machines 
which make from the 
sheet. A few hand-fctl 
machines for making 
large flat millinery 
bags are used, with 
indifferent commercial 
success ; 20 to 25 per 
minute is their usual 
speed. These machines 
much resemble an 
ordinary folding ma 
chine, with pasting 
arrangements added. A 
more numerous class 
make the huge quan- 
tities of block- bottom 
bags required by the 
firms packing powder 
and grain goods. Thesj 
machines automatically 
pick the sheet from 
the pile by suction or by an adhesive arrange 
nient, fold it into a bag on a block, and deliver 
it, distended, fit for removal to the packing 
room. They are necessarily operated by the firms 
themselves in the same factory in which the 
bags are used, bo.muse it would be impossible to 
transport the distended bags any distance. The 
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machines are slow (25 to 35 per minute), but the 
advantage of being able to use printed blanks, and 
the bags being distended ready for filling, conii>en- 
sate for their complexity and slowness. 

A few machines are in operation automatically 
“ working from the sheet,” which make both “ plain” 
and “ block- bottom ” bags ” in the flat,” but they 
are confined to largo quantities of 
the same size of bag — nothing 
sufficiently universal and useful 
to the ordinary bag-maker seems 
as yet possible in this kind of 
machine. 

The folding of the bottom of 
a block- bottom bag is legim by 
means of what is (;alled the 
diamond fold — that is, the flat 
tube of the bag is pulled into a 
diamond, usually lengthwise, of 
the bag. The two V ends are then 
folded inwards to complete the 
bottom. The V in oblong bags has 
a fiat point. As in continuous 
action machines, the block l)ottoiu 
is always oblong, one of the V’s lias 
frequently a projection tmt from 
the preceding bag in order to make 
the final seal of the pasting of the 
bottom. Many i)eculiar kinds of bag bottoms and 
bag 8ha])es arc occasionally met with, nmdering 
bag-making an interesting study. 

Pasting Machine-made Bags. The ]>ast- 
ing of all maehine-madc bags varies slightly from 
handwork pasting. All high-speed eontiriiious action 
machines “ work from the wob,” which is first 
])fisted on one edge, hol- 
lowed into a U-shape, 
them closed over, and tlu^ 
edges lapped and stuck 
to form a flat tube. This 
tube is subsequently cut 
, by clifrering devices into 
‘‘ bag lengths,” and the 
bottom formed on one 
eml of them. A fi*w 
machines for very large 
])lain bags work with two 
webs of ])aper instead of 
folding the tube from a 
•single web, the edge^s of 
one of the webs being 
hemmed over, and ])askHl 
to receive and join to 
the covering web, the 
other oiJCrations being 
as lisual. 

Aiiother machine hems 
and pa stes the edges of 
a single wob, cuts off a 
length double that of the 
bag, and then “dips” 
or doubles that length 
at its centre, the two 
hemmed edges coming 
together and forming 
a complete bag with the 
fold of the bottom. 

Drying. Bags from higU-S|)eed machines arc 
discharged from the machine to a drying device, 
usually a steam or gas-heated wheel or cylinder, 
where any paste which has exuded to the surface 
is dried, and the bags are thus prevented from stick- 
mg together when piled. The hot cylinders also 
press the bags, give them a neat finish, and greatly 
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facilitate the thorough final drying. If a printing 
device is used, the regular delivery from the bag- 
forming apparatus is used for feeding the bags 
correctly to it. 

The best conical hags made on continuous action 
high-speed machines are of kite shape when flat 
[see 60J. This sha|)e is a very convenient one to the 
shopkcejjer. These bags can bo 
printed iinmediMtely after dis- 
charge from the hag-forming 
portion of the machine, no drying 
cylinder bein j; required. 

Intermittent action web machines 
also draw from the roll, and in .some 
instances tube it while being drawn 
to the cutting and bottom folding 
device. Others sim ply cut a sheet off 
the end of the web, and fold it over 
sideways before forming the bottom. 

Printing Bags. The best 
class of printed bags, especially 
those printed on both sides, an? 
usually printed “ in the sheet.” 
and then hand-folded, unless mad * 
into the (listenderl bags befon? 
alluded to, in which case it is possibb^ 
to fold them by machine. When 
hand-making is adopted, bags that 
arc printed are always treated *“ in the sheet.” 

Plain bags and simple satchel bags can b» readily 
and cheaply ])rinted on )ne side at formation by 
an automatic ])rinting <Hdce attachable to the 
bag machine^ the other idc l)eing printed subse- 
quently by ordinary ])ro( 

Block-botto.u bags annot be satisfactorily 
printed after formation, 
as the fold of the bottom 
covers nmch of the lower 
part of the face of the 
l)ag, and limits tlie s])aee 
available for imprint ; 
even when the trouble 
is taken to throw the 
bottom back too mucli 
space is lost. Tlic d<‘- 
livery also from the 
machine making them 
is not so regular as with 
the plain and satchel 
machine. 

Preventing the 
" Set-off.” Many at 
tempts have been made 
to print the web from 
whieli the bag is formed 
either in the bag maelnm' 
i I self or in the roll pre- 
viously, but with in 
diflcreiit success. The 
bag and the imprint may 
be made to “ register,'’ 
but there is great diffi- 
culty in preventing the 
“ set-off ” from the im- 
print depositing itself on 
the rollers of the bag 
machine, which in turn 
re-deposit the ink they rob from the imprint of tlio 
bag on to parts of the bag which ought to be free from 
ink. By disposing the imprint so as to miss the draw 
and holding rollers of the bag machine, this may bo 
obviated, but such limit of imprint is unsatisfactory. 
The imprint on a bag requires to fx? fidl and heavy, 
so as to give good “ display.” This, of course, 
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APPLIED CHEMISTRY 

“ seta off * easily — not as in newspaper printing, 
where the ink used is comparatively a mere trace. 
Even if the roll of paper from which the hags are 
made is printed months before the bags are made, 
the ink does not harden sufficiently not to give 
much trouble. This “ set off ” trouble prevents the 
immediately consecutive printing of the bags 
(“ perfecting,” as it is called) immediately at their 
discharge from the bag-forming portion of the 
machine. 

PAPER BOX-MAKING 

In making cardboard boxes, several different 
kinds of boards are used. The cheapest and that 
most generally used is strawboard. Another board 
largely used is wood pulp, made from wood in 
Scandinavia, Canada, and Finland. Leather board 
is used in wire-stitched and 
metal - cornered boxes when 
great strength is required. This 
board is made in Finland and 
Scandinavia. 

The first process with a Johns, 

Son, & Watts plant is cutting 
the boards into pieces of the 
size required. This is done by 
passing them between two 
rollers, the upper roller being 
fitted with circular knives. 

Some of these are adjusted so 
that the board is only partly 
cut through, or, as it is called, 

“ scored.” The boards then 
pass through a second time at 
a right angle to the first, and 
are similarly cut and scored, 
the double process leaving the 
board in pieces, as at A in 55, the 
dotted lines representing scored 
marks. These pieces are put 
in numbers before taking out the 
corners. B and C snow the 
appearance after the corners 
are removed. In 55, D shows 
the appearance of the board 
when bent along the scored 
lines. 

This process takes place only 
with shallow boxes, tho deeper 
boxes being made in three 
pieces to save material. Tlie 
body of the box in one piece 
f D] and the ends separate [E]. 

The ends are then attached to 
the box by means of tho strong paper or calico [F]. 

On completion of process B, tho box is in the 
flat, ready to be bent up along the score marks, and 
joined at the corners with calico or paper, according 
to the strength required. The covering is next put on 
after having been cut by a guillotine into pieces 
tho size required. 

An endless band revolves down the centre of the 
work-table. At one end a girl glues tho papers on a 
roller, places them on the band, to be taken off by 
the worker who requires them, as they pass, and put 
them on the boxes. 

The larger quantities of boxes, however, ore joined 
up and covered by machinery. The box is bent up 
into ])osition, and each corner in turn held on an 
anvil, the joining-up material being affixed by 
means of a plunger, which cuts the material off the 
required length in the fixing. The box is now placed 
on another machine on a block, which can be 
adjusted to the size of box required. 
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On this machine a roll of paper out to the width 
desired is passed over a glued roller and the end 
stuck to the box. The block revolves, gluing 
the paper to the box as it does so, and at the 
completion of tho revolution the paper is cut 
automatioally. 

Fancy boxes are made entirely by hand, and are 
covered with artistically designed pa^rs, or some 
material, such as silk, satin, or plush, and hand- 
painted, and decorated with metal to give a very 
pleasing effect. 

These are used for the sale of higher class con- 
fectionery, handkerchiefs, gloves, etc., and for 
presentation caskets at C ity dinners and such occa- 
sions. To improve tho appearance of the straw- 
board, a white or coloured enamelled paper is 
affixed, thus ensuring a clean and smooth surface. 

Large numbers of folding 
boxes or packets are made ; 
these are more convenient 
for many purposes than the 
ordinary box, being cheaper 
and taking up less room for 
storage. A stronger board has 
8'^motinR’s to be used, and if 
strawboard is recjuired, a strong 
paper lining is put on the board 
to prevent cracking. A strong 
manilla board is commonly used. 
This tyjMJ of box has a large 
consumption among chemists, 
soap-makers, tobacco maim 
facturers, etc. The wire-stitched 
and metal- cornered boxes are 
used by milliners, drapers, 
tailors, and for postal purposes. 
Tho metal corners have serra- 
tions or teeth that grip inlo 
the board, and a box made in 
this way will sustain very great 
pressure. 

(Cardboard rolls for 2 >ostal 
and other puriioses are made 
of common strawboard, hy 
coating one surface with glue 
and rolling on a mandrel in con 
tact with a revolving cylinder, 
which exerts great pressure, 
making a very firm and soli<l 
roll. Fluted and corrugated 
packing paper is prejiared from 
strawboard by passing one 
portion between fluted rollers, 
whence it emerges in corrugated 
form. It then comes into contact with and is 
glued on to a thin strawboard. 

SOLVENTS FOR FIBRES 

An important industrial application of a solvent 
for cellulose, or a profound change as tho result of 
chemical treatment upon cotton and other vegetable 
fibres may be said to date from tho discovery of 
parchment paper. This tho student can produce 
for himself in the laboratory by taking filter paper 
and plunging it under sulphuric acid previously 
diluted with from 20 per cent, to 26 per cent, of 
its volume of water and cooled. The paper becomes 
transparent and swells up, and the fibres become 
gelatinised and would, if left in the acid, go into 
solution. At on early stage, however, the paper if« 
removed, thoroughly washed free from acid ami 
dried. The resulting product is a hard parchment - 
like material which retains its strength on wetting- 
This product is produced on a largo scale by 
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passing a continuous web of water leaf pa])er 
through a bath, which can be lend -lined, but is 
preferably of glass or porcelain. This bath contains 
the acid. The web then passes through a succession 
of baths containing water, which removes the acid. 
The first washings are recovered by concentration, 
the later ones are run to waste. The last bath 
may contain a little ammonia to neutralise the 
last traces of acid. The above 
parchmentising effect is not really a 
solvent action but a gelatinising or 
liyd rating effect, the 
gelatinised fibres gluing 
themselves together with 
their own substances on 
drying. 

Cupramonium as 
Paper Solvent. This 
is prepared according to 
the patent of D. C. R. 

Alder Wright (737, 188.3). 

Towers about 12 ft. high are arranged so that a 
current of air can be successively blown through 
them. They are filled with fragments of copper 
turnings or crumpled up sheet and ammonia solu- 
tion. The air passing through oxidises the copf»or, 
which is dissolved in the ammonia, producing a 
blue solution. A good commercial result is got 
from 100 lb. to 150 lb. 
of ammonia, and 20 lb. 
to 25 lb. of copper arc 
contained in 100 gallons 
of the solvent. The 
student can prepare 
some of this solvent 
in the laboratory by 
pouring am m o n i a 
repeatedly through a 
funnel containing 
copper filings. If, at 
the same time, some 
cotton -wool is present, 
he obtains a cupra- 
inonium solution of 
cellulose. 

Willesden Paper. This is prepared single 
ply by passing a continuous web through a bath of 
the above solvent and drying off the ammonia, or a 
welded material of several ply is obtained by amalga- 
mating several thicknesses. Thus, if two or more 
sheets of paper are dipped into the bath and pressed 
together while the surface is still in a gelatinous 
state, they produce one 
compact mass. In order to 
recover the ammonia the 
l>a})er or fabric is dried in 
closed chambers, the am- 
monia vapour from which 
is recovered. The paper is 
strong, durable, rot-proof, 
and less inflammable than 
ordinary paper. It has a 
pale greenish or bluish 
colour duo to the pres- 
ence of copper, which, 
however, can oe rendered 
colourless or nearly so by substituting zinc for 
copper. 

Viscose. Cross, Be van, and Beadle discovered 
that vegetable fibres could be rendered soluble by 
treating successively with strong alkalies and 
carlx>n bisulphite. This was patented in 1892, 
which patent has formed the nucleus of some very 
important commercial developments. Various 


classes of raw material can be used, such a.s rag, 
beaten to pulp and pressed into cakes, waste fibres 
from paper-mills, chemical wood pulp, but in the 
laboratory one can use either cotton-wool or, better 
still, pure filter paper. 

The Mercerising Process. The first 
process is known as “ mercerisation,” and in some 
cases is worked as follows ; Well beaten ]>apor pulp 
from rags or chemical wood is pressed to cakes 
containing 50 per cent, of moisture. Thc.so are 
thrown into an edge runner, ground up, and to the 
mass is added a strong 
caustic soda solution. 
This causes the fibres to 
swell up like so many 
snow’tlakcs, d\ie to the 
action of the strong soda 
upon the cellulose, re- 
sulting in the formation 
of a chemical compound 
known a.s alkali cellu- 
lose. The discovery of mercerisation is an old one. 
due to Mercer, and has recently been made use of 
in connection with tlie textile industry; but its 
application in this manner as a stage in the pro 
duction of a solution of cellulose was unknown u]) 
to the time of the discovery of viscose. 

Making Fibres Soluble in Water. The 
mercerised product, 
called often alkali 
all' lose, is ])ut into 
convenient receptacles, 
where it is stored at 
a certain temperature 
away from the air. 
When of the right 
degree of “ripening” 
it is transferred to re- 
volving tubs or jars to 
which is added carbon 
bisulphite, and at a 
given temperature the 
alkali cellulose and bi 
sulphite interact, giving 
rise to a product known 
as allvloftc thiocarhonatc. The original mass from 
being fibrous and spongy changes gradually to 
sticky, buttery fragments of a bright yellow 
colour. This , miws, if incor])orated with water, 
produces a solution of cellulose thioenrbonate of 
about the consistency of molasses, but varying in 
colour from that of golden .syrup to molasses, 
according to the manner 
in which it has been pre- 
pared, and the puri>osc for 
which it is intended. The 
above description may 
sound simple enough, but 
the various stages are far 
more complex in com- 
mercial practice. Thus, 
the exact kind of raw 
material used, its mechani- 
cal treatment, the exact 
proportions of the ingre- 
dients, the temperature 
and the time allowed between each stage are all 
factors which have to be studied and controlled 
to suit the purpose for which the soluble mass is 
to be applied ; and it is of absolute hnportance that 
such details should. be minutely studied. Books 
have already been written dealing with this one 
product, and an examination of the Patent Office 
records shows the number of patents from time to 
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time taken out covering its various applications 
and modes of j)reparation. 

To this solution the name of “ viscose” is given 
on account of its extremely viscous qualities, 
which c m be varied almost indefinitely according 
to details of manufacture. Viscose, if stored, 
undergoes changes; in fact, the solution i^ under- 
going a cycle of molecular changes 
from the moment of its forma- 
tion. It ultimately coagulates to 
a gelatinous or rubbery mass. 

On immersing in water, and by 
occasionally changing the water, 
the rubbery mass is deprived of its 
chemical by-products, leaving a 
cellulose jelly (hydrate of cellulose). 

This, on drying down by exposure 
to the air (dehydration), becomes 
a hard, horny mass (regenerated 
cellulose), to which the name 
viscoii IS given. 

Coagulation. The coagula- 
tion is accelerated by heat. Thus, if a thin varnish 
of the viscose on glnss be placed in an oven, in a few 
minutes it will be dry and coagulate. On plunging 
this under cold water, a film is procured, which, on 
drying and pressing, is not unlike a collodion film 
in appearance, but it softens more in water. 

I’he viscose solution can be used for impregnating 
cloth, paper, webbing and 
various articles. On drying 
down, these products are 
stiffened or sized and in 
some cases found to possess 
waterproof qualities. One 
great fascination about 
this product is its protean 
qnaliti(*..«, which are con- 
trollable by a variation of 
the conditions under which 
it is manufactured. This 
makes the product an 
interesting, although a 
difficult, study. 

Dissolved cotton as visco.se can be thrown down 
from its solution by diluting, warming and agitating. 
The flocculont mass of <!olhiIose bo produced is 
washed, chemi<rally })urified and dried as to a 
powder. Viscose has been worked in a plastic as 
well as a li({uid condition by suitable machinery, 
when it is capable of in- 
corporation with various 
])lfistic and mineral ])ro- 
diicts, as by the method of 
incorporation patented by 
Beadle. The resulting mass 
when finished is capable of 
conversion into articles rc- 
seinbling in appearance 
those made from ebonite, 
celluloid, vulcanite, ebony, 
etc. 

Viscose Artificial 
SilK, or Lustra Cel» 
lulose. In 1894 Steam 
projected a solution of 
viscose through a small 
orifice into a precipitating or setting solution, 
which converted the liquid into a solid filament. 
Vi.scose has the peculiar property of being solidi- 
fied by such substances as brine, sulphate of 
ammonia, etc., so that if a thin thread of liquid 
be projected into a bath of such solution, it 
becomes a .solid thread. Products of this nature 
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6. SPINNING BOX 


when finished to resemble silk, are called Imtra 
cellulose. 

Improvements were made by Topham for filtering 
the solution by passing it through various filtering 
media to deprive it of every particle of dirt or fibre, 
the plant being so arrang^ that every particle 
of air is eliminated [67]. This is absolutely neces- 
sary, or the nozzles would other- 
wise get blocked and the thrcails 
broken. The manner of manipu- 
lation now is that a number of 
threads, jxjrhaps 12 at a time, are 
drawn through a perforated plate, 
immersed in the setting solution 
[B 67], then over a pulley, and 
then are twisted together by an 
ingenious spinning contrivance 
[E 57 and 53], where centrifugal 
force is taken advantage of in 
giving the filaments a pull and 
a twist; the Ihreul is lad rs an 
annular which is periodi 

cally removed from the box. 

In the proiuct'on of art'fi"*al silk absolute 
cont~ol in every respect was found to be essential. 
Thus, the rate of flow had to be automaticall\ 
regulated. This is done by a glass valve fitting 
a tu!)c [C 57], and floating in the solution 
and covered on it.s surface with veins or 8])iral 

, grooves, through which 

the .solution lind.s its way. 
causes the valve to rotate, 
and by the |M)sition of the 
float, the suf)ply is auto 
matically controlled, ami 
delivered in a regular 
stream from the pumf) to 
the K(|uirting nozzles, This 
valve can be set to alter 
its delivery according to 
re(jiiirenients. 

Important impro ve ■ 
ments rapidly followed in 
all stages, including the 
preparation of the viscose, dissolving, agitating, 
stirring, spinning, precipitating, and in the subsev 
quent treatment of steaming, washing, purifying, 
bleaching, drying, etc. 

Care Reauired in Spinning. It will 
readily be realised that the diameter of filament 
is dependent upon the pull or “ draft ” from tli(‘ 
squirting nozzle in relation to the amount of 
solution passing through 
the fine orifices, and that 
this has more to do with 
the fineness of the thread 
than the actual diameter 
of the holes through whicli 
it passes. The lustre, feel, 
elasticity, and physical 
< qualities generally, are 

affected and controlled by 
such considerations. But 
apiut from these, and the 
chemical and physical quali- 
ties of the liquid viscose, the 
processes that follow the 
first formation of the thread produce profound 
modifications, such as stretching whil? steaming 
and drying under tension are important in theii* 
influences. The appearance of viscose filaments 
under the microscope affords useful data, and 
throws light upon the more exact manner of its 
formation. The tendency is to the formation of 
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tubf^f with a fine capillary hole through the centre. 
The viscous filament, immediately on its first contact 
with the precipitating c»r setting agent, naturally 
sets on the outside. When dehydration takes place, 
the plastic interior accommodates itself to tho rigid 
exterior, hence a hollow thread is produced, unless 
the same is microscopically fine. A pull exerted 
upon tho thread whil3 it is in a scmi-plastic con- 
dition — thnt is, before it is rendered insoluble by 
steaming — will greatly lengthen it, at the ex|)cnse of 
its diameter. This is the more readily understood 
with a hollow tube, hence the diameter may be much 
diminished by increasing tho pull while the supply 
to the squirting nozzles is kept stationary. 

Viscose Filaments. The tilamcnta are not 
necessarily circular ; in fact, magnified sections show 
them to be angular, due, no doubt, to their conhict one 
with another while still in a mouldable condition. 
Exactly the same influences are at work in a state of 
Nature, as with flax and esparto fibres. When a bundle 
of fibres are pressed evenly together, either by reason 
of their internal growth and expansion or pressure 
upon them exert^ laterally, 
the tendency is to the forma- 
tion of tubes, hexagon in sec- 
tion. ^team confined his 
attention to the problem of 
rendering viscose a homo- 
geneous product, discover- 
ing a suitable precipitant 
that would enable the spin- 
ning to be done at a high 
speed, and investigating the 
physical changes that oc- 
curred during the ripening, 
and to devising mechanical 
appliances for producing a 
uniform product. 

In the course of develop- 
ment it became manifest 
that careful preparation of 
tho solution was of para- 
mount importance. This had 
to be attended to at every 
stage, and there is as muon 
science and skill needed to 
accomplish this as is neces- 
sary in the brewing industry, 
perhaps even more so. 

Ageing. We have al- 
ready stated that tho viscose 
solution is undergoing mole- 
cular changes from its very 
inception to the time of its coagulation. For spinning, 
the solution has to undergo a process of “ ageing,” 
and further chemical treatment, and at the right 
stage it is spun so that the filament becomes coagu- 
lated or solidified whUe stiU in a soluble condition, and 
is subsequently rendered insoluble. This important 
advance we owe to Steam. Viscose silk [58J is now 
prepared in largo quantities. It possesses the most 
beautiful lustre and excellent qualities for spinning 
and weaving. It takes colours ei ther by adding t lu so 
to the original solution or by dyeing the t anks or ske ns 
in suitable dye-baths. Its silky sheen or gloss results 
largely from tho manner in which it is dried. Ita 
physical qualities in comparison with those of real 
silk and other artificial silks, have from time to time 
been referred to in technical and scientific journals. 

Very much coatBsr filaments can be produced 
from viBcose containing hair and fine gut. 

The actual production of factories for artificial 
silk was estimated (1904) at about l,r>00,000 kilos, 
Paper-making concluded ; 
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equal to 6 per cent, in comparison with the natural 
article. The production at first was slow, but there 
are now a number of factories producing the artificial 
product, and artificial silk, by one or other of tho 
well-known proces.se3, is likely to become one of tin; 
most imjK>rtant industries of the future. A minute 
examination of the history of these several f)ro- 
cesscs is perhaps one of tho most valuable object 
lessons to the young aspiring chemist, 

A monograph on “Ccdlulose” bv Cross Bovan and 
Beadle (Longmans, 1 2s. ), and later publications rn ight 
with ad van t ige be consulted by students who desire a 
closer acquaintance of tho chornKstry of the subject, 

COLLODION SILK 

Such is the name given to artificial silk made in 
accordance with Chiirdoimet’s patent, and others 
who have had to do with the development of this 
industry. It is prepared by dissolving nitro cellulose 
in a mixture of ether and alcohol, and forcing it 
through glass capillary tubes, with fine orifices, 
into the air. The 8 )1 vent evaporates with sufficient 
rapidity to allow the fila- 
ments to bo wound up 
continuouslv, leaving the 
thread insoluble. This is 
the gist of the process, 
but in detail it is full of 
complexities, like that of 
the viscose product. 

Dr. Lchner, of Zurich, 
after investigating the 
various problems involved, 
found that, whereas ordinary 
collodion containing such a 
proportion of the pyroxvlin 
(10 per cent, to 12 per cent.) 
in solution is unworkable 
under tho prescribed con- 
ditions, tho adding of dilute 
sulphuric acid causes a 
molecular change, and gives 
the solution the requisite 
fluidity. With such a solu- 
tion, the conversion into 
thread is effected as follows. 
The solution, if carefully 
filtered, and free from all 
bubbles, is caused to flow by 
w'ay of glass tubes to a lower 
level, where it is delivered 
through a much narrowed 
opening with a steady 
constant flow. 1’he shorter limb ending in this fine 
orifice is contained in a glass cell, filled with water. 
On emerging therefrom the solution is at onco 
coagulated to a transparent jelly of consklerablo 
toughness. On applying a slight pull to tho jelly, 
grasped with the fingers or forceps, a thread is pro- 
duced, and on fixing the end to a light wheel revolv- 
ing at a definite rate, the thread is drawn off 
continuously of uniform diameter. Several threads 
being twisted together in the ii.siial way of “ silk 
throwing,” tho artificial textile thread is produced. 
After being deprived of water of hydration, tho threads 
acquire tho high, white lustre of ” boilod-off ” silk. 

Tho “artificial silk” has been found to have 
tensile strength equal to 70 per cent, of that of the 
natural product of the same degree of fineness. Its 
elasticity is inferior in about the same proportion ; 
but it has a higher lustre, and is produced at much 
less cost. Its individual use is, tli^iefore, likely to 
be considerably extended in the near future. 
followed by Photography 
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The Moon’s Orbit and Eclipses. The Braking: Effect of the Tides. The Superior 
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By W. E. CARRETT FISHER 


The Moon and Her Orbit. The earth, 
like moat of the planets, has a satellite, known as 
the moon, which moves round it in an elliptical 
orbit, just as the planets move round the sun. Its 
globe is rather more than one-cpiarter that of the 
earth in diameter, measuring 2,163 miles. It re- 
volves round the earth in an orbit, which, like that 
of the earth, is an ellipse ; but it is not so nearly 
circular as that of the earth, its eccentricity 
being about Thus, the actual distance 

of the moon from the earth varies from about 
2/M),0(X) miles to 220,000 miles, while the moan 
distance is 238,840 miles, which is about 00 times 
the earth’s radius, 'llie moon takes about 27^ days 
to complete her revolution round the earth ; in 
other words, she makes a complete circuit of the 
heavens, from a given star back to the same star 
again, in that time. Her revolution with regard to 
the sun, however, on which her ])hases depend, is not 
completed in this period, becausti it is complicated 
by the earth’s motion round 
the sun. This synodic period, 
of which we usually speak 
as a month, averages about 
21) .J days, which is the mean 
period between successive new 
moons. The phases of the 
moon depend upon the place 
which she occupies with regard 
to the sun as seen from the 
Ciirth, as has already been ex- 
plained in the case of the 
planets Mercury and Venus 
(27J. When the moon lies 
between the earth and the sun, 
the dark side is turned to us 
and the moou is new. When 
the earth lies between the sun 
and the moon, we see our 
satellite fully illuminated, and 
speak of her as full. Her 
degrees of illumination vary 
steadily between these two 
extremes in the course of every fortnight. Every 
night the moon hears a different appearance, wax- 
ing through one-half of the month and waning 
through the other. 

Eclipses of the Moon. If the orbit of the 
moon lay in the same plane as that of the earth — 
the plane of the ecliptic — it is obvious that she 
would pas-s dii-cctly between us and the sun once 
in every month at the time of new moon, and would 
then ol^ure the sun for the length of time which 
she took to complete her transit. This does occa- 
sionally happen, and the consequent blotting out 
of the sun for a few minutes is known as a solar 
eclipse. Similarly, when the moon was full, the 
earth would lie in a straight line between lier and 
tlie sun, and the earth’s shadow would blot the 
moon out of sight by depriving her of the illumina- 
tion by which alone she becomes visible. Thw also 
happens occasionally, and the result is a lunar 
Belize [30]. But, as a matter of fact, the moon’s 
orbit does not lie in the same plane with that of the 
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earth, but is inclined to it at an angle of about 5^ 
Consequently, the moon, when lying in the same 
direction as the sun, is usually a little above or 
below our luminary, and there is no eclipse. 

A solar eclipse can only take place, in fact, when 
the mom lies in the direction of the sun, or is now, 
near the moment at which she pa.sse.s the Tiode, or 
|)oint at which her orbit intersects the plane of the 
ecliptic, which hence derives its name. ’J’hc same is 
true of the lunar eclipse, which only occurs when 
the moon is close to one of her nodes at the time of 
being full, and, consequently, passes into the shadow 
of the earth. It follows from geometrical considera- 
tions that there cannot be less than two or more 
than seven eclipses in a year, of which at least two 
must be solar. From, the computed motions of the 
eirth and moon we find that the conditions which 
determme eclipses repeat themselves with great 
exactness after a period of about 18 years and 11 
days. This recairreiice of eclipses was discovered 
from observations by tht^ 
Chaldeans, who named this 
period the Saros, and were 
enabled to ])redict coming 
eclipses by its use. 

Eclipses of the Sun. 
There is a notable distinc- 
tion between solar and lunar 
eclipses, which also depends 
upon the relative movements 
of the earth and tlie moon. 
A lunar eclijwe is visible 
from all parts of the earth 
where the moon is above 
the horizon ; and a moment’s 
thought will show us that 
ibis must be so, because 
an eclipse of the moon is 
due to the moon entering 
into the shadow of the 
earth, and is exactly com- 
j)arableto tlie switching off of 
an electric light. Wherever 
the moon can be seen at all — even from Mars 
— it will bo eclipsed. But this is not at all 
the case with a solar eclipse, which only exist/S 
for observers who oc;cupy a narrow belt of the 
earth’s surface. A solar eclipse simply mc'ans 
that the moon passes between us and the sun, 
and that the earth itself lies for a few minutes 
in the shadow of its satellite. Now, everybody knows 
that the breadth of a shadow depends upon the 
relative size and distance of the object which casts 
it. The .sun is incomparably larger than either the 
earth or the moon, and, consoquently, the shadows 
which they cast are both conical, like the point of a 
pencil tapering off to an abrupt end. 

The earth’s shadow is much longer than the moon’s, 
in exact proportion to the relative size of the two 
bodies. Thus the moon takes a considerable time 
to jwss through the earth’s shadow, and may be 
totally eclipsed for as much as two hours. But the 
mooD^s shadow is only just long enough to reach 
the earth at all. The largest possible cross-section 
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of the moon’s shadow where it reaches the earth’s 
surface is about 168 miles ; and as the shadow 
sweeps across the earth from west to east, it is only 
observers situated within a belt no wider than this 
who will see the sun totally eclipsed [26]. Outside 
this belt a partial eclipse will bo visible over a very 
much greater area, its size decreasing ns the dis- 
tance from the belt of totality increases. 

The width of the eclipsc-belt, and the consequent 
duration of totality, vary between wide limits with 
the distance of the moon from the earth at the 
moment of eclipse. The moon’s apparent size is 
very nearly that of the sun, each being a little over 
30 minutes in diameter. But these both vary with 
the distance of the earth from the sun and moon, 
and it sometimes happens that at the time of an 




eclipse the moon is so far away that its shadow docs 
not quite reach the earth, and its apparent diameter 
is rather less than that of the sun. At such a time 
wo see an annidar eclipse [28], in which at the 
moment of greatc'st eclipse a bright ring of the 
sun’s disc is still visible surrounding the moon. It 
is on observations made during the brief duration 
of total eclipses of the sun that astronomers long 
depended for their chief knowledge of the solar 
constitution, and that they are still dependent for 
their study of that mysterious object, the corona. 

The Moon and the Tides. The gravita- 
tional attraction of the moon has a very important 
inhuence on the earth in causing tides in the sea. The 
way in which these tides are caused will be easily 
understood from a glance at the diagram [29]. 

We have seen that the attraction of one body for 
another varies inversely as the square of its distance. 
As the waters of the sea on the side of the earth 
nearest the moon are nearer our satellite than the 
centre of the earth, the moon pulls these waters 
towards her with greater force than she exercises 
upon the body of the earth ; and ns they are quite 
free to move, they are consequently hoai)ed up in a 
kind of watery mound, which is highest on the spot 
vertically beneath the moon. In exaeily the same 
way the moon attracts the earth more {)owerfulIy 
than the water which lies on its opposite side, and 
so draws the earth away from that water, which is 
consequently heaped up into a similar mound on 
the point exactly opposite. Thus we have two 
simultaneous high tides, culminating at the two 
points of the earth which lie in a straight line with 
the moon, and, consequently — since the total 
amount of water in the seas does not vary — corre- 


sponding low tides at two points on the earth distant 
by 90° from these. 

If the moon were fixed with regard to the earth 
the tide would always be high at one set of 
places and low at another, but as the earth com- 
pletes a rotation in twenty-four hours, whilst the 
moon holds its aceunuilations of water in the same 
place, the high tide and low tide traverse every part 
of the seas, there being two high and two low tides at 
each place daily. If the earth w'ere a perfect sphere, 
uniformly covered with water, this state of things 
would be actually observetl hy its fishy inhabi- 
tants. But the configuration of its surface greatly 
complicates the actual motion of the tides, which 
are greater or loss, sooner or later, according to the 
shnj>e of the coast lihe, as is explained in the course 
on Gkoorai’IIY [page 556]. 

Spring and Neap Tides. The sun os well as 
the moon helps to create tides in our seas. Its mass 
is very much greater than that of our satellite, but 
so is iks distance, and, consequently, the solar tide is 
only about two-fifths as high as that caused by the 
moon. When the sun and the moon lie nearly in the 
.same straight line with the earth, and the moon is 
new or full, the solar and lunar tides help one another, 
and we have extra high tides, known as spring tides. 
When the sun and moon lie at right angles to one 
another with regard to the earth, and the moon is 
in its first or last quarter, their tidal forces are 
opposed, and moderate or ntap tides result. It will 
readily be seen that the average height of the spring 
tide should be rather more than double that of the 
neap tide at any particular place. 

How the Day has Lengthened. One very 
interesting effect of tides, as Sir George Darwin has 
shown, is to act us a brake ii])on the rotation of the 
earth. We have just seen that while the earth rotates 
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a great mass of water is held still by the attraction 
of the sun and moon. This acts exactly like the 
brake which is used on the axle of a wheel, and 
by its friction fends to diminish the rate at which 
the earth rotates. In the early days of the earth 
this effect was much more considerable than it is 
at present, and Sir George Darwin hits shown that 
tidal friction has lengthened the day from about throe 
hours to its present length, and that the moon itself 
almost certainly once formed part of our planet and 
was thrown off from it by the centrifugal force duo 
to this extremely rapid rotation. When the earth 
was still in a liquid condition, tides were caused 
in its actual substance by the attract ion of the sun, 
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and afterwards possibly of the moon, and the retard- 
ing effect of these gigantic tides, which may have 
risen as much as 60^ miles in height, must have 
been immensely great. At present there is ground 
for believing that the tidal friction is still exerting 
a retarding influence on the earth’s rotation; but 
this influence is exceedingly small, and it is practi- 
cally certain that the length of the day has not 
varied by so much as one-hundredth of a 8econ<l 
since the dawn of astronomy 2,000 years ago. 

The Physical Condition of the Moon. 
As we have seen that the moon was originally a 
fragment drawn away from the earth, it is only 
reasonable to suppose that it is composed of the 
same materials. But it differs from the earth in one 
very important respect. Being so much smaller 
it has cooled more quickly, and has probably 
passed through all the stages of planetary life, 
in the midst of which the earth is now. 

Few things are more certain than that the 
moon is a dead world. It has no atmosphere, 
so far as we know, and if one exists it must 
be more ran^ than the vacuum inside the im^an- 
dcscent electric lamp. Such air and water as the 
m^)on must once have . 

possessed have been ab- 
sorbed into its substance 
or flown away into space. 

One consequence of its / A 

denuded condition is that / ^ ^ 

the surface of the moon / ^ O c/o! 

must undergo extremes of / 0 O ^ 
licat and cold. The side / ^ / 

on which the sun is shining () /vtctur/i / 

must be far hotter than q 0 ^ ^ 

the tropical regions of the iC^ 

earth, whilst the other side J 

niust endure the cold of o J ^ 

empty space, which is very 

near the absolute zero of \ ^ ^ ® 

temperature. It is hardly \ \Z/ ^ 
necessary to add that the \ ^ ^ 

moon cannot be tlic \ ^ ^ ' 

abode of any kind of life \ ^ ^ 

wliich we can conceive as N. ® 

possible. Life may onco ' ^ .f 

nave existed there, but it 

is long extinct. — 

31. MAP OF THE 

Moon. The moon is a 

globe about 2,103 miles in diameter, and its mass 
is about of the mass of th«^ earth. Its density is 
about 3 ’4, that of watci- being taken as unity. The 
moon rotates on its axis in 27 days 7 5 hours, so 
that its day and night are each a fortnight in 
length. This peiiod is the same as that in which 
it revolves round the earth. The mooii, conso 
quently, always presents the same face to the. 
earth ; though, as a matter of fact, we are able to 
see rather more tliaii a single herni.sphere of the 
moon because of a certain oscillating motion of our 
satellite known as lihratioti. 

But there is a considerable portion of the moon’s 
surface, amounting to more than threa-tu’ghths of 
the whole, which is permanently invisible to the 
observer. Novelists have allowed their imagination 
to run riot about this invisible side of the moon, 
and have provided it with an atmosphere, flowing 
water, and inhabitants. But it is aa certain as 
anything of the kind can be that the invisible half 
of the moon is perfectly similar to that which we see. 

The chief feature of the moon’s visible surface 
is the numerous and often gigantic craters 
with which it is pitted [32 and page 1206j. 

3566 






These objects, when observed through a telescope, 
or oven a powerful field-glass, have a striking resem- 
blance to volcanic craters on the earth. They are, 
indeed, on a vastly greater scale, some of them heing 
more than 100 mues in diameter. But there is 
little doubt that they are the remains of extinct 
volcanoes which once covered the moon with violent 
and long-continued eruptions. Probably the sur- 
face of the earth was once in a similar condition, 
hut tlie existence of the various denuding agencies 
whkdi our planet possesses have entirely changed 
the configuration of its surface [see Geology]. 
No distinct evidence of volcanic activity has been 
seen upon the moon in modern times, though a 
few observers believe that they have noticed very 
slight changes of this nature in pi*ogrcs.s. It is most 
probable that the moon is a dead world, affording 
a kind of prophecy of what the earth will be one 
day, when it also pursues a frozen and lifclcs.s 
journey through apace. 

Selenography- 1 'ho surface of the moon 
has been studied and maj>ped on a largo scale [31]. 
Its chief features are three in number: (1) the 
numerous volcanic craters, such as 3’yoho ami 
Copernicus, which are 
mostly named after dis- 
tingiiished men of science : 
O ^ wide, dark plains 

wliich are known as seas, 
/vpvXX because they were formerly 

thought to consist of 
) ^ ^ \ water; (3) the curious 

\ of briyhl streaks, 

5 4- \ radiate from many 

^ ^ CO 2 ^ I'N I these craters, of which 

® I 0 moat remarkable ex- 

^ u fond in all directions fro?n 

* 1/^ I ^ ^ the great (Tatcr 'Tycho, 

^ J tf / near the moon’s south 
I ])ole, and are conspicuous 
> JO J even to the naked eye at 
o ^ / the time of full moon. 

student will find 
— o ^ / the names and deseriplion 

\ oy of those various features 

»•» of lunar topogra])hy- - 

»«/»> o selenography — in any 

good textbook of as- 

MOON’S SUKFACE tronomy butthcyarenol, 

sumciently important to 
demand fuller treatment within our narrow limit.s. 

The Superior Planets. The inferior 
])lanets are all more distant from the sun than the 
earth. They include five major ))laneta — Mars, 
Jupiter, Saturn, Uranus, and Neptune — as well as 
a vast number of minor ])lanetH, of which nearly 
(kX) are known at present. 'These outer planets 
differ from the inner planets, Venus and Mercury, 
in the nature of their apparent motion. Instead of 
(xscillating backwards and forwards across the sun, 
they all move, on the whole, steadily westward in 
re.spect to the sun’s place in the heavens, and con- 
sequently rise earlier and come earlier to the 
meridian every night, ft is obvious that they can 
never pass between us and the sun as the inferior 
planets do at the time of transit. 

The superior planets may appear in any part of the 
Zodiac, outside the limits of which, however, they 
never move. This is due to the fact that they all 
move round the sun in elliptical orbits outside that 
of the earth. When a planet lies beyond the sun in 
a straight line with the earth it is said to be in 
conjunction ; when the three bodies are in a straight 
line, but the planet is on the opposite side of the 
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ear^ to the sun, it is said to be in opposition. Of 
course, we can never see the planet in conjunction, 
because it is only above the horizon in the daytime, 
when the lichtof the sun obscures it. The superior 
planets canbobest studied when they are in or near 
opposition, because at such times they are nearest 
to the earth, and are also most favourably illumi- 
nated. They do not display phases like those of the 
moon, A necessarily brief account of the physical 
features of these various planets will now be given. 

Mars» the Red Planet, Mars, the major 
planet which comes nearest to the earth, 
with the single exception of Venus, resembles 
the earth more closely than any other of the 


The most curious thing about these canals is that 
they are not always visible. They seem at times 
to disapi^ar from sight and then again reappear, 
and this in accordance with the periodical changes 
in the Martian seasons. It has been plausibly sug- 
gested that the marks wliich we see are not the actual 
watercourses, but the broad belts of vegetation 
which come into existence when the water is turned 
on to irrigat<3 them, and die when it ceases to flow. 
It has even been suggested that this periodical 
flow and cessation of water is duo to the enterprise 
of the hypothetical inhabitants of Mars. At present 
this theory rests on inference, but there is a groat 
deal to be said in its favour, and the astronomers 


planets, and is most f ivourably situated for 
our observation of all the heavenly bodies, except 
the moon. It is a globe rather more than half 
the size of the earth, its diameter being about 
4,200 miles. Its mean distance from the sun 
is 141,500,000 
miles, but the 
eccentricity of 
its orbit is so 
considerable 
that this dis. 
tance varies by 
more than 
2 6 , 000,000 
miles. When 
Mars comes 
nearest to the 
earth its dis- 
tance from us 
is about 
35,000,000 miles. 

At these favour- 
able moments its 
brightness is 
about equal ’to 
J upiter, and 
only surpassed 
by that of Venus, 

Mars has a very 
pronounced red 
colour, which is 
supposed to be 
due to the pre- 
valence of a 
rock like our 
red sandstone 
on its surface, 
or possibly to 
the colour of its 32 moon’s surfa< 

vegetation. 

The Most Likely Seat of Extra- 
terrestrial Life. When studied through a 
powerful telescope Mars reveals itself as having a 


physical constitution very like that of the earth [371, 
It undoubtedly possesses an atmosphere, though this 
is much less dense than that of the earth, so that 
clouds are of very infrequent occurrence in it. Mars 
also possesses free water, which is collected into seas 
on its surface and gives rise to extensive caps 
of ice around its poles. These ice caps arc observed 
to dwindle in summer, and increase in winter, so that 
their nature can hardly be doubted. The surface of 
Mars is divided, like that of the earth, into continents 
and oceans. The most peculiar feature in its land 
is the presence of numerous straight narrow markings 
which are commonly known as canals [36]. They 
are not indeed canals such as we make on the earth, 
for they must be at least 60 miles in width in order 
to be visible to us at all. But there is little doubt 
that they represent watercourses of some kind. 


who have studied Mars most closely arc most 
nearly convinced of its truth. We know that Mars, 
being an older planet than our own, is farther ad- 
vanced in evolution, and that it ha.s reached the 
.stage at which efforts far greater than any which 
— mankind is yet 

called upon to 
put forth must 
be nccos.sary for 
the ])rcservation 
of life on its sur- 
face. Its water 
supply is already 
b e c o m i n g 
scanty, and some 
gigantic system 
of irrigation 
would undoubt- 
edly be neces- 
sary for its sur- 
face to continue 
fruitful. It i.s 
possible that the 
markings which 
we call canals do 
really represent 
such a system of 
irrigation, but 
we can hardly 
say more than 
this about the 
great problem of 
the existence of 
life in this 
planet. 

Satellites 
of M are. 

Mars has two 

moon’s surface showing craters wero^^^only'^ d'is^ 

covered as recently as 1878, although theii 
existence and many of their characteristics had 
been strangely predicted by Swift in “ Gulliver’f 
Travels ” more than 150 years earlier. They art 
exceedingly small, swift, and close to the planet 
The outer one revolves at a distance of 14,60C 
miles from the centre of the planet in a littk 
more than 30 hours, whilst the inner one i: 
at a distance of only 5,800 niile.s, and revolvei 
in 7 hours, 39*25 minutes. Mars itself rotates 
in 24 hours 37 J minutes. Consequently, its innei 
satellite completes more than three revolutions in 
every Martian day. To a Martian observer it 
will ap] e »r to rise in the west and set in the 
oast, completing its apparent revolution in about 
11 hours ; for, of course, it revolves in the same 
direction as that in which the planet rotates. It is 
impossible to estimate the size of such a tiny object 
with any accuracy, but w© can be sure that neither 
of the satellites is more than .30 or 40 miles irj 
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diameter, and pi^bably they arc even smaller than 
this. Mars completes its revolution round the 
sun in 687 days, so that the Martian year is neai*ly 
double our own in length. 

The Minor Planets, or Asteroids. 
The space between Mars and Jupiter is occupied 
by a strange and numerous 
swarm of minor planets 
or asteroids. The first of 
these singular bodies was 
discovered by an Italian 
astronomer, Piazzi, on the 
first night of the nine- 
teenth century. Three 
others were discovered 
within the course of the 
next seven years, and the 
number now known is 
upwards of 600, most 
of which have been recog- 
nised by the record of 
their motion on photo- 
graphs of the sky. Tlie 
four asteroids first dis- 
covered, Ceres, Pallas, 

Juno, and Vesta, are naturally the largest, ranging 
in diameter from 488 to 118 miles. 

Vesta, though not the largest, is considerably 
the brightest of the minor planets, and is 
occasionally visible to the naked eye. None 
of the other asteroids has a diameter so great as 
100 miles, and j)robably the majority of them are 
only 10 or 20 miles in diameter — mere “ mountains 
broken loose,” as they have been called. Most 
of these ulanets move round the sun in orbits 
which lie between those of Mars and Jupiter, and 
all of which intersect one another. There are a 
few exceptions to this rule, notably in the case of 
Eros, discovered in 1898. The orbit of this planet 
lies between Mars and the earth, and it is by far 
our nearest neighbour after the moon, its minimum 
distance from the earth being 13,500,000 mile.s. 
So close an approach will occur in 1931 ; it 
gives Eros a particular importance, as observa- 
tions of it made at such a time should enable us 



k the brightest of all the planets except Venus, 
which, though so much smaller, is much nearer to us 
and letter illuminated. Jupiter rotates on its 
axis in rather less than ten hours, so that a point on 
its equator must be travelling at the rate of seven 
or eight miles per second. Its surface varies con* 
siderably from time to 
time, as seen through a 
telescope, and it is con- 
sequently concluded that 
what we see is really a 
surface of clouds. The 
great size and small 
density of Jupiter have 
led astronomers to believe 
that it is still in a con- 
dition somewhat akin to 
that of the sun — that is, 
that it has not yet soli- 
dified into a planet like 
the earth. Its tempera- 
ture must be very great, 
though it is not so hot ns 
to give out sny perceptible 
light of its own. The most 
important marking on its surface is the great red 
spot which has bc'en visible more or less in the same 
place since 1878, but no satisfactory explanation 
of its character has yet been given. 

Jupiter has at least seven satellites, four of 
which are large enough to be seen with a good 
field-glass, and were among the earliest discoveries 
made with the teles(;ope of Galileo. 'Fhe fifth 
satellite was discovered by the great Li(^k tele- 
scoj)e in 1892, and is very much smaller than 
the others ; the sixth and seventh were discovered 
by Professor Perrine in lf)04-5. 

Saturn. Saturn is the outermost of the planets 
visible to the naked eye, and known to the ancients. 
Its mean distance from the sun is about nine and 
a half times that of the earth, or 886,000,000 
miles. It is the second largest of the planets, 
being about 72,500 miles in diameter. Its mass is 
95 times that of the earth, and its mean density is 
only two- thirds that of water, so that the whole 
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structure, but consist of swarms of tiny meteorites, 
like the shooting stars which occasionally hash into 
our atmosphere. They must form a wonderfully 
beautiful spectacle if they could be seen from the 
surface of the planet which they adorn — a vast arch 
of light stretching from side to side across the sky 
and brilliantly illuminated through a great part of 
the planet’s night. In addition to these rings, 
Saturn h<is no less than ten satellitos, the largest of 
which is about half the size of the earth. With one 
exception they revolve in the same plane as the rings. 

Uranus* The two outermost of the planets were 
not known to the ancients. Uranus was the first 
})lanet discovered in modern times, being found by 
Sir William Herschel, in 1781 . whilst ho was sweeping 
the heavens with a seven-inch reflecting telescot^ 
of his own construction. It had frequently been 
observed before, but had always been mistaken 
for one of the fixed stars. But when Herschel saw 
it he recognised by the visible disc wdiich it pre- 
sented that it must belong to the solar system, and 
following observations proved that it was a planet 
lying beyond Saturn. Its mean distance from the 
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sun is 19*2 times that of the eailli, and it completes 
a revolution in its vast orbit in 84 years. Uranus 
can occasionally, on a moonless uigirt, be made out 
by a very keen eye, as a star of the sixth magnitude, 
and certain early traditions about an eightli ])lanet 
are supposed to imply that its true nature had thus 
been perceived by very primitive astronomers. Its 
mass m about ]4'fl times that of the earth, and its 
density is not (piito double that of water. Little is 
known of its physical constitution; even its dia- 
meter has not been measured with any certainty, 
< hough it is probably about 30,000 miles. Uranus 
has four satellites, and jjossibly faint rings like 
those which encircle Saturn. 

The Discovery of Neptune. The di.s- 
covery of Uranus was a happy accident, but that of 
Neptune was the greatest triumph of mathematical 
astronomy since the time of Newton. After the orbit 
<if Uranus had been fully calculated, it was found 
that the actual motion of that planet did not quite 
agree with prediction. It began to stray from its 
allotted place to an extent wmich was alnio.st }>er- 
t'eptible to the naked eye, which astronomers 
consequently had to expUln. The only valid 
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explanation was that tlicro must be an unknown 
X^lanet still further from the sun than Uranus, whose 
attraction perturbed that planet, and so drew it 
away from its predicted motions. 

Shortly before the middle of the nineteenth century, 
the problem of determining the })laco of .su(‘h 
a planet from the trivial disturbances which it 
caused in the motions of Uranus was independently 
attacked by two astronomers — Adams, of England, 
and Iaj Verrier, of France. They both sutKJceded 
in solving it about the same time, though it was 
the calculations of Le Verrier which first enabled 
(Salle’s telescope to be ])ointcd to Neptune, in 1840. 
The discovery of this planet was a remarkable con- 
firmation — if such had been needed— of the truth 
of Newton’s theory of the i)lanctary movements 
under the law of gravitation. 

Neptune. Neptune is quite invisible to the 
naked eye, though it can just be seen w*itli a good 
field-glass. Its mean distance from the sun is about 
2,800,000,000 miles, and it takes 165 years to 
complete its orbital revolution. Its diameter is 
probably about 30,000 miles, and its ma.ss is about. 



37 . TELESCOPIC APPEARANCE OP MARS IN 
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17 times that of the earth. Its density is about 
equal to that of Uranus — one- third that of the earth. 
Nothing is known of its rotation or physical constitu- 
tion. It lies on the confines of the solar system, and if 
it were inhabited — which seems impossible — the sun 
would look to its people uo bigger tnan Venus at her 
nearest approach to the earth, though the light which 
it. gave would still be equal to that of 700 full moons. 
Neptune hjvs one satellite, whose motion is even 
more irregular than that of the satellites of Uranus. 

Cometa and Meteorites. In addition 
to the planets and their sal elites, the sun is attended 
by a large number of other bodies, moving with far 
less regularity, and generally much less conspicuous 
in the heavens. These are known as cometa and 
meteorites or shooting stars. One of the most inter- 
esting of recent astronomical discoveries is that an 
intimate physical connection exists between these 
two classes of bodies. 

Comets. Comets have been known from the 
earliest times, because every now and then a very 
largo and conspicuous one hastens up to the sun 
from the remote regions of space, and perplexes 
monarchs with the fear of change. They are called 
cometSf from the TiCtin coma, meaning hair, be- 
CiWise when they are bright 
enough to be seen with 
the naked eye they look 
like stars attended by a 
long stream of hazy light, 
which was thought to 
resemble a woman s hair 
flowing down her back 
[35]. This train of light is 
known as the comet’s tail. 

Such bright comets, of 
which the last visible in 
our latitudes made its 
appearance in 1893, are 
sometimes as brilliant as 
Venus ; their tails have 
been known to stretch half- 
way across the visible sky. 

These comets are very 
beautiful and conspicuous 
objects, which usually 
ajjpear in the sky without any warning from 
astronomers, and invariably create a great popular 
sensation [M]. By far the greatest number of 
comets, however, are only visible through a tele- 
scope, and it is rare that" a year passes without at 
least half a dozen of these being reported. Up to 
the present time nearly a thousandf cometa of all 
sizes have been recorded. Not more than one in 
five of these is visible to the naked eye. 

Cometary Orbits. In all cases in which a 
comet has been observed sufficiently often for its 
orbit to be calculated, it is found that it moves in 
one of the curves which are known to the geometer 
as conic sections. Less than a hundred of the known 
comets move like the planets in elliptical orbits, and 
consequently their periodical return to visibility 
can be predicted. As a rule, the eccentricity of these 
comotary orbits is very much greater than that of any 
planetary orbit, which means that the comet ap- 
proaches fairly close to the sun at one end of its 
orbit, but at the other flies away far beyond the 
outermost planet, and for a long period disappears 
from the ken of our most powerful telescopes. 

The great majority of comets have only been seen 
once, and their orbits appear to be either parabolic 
or hyperbolic. Neither of these is a closed curve, and 
what seems to happen in such cases' is that a 


comet travelling in such an orbit dashes up to the 
sun from the remote parts of space, swings round it, 
often at very close quarters, and flies away again 
for ever [ 34 ]. Only those comets which have ellip- 
tical orbits can be said to belong to the solar system. 
The others are visitors from space, which in the 
course of their motion come near the sun and arc 
deflected by it, but then fly away until after a lapao 
of ages they perhaps come within the sphere of 
another starts attraction. Of the comets which mov« 
in elliptical orbits, about twenty have been observed 
at more than one return to the sun. Some of thes;* 
complete their orbits in quite a short period, like 
Encke’a comet, which has the shortest period of all, 
less than three and a half years; the longest 
periodical comet is known as Halley’s, which returns 
to the sun after 78 years and is due again about 
1910 ; it is a bright and conspicuous object. 

The Constitution of Comets. The nature 
of comets was long in doubt, and even to-day their 
physical characteristics are not fully understood. 
They .ire certainly formed of gravitational matter, 
since they move in orbits which arc subject to the 
same laws as those of the planets. But they also 
apj^ear to be acted upon by powerful reptdsive 
forces emanating from tlie 
rTun, to which is due the 
remarkable phenomenon of 
cometary tails. At first it 
was supposed that a comet 
and its tail consisted of 
what we know as soliil 
matter. But the observed 
facts are quite inconsistent 
with this theory. 

A comet’s tail, which 
stretches for many millions 
of miles, is always directed 
away from the sun, and 
when the comet swings 
rapidly round the sun ilie 
whole of this tail follows 
its motion in such a way 
that it is quite impossible 
to suppose that it consists 
of any kind of matter with 
which we are acquainted. The probability is that 
these tails consist of highly rarefiea matter thrown oil 
from the comet under the influence of a repulsive 
force emanating from the sun which is probably elec- 
trical in its nature. The degree of rarefaction of the 
matter composing these tails is probably greattT 
than that of any vacuum which we can produce in 
our laboratories, and its luminosity is due to 
similar causes to those which produce the glow in a 
vacuum tube through which an electric current is 
passed. The extreme tenuity of comets is proved 
oy various facts, such as that the earth is known to 
have passed right through the tail of a comet 
without any apparent effect, that the close axiproach 
of a comet to a planet causes no apparent alteration 
of the planet’s motion, and that L.iiall stars can be 
seen shining brightly right through a comet as niucdi 
as 100,000 miles in diameter. Perhaps there is not 
much exaggeration in the statement once made by a 
well-known astronomer that the whole material of a 
comet stretching halfway across the visible heavens, 
if properly compressed, could be packed in a hat box. 
The old fear that the earth might suddenly be anni- 
hilated by a comet striking it is throughly dispelled 
by modern investigation, which leads us to belicvt‘ 
that the worst results of such an encounter would 
be an extremely beautiful display of shooting stars. 
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Group 14 

COATING & COLOURING METALS METALS 

The Processes of Protecting Metals. Corrosion. Coating for Ship 20 

Bottoms. Painting, Enamelling, Bronzing, Barffing, an4 Nickel Plating 
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liilBTAIjS are coated for two reasons —to prevent 
IVl gradual destruction by corrosion and for pur- 
poses of ornament. Usually both rea.sons operate, 
and, consistent with the proper protection from 
corrosive influences, appearance is usually given 
the deciding voice. Some jirocesscs of )>rotecting 
metals, including galvanising [page GIGSJ and 
tinning [page 61(>4], have already been described 
in detail, and we shall therefore ignore tlieni in the 
present consideration. We shall notice briefly the 
fimdamental facts regarding the other processes; 
and we shall consider first the protection of iron and 
steel by painting when protection and not apjiear- 
ance is the object sought. 

Corrosion. Iron has an affinity for oxygen, and 
the result is oxide of iron, which w'o know as rust. 
Moisture accelerates the formation of rust, and 
])rccautions must bo taken to avoid this. In )>ro- 
tecting beams which arc cmbe<lded in masonry 
lime is used to advantage, and we (jonsidor this and 
some otht^r methods of treating atrii(3tural steel work 
farther on. Asphalt is the mo.Mt .satisbictory 
coating for such situations. The asphalt used 
should be natui'ally .soft or may bo made soft by, 
reducing a hard asphalt with a heavy mineral oil. 

For east -iron water pijx^s the common jirotection 
is a coating of Ur. Angus kSmith's solution [see page 
5320]; but the process does not give satisfactory 
results with steel pipes, chiefly because steel pipc.s 
are thinner and do not retain long enough the heat 
necessary to cause Angus Smith’s solution to 
form a hard, impenetrable film ujion the surface. 
Steel jiipes are best coatexl with asphalturn reduced 
to an elastic varnish by the use of oil, and baked on 
hard in an oven. On a large .scale the work is 
Iierformed most economically by dipping, the 
dipping tank being of a form to suit the work. 

Painting Iron and Steel. Iron oxide and 
metallic brown paints should never be used with 
iron and steel. Such paints are merely iron in a 
more or less advanced stage yf oxidation; in other 
words, rust. Rust ])romotes rust. Iron oxide, even 
in the form of paint, conveys oxygen from moist 
atmosphere to the metal, and becomes a veliicio 
for the spread of rust. Zinc oxide paints also are 
found to j)oeI off, and sa^'ation is found in oxide 
of load paints. Red lead forms with linseed oil 
a hard elastic; coating that adheres fo the metal 
surface witli great tenacity. Its only chemical 
effect is to promote the formation of black or 
magnetic oxide, that prevents (;orrosioii and docs 
not act as a communicating medium for atmo- 
spheric oxygen. Red lead in oil “ sets ” much as 
plaster of Paris sets when mixed with water; and 
just as plaster of Paris cannot be worked to advan- 
tage after it has partly set, so a red lead paint should 
not be applied when the process of setting has 
progressed some way. The usual practice in larg? 
shipyards— those may be selected because the work 
in them demands the best -known practice — is 
that the red lead is mixed with just enough linseed 
oil to form a stiff, tough waste, which will keep for 
several days without haraening. This i>aste, when 
required for use, is thinned down with a proper 
proportion (rf pure linseed oil and applied at once, 


care being taken to leave no paint in the jiots over- 
night. By this method the lead and oil “ set ” 
on the surface of the metal, and the adhesion is 
thereby more tenacious than it would be otherwise. 
The best mixture is .5 lb. of pure linseed oil and 
18 lb. of red lead, which make one gallon of paint, 
and can be made to cover 500 sipiare feet ns a 
first coat, or 600 square feet as a second coat. 

The advantages of red lead as a paint for iron 
and Hte4?l are that it dries easily with raw linsood 
oil without the need for the addition of any “ drier,” 
that after it has dried it forms an elastic coat 
capable of ex))ansion and contraction with the 
metal, that it does not impart or convey oxygen 
to the surface upon whi(;h it rests, and that it 
hardens without shrivelling, making a tough and 
insoluble covering. 

All varieties of driers impair the value of any 
))aint applied to iron and steel. 'Fhe nature of all 
driers is acid, and any acid will ultimately induce 
corrosion or oxidation of any iron surface to which 
it is np])lied, therc))y lesstming the stability and 
l)roteotive ]>ropi;rtics of the apjilied coating. 

Corrosion by Sea Water. Industrially, no 
process of coating metals is more important than 
when the objects coated liave to withstand the 
action of sea-water. Utility is the first consideration, 
and artistic effect, while not negligible, is of much 
less im])ortance. A few years ago extended tests 
w<;re made upon steel and aluminium plates in 
Brookl 3 m Navy Yard, under the care of scientific 
authorities, in order to determine the most satis- 
factory coating to resist sea - water corrosion. 
Seventy-two plates were immersed in the sea anil 
withdrawn. Sixty of them were left for thirteen 
months, and twelve of them were subjected to 
ninet(*f‘n montJis’ immension. A careful examina- 
tion of them aftiT withdrawal was instructive, 
and led to certain d(‘finite conidusions, which may 
be sumnifvised as follows : Whatever pigment is 
used for sea work, a more durable coating results 
if varnish is the vehicle than if oil be used. I^irther, 
a varnish coating, or a pigment and varnish coating, 
withstands sca-w’atcr action betfer when baked on 
than it does when only air dried. Zinc-white was 
found to be more durable than any other pigment 
u.scd ill the test, and finally enamel coatings, baked 
on at high tenqieratures, were ])roved more durable 
than any other coating. 

Anti-fouling Paints. In the old days of 
w'ooden ships, the hulls used to be sheathed in 
copper to give anti-fouling pro|K;rtieH, but when 
iron and steel plates superseded wood for shij)- 
building purposes, copper had to be discarded. 
When a plate of iron or steel and another of copper 
are joined or in mechanical contact in any acidu- 
lated solution of water, such as sea- water, the iron 
becomes electro- positive to the copper, and corrodes 
rapidly. The value of copper lay in the fact that it 
protected the wood beneath it from the action of sea- 
water, and because it constituted a substance with 
anti-fouling properties ; that is to say, that marine 
organisms did not readily attach themselves to it. 
The anti-fouling paints or compositions now used 
are legion. Many of them are secret preparations, 
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aod others are the subject oi letters patent. Most 
of them are sold under proprietary names. 

The essentials in a paint for ships* bottoms 
are that it must be of a nature capable of protect- 
ing the surface of the bull from corrosive influences ; 
it must form a smooth surface, so as to offer as 
little friction to the water as possible ; and it must 
be a rapid dryer, so that the bottom may be cleaned 
and two coats of paint applied in one day. The 
compositions used must be adapted to the waters 
through which the ship has to make her way. 
For instance, the waters of the Indian Ocean are 
more fouling than those of the Atlantic, and a com- 
position for use in the former ought to have a higher 
jHjrcontage of a poisonous ingredient. Tlie harder 
the paint on a ship bottom, the longer it will last. 
The use of shellac dissolved in spirit gives a coating 
of the necessary hardness and adhesive ])owers. 
The second or external coating should contain a 
poisonous ingredient that will kill the marine 
organisms seeking to adhere to the hull surface. 
Zinc-white, arsenic, copper, and quicksilver have 
all their use in different compositions. The more 
scaly the composition the more frequently must it 
be renewed. In S])ite of this soiling, such com- 
positions are usually preferred, because as they 
scale they carry away with them any attached 
organisms. 

Before applying a ship paint, the surface to be 
treated must be cleaned. All rust must be re- 
moved. Better results are attained by a poor 
paint on a well- prepared smfaco, than by a good 
paint on a badly prepared surface. Among the 
patented anli-fouling compositions we may mention 
the following : 

1. Bitumen, lime, fine sand or Portland cement, 
and flaky mica — melted together and applied hot. 

2. Mix 32 parts of quicksilver with 1 part 
sulphurised oil of turpentine by grinding in a 
mortar ; add 60 parts of lard and mutton tallow, 
working the whole into a homogeneous mass. Finally, 
add 20 parts of litharge which has been ground 
up id oil. Before using, reduce to proper consistency 
by stirring in gradually linseed oil, varnish, and 
3 per cent, of peroxide of manganese. Any pigment 
may bo introduced to colour any desired shade. 
This composition is said to be an effective deterrent 
to the lodgment of barnacles. 

3. Tallow, 40 parts ; resin, 10 parts ; nitreous 
sand, 10 parts ; arsenic, 1 part. Molt together, 
and mix well. 

Ce’luloid promises to be a valuable coating 
material for ship hulls {see under Dyeing], when 
the prejudice against it has been dispelled. 

Protecting Structural Steel. Apart 
from shipbuilding work, there are many purposes 
for which iron and steel must have a thoroughly 
protective coat of paint. An important field is for 
structural steel buildings, which are common in 
other countries, and which are bound to b come 
common in this country whenever the restrictive 
building laws which prevail with us have been 
modifled so as to make the form of construction 
economically possible. In structural steel work, 
the steel joists are almost invariably embedded 
in cement, or covered with wood, stone, or plaster, 
so that it is impossible to give them periodical 
coats of paint as may be done with, say, a bridge 
or a ship’s hull. Hence the need at the time of 
building to make the pigment covering os durable, 
ns impenetrable, and as free from aiw agent of 
corrosion ns can possibly bo done. The extent 
to which steel-frame buildings can maintain their 
strength under different methods of protection 
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has for years been a matter of conjecture and 
theory. The method of construction is not old 
enough to furnish precise data regarding corrosion 
under different condition. Hence peculiar value 
attaches to the examination of buildings which 
suffered by the San Francisco earthquake and Are 
last year. 

Lessons from San Francisco. San 

Francisco was a city with many steel-frame build- 
ings, and the new San Francisco will follow this 
method of construction almost e.\clusively. Frotii 
the point of view of investigation, the building 
which attracted mo.st attention when the ruins 
came to be examined was a nine-storey insurance 
office, which was erected in 1893, and had therefore 
done thirteen years of duty. The rust or freedom 
from rust of the members of the steel framework 
after thirteen years of use was the point upon 
which precise information was sought by architects 
and others. There was very little rust indeed when 
the steelwork was exposed. Where the steel was 
covered with lime only, there was found to be a 
little more rust than when Portland cement and 
lime had been used together. Where there was 
rust under the paint, it is thought that care was 
not exercised in having the surface clean at the 
time of painting. But, generally sjieaking, the 
freedom from rust was so general, and the con- 
dition of the members so satisfactory, that all the 
co’umna, beams, tic rods, and bolts were sold foi 
use in new buildings in the vicinity. 

From the whole experience certain conclusions 
arc drawn regarding steel -frame buildings, and 
some of these considerations are briefly as follows : 

A steel frame, properly painted and buried in 
masonry, will not rust enough in thirteen years to 
affect its strength appreciably. The better the 
steel is coated with mortar, the less it will rust 
Portland cement is lietter than lime mortar foi 
imbedding steel to prevent it from rusting. Un 
painted iron rods buried in mortar composed of 
lime and a large projiortion of Portland cemeni 
rust very little — certainly not enough to impair 
their strength. If steel is not thoroughly cleaned 
before it is painted, the paint will not greatly retard 
the progress of rust. It i.s much easier to cover 
steel thoroughly with concrete than with brick 
masonry. If brick masonry is to be used, the 
bricklayer should plaster the steel thoroughly before 
the brickwork is put up. The quality of jmint 
used, though important, is not so important as 
surrounding every part of the steel with Portland 
cement. Cinder concrete does not injure to the 
slightest degree a steel floor-beam that has been 
painted. 

Paint for Tin and Zinc. In this countr>> 
tin is not used as a roofing material. But in otlwM 
countries — conspicuously in Canada — tinplate is an 
exceedingly common roofing material. A common 
paint for tin roofs, when they are treated with 
paint, is made by mixing Venetian red, Spanish 
brown, or yellow oebre — or these in combination 
according to the colour desired— with pure raw 
linseed oil. Such a paint attains a great elasticity, 
which enables it to expand and contract with the 
metal without cracking. As tin roofs are generally 
used only in countries subject to wide extremes of 
temperature, this property is valuable. 

It is extremely difficult to persuade oil colours to 
adhere to zinc owing to the coating of zinc oxide. 
But zinc seldom needs painting for protection, 
it does not corrode under atmospheric exposure. 
By means of a special treatment zinc is said to be 
made capable of taking on an oil paint satisfactorily- 
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'This treatment consists in the application of 
a mordant made by dissolving 1 part each of 
dhloride of copper, nitrate of copper, and sal ammo- 
niac in 64 parts of water, and thereafter adding 
1 part of hydrochloric acid. Under this treatment 
the zinc first becomes a deep black, but during 
the drying process this changes to a grey, to which 
oil colours will adhere satisfactorily. 

Cleaning Metals. No matter w^at process 
of covering metals is to bo adopted, it is essential 
that the article to be coated should be cleaned if 
good is to result. There is no exception to the rule. 
Rust, dirt or grease prevent intimate adhesion, 
no matter whether the coating bo jiaint, enamel, 
or another metal to be deposited by simple immersion 
or by electric de))Osition. The methods employed 
for cleaning iron and other metals before galvanis- 
ing and tinning have been considered on pages 6 1 (>4 
and 6169, and. generally speaking, those methods 
apply to all metals upon which a line finish is desired. 

The usual method of cleaning for good work is by 
yicklincf or immersion in an acid bath, and the usual 
pickle is sulphuric acid and water (1 in 20 to 1 in 30). 
Whore sand has to be removed, as with cast iron 
sometimes, hydrofluoric acid is better as it dis- 
solves the sand (silica) and is not active upon the 
metal. After pickling, the work must be washed 
well with water so as to remove any trace of acid. 
Where the article is greasy, a solution of caustic 
soda or of caustic potash in water is the best 
means of removing the grease. It is best ap])lied 
hot. When rust has to be removed from iron or steel 
a good mixture to use is made by mixing I part of 
hydrochloric acid and 6 parts of sulphuric acid in 1 
gallon of water ; then when the rust has been removed 
another bath made by dissol v ing 4 oz. of zinc sulphate 
in 1 gallon of water and by adding 16 oz. of sulphuric 
acid completes the cleaning process. (brroded 
brass or copper is best cleaned by dipping it into 
a mixture containing 3 parts of nitric acid, 6 parts 
of sulphuric acid, and 8 parts of water. Corroded 
zinc may be cleaned by dipping into an acid bath 
with 1 part of sulphuric acid, 2 parts of hydro- 
chloric acid, and 160 parts of water. For dirty 
lead, tin^ and pewter a hot caustic soda solution 
is best. 

Polishing Metals. For work of a high order 
such as enamelling and plating the mere removal 
of rust and grease is not enough. 1 1 m ust be pol ished 
if the resulting surface is to be excellent. There are 
many methods of polishing. Sand blasting we have 
described elsewhere [see page 6314]. It is used 
chiefly for brass and other soft alloys. Other pro- 
ec.-«Hcs are stone and emery grinding, scratchbrushing. 
and buffing. The methods adopted depend upon 
the condition and nature of the work and upon the 
finish desired. Preliminary processes where the 
surface is coarse consist of grinding upon an emery 
or corundum wheel |sce page 6314J. For finer 
work polishing lathes are used. These have 
circular wire brnshe.s, hair brushes, leather bobs, 
felt bobs, o»* cotton bobs revolving at high speed. 
Wire bruslies are usually lubricated with some 
Ii(iuid such as stale beer, the object being to keep 
the brush from becoming too hot and to prevent 
it from cutting into the metal. W^ith the other 
forms of brushes or bobs, polishing powders or 
polishing compositions are used. The usual best 
practice is to have the polishing material in the form 
of a cake and to apply it to the bob simply by 
holding it in contact as the latter revolves. The 
materials are com}) 08 ed of rottenstone^ pumicestone, 
emery in various degrees of fineness, crocus, tripoli 


powder, and rouge. Tripoli is used coarse, for 
instance, for brasswork and small iron and steel, 
while if the work is to be plated fine tripoli and 
crocus are used. Rouge is used for finer work 
still — for cutlery and jewellery. Any of these com- 
positions and materials can be used with hand 
polishing brushes and tools, but this practice is 
laborious and costly, hence seldom used in manufac- 
turing imliistrics. 

Bluing Iron and Steel by Heat. Small 
articles of polished iron or steel may be blued easily 
by the use of heat. The most convenient method 
of applying this heat is by the agency of a Bunsen 
burner, which yields a hot flame but does not 
smoke. Another common method, especially for 
flit work, is to heat a fiat piece of iron and steel — 
sufficiently thick to retain its heat for a long time — 
and to place Iho small objocls u})on its hot surhice 
in direct (contact or upon a }>i(H‘e of sheet iron 
interposed between the two. The Bunsen burner, 
when properly constructed, should burn with a 
light blue flame, having within it a bliic-green flame, 
the apex of which is the point of most intense heat. 
The article being heated should bo held immediately 
above this point of greatest heat. Watcfh the 
chan ge in <‘olour as the iron or s o'l arti ‘!c ris's in 
temperature under the heat. Withdraw it from 
the flame before it <iuitc comes to the desired shade 
of blue, hold it in the air until the desired tone 
appears, and at this point throw the article into 
oil — preferably a heavy oil, such as fish oil or lard 
oil — where it may be allowed to eool. When the 
article being treated is of uniform shape, the work 
is easy ; but where the sha])e is irregular — say, thick 
at one part and thin at another part — greater care 
and practice is necessary to secure uniform results. 
In such a case the heat must be confined to the 
thicker part for a longer time than is necessary 
for (he small parts. Another method of attaining 
the same result is to heat sand very hot in a pan, 
then to immerse the articles in the sand, and to 
roll them around until the desired shade appears, 
when the colour is fixed by the oil-bath, as already 
stfited. By all of these methods the iron or steel 
passes through the following colours — pale straw, 
dark straw, brown, ])ur])Ie, blue and green, as its 
heat increases, and it may be arrested at any one 
of them. 

Of the many other recipes recommended for bluing 
iron and steel, the following may be put on fccord : 
A solution of 1 oz. lead acetate and 1 oz. sodium 
thiosulphate in 50 fluid ounces of water, being used 
hot, imparts tones from a light brown bronze to 
black, according to the duration of the soaking, 
the intermediate tints being juirplc, blue, light 
blue, and steel grey. 

Lacquering. Metals may bo lacquered both 
to preserve them from atmos])‘icric aciion and to 
impro e the appearance. The usual transparent 
lacquer is made by dissolving shellac in methylated 
s{)irit and colouring matter such as dragon’s blood 
for red, an i gamboge or turmeric for yellow, while 
a wide range of colours is secured by introducing 
the anili .0 dyes. In applying the lacquer tho 
article being treated should be kept war n at a 
uniform f^eiufierature. The w'o k should be dciio 
where there is no dust floa ing about, and the 
operation should be perforino 1 rapidly and 
s uoothly. The lacquers should be kept in 
stoppered bottles, whicn are best when of opaque 
glass. They should be applied with a thin, wide 
and flat brush. [See Graham’s table of lacquers 
on the following page.] 
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Enamelling* Enainclling is perhaps the most 
common of the processes of coating small articles of 
iron and steel. We refer not to the vitreous enamel- 
Ii!ig such as is found on the enamelled milk saucepan 
and the enamelled mug, but to the ordinary enamel 
paints which are applied either by a brush or by 
dipping and afterwards hardened in an enamelling 
stove. Articles enamelled in this way are found in 
every household — the iron bedstead, the coal- 
scuttle, the room fender, and many other articles of 



domestic use. This sort of enamel is merely a fine 
paint, which is dried and hardened by heat. 

The Enamelling Stove. An enamelling 
stove is necessary for the work. It is best heated 
by Bunsen burners. Enamelling stoves may be 

iirchase.l from makers who specialise in them, 

ut any iron plate worker can make one without 
difficulty, and if proper precautions be taken, the 
home-made article is often better than the factory 
stove. A ventilator at the top permits a current of 
hot air to circulate through the stove. It is an 
economical provision to have the walls lined with a 
non-conducting material, such as fireclay, so as to 
prevent unnecessary heat radiation, thereby reducing 
the amount of gas consumed to maintain the proper 
heat. The sides should bo fitted with angle iron 
bars upon which bars or shelves may rest to support 
the work. The door should be made the whole 
width of the front, thus |jermitting easy ingress and 
egress of the articles before and after enamelling. 
It should also have fixed to its inner side a thermo- 
meter registering up to not less than 400° F., and 
capable of being inspected from the outside. The 
usual device is to have an oblong panel cut from 
the door in front of the thermometer and fitted 
with a sliding or swinging cover which can be re- 
moved when it is desired to read the temperature. 
The gas supply should be in excess of requirements 
BO that the proper heat can always be secured. 
The heat is regulated by raising or lowering the 
gas jets or by lighting or extinguishing one of the 
Eimsen tube.s. 

For many purposes — a cycle frame, for instance, 
or a fine cast-iron stove — a fine polish is essential. 
The finer the polish the finer is the resulting coat of 
enamel. The polish is obtained first by grinding on 
a grindstone, or an emery wheel if the work be rough. 
For work that is not rough originally, polishing with 
a fine emery bob and then with a leather and cloth 
hob is sufficient. Some work is “ sweated ” 
before having the coating of enamel applied — 
that is, rubbed with a cloth wrung out of spirits of 
tar and placed in the stove at mil heat of, say, 
to 400° F. for a quarter of an hour 
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The Coate of Enamel. Some articles ma,\ 
have only one coat of enamel, in which case the 
finishing enamel is that applied, but in most cases 
a first coating precedes the finishing coat. The 
article is eithes painted with the ^enamel by means 
of a brush, or dipped into a bath or trough con- 
taining enamel. If the brush be used, it must be of 
good quality so as to lessen the lik lihood of hairs 
adhering to the surface. A hair cannot be remove I 
after the enamel has been hardened without leaving 
a blemish. The size and shape of the trough, if 
dipping be practised, must be decided by the shape 
of the articles, but a trough is used only where 
enamelling is on a largo scale. 

The enamels are purchased from firms making a 
speciality of their preparation. The enamel ler 
need not tliink of making them for himself. The 
work having received its first coating, is placed 
in the stove, and is given the necessary heat for a 
period depending on the colour and quality of the 
enamel. For black enamel the heat is usually from 
300° F. to 360° F., and for coloured enamels about 
125° to 150°. Care should be taken not to give the 
full heat at once. The time required at this heat is 
usually between ono and two hours, and must ho 
decided by experience. Kee})ing the work in tho 
full heat for too long a time makes the enamel 
easily chipped besides consuming unnecessary gas. 
When the gas is turned off the enamel is hot, but 
wot. When it has dried the article is polished with 
a paste made of piimieestone in an impalpable 
powder or crocus and water. All roughness should 
be carefully removed in this polishing. 

The finishing coat — not of tho enamel formerly 
used, but of “ finishing enamel ” — is then given. 
It nuist bo applied in a thin coat or tho finished aji- 
Ijcarnnce will be blotchy and shrivelled. The work 
is again put into the stove and tho full heat main- 
tained until it is slightly “ tacky ” or “ gummy ” 
when touched. Then turn out the gas and allow 
the article to cool. The article is enamelled. If a 
still higher degree of finish be desired, this second 
coat may be rubbed smooth with the paste as before, 
and a third coat — another of the second (»i 
finishing coat — applied, but this is seldom done. 

The enamels should always bo kept corked when 
not in use, so as to prevent dust or other extraneou.s 
matter getting into them. As much work as possible 
should be put into the stove at each heating, thereby 
diminishing the cost of gas upon each article. 

Vitreous Enamelling* The process of 
applying a coating of vitreous enamel to articles of 
metal has during the last few decades spread from 
the field of ornament into that of utilit 3 % and an 
enormous industry, which flourishes especially in 
Germany and Austria, has grown into being. Street 
signs, and culinary and domestic utensils are the 
articles to which vitreous enamel is niost frequently 
applied. In Continental Europe cast-iron work, 
such as coal stoves, is treated to this variety of 
enamelling, but in this country its use in thi.'- 
direction is limited. 

Enamel is merely a coating of a glass applied with 
an ingredient such as tin oxide or bone ash to render 
the glass opaque. Into coloured enamels other 
ingredients are introduced, in accordance with the 
colour desired. White is by far tho most common 
variety of enamel used for coating articles of 
metal, and blue comes second in importance. la 
America, however, mottled or “'granite” ware i'' 
more common than white. A knowledge of the 
properties and composition of glass is essential to 
the manufacturer of enamels, and reference may bj' 
made to the article on glass manufacture [page 4531. . 
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A iinx i» necessary to cause the enamel to adhere 
to the surface of the metal. Borax is the flux at 
once the moat easy to work and that most generally 
employed. Other fluxes are fluorspar, broken glass 
or cuilet, gypsum, clay, and broken porcelain. 
These fluxes are used alone or in various combina- 
tions according to the class of work under treatment. 

To introduce colour into enamel many metallic 
oxides are used. The chief pigments in general use 
are as follows : 

To give blue — Cobalt oxide and cobalt silicate. 

,, black — Ferrous oxide. 

„ brown — Ferric oxide. 

„ green — Ferrous oxide (in small quantities), 

cupric oxide or chromic oxide. 

„ rod — Ferric aluminate, tin- gold chloride, 

sodium-gold chloride or purple ojf 
Cassius. 

,, yellow — Oxides of silver, iron, uranium, 

and antimony or antimonate of potas- 
sium or lead. 

„ violet — Oxide of manganese. 

Lead in Enamels, head ought to be 
absent from enamel applied to any vessel inttmded 
to contain food. On account of the affinity of lead 
for silica a lead enamel is an easy one to manipulate, 
iiml makers of cheap enamel ware use it extensively. 
But it cannot be too strongly urged that its use is 
dangerous. The presence of lead in the enamel of 
an article may bo detected by several simple 
methods. If weak vinegar be boiled in an enamelled 
vessel, and if as a result the surface of the enamel 
becomes dull and rough, lead is present. This test 
will also tlirow load into solution in the vinegar. 
Another test is to beat up an egg in an enamelled 
vessel, and allow it to stand for fwenty-four 
hours. The sulphuretted hydrogen in the egg will 
darken the lead oxide and cause the enamel to 
show a stain. For most pieces of chemical ajiparatus 
also an enamel containing oxide of lead is bad, as 
the lead may enter into chemical combination and 
vitiate or modify the results attained. There 
are many recipes for Icadless enamels. Mr. Paul 
Handau vouches for one as being in use in some largo 
Austrian enamel works, and we give the formula : 

Silica . . . . . . . . JIO to 50 parts 

Flint 10 „ 20 „ 

Kaolin . . . . , , . . 10 ,, 20 

Pipeidav . . . . . , , . S „ 1(5 

Chalk ‘ () „ 10 „ 

Ground porcelain . , . . 5 ,, 15 ., 

Bcric acid . . . . . . 20 ., 40 

Saltpetre . . . . . . . . ().,!() 

Gjqjsum . . . . . . . . 2 „ 5 „ 

Fnaniel adheres better to charcoal iron than to 
coko iron, and in east iron to “wh to iron” rather 
than to “ grey iron.” White iron, however, is rather 
hard and hrittle for most purposes to which ena- 
melled iron is put, hence a mixture of white and grey 
pigs are generally used in cast iron that has to bi? 
enamelled. 

. Preparation for Enamelling. Tojjrepare 
iron and steel for the coating of enamel, they must 
l>e pickled in diluted acid, a process which has been 
d^cribed in some detail in our descriptions of galvan- 
ising and tinning [ see pac.e i (5164 and (> KiflJ. If greasy, 
treatment with caustic soda removes the grease. 
The articles are then scoured with dean, sharp 
sand until quito bright. Many met'hanical devices 
rtre adopted to secure economy of work and big 
output in large works, but we shall not stay to con- 
sider these devices here. A common one is a sand 
Wast apparatus. After scouring, the work is dip]ied 


into boiling water, drying immediately after with- 
drawal, when it is ready for the enan>cl coating. 

The under coat is then applied. The enamel is 
usually kept moist, and is therefore like clinging sand. 
Before application, it is reduced with water to the 
consistency of cream. The workman ladles into 
the vessel, the interior of which is to Iw enamelled, 
as much of this enamel cream as experience teaches 
him will suffice for the work, and by mean.s of a stiff 
brush he spreads it over the surface to be coated. 
Any excess is allowed to drip olT, but practice enables 
the workman to dispense with the necessity of 
draining. The work coated with this enamel is then 
taken into the drying-room, preferably heated by 
steam pipes, and after remaining there about one 
hour, the article is dry and ready for ti ing, for 
which purpose it is taken to the muffle furnace. 

The muffie furnace is of the ordinary tjrpe, 
and must be of a capacity to suit the work. But 
w^orkshop economy demands that it should bo made 
quite full every time it is heated, hence there is 
danger of expense in having the furnace too large. 
It is better to increase the number rather than to 
increase the size of the furnaces ; but there must 
alw{i 3 rs be one large enough to accommodate the 
largest pk‘eo of work likely to be treate<l. The fuel 
for the furnace maybe that most convenient to the 
district. Gas may be chosen with advantage, if it 
be available, as it allows the temperature to be 
regida ted f /erfec t ly. 

Firing the Enamel. The object of the 
muffie forms of furnace is, of course, that the 
contents may come under the full heat given 
off, but may yet be secure from the dust and 
smoke that would surround them if there were no 
muffle, ft is usual to have the greatest heat at the 
back of the muffle, so that the articles arc not subject 
to the extreme heat immediately after insertion. 
The work is put into the muffle when the front of 
the latU^r is at a dull red heat, and the back portion 
at a bright red heat. The pieces of work are moved 
about by the workman into tht? hotter or cooler 
portions as they seem to require it. Gne exjwrt 
man can attend to a round dozen of muffles, filled 
with work. From twenty iniiiutes to half an hour 
ought to suffice for this firing. After that time, the 
enamel will have fusixl over and on to the metal. 
It will still have the ])owdery effect which it had 
when it entcre<l the furnace, hut the })Owder can 
no longer be rubbe<i off with the finger, and close 
examination will show that the adhering particles 
have lost their sharji edges. If the powder does not 
adhere well in the manner indicatt'd, the enamel 
composition is too refractory, and must have some 
borax stirred into it. If, on the other hand, it be 
very smooth on its surface, it is too fusible, and the 
enamel mass must have .some clay or flint added to 
it to make it morcf refractory. 

The Final Coat. ^The covering coat is 
applied after the article has been witlidrawn. If 
there be any exyioscd iron which was not intended 
to be enamelled, and was therefore not coated 
with enamel composition in <ho first instance, the 
firing will have made it black. This black, which 
is black oxiile of ii*ori, must be removed with wire 
brushes. The finishing layer of enamel is now 
applied in the same manner a.s the first was. The 
thinner it can be made, consistent with efficient 
covering, the higher will be the finish and the 
greater the durability of the finished article. The 
temi>erature of the muffle furnace for the finishing 
coat is kept a little lower than it was for the first 
layer, as the composition more easily fusible. 
Also the articles are moved about in the muffle, 
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and turned more frequently, so as to secure 
uniformity in the process of fusion. When it is 
considered that they have had enough of the fire, 
tliey are removed, but ought to be allowed to cool 
gradually, otherwise the enamel may crack in the 
cooling. There is frequently a separate muffle at a 
dull red heat, into which the articles are placed and 
allowed to cool slowly. The enamelling is now 
complete. 

Cheap enamel ware is frequently made with only 
one coating of enamel, but good work that will stand 
the test of use, especially if it be for articles for 
cooking, demand two coats. The first, or ground 
coating, should bo somewhat porous, and the upper 
or covering layer forms the impenetrable glaze. 

Decorating Enamel Ware. The common 
method of decorating enamel ware is by means of 
transfers as used for pottery ware. The ink with 
W'hich these transfers arc printed must be made of 
fusible oxides. To fix a transfer to an enamel 
siirfaco is not difficult. It is applied, the back of 
the transfer is damped with a sponge, and the article 
is fired, so as to fix the ornamentation. Hand 
decoration is also practised, and is the common 
method when bands are being put on the outside of 
vessels, but for elaborate work its cost is prohibitive. 
Mottled or granite enamel ware is made by spraying 
upon a coating of white or yellow enamel a covering, 
or rather a partial covering, of coloured enamel. It 
is then fired in the usual way, and if a good surface 
bo desired, it is treated with a final transparent 
enamel glaze. 

Colouring Metals. The numerous pro- 
cesses for bronzing metals may be divided into three 
classes, depending for their action upon chemical 
clumge, electro -cnemical change, and mechanical 
application. The first and the second might 
properly be classed as one, but electric deposition is 
such an important and such a distinct process, thitt 
it may well be elevated into a class apart. 

All metal articles may be treated to an application 
of bronze powder, caused to. adhere to the surface 
of the metal by a special varnish. Bronze powders 
are made in dozens — indeed, hundreds — of shades, 
and their manufacture is a huge industry in Austria, 
which supplies the greater part of the world with 
them. The so-called bronze powder is simply 
metallic* brass, copper, aluminium, or other metal 
or alloy in a very fine state of subdivision. The 
particular depth of shade is usually obtain 'd by oxi- 
dising more or less the metal in the manufacture of 
bronze, but with this, the man who applies the pow- 
der has no direct concern. |See also page 6310.] 

The article to b© bronzed is usually coated with 
a special varnish. This varnish, or me, had better 
be purchased from varnish manufacturers, but a 
good recipe for its manufacture is ns follows : 
Boil linseed oil for two hours, and add to it gradually, 
when boiling, 5 per cent, of its weight of red litharge, 
followed by 5 per cent, of white litharge. If the 
first addition of red lead cause the formation of a 
red scum, the oil is at too high a temperature, and 
the further addition of red lead must be delayed 
until the oil has cooled somewhat. The mixture is 
kept for about a week, and is then ready for use. 

The iron or other article to bo bronze-coated is 
given a coat with the varnish or size, and when this 
varnish has become almost dry, or, as it is called, 
tacky, the bronze powder is applied, usually with a 
brush. Then, when the varnish has quite dried, the 
sur]>lus powder is brushed off and the article is 
bronzed. It may be coated with varnish again, 
and will, after tliis precaution, resist atmospheric 
aetion and retain its freshness much longer than it 

6576 


otherwise would. It must not be forgotten, how- 
ever, that any varnish applied after the bronze 
powder diminishes the metallic brightness, so that 
the manipulator must choose betw'een brillinnco 
and durability. 

An cx^ditious, economical, and satisfactory 
method of applying bronze powder is by mi ning it 
up like ordinary paint, with the varnish as a base, and 
by painting it on the surface to be decorated. Two 
coats are desirable, and, of course, these may be 
thinner than a one-coat application. Turpentine is 
the medium used to thin the varnish. The hardness 
and durability of the bronze coating is much in- 
creased if the article be dried in a japanning stove. 
The temperature should not be high — not more 
than 200'^ or 250° — and half an hour is about long 
enough time to allow. 

Bronzing Brass by Immersion. There 
are many simple immersion baths used to bronze 
metals, and the tone resulting depends upon the 
duration of the immersion. Brass may be coloured 
any shade from brown to black by a bath made by 
dissolving 2J oz. of nitrate or perchloride of iron io 
1 gal. of water. Any shade from brown to red may 
bo secured by immersion in a solution containing 
J lb. nitrate of iron and hyposulphite of soda in 1 gal. 
of water. Yellow to red demands a bath where J oz. 
tersulphide of arsenic, and 3 oz. of pearlash solution 
have been dis.solvod in 1 gal. of water. Potassium 
sulphdo added to water (J oz. to 1 gal.) gives 
orange bronze ; a mixture of perchloride of iron 
and water (I gal. to 2 gal.) gives an olive green, 
while sulphocyanide of potassium (20 oz.) anti 
water (I gal.) gives a blue. 

Bronzing Copper by Immersion. Bronz- 
ing copper baths, used simply by immersing the 
cop|>er articles in the solutions, are as follows, the 
chemicals mentioned being dissolved in 1 gil. 
of water : 

Brown to black, 2J oz. nitrate of iron. 

Dark drab, 2J oz. nitrate of iron and 1 oz. sulpho- 
cyanide of potassium. 

Bright red, 1 oz. sulphide of antimony and | lb. 
pearlash. 

Bed to black, J oz. suljffiur and 1 lb. pearlash. 

Steel grey, J oz. chloride of arsenic (must be applied 
at 180° F.). 

Japanese Lacquer. Japanese lacquer is 
valuable as a metal coating, and when once tlm 
secret of its manufacture has been given to the 
Western world, its use will extend. But at present 
its precise method of preparation is held as a jcaloiin 
secret. It is known to be made from the secretioti 
of a tree, the Bhva vermieifera, called by the Japanese 
the urushi-naki, which grows to a height of about 
30 ft. when it attains its full yielding capacity. The 
lac is collected by making horizontal incisions in 
the tree. The issuing lac is milky white and thick, 
but on exposure becomes first darl brown, and 
finally black. The lac is purified by being strained 
through cotton wool, then by rubbing it on a paint 
slab and mixing it well with water, which is finally 
evaporated by heat. The further treatment in 
preparing the famous Japanese lao varnishes is not 
Known outside of Japan. White and pure light 
colours cannot be obtained in these Japanese lacquer 
varnishes. The usual colours are brilliant black, im* 
pure vermilion, impure dark green, and dark grey. 
Drying is done in twenty-four hours in a moist 
atmosphere, and if the articles to be dried are placed 
in enclosed rooms, the walls and floors must bo 
wetted down periodically, so as to provide the moist 
atmosphere. Fine lacquer work requires 18 coats ; 
it improves in colour with age. If Japanese lacquer 
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were uscsd only for bric-a-brac and woodwork,, we 
would not give its description space in this article, 
but it has a much wider use than that hold by 
general opinion. It is widely used for metal coating 
— the Japanese use it for acid tanks, for ship’s 
coating, for coach and decorative panels, and for 
doniestic articles, which it enables to resist hot 
water, soap, and alkaline solutions. It never splits 
or cracks, and has great durability. Applied to the 
hulls of ships, Japanese lacquer forms a coat both 
anti-corrosive and anti-fouling. The coats applied 
to hulls vary in composition, the first being almost 
pure lacquer, and the succeeding coats containing 
proportions of mica or kaolin to increase the covering 
power. When first used as a ship’s paint, anti- 
fouling paints were applied over the lacquers, and 
fhis method was a failure, the urustrio acid in the 
lacquer attacking the metallic base of the anti- 
fouling paint, the result being that the virtues of 
both were destroyed. Later, it was found that the 
lacquer alohe is an admirable anti-fouling paint, ns 
well as an anti-corrosive protection. 

The Bower-Barff Process. The Bower- 
Barff process of coating iron and steel is old, the 
two inventors from whom the process derives its 
name having registered their patents over twenty- 
five years ago. But the process did not obtain 
prominence or commercial success, on account of 
certain inherent difficulties which gave bad results. 
It remained for followers of the original inventors 
to carry the process some way nearer perfection, 
so that the modification of the original process 
now followed by those who practice bar/jling, as it 
is usually termed, may be said to be both a practical 
and a commercial success. 

The root principle of the barffing process lies in 
this — that when iron or steel is made rod-hot, and 
steam is brought into contact with it, the surface 
undergoes a chemical change and becomes black 
oxide, or, as it is more properly called, magnetic 
oxide of iron. We need not waste space in describ- 
ing the- j)lant used by Bower and by BarlT respcc- 
tiyeVy in achieving their objects. Our time will be 
be tier occupied in paying attention to the modern 
improvements upon the original methods adopted. 

No other metals but iron and steel can be sub- 
jected to barffing with successful results, hence its 
use is somewhat restricted. But the process is 
less expensive than galvanising, and, if carried out 
as it now can be carried out, tlic surface given to the 
m^al is even more resistant to corroding influences 
in exposed situations. The finish is a dark slate or 
dead black — the natural colour of black oxide, 
and the depth deepens upon the length of time to 
which the aVtiejes are subjected to the process. 
The^bad results in early attempts wore that the 
magpetio oxide surface given to the iron or steel 
was very hajfd and brittle, being liable to scale. This 
difficulty i^ now been almost entirely obviated. 
Certainly, chicles barfled to-day do not give evidence 
of peeling in ..the manner and to the extent that 
formerly prevailed. 

The, present-day practice usually followed is the 
Geshor modification of the original. This consists 
in heating tho work in a closed retort, and injecting 
steam for some time. The steam is shut off, and a 
small quantity of naphtha is admitted, after which 
steam is again injected. Finally, the work is allowed 
to cool naturally, and is then finished. 

The Barffing Furnace. The furnace used 
is much like a ooal-gas furnace, consisting of one or 
more clay retorts, which may be mode t.i open at one 
or 'both ends. The fuel used is immaterial, as the 
work is isolated from the fumes, and local conveni- 
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once decides the point. Steam is led from a boiler 
into tho retort by a suitable pipe. The steam need 
not bo under pressure, and an ordinary house 
boiler is quite suitable for its generation. The 
steam-pi]^ is led along the bottom of tho retort, 
protruded from tho end opposite to that by which 
it entered, is returned, and its end led into the 
retort again. Tho object of thus causing the steam- 
pipe to travel the** whole length of the retort before 
the steam is allowed to escape is that the steam 
is superheated before coming into contact with tho 
work. This* is an essential feature of Gesner’s 
method. Another essential feature is the use of 
a hydrocarbon, such as naphtha, with tho steam. 
I’he theory of the inventor of this process, and his 
claim to success, rest in the fact that the steam, 
passing through tho red-hot pipe in tho bottom of 
the furnace, is partially reduced, that hydrogen and 
oxygen are set free, and that tho8'>, acting in con- 
junction with the steam, give a coating of magnetic 
oxide containing oxygen. Such a coating is, by 
exjierience, found loss liable to scale than one devoid 
of hydrogen. Analytical tests made have shown 
that the magnetic oxide coating contains about 
1 per cent, of hydrogen. The door of the retort is 
made reasonably tight to prevent tho escajK) of 
steam, and clay is plastered around it with this 
object. An exhaust pipe is led from the top of the 
furnace into a water-seal, which gives a low pressure 
in the retort. About IJ in. of water is usually 
all that is given. The arrangement of the furnace 
is calculated to give us nearly as possible a uniform 
heat in the retort. 

The articles to be barffed must be free from 
scale and dirt. The better and smoother the finish 
before barffing, the better is the resultant coat of 
black oxide. The castings or other articles under 
treatment may, if greasy, be treated with caustic 
soda ; but if free from grease, this is unnecessary. 
To remove scale or dirt, they may be pickled or 
sand-blasted. The latter treatment is the better. 

Operating the Process. The retorts in 
which tho work has been placed are heated to from 
1,000° F. to 1,200° F., and the steam admitted for 
about. *10 minutes, and then about a pint of naphtha 
is allowed to enter through a pipe for that purpose. 
Then steam is allowed to enter alone for about 
another .30 minutes, and is finally shut off. When 
the retort has cooled to about 800” F. tho articles 
are removed, and, to prevent marks or imperfections 
on the surface, they are put into paraffin or other 
heavy oil while still hot. They are taken out after- 
wards, tho oil is removed by immersing the articles 
in benzene, and a coating of flat lac»|uer or wax or 
both is given. A little polishing follows ii])on a 
rotary bristle brush. For coarse work, such as cast- 
iron furnace pans, for which barffing is largely used, 
many of the rerincments enumerated above are not 
practised ns this would raise the cost where' cheap- 
ness is of more im]X)Hanco than elegance ; but 
for light hardware the process usually employed is 
that we have described. 

The cost of the process for largo work such ns 
furnace pans may no as low as from 4s. to fis. a 
hundredweight, but for lighter and smaller articles 
it is much higher, and may be as much as 20s. a 
hundredweight. The expense in small articles is 
because every article placed in the retort must be 
deposited so that every part of its surface may be 
subject to tho action of the steam. 

Tho original process of barffing increased the size 
of tho WO&, and as the work could not be machined 
afterwards without destroying the surface produced, 
provision hod to be made in initial preparation. 
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The formation of hydrogen during the modified 
process wo have described seems, however, to pre- 
vent this enlargement, and machined work — screws, 
nuts, valves, and other articles — may now be made 
to finished sizes and barffed without fear that the 
process will disturb the fitting. 

Sleet roplating. The principles and the 
practice of electroplating are treated in the course 
on Electricity (page 3421], imd it is assumed 
that the reader has made himself familiar with 
the instruction given there. Space may be spared 
here for some practical information upon the equip- 
ments required for various classes of work and for 
different volumes of output. 

The most common form of clectrojilating is a 
deposition of a deposit of nickel upon steel or iron, 
and in many plating shops, particularly in the cycle 
trade, no other work is undertaken. We may there- 
fore consider such a shop. A plating plant, capable 
of treating up to 30 sets of cycle fittings per week, 
would include a dynamo ((1 volts, 1(X) amiicres) 
driven at 1,200 revolutions, and rcMjuiring Ij-horse 



power; a nickel vat, 4 ft. by 2 ft. by 2 ft. deop; a 
eojiper vat 30 in. by 18 in. by 18 in. deep; and a 
polishing lathe. It is never wise to purchase a 
plant that will overtake only the amount of work 
available at the moment, as in the event of 
increase of work the plant will not be able to rise 
to the work. It is considered woll that the capacity 
of the plant should be 30 to 50 per cent, higher 
than there is immediate occasion for. The size of 
the vats and the (luantity of solution depimds 
upon the quantity and size of the articles to be 
nlatcd. Every s(|uare foot of surface of work 
oeing plated requires 10 ampc'res of eiUTent, and this 
forms the guide in determining, the size of the 
<Iynamo necessary. The dynamo should be fixed 
in a convenient position as close to the vats as 

{ wssible. The grinding and polishing should never 
)o d»me in the same shop or room as the plating. 

The Plating Plant. A complete plating 
plant, as arranged by Messrs. Canning, of Birming- 
ham, is illustrated herewith. The plating vat 
must be lined with chemically pure le»Ml with 
burnt joints. The nickel anodes should be pure 
cast nickel plates, having an aggregate surface 
at least equal to the surface of the work, and 
if rolled nickel plates bo used at all they should 
not be more than one to four cast anode plates. 
The nickel solution is made by dissolving sulphate 
of nickel in W'atcr. The trade in this country usually 


employ Canning's special nickel salts — a double 
sulphate of nickel and ammonium — dissolving one 
pound by weight in one gallon of clean boiling water 
in a vessel of wood, earthenware, or enamelled iron. 
The solution as it becomes impoverished is brought 
to strength again by the addition of more nickel salts. 
It mustbe kept neutral, and if through use it becomes 
acid, ammonia is added in small quantities to bring 
it to neutrality. The anodes are suspended in the 
tank from brass rods as seen in the illustration, 
and the articles to be plated are also suspended from 
suitable hooks or baskets. The best practice is to 
have anodes at each side of the work so that with 
throe rods the centre one carriers the work and the 
other two the anodes, and if five rods are used the 
centre and the side rods carry anodes. A recent 
improvement in electroplating plant has been in- 
troduced by Messrs. Canning and widely adopted. 
By mechanical agitation of the electrolyte the cur- 
rent density is increased, and the time taken to form 
the electro deposit is reduoeil by as much^ one half. 
The direct result of the introduction of mechanical 
agitation is to double the 
capacity of any plant. 

Klectrosbrassing and 
£lectro>coppering. The 
same proc^ess as for nickel plating 
is used in depositing any other 
metiil, but the anodes used must 
be of the metal it is desired to 
d(q)osit. Thus, anodes of gold, 
])latinum, silver, brass, cojjpe/-, 
tin, or zinc arc used as re- 
quired. AVe may take as tyj)ical 
electro- brassing, as after nickel 
])lating it is the most generally 
])ractiscd. T'lie electrolyte us(*d 
may vary in composition, but 
the following is good (Canning): 
Pure cyanide of ix)tiissium I U». 


Carbonate of eojqajr . . 8 oz. 
Carbonate of soda . . . . 3 oz. 

Bisulj)hate of soda. . . . 1 oz. 

Water 1 gal. 


Ill making, dissolve the cyanide of potassium in 
three quarts of hot waUT, and add the carbonate* 
of copper. In a separate vessel dissol \ e the carbonate 
of soda and the bisulphide of soda in one quart of 
hot water. Mix the two solutions when cold and 
stir well. The electrolyte may be used either hot 
or cold; if the latter, the temperature should be 
120^ to 140^ F. 

Before immersion the work must have been 
thoroughly cleaned in hot cleaning solution (hydro- 
chloric and sulj)huric acid in 10 parts of ivater) 
and swilled, then scoured witli powdered pumice- 
stone and ago in swilled. The full details for deposit- 
ing other metals cannot be given in this article. 
There are several good textbooks to guide the 
novice ; the “ Handbook on Electroplating,” 
published by Canning & Co., of Birmingham, may 
be rceommended. 

Finishing Plate Articles. When a 
nickel-plated article leaves the electrolyte it has 
a dull-white appearance. It must be finished. It 
is first rinsed in hot water and then dried. Tlien it 
goes to the finisher, who. with the aid of mops 
made of felt, calico or swnnsdown, usually mounted 
on a polishing lathe, polishes the work, the final 
touches being given with a soft clean mop. The 
first mop is usually charged with dry Sheffield 
lime or with tripoli powder. 


MKTAI.S conceded; followed by Mineralogy 
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sharp distinction can be drawn between 
cabinet-making and joinery any more than 
between cnrixmtry and joinery, though in each case 
it is easy to give specific instances of work that is 
within the exclusive province of one or the other 
Joinery occupies an intermediate position, and is 
overlapped at one extreme by the rough and heavy 
work of carpentry, and at the other by the fine and 
neat work of cabinet-making. Such work as plain 
furniture, and shop, bank, and office fittings may be 
done either by cabinet-makers or joiners, the choice 
dejiending chiefly on the degree of finish required. 
With the exception of plain deal articles the con- 
struction of furniture is regarded as cabinet work. 
With a few exceptions the tools employed and the 
methods of jointing have been described in the 
courses on Carpentry and Joinery. 

Woods Employed. In cabinet-making, hard 
wood is chiefly used, and the soft varieties, in which 
the bulk of carjienters’ and joiners’ work is done 
arc generally used only und'r veneer and frequently 
not even then. A great, number of fancy woods are 
jised, but for large articles the list is very much 
I educed owing to the unsuitability or cost of many 
of the rarer woods. Mahogany is the moat com- 
monly employed and is one of the beat for furniture, 
owing to its small liability to shrink and warp. For 
many years after it came into general use it was to 
the cabinet-maker what oak was to the carpenter, 
and what deal is to the latter craftsman at the 
present time. There are two main varieties, the 
Spanish, which is valued for its rich appearance and 
hardness, and the Honduras, or baywood, which is 
softer, straighter grained, lighter in colour, and 
cheaper. The chief other woods used arc oak, 
walnut, ash, and birch. The important woods have 
been described in the first article of the course 
on Materials and Structures, be^iuninz on 
page 51. Soft woods, such as pine and American 
whitewood, are used a great deal for parts that clo 
not show, such as backs of carcases and drawers, 
drawer bottoms, runners, and sides. They arc used 
also covered with veneer, or in some cases— drawer 
bearers, for instance — may have a hard wood facing 
about I in. thick, glued on the front. All wood in 
cabinet work must lie thoroughly seasoned. Arti- 
ficial drying in kilns is usually resorted to. There are 
maii}’^ varieties of these. 

Furniture Designing. This is not done by 
the journeyman cabinet-maker, but by sjx^cialists, 
who make the drawings for him to work from. These 
drawings are usually not very elaborate compared 
with the drawings required in some other trades, 
for exact dimensions are unimportant, and many 
details of construction can safely be left to the 
judgment of the workman or his foreman. A single 
l^rspeotive view of an article with its leading dimen- 
sions is therefore often sufficient for a cabinet- 
maker to work from, and in some cases no drawing 
St all is made. Drawing is supplemented a great 
deal by written instructions. The designer must be 
familiar with methods of construction, or ho will 
cause needless trouble and expense with perhaps 
weak and unsatisfactory results. Apart from this, 


he is chiefly concerned in de.signing goods that will 
best command a sale. So miicli variety has gone 
before that new designs now are new combinations 
of features of old designs. It might be quite possible 
to desi^i something absolutely new, but the demands 
of utility and good appearance would almost cer- 
tainly condemn it. I’he first essential in any article 
of furniture should he a design which makes it 
convenient for use. All ornamentation and con- 
siderations of appearance should Ixi subsidiary. 

The Value of Appearance. In cabinet 
work appearance has to be considered more 
than in other woodworking trades, and though 
utilit y .should never be subordinated to it, it makes 
a difTerence between the work of the cabinet-maker 
and that of the joiner and carptmter. (lood work is 
desirable throughout in an article of furniture, but 
only ])arts that are constantly visible are finished 
neatly, while backs a ml under parts are left rough. 
Another thing peculiar to cabinet work is that 
strength is in most cases of less im])ortanco than 
ajipearanee. Furniture is not 8uppo.'*cd to be subject 
to rougher usage than when serving its normal pur- 
pose, and the cabinet-maker constructs it on that 
assumption. In the jointing of light framework, for 
instance, stub tenons or dowels secured by glue 
alone arc typically cabinet work. In many articles, 
however, the appearance of strength is desirable, and 
thus w’C have pilasters formed by gluing thickening 

E ieces against thin sides, and the iining-up of 
orizontal pioce.s, and addition of solid-looking 
plinths and cornices. In some cases the purpose 
of an article permits of great latitude in fi.xing 
dimensions, and then proportions are adopted which 
look well. Thus an article of rectangular shape is 
not made more than twice as long, or high, as it is 
wide. 

Changing Fashions. The design of furniture 
is subject to slow changes of fa.shion. As with dress, 
and other things, the style of which changes without 
necessarily improving, this is caused by a desire for 
distinction among wealthy people and dc.sire among 
poorer ones to imitat^e them, a new fashion being 
adopted by the former as soon as the reigning one 
has become common property. Besides this, ])ublio 
taste varies at different periods, and the stylo of 
furniture varies correspondingly. It is possible, 
however, that the changes of the future will be 
slight compared with those of the past, because 
extremes in all directions have been reached and 
recognised as unsatisfactory. The best furniture i.s 
made primarily to serve its purpose nerfcctly, and 
secondly, to please the eye. The highly ornaiuoiitni 
and tlie severely plain, alike, generally fail in both 
these directions. 

A complaint frequently made is that furniture i'; 
less substantially made than formerly. The assertion 
is less true now than it was some years ago, but the 
time has gone past when quality and methods did 
not vary much from a set standard. If the best 
work now is not superior to any that has ever been 
done before, it is because better work is impossible. 
No one can dispute that a great deal of modern work 
is trashy, but as such work does not last we have no 
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means of knowing whetlier the workmen of a century 
or more ago were equally skilful in that direction. 
Probably they were not. The rank and file, no doubt, 
were ignoi-jmt, simple-minded men in a position to 
take as much time as they pleased to do anything. 
They had a high opinion of their manual skill, and 
exaggerated notions of the importance of trade 
secrets, in many cases not to be imparted freely to 
each other, and still le s to the outside public. Modern 
conditions are different. Work is done now much 
more expeditiously and consequently at compara- 
tively far lower prices. In many cases the cost of 
labour is a trifle compared with the coat of material. 
This is not because wages are low or because manual 
work is done more rapidly than formerly. It is 
because the workman now is assisted by machine.H 
which perform all the operations that before occupied 
most of his time. The subdivision of labour now 
prevailing also conduces to rapidity of x>roduction. 

Old and Modern WorK Compared. 
Neither machine work nor subdivision of labour 
means inferior work, but rather the contrary. In some 
respects the best of the very old w ork was rough com- 
pared with the best modern work, and its rouglmess 
was not com])ensated for by its being any stronger 
than what is made now. We have only to notice 
the construction of old furniture preserved in 
museums to pereeivo that. Articles elaborately 
curved and inlaid are often jointed more roughly 
than would Ix^ permissible now. The use of wood 
pegs ill tenoned joints, with the end grain of the 
pegs showing in the front faces of the w'ork, and 
generally projecting about a sixteenth of an inch 
through shrinkage, would bo intolerable in the 
cheapest modern articles. Old work .sutfered also 
through being done by men who were not specialists. 
There are few men who can do both heavy and light 
work with equal accuracy, and no one man euiii 
be as skilful at half a dozen classes of work 
as the same number of specialists assisted by 
machinery can be. 

The Element of Time, If it bo 

untrue to protend that our best is not equal to 
the best that has gone before, it is Still more 
untrue to suppose that our men are not equal to 
their predecessors. Only those whose admiration for 
the past is based on unreasoning sentiment can 
believe so. 8o far as wc can judge of them, there is 
no reason to doubt wc not only have their equals, 
but have far greater numbers of them. But in most 
work nowadays the element of time has attained an 
importance it never had before. Most ebusses of 
work are so often repeated that the time they should 
occupy is known or can be estimated almost to an 
hour, and it is to the workman’s discretlit if ho 
exceeds this almost as much as scamped work is to 
his discredit. The test of a tirst-ebuss workman is to 
do work of the best {piality in the minimum time. If 
an unlimited amount of time i.s allowed, a far les.s 
skilful man can equal the product in quality. A 
first-class workman, however, has not always the 
opj)ortunity to do the best work. Quantity instead 
of quality may be required of him. There is a largo 
demand for cheap articles, the cost of which is cut 
down by employing inferior material and quicker 
methods of construction. Their unsubstantial char- 
acter docs not indicate that they were made l)y 
incapable workmen, but that their cost was not 
allowed to exceed a certain amount. Work of this 
kind is justifiable because it supplies a demand, but 
in the c/ise of the cheapest work it may be doubted 
whether the demand would be very great if the 
average purchaser was capable of seeing its defective 
character. 
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M odern Subdivision of Trade. Cabinet- 
making, even more than most trades which havo 
attained a high degree of development, is very 
much subdivided. It has first of all two natural 
divisions, for there is a decided difference between 
carcase work, such as wardrobes, chests of drawers, 
etc, which are boxed in, and open framework, such 
as that of chairs. Chairs are so different to ordinary 
cabinet-maker’s work that people employed in 
their construction are known as chairmakers, and 
not as cabinet-makers. Chairs differ so much from 
each other, however, that the chair-making industry 
is itself very much subdivided. But oven among 
articles of furniture which do bear considerable 
resemblance to each other, it is found more econo- 
mical for firms to confine themselves chiefly to one, 
and portions of that are often purchased ready 
made. In no case is all the work on one article done 
by one person. All turned parts are done by a wood- 
turner. Carving is done by a carver or by machinery. 
Veneering and inlaying aro done by specialists. 
Polishing and upholstering are done by men of 
those trades. Among the ojicrations just mentioned 
the only ones that can be considered as branches of 
cabinet-making are veneering and inlaying. 

Veneers. These are thin sheets of fancy wood 
ranging in thickness from that of a thin sheet of 
paper to \ in. They arc used a great deal in cabinet 
work, and to a less extent in joinery, for gluing 
to the surface of cheaper wood to improve the 
appearance of an article^. In some cases also curved 
parts arc built up entirely of veneer by gluing a 
number of thicknesses together. Ply wood, which is 
now largely used for panels and drawer bottoms, 
is built u]) in the same way with the grain of the 
layers crossed. These, however, aro not veneer in 
the ordinary sense, but ])lain cheap wood sawn thin. 
The most expensive furniture woods, and especially 
pieces of cxce])tionally handsome appearance, arc 
seldom used for anything else but veneer, for it 
would be considered a waste of valuable material 
to Jise it in any other way unless for articles so small 
that the amount of material uscal in them is not 
worth considering. 

Veneer is cut by special machinery, and comcvS into 
the (rabirict maker’s hands ready for use. It is 
known cither as Icnift cut or saiv cw<, according t(> 
the method of cutting it to thickness. By the 
knife-cut process it can be cut very thin, and then? 
is, of course, no waste in sawdust. From 30 to 40 
thicknesses may thus be obtained from 1 in. By 
sawing, about one-third that number is the nio.st 
possible, but sawn veneer is thicker and for most 
purposes, better, though more troublesome to glue. 
Saw-cut veneer as used for most purposes is about 

in. thick. Very thin knife-cut is sometimes backed 
with paper. This prevents it from splitting and 
warping. Warped veneer may be flattened by damp- 
ing and putting under pressure between warm, dry 
botirds. Knife-(!ut veneer may be either sliced or 
rotary-cut in a kind of lathe. The log is steamed 
or boiled before cutting, and the cutting machinery 
Ls very heavy and rigid, so that a sheet of tissue 
paper thickness can be cut if desired. 

Veneering. The methods of gluing veneer 
differ in some respects from those of making 
ordinary glue joints. This is owing to the thinness 
of the veneer and the large surface to be glued. 
There are two methods ; one by means of eaid^, 
which practically moans cramping the parts till the 
luo is set. The other by the use of the veneering 
ammer, which means squeegeeing surplus glue 
out by sliding pressure on the veneer, and the 
latter in such cases is always so thin that it remains 




30 


1. Toothiitg plane-ii'on 2. Veueer on heart side of wood 3 and 4. Veneering hammer 6. Two pieces of wood veneered 
with caul between 6. Veneering presses 7« Edge view of a scraper 8 and 9. liow to use a scraper 10. Scraper in a 
handle U, Smoothing the edge of a scraper 12. Removing the burr 13 and 14. Shai*pening 16. Preparing for 
^•sharpening 16. InhSd banding 17. Example of dowolled Joint 18. Dowel centres marked by pins 19. Centro pop 
20. Punchiim a nail 21. Vfithdrawing a nail 22. Countersinking with a gouge 23 and 24. Using saw and plane in 
inverted position 26. A panelled top 26. A top with softwood core 27. Example of a carcase. 28. Methods of 
fitting shelf ends 29. Shelf end with stopped rebate 30. Method of cutting grooves for shelves 31. Case or pede8t4a 
with drawer runnens 32. Fitting of runners 33. Another method of fitting runners 0581 



OAttlNKT-MAKINQ 


in contact without further treatment. This latter, 
however, is considered only a makeshift method, 
to be employed when cauling is inconvenient. 

The wood on which veneer is to bo laid must 
itself be carefully chosen. A hard close-grained 
wood does not adhere well to a soft one. Soft woods, 
such as pine and American whitewood, arc very 
commonly used beneath veneer, but in the best 
work Honduras mahogany would be employed as a 
groundwork. Knots should be cut out and pieces 
of ordinary wood fitted and glued in their place. 
Small holes should be filled with plaster of Paris. 
The surface, after being planed, is roughed with a 
toothing plane and sized with thin glue. A toothing 
plane iron is shown in 1 . It fits nearly vertically into 
a plane body resembling an ordinary smoothing 
plane. The serrated edge of the iron scratches the 
wood and leaves a surface on which the veneer 
is not liable to slip and the glue obtains si good hold. 
Two toothing irons of different degretis of cjoarse- 
ncss should bo kept, ns a finer iron is needed for 
hard wood than for soft. Another method .somc- 
times adopted is to go over the surface with coarse 
glasspaper on a flat rubber. The veneer is toothed 
also when sufficiently thick. Rounding .surfaces 
are rasped and roughened with coarse glasspaper. 
Where a piece of board is cut tangentially to the 
annular rings of the tree and only one side of it has 
to bo veneered, the veneer should bo laid on the 
heart side, as in 2. 

Veneering with the Hammer. The 

veneering hammer is used as in 3 and 4, to ])ress 
out surplus glue. The hammer has a handle about 
1 ft. long and a head about 0 in. scpiare by 1| in. 
thick, with a piece of thin iron inserted in a saw- 
cut in its lower edge and secured by screws. The 
edge of the iron, which is used to press the veneer, is 
rounded slightly and made smooth so not to injure 
the surface. In addition to this, soap is often ysed to 
enable the liammor to work freely without sticking. 
Hot water is also sparingly applied to the upper 
surface of the veneer, chiefly to counteract the 
tendency to curl when it is wetted by the glue on 
the other side. The glue is spread as rapidly as 
possible on both the ground and the veneer ; the 
veneer is laid on the ground and pressed down, and 
then the hammer with heavy pressure on its hea<l 
is worked about the surface to force as much 
glue as possible from the centre out to the edges. 
The easiest way to move the hanuncr when pressing 
on it is to work the handle from side to side while 
moving it forwards or back, lliiis giving the head 
a zigzag movement over the veneer. The veneer, 
as a rule, will remain in close contact after the 
hammer has been passed over it, but sometimes 
blisters may be seen or detected by tapping. 
In such cases the glue beneath may bo remelted 
if necessary by the a))plication of heat, which 
soon penetrates the vciicor. A hot fiat iron is 
generally kept ready for this purpose, and a damp 
cloth first laid on the place where it is to be 
applied. The blister will then generally remain down 
or if it is obstinate a weight may bo put on it for 
several minutes. A bowl of hot water is placed on 
the bench when the veneer is to be laid, and the 
hammer, when not in use, is put in the water to 
keep its edge free from hardened glue. A sponge 
and one or two pieces of cloth are kept in the water, 
too. The gluing must be done in a warm atmosphere 
free from draughts, and the glue applied as hot as 
possible, so that the veneer may be properly laid 
while the glue is still quite liquid. Veneer can be 
removed if necessary by the application of heat and 
oil or water to loosen the hold of the glue, but it is 
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never worth while to do this, as the veneer would 
be practically spoilt in the process. Bad places in 
veneer are better rectified by cutting them out and 
fitting other pieces in. A piece with grain as nearly 
like it as possible should be laid on top, and tin 
irregular cut made through both, following the 
grain as much as possible to make the joint iin- 
noticeable. An inlaid piece cut geometrically square 
or circular is much more conspicuous. Air can be 
released from a blister if necessary by making a 
small puncture. If more glue is required beneath 
a slit must be cut with the grain. 

Veneering with Cauls. A caul is a piece 
of wood, zinc, or other material, of the size required 
to cover the surface to bo veneered. It servos 
two purposes. One is to contain heat to make the 
glue run freely when it is cramped on. The other 
is that, veneer being too thin to have any rigidity 
in itself, uniform pressure must be applied all over 
its surface, and cramjis alotio would not do this. 
When a surface is large, its area may be covered 
equally well by a number of cauls ])laced side by side. 
For curved surfaces, cauls shaped to fit the curve 
are required, but in most work surfaces are fiat, 
and the cauls are fiat ])ieces of wood of about 1 in. 
to l.V in. thick, sometimes kept specially for the 
imrpose, sometimes selected from tlie stock of wood 
used for ordinary work. For permanent use they arc 
better covered with sheet metal, ])refcrably zinc. 
This not only ])reserves their edg(5s from wear and 
reduces the risk of s})Iitting and war])iiig, but glue 
from the veneer does not obtain a hold on it, and 
consequently it cannot get stuck to the work, as is 
sometimes the case with wood cauls, for glue makes 
its way through thin veneer. Another reason why 
metal is preferred is that cauls have to be hcatcil 
before they are a]>plicd, and, if care is not taken, the 
wood ones are liable to get spoilt through burning. 
Neither do Ihey retain heat as well a, a metal cauls. 
Small cauls may be merely plates of zinc J in. to 

in. (hick. Largo ones arc backed with wood. 
Cauls of irregular shape, and consequently trouble- 
some to make, are, if constantly required, usually 
made of cast iron. For teni])orary use a bag of sand 
may serve as a caul on a surface of any contour, and 
may be heated and crain])ed on the veneer. Cauls 
are cramped to the surface by any convenient 
method. 

For small work, hand screws arc generally used fSj, 
and, as in using the hammer, pressure should be 
applied first to the central ])arts to force the glue 
outwards to the edges. In 5, two pieces arc 
veneered with one caul between them. Wood cauls 
should always be soaped to prevent their sticking 
and jmlling })ieces of veneer away. Zinc cauls arc 
soaped also when working with very thin veneer. 
In using cauls, only the diy heat of the caul is 
employed, and therefore the work is dry and hard 
in much less time than is required for hammer-laid 
veneer, in which the surface is wotted with hot 
water. The cauls and crumps are left on for several 
hours, until the glue is set. For work on a large 
scale, metal presses [6] with powerful screws are 
used, and a number of boards with veneer on aie 
j>ut in a pile and very heavy pressure af»plicd, a 
number of presses, about 0 in. apart, being used to 
press long pieces. The boards are passed through 
machines which apply the glue very rapidly. For 
work on a small scale various kinds of wood presses 
are made by the workman, the principle being 
similar to the iron press shown, but wedges, 
instead of screw power, are the usual method of 
applying pressure. Joints 4ind cracks in veneer arc 
kept together and the glue prevented from coming 



through and sticking to the caul, by pasting paper 
or canvas over. In some cases it is a practice to 
cover the entire face of veneer with paper. This is 
cleaned off after the cauls are removed. 

Veneer is cut to dimensions by laying it on a flat 
surface, using a straightedge on it as a guide, and 
cutting with a sharp chisel or knife if the veneer is 
thin, or with a saw if it is thick. Joints on a surface 
are made by lapping the edge of one piece over the 
adjoining one, and then by cutting through both. 
Veneer should always be put on larger than required, 
and the edges trimmed off afterwards, otherwise there 
would be trouble in setting it correctly into position 
while gluing. The best veneer is generally put on 
panels, because the figure or grain of the wood is 
more noticeable there than on narrower parts. 
Often they are cross veneered — that is, a plain 
piece of veneer is first put on across the grain, 
and this is afterwards covered b}^ tlie final veneer 
with its grain running the same way as the ground 
or core, as the interior wood is called. 

Veneers on panels and other large surfaces arc 
fioinetimos cut and jointed geometrically, pieces 
cut out from the same log being turned with grain 
reversed towards each other, so that similar curls 
and twi.sts incline to the joint from opix>site 
positions. Parts may be stuck down and pieces 
fitted in to make bad places good, as described for 
hammer-laid veneer. 

The Scraper and its Use. The .scraper 
Is a small piece of sheet steel about in. thick. 
Its usual form is rectangular, ineasuring about 
6 in. by 3 in. Often a greater length and less width 
is found convenient, but in any case its original 
dimensions soon become reduced by wear. Other 
forms are curved to suit hollow or round surfaces. 
Its edges are made very keen by first scpiaring and 
then slightly burring or turning them over, as shown 
to an exaggerated extent in 1, 

The scraper is a tool frequently used by joiner.s, 
but to the cabinet-maker it is indispensable, and is 
used after the plane on almost all surfaces. The 
hard wood used by the cabinet-maker is often too 
cross-grained to bo planed at all without tearing up 
the surface and leaving it worse than when sawn. 
But even when it can bo planed smooth, the marks 
of the plane show as a series of undulations acro.s3 
the surface, and although these might be removed 
by glasspaper on a rubber, it would bo difficult to 
produce as smooth a surface as can be done with a 
scraper in less time. The scraper, therefore, 
generally follows the use of the smoothing piano 
and is itself followed by a rubbing down with very 
fine glasspaper. 

The scraper is held and worked at an angle as 
in 8 and 9, so that the sharp edge can bo made to 
scrape or cut a very fine shaving when modorat-e 
pressuro is exerted. Sometimes the stool is fitted 
into a wood block which serves ns a handle [10.] 

The sharpening is effected as follows : The edge is 
first ground or filed stjuare and straight with a very 
slight amount of rounding un at each end, so that 
the comers will not leave riages on tho surface of 
the wood. Next, while still keeping the edge 
square, it must be made perfectly smooth. The best 
«vay to do this is by rubbing it on an oilstone [11]. 
The edge must be rubbed with the scraper vertical 
on the stone, and each face must also be rubbed [12] 

remove tho ragged burr which gets turned over 
in grinding and smoothing the (Sgo. The edges 
should now be square and smooth witli sharp angles. 
It is necessary now to burr or turn these angles 
uniformly so that they shall be very much keener 
than ikk&y are at 90^. This may be done with 
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the scraper in either of the positions shown in 13 and 
14. Another way is to hold the scraper in a vice. 
A short rod of steel in a handle is the proper tool to 
turn the edge with, but very often the back of a 
small gouge is used for the purpose. In 18 tho 
scraper is shown held in a vertical position with its 
lower edge resting on tho edge of a bench. In 14 
the scraper is laid flat on the bench with the edge 
to be sharpened projecting slightly over. In both 
ca-ses the sharpener is held at a similar angle in 
relation to the edge of tho scraper. With the 
sharpener slightly tilted as shown, and pressing as 
heavily as possible, it is drawn sharply along the 
edge, turning over a slight burr as it goes. This 
burr is imperceptible to the eye, but is sufiicient to 
scrape a wood surface far more effectively than 
would have been possible before this operation. If 
sufficient pressure is a])plie{l, one stroke of the 
sharpener is enough, but if not, more may be made. 
Tho edge soon becomes dull with use and re(|uires 
rc-sharpening, and after this has been repeated a 
few times, the edge becomes so worn that it is 
necessary to re-grind. In re-sharpening, the turned 
edge is generally nibbed flush, as in 15, before tlie 
8har]Mjncr is used to turn the edge afresh. All tho 
edges of a scra^ier may be sharpened in this way so 
that each can be used in turn till too dull to cut. 

Inlay. The inlaying of ornamental design into 
a surface is frecpienily practised to decorate cabinet 
work. To a person unacquainted wth tho practice 
it might be supposed that tho effect was obtained 
by staining or painting the design on the surface. 
The difference in colour is obtained by the use of 
different woods, and in a few cases, where sucli 
colours ns blue or green are employed, by staining 
the inlaid wood before insertion. Wood is tho chief 
but not the only material used as inlay. Others 
often employed are ivory, ])earl, tortoiseshell, and 
metal. It is then called buhl work. The inlaid 
material is always very thin and is glued in place. 
This is more frerpicntly done in veneer than in solid 
wood, and the thickness of the veneer usually 
represents the depth to which the j)attern is inlaid. 
The forms of inlay range from simple straight lines 
of white or black wood about ,V hi. wide, round tho 
edges of surfaces, to representations of flowers and 
scenery. Figure 16 is an example of stringing and* 
banding round the margin of a surface. The term 
inlay includes all inlaid work, but different names 
are given to different classes of inlay. Work of 
complicated outline, such as rcprCvsentations of 
natural scenes and highly ornamental patterns, is 
known as niarquetrg. (leometric patterns are called 
parquetry^ and this term is now applied chiefly to 
floors laid with hardwood blocks arranged in any 
geometric pattern. Intarsia is a very simple kind 
of marquetry in which pictorial effect is obtained 
by a few pieces of inlay, the grain and outline of 
which rejirescnts a land or sea-scape without detail. 
Buhl work, as already noted, is inlay of other 
material than wood. 

Methods of Inlaying. Inlaying of tho 
more complex character is not done by cabinet- 
makers, but panels or other parts are purchased 
already inlaid, or inlaid veneer is purchased and 
either laid on large enough to cover the surface it \h 
required for, or the inlay is contained in a small 
piece of veneer cut to oval,, circular, or other sha|)e, 
and let into the body of tho other veneer. Patterns 
of plain outline are also sold separately. Built up 
patterns and inlaid veneers when purchased in this 
way have their parts united by being stuck on a 
backing of paper. This is the usual method of 
forming patterns oven when done by the person 
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who afterwards intends to inlay them in another 
surface. The paper is intended to be on the outer 
side when the pattern is inlaid, so that it can be 
cleaned off when the glue is set. If turned the 
other way the paper would prevent the glue from 
holding the inlay properly, for paper can easily bo 
split if glued between two pieces of wood. 

Fitting Inlay into Veneer. There are 
two methods of fitting the parts ot patterns 
together and fitting inlay into veneer. One is 
to cramp or stick temporarily the pieces face 
to face, and cut through Doth with a fine saw or 
sharp knife to the outline required, thus obtaining 
an interior part which will fit into a corresponding 
exterior one. 'Che other is to cut a pattern out 
separately, and lay it on the surface in which 
it has to be sunk, and mark its outline with a sharp 
pointed knife or scriber, and cut out to these lines. 
For inlaying into solid wood, this latter is, of course, 
the only method. Incision is made to the requirexl 
depth by chisels, gouges, or a knife with a sharp 
point, and the recess for the inlay routetl to thti 
required depth, with a small router if in solid wood, or 
with a chisel when only veneer has to be removed. 
A router is a plane which can be set to cut a channel 
or recess to uniform depth. It will be illustrated 
farther on. But most of the inlaying the cabinet- 
maker is required to do is the insertion of plain 
parallel strings, the channels for which can bo 
cut very rapidly with a double-toothed cutting 
gauge, similar to a mortise gauge, except that the 
cutters are deep and thin, to jienetrate well into the 
surface. This gauge is sot to the width of the 
inlay, and makes two ])arallcl cuts in the surface; 
at the required distance apart. The material 
between these can be removed at a stroke with 
a router. The inlay is glued in, Jind ])rcssure put 
on it till the glue is set. 1lie inlay may be parallel 
strips cut from veneer, or more freqtienily it is 
bought ready cut into stri])s known as drings or 
stringing. Mosaic bandings are also often employed. 
These are made up in innumerable patterns of differ 
cut woods arranged in different ways. They are 
made by gluing up the patterns in lengths and then 
slicing off in strips about in- thick or less. The 
pain must run plankwise with the surface when the 
inlay is glued in place. Inlay designs are nearly 
always made in quantity either by gluing up a 
thick pattern and slicing off, or by sawing out a 
number of thicknesses together. In either case it 
is not regarded as cabinet-makers’ work. 

Other Methods of Ornamentation. 
Next to mouldings, which have been treated of in 
.loiuery, carving is the most im])ortunt of all decor- 
ative methods. Carved ]>ortions of w'ork conic into 
the cabinet-maker’s hands already finished by the 
carver, and he is concerned only with fixing the 
parts in place or fitting them together. Tlic same 
is true of turned work, which is done by wood- turners. 
This is generally not intended chiefly as ornament, 
but it is so easy to make turned work ornamental 
that it is done even in the sim])lest and cheapest 
work, almost the only exception perhaps being the 
use of plain parallel tods in some chairs and other 
articles. 1’hese. however, are not turned in tlic 
ordinary sense, but made cylindrical by being passed 
through a machine with revolving cutters. Another 
fpm of ornamcjit ou furnitui’e is known as ormolu. 
This consists of metal ornaments with gold plated 
or gilded^ surface, attached to the wood by brass 
pins or fine screws. Fretwork occupies a position 
of sonic importance in light fancy articles of fur- 
niture. In this very fine saws are used to cut 
oniamental patterns in thin wood. The lines to cut 
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to are transferred from patterns on paper. Fret- 
work for the cabinet-maker is cut by machine saws 
and comes into his hands ready to lie attached to 
the work. Pyrography, or poker work is a rough 
means of ornamenting a surface by tracing a pattern 
on it with a red hot platinum point, which burns the 
required outline, making a slight channel in the 
surface of the wood, and showing as brown or black 
lines according to the degree to which it is burnt. 

Furniture Construction. The method of 
constructing a given article may vary with circum- 
stances. If the work has to be done as cheaply 
as possible without much regard for quality, the 
parts are prepared and put together in the simplest 
gkic and nails being the chief means of union. 
If the best work is re<piired the best forms of joints 
are adopted everywhere instead of the parts being 
allowed to dejiend solely on the medium which holds 
them together. The quality and amount of 
material used may a’so vary. Soft wood is cheaper 
than hard, docs not look so well, and is less durable. 
Pieces of wood, alike in kind, vary in quality and 
.*<trength. Thin material may be used for economy 
when thicker would bo more suitable, or the strength 
of an article may be diminished by economising 
material in hidden parts. There are, of course, 
some exceptions where choa])est and best work must 
be done alike, because there is no other practicable 
way. 'rhe arrangement of the parts of an article 
of furniture has to be made with a view to exterior 
appearance, economy of material and labour, and 
siilfieictit strength to serve the intended purpose. 

Dowels are employed more in cabinet work than 
in joinery. They are used very often instead of 
tenoned joints. Figure 17 is an example. In many 
eases it . is troublesome to get the centres of the 
holes for them marked correidly by measurement 
or by gauging from an edge, and then other methods 
may be adopted. One very convenient way is to 
locate them by means of pin marks, as in 18. Ordi- 
nary pins are placed in the joint, and pressure applied 
so that the pin heads leave im)>rints on both parts, 
which serve as centres on which to bore the dowel 
holes. Another method is to have a number 
of centre pops [19J. ’Ihese might be made of wood 
with a steel point inserted, but are better turned 
in solid metal. The body is the same diameter as 
the dowel, and is intended to bo inserted in the 
dowel hole, which has first been bored in one of the 
pieces to be do welled. Tho thin flange shown 
at the to]) prevents if from going farther in. The 
other piece of wood is then adjusted in position, 
and a tap with a mallet, or a little pressure, causes 
tho point in the centre to leave an impression cor- 
responding exactly with the centi-o of the hole 
required in the other piece. Another method is to 
cut a piece of paper to the shape of the jointcil 
surface and i)rick holes through at the places where 
dowels are required. The paper can then be laid in 
position on each surface, and the centres marked 
through the holes in the paper. Another way 
seldom practicable in cabinet work is to cramp 
the pieces of wood together and bore entirely througli 
one piece into the other. 

Insert on of Screws and Nails. 

Screw and nail heads are seldom allowed to show 
on exterior surfaces. Where possible they are put 
in from behind as described in joinery. Screws 
with rounded heads arc preferred when the heads 
cannot be concealed. In some cases screws with 
fiat heads are provided with metal cups which give 
a neater appearance. Nails are punched below 
the surface wuth a hammer and punch f20], and 
the holes filled flush with wax stopping coloured to 
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gttit the wood or stain. Figure 21 shows a method of 
withdrawing a nail without injuring the surface of tho 
wood. The blade of a square or other sheet metal 
is laid on the surface to receive tho leverage of the 
pincers, and so prevent the wood from being bruised. 
Figure 22 shows how screw holes may be countersunk 
by Bcoopirg out with' a gouge. This is not quite so 
neat a method as with a countersink bit, but is more 
expeditious, and is frequently adopted. Needle 
points are used for attaching light mouldings and 
other parts. They are similar to ordinary needles, 
but without eyes. They are driven in the requireci 
distance, and then snap|xjd off flush with the sur- 
face, and, of course, are then almost invisible. 

End grain appearing flush with a surface plank 
way of the grain is objectionable, and therefore 
tenons are seldom carried through unless at the 
back of an article where they will not be noticeable. 
Even under veneer through tenons are objectionable, 
because a slight amount of shrinkage causes them to 
bulge tho veneer. Tn other coses end grain is gener- 
allv allowed, if possible, to project beyond to avoid 
a flush joint. Except when they arc glued, flush 
joints are always objectionable, even when the 
grain of each part (corresponds, and conseciuently 
they are usually beaded, or moulding is attached 
to conceal them. The shooting board is used a 
great deal by cabinet-makers. 8ma11 pieces of wood 
are often sawn, and planed with the tools in an 
inverted position as in 23 and 24-, the saw or piano 
remaining stationary and the wood being worked 
backwards and forwards. 

Construction of Table Tops. The tops 
of tables, counters, sideboards, bureaus, etc., are 
frequently thickened or lined up at the edges, as 
described in Joinery ; but there are several 
methods of building up tho main surface. 'Fho 
simplest way is not to build up at all, but take 
solid board of the recpiired length and width, and 
keep it flat by its attachment to the framework of 
the article, wdiile at the same time allowing it freedom 
to shrink or swell without splitting. If very wide, 
this is usually flonc by buttoning. Comparatively 
narrow widths may be screwed or nailed with 
safety, but glue shoidd never bo used except in 
cases where the grain of the parts it is attached to i.s 
arranged in the same direction so that all these parts, 
if well seasoned, when put together can be relied 
on to shrink or swell similarly. Another method 
of keeping a top flat is to dowel or tongue flush 
cleats to tho ends, generally with mitred corners. 
This is satisfactory if the wood is well seasoned, and 
the width not very great. A better way is to frame 
and panel the top with a flush panel as in 25. Here 
also the corners arc better mitred, and the joints 
strengthened either by tenons or dowels. Another 
method is to half-lap the joint and mitre the upper 
face only. 

I’hc tops of writing-tables panelled as in 25 
generally have the ])anel slightly below the surface 
of the frame, so that leather or cloth can bo glued on 
the panel to make a flush surface. When solid tops 
are covered with leather, the border round tho 
leather is veneer glued on. Veneered tops should 
have their edges corresponding in ajipearaiice with 
the veneer, so that it looks like solid wood, and as 
edges are generally mouldc 1, and therefore difficult 
to veneer, the top is built up as in 26. A core of ]>ine 
or cheap mahogany has an edging of more costly 
wood, corresponding with the veneer, glued round 
it, end »ain pieces frequently being put on the ends. 
Both tne upper and under faces of the core are 
generally veneered, so that the core is entirely 
enclosed. In such cases it is very often cross 


veneered, as in 26. Another method is to frame as in 
25. making the frame of, say, mahogany or walnut, 
with a pine panel, and to cover this with veneer 
to match tho frame, tho veneer generally standing 
its own thickness above the surface of the frame, 
as in 26. Another way is to put a hardwood edging 
with mitred corners round a pine frame and conce^d 
the latter by covering with veneer or leather. 

Carcases. Carcases may be either panelled or 
plain boarded. Sometimes a skeleton framework 
of posts and rails is built to attach the panels or 
boards to, and sometimes there is no such frame, 
but the parts are iitted together at tho corners in 
box fashion, either dovetailed, tongued, and 
grooved, or, in some cases merely nailed or screwed 
or secured by glue blocks. The method depends to a 
large extent on the character of tho article. In 
cabinet work, parts are sometimes panelled mainly 
for np|Xiarancc. Carcases intended to stand on tho 
floor, without legs, usually have a few inches of 
plinth below the baseboard of the carcase. In heavy 
articles of furniture this plinth is sometimes separate, 
the carcase merely resting on it ; but in most cases 
the sides of the carcase either extend below the base- 
hoard, and tiui plinth is screwed against thorn, or tho 
plinth is partly against and partly beneath, and 
sociired by glue blocks or screws or nails. 

A simple example of a carcase is shown in tho 
bookcase [27], the frame of which, with plinth and 
cornice removed, would con.sist of two plain up- 
rights with shelves iitted between. Tho uprights 
.should, to make tho most substantial job, continno 
to the floor, and the plinths bo uailetl or screwed 
against them from the inside, the plinths being 
simply an increase in the thickness of material at tho 
sides. The plinth along the front would have tho 
('dges of uprights and bottom shelf to bear against, 
ami would be securod by glue blocks in the interior 
angles. A ))Iinth at the back would be treated 
similarly, but generally plinths and cornices an? 
carried only round front and sides, leaving the 
back a plain flush surface. The cornice is built up 
by first covering tho top end.s of the uprights with 
a plain hoard, overlapping an inch or so at ends and 
front, and then fitting moulding beneath this 
attached in the same way as the plinths, by nailing 
the end pieces and blocking tho front. Tlic objection 
to gluing the ends is that the grain ^To-sses. So 
far the constructive details have been illustrated in 
Joinery, but an important matter to be considered 
now is the attachment of shelves to uprights. 

Methods of Fitting Shelves. There are 
a number of w^ays of fitting 8h'*lvc=*, and, as a rule, 
in cabinetwork they must be fitted seemrely without 
exterior sign of how it is done— that is, without nails 
in the ends, on cleats beneath, or rebates showing at 
the front. Shelves for books are often made adjust- 
able, but at present we arc considering fixed shelves of 
all kinds, including bearers and runners for drawers. 
In an article wdth plain shelves fitted to plain side.s, 
as in 27, the shelf ends would bo rebated into the 
sides by one of the methods shown in 28, A, B, C. 
The gr(^ovc8 in the sides, however, arc sto]>ped about 
I in. short of the front, as in 29, and the shelf ends 
notched to corre.spond. Tho shelves are inserted 
from the back. A plain rebate or housing, ns at A 
in 28, affords satisfactory supi)oi’t for the shelf, and 
is more easily made than the dovetailed grooves at 
B and C ; but the lul vantage < of the latter are that 
they tie the sides and keep them tightly up to the 
shelf ends. Ordinarily, however, tho plain housing, 
as at A, is used, and the sides arc secured at top and 
bottom ; 30 shows how' these housings are cut. 
At the right-hand end of 30, a tenon saw is being 
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uaed to cut the depth, an inch or so at the front 
having previously heen cleared out with a chisel 
to allow the saw to work. At the left of 80 a router 
is being used to cut the groove t>o a uniform depth. 
CJciieraily, n chisel would be used first to clear most 
of the material out. A rebate plane might be em- 
ployed in a long groove, instead of a router, but the 
fore part, which could not be touched by the plane 
iron, would have to be finished with a chisel. 

The top of the bookcase in 27 would in most cases 
be nailed on, and the bottom shelf might be nailed a.s 
the plinth would afterwards cover the nail heads, 
but this could bo avoided by the use of glue blocks 
beneath, and generally the ends of this shelf would 
fit in veed grooves and be glued. 

Methods of Fitting Drawer Runners. 
Figure 81 represents a case or pedestal with runners 
and bearers to receive drawers. This is an example of 
sides tied at top and bottom, and requiring only plain 
grooves for the runners. At the bottom a complete 
frame stub-tenoned together is screwed or nailed 
into rebates, which may run right through to the 
front, as the front edge, and also the screw liefuls at 
the sides, are afterwards concealed by a plinth. At 
the toj), stretchers are dovetailed in. The inter- 
mediate runners are then not required to play any 
part in lying the sides, but are slipped into plain 
rebates. Details are shown in 32 of a grooved side, 
and a runner with its tenon to fit into the bearer in 
front. The inner edges of runner and bearer are 
shown grooved, as would be the case if a panel or 
dustboard was to bo inserted between drawers. 
Figure 33 shows another method in which the side 
of the article is not grooved for runners, but recesses 
are cut instead to receive the ends of the bearers at 
the front and the back ends of the runners at the 
back. In a few cases bearers are tenoned completely 
through sides, but, as a rule, a shallow recess only is 
cut. A rail or bearer connecting the back ends of a 
pair of runners is not necessary unless to servo as a 
tie to the sides, or stiffen a back. Runners are often 
made of oak or other hard wood, which will not get 
worn very readily by the drawers sliding on it. 

Attachment of Bachs and Tops. Backs 
are tonguod into a groove as in 34, or fit into a rebate, 
ns in 35, or in rough work are simply nailed on the 
surface. A back may be simply a plain, thin piece 
,of wood, or it may be framed and panelled, or a 
middle course is to make it as in 36. In 36, A, it 
fits in grooves at the sides, but is not enclosed by 
top and bottom rails os panels would be. The 
niuntin in the middle is screwed or nailed to top 
and bottom of the carcase, but the boards in the 

f 'ooves may be left free to contract or expand. 

igurc 36, n, is a modification of this, and is very 
commonly adopted. Instead of the edges of the 
thin boards fitting into grooves as at A, they are 
kept in position by one or more rebated bars, as 
shown at B. The thin pieces, as well as the bars, 
are generally nailed to the carcase. 

Tops may be simply nailed on, or dovetailed in^ 
or screwed from beneath, or fitted on to a dove- 
tailed tongue, which may be nailed on tho ends, as 
in 37. In all these cases, when the grain of top and 
sides coincide, glue blocks may be used also, if there 
is no objection to their presence. In most cases tojps 
lap over, as in 37, but when the ends have to be 
flush, the best way is to dovetail them in with lap 
dovetails, which do not show on the sides. When 
tops are screwed on, the screws are usually put from 
beneath through stretchers, which themselves are 
lap dovetailed in, as in 31. 

In 88 we have an example of carcase work first 
framed and afterwards covered as required, the 
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boarding being attached by screws put through 
from the inside. It represents the skeleton carcase 
for a chest of drawers. All the material in the frame- 
work is, say, 1 in. thick. The boarding at the ends 
would perhaps, j in. ; the back | in., or less, and 
the top 1 in. As the sides of the frame are to be 
covered, there is no objection to carrying the tenons 
through the uprights, and screwi^ the side and 
back uprights together as shown. The runners are 
tenoned at front and back, and notched into tho 
side uprights. Tho ends of the longitudinal rails at 
the top are dovetailed to the tops of the uprights. 
The iqirights at the front are, say, 4 in. wide, and 
all the other parts 3 in. This framework is, of 
course, equally suitable for attaching panelled sides 
and back to. 

As an alternative to grooving, panels in cabinet 
work are sometimes inserted as in 39, a rebate being 
planed or a bolection moulding glued on the front, 
and a fillet bradded round the back to keep the 
panel in. 

Figure 40 is a face view of a frame for a panelled 
side or end showing how the bottom rail is kept above 
the floor. The lower part is afterwards covered by 
the plinth, which laps about an inch above the lower 
edge of the rail. Tho joints are either all stub- tenons, 
or, as there is no objection to it, the back tenons are 
sometimes continued through, as shown. 

Framed WorR. This consists of rails and 
posts, or legs, not boxed in, chairs being the com- 
monest example. The parts are united by dowels 
or tenons, or small members have their ends housed 
into larger ones, or, in the case of cylindrical parts, 
the end of a member may be reduced in diameter. 
Examtfics of these are sl\own at A and B in 41. 
These are usually held by glue alone, but occasion- 
ally fox wedges are inserted. But if tho parts fit 
tightly and are well glued there is little risk of their 
ever coming apart. An article like 42 is built up 
by gluing the ends of the columns into holes in 
the shelves, as in 43. If the shelves are very thin 
pieces may be glued to the under-surface as in 44, 
to increase the depth of the stud holes, the pieces 
glued on aiipearing as part of the column. If it is 
dcsiretl to stiffen the shelves to prevent warping, 
battens may bo screwed across in place of separate 
blocks, and tho stud holes may be bored through 
these. Tho stumps of drawers are fitted into blocks, 
as in 44. In some cases they are screwed in. Wood 
drawer knobs are generally screwed into the drawer 
fronts. 

Figure 46 is an example of framed work in which 
some amount of building up is involved to obtain the 
required curves. It is the frame of a semicircular 
washstand intended to be covered with a marble 
top. The details of its construction are shown in 47, 
in which it is turned upside down. The seraicircuhu: 
top on which the marble rests is formed by gluing 
two layers of segments which are afte/wards 
worked to the sweep on the outside and veneered, 
the inside being left as it leaves the bandsaw. A 
bead is formed on tho lower edge by nailing on a 
thin layer of seorments with outer edge roimded 
and projecting. The ends of the sweep are connected 
by a straight rail notched in flush, and forming the 
back of the table part. A transverse bar extends from 
the middle of tliis to the sweep, being notched flush 
into the under edge of the lattsr and covered by tho 
bead segments, and nailed on to the edge of the hack 
rail, the depth of the rail being less than that of tho 
sweep. The main purpose of this transverse bar is 
to provide an attachment for the top of the pillar, 
which comes within the curved front. The base is 
a piece of J-in. wood lined up to about 2 in., and 
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veneered. It does not rest directly on the floor, but 
on projections extending about an inch below the 
thicWiing or lining pieces. The two back uprights 
are carried through, as shown, to form feet at the 
back, and one otlier is formed at the front by a pad, 
which is nailed on. The ])illar is slipped in after the 
parts are together, and nailed from above and below. 

Brackets, either of metal or wood, are often used 
to strengthen joints. A wood bracket is shown in 48. 
These are roughly sawn, but the angle of the back 
must be accurately flnished. They are used only in 
hidden parts, a common instance being the interior 
angles of chaii' seats. Where brackets are required 
in exposed places they must be neatly finished, gener- 
ally to a more or less fanciful shape, and if of wood, 
the screws are inserted through the work into the 
bracket instead of through the bracket, as in 48. 

Chairs. The seats of these, when not of solid 
wood or turned rings, are usually dowelled or 
tenoned, and glued, and sometimes strengthened 
by brackets of wood or metal screwed into the 
interior angles. The back and back legs are in most 
cases continuous, and the seat notched into them 
and screwed or nailed. The front legs are glued into 
bored holes. Kails connecting the legs are glued in 
similarly. Cross-pieces in the back are tenoned, or 
dowelled, and glued. Very often some of the parts 
are of bent wood. Special appliances are employed 
for making these. It is done by steaming the wood 
and clamping it in an iron mould, tlic mould itself 
often being formed with a chamber and pi])e for 
steam heating its 8urfa(;cs. 

Tables. The methods of framing the legs and 
rails and buttoning on the tops of plain tables has 
been described in Joinor 3 ^ Small tables, such as 49, 
do not require such elaborate methods. The fop 
.would not be buttoned but screwed on through the 
rails, or if very narrow, glue blocks might bo used. 
The rails might be housed or tenoned into the legs, 
but in most cases would be dowelled. The bottom 
rails, to which the tray or shelf is attached, might 
be housed into the legs, as in 60, and the tray notched 
to fit the legs. The rails then would be glued in and 
nailed through the inner faces of the legs, where the 
nails would not show, though in many similar cases 
there is no objection to putting fine nails through 
from the outside if required. In some cases the tray 
might he attached to the under edges of the rails 
instead of on top, and then would be nailed to thorn. 
Figure 51 is a heavy writing-table, w'hich docs not 
differ greatly in constructive details from plain 
tables described in Joii;ory. Its frame is arranged 
to receive two drawers in the side instead of one in 
the end. Its top is built as in 26, but covered with 
leather bordered by veneer. Its turned legs, with 
castors, are a detail which does not affect the oon- 
struetion of the table. A general view of the frame 
with top removed is shown in 52. The lower bearer 
is tenoned into the legs while the upper one and the 
end and back rails are dovetailed into them. Drawers 
are constructed as in 58. In cheap work the backs 
are nailed instead of dovetailed. 

Extension Tables. The commonest form 
of extending table is shown in 54. In this 
there are double rails secured to the legs at oppo- 
site ends, and, when closed, the free ends of 
each pair of rails fit loosely into housings in the 
le^. They are also tied laterally by stretchers. The 
rails are Kept in alignment by tongues and grooves, 
usually dovetailed, as in 55. Large tables of this 
class nave three sets of rails, the middle ones being 
supported by the others or by extra legs. The frame 
is usually extended and closed by a screw worked by 
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a key, and a separate leaf fills the space left when the 
ordinary top is opened. Another form of table with 
a folding top is shown in 56. In this the top is 
pivoted, 80 that when unfolded it can be swung 
round at right angles to its position when closed, 
the long way of the frame then affording sufficient 
support for both flaps. When square legs of tables or 
other articles are tapered, as in this example, all the 
taper is cut from the inner faces. 

Flap Tables. Ordinary flap tables have their 
fla]M supported by brackets, swinging legs, or slides 
which draw out from tbo frame. Figure 67 shows 
methods of attaching brackets to the rail of a frame. 
The simplest is to hinge them, as at A, but for 
appearance the joints at B and C are preferred, C 
being considered the neatest ; B is known as a finger 
joint, and C as a knuckle joint. Another way is to 

ivot a piece in the top of the rail, as at D, which can 

c swung out to support the flap. The point in 
favour of this is that it lies flush with the rail when 
closed. Swinging legs are hinged, as in 68, sometimes 
with a tie near the bottom as dotted. The rule 
joint [59] is the usual method of hinging flaps. 

Articles with more than three legs sometimes 
require levelling to prev^ent them from rocking, due 
g(;ncrally to inaccuracy in the supci’structure. The 
exact amount to cut off may bo marked as in 60, 
by standing the ai‘ti(;le with three of its legs on 
blocks of equal thickness on a true surface, and set- 
ting a fourth block against the fourth leg, which 
should be the one which retjuircs cutting. The top 
surfatHi of this block represents the correct length to 
cut the leg to. Another way is to mark from the 
floor with dividers instead of getting the depth 
from a fourth block. 

Writing-tables and Desks. Those arc 
generally of the pedestal type, with a knecholo 
between. A table in which the top and pedestals are 
in sejiarate parts is shown in 61. The construction 
of a pedestal has already been illustrated in 81 ; 
62 shows how the top is framed. The grain of the 
ends runs horizontally, but in this example the 
table is veneered and the grain of the veneer on the 
upiMjr part is made/ to correspond with that of the 
pedestals. 

More frequently pedestal tables are made in one 
framework. Figure 63 is the carcase of a cylinder 
fall-desk. The sides are shown plain, but in many 
cases would bo panelled. The table generally fits 
in grooves in the ends and is made* to draw out 
several inches beyond the front. Figure 64 is an end 
view of the fail. It is pivoted at the centre from 
which its curve is struck, the connecting pieces gener- 
ally being of hoop-iron. It is staved up on a block as 
in 65, and the staves should be dowelled or tongued 
as well as glued. The back of table and back of fall 
are usually connected, so that the fall opens when 
the table is drawn out and closes w'^hen it is pushed 
in. Figure 66 is another form (jf roll-top desk with 
a flexible fall. This is an improvement on the 
cylinder fall, and is now in more common use. 
In this the fall slides in grooves in the ends. It 
is formed by gluing strips of wood on canvas, 
as in 67. The pedestals are panelled and 
connected by a panelled back and by a stretcher 
in front secured by metal angle brackets. The 
drawers lock automatically by means of catches 
which clip their backs. These catches are released 
by preHsure of the fall when it is pushed back as 
far as it will go. The lock on the fall is of a kind 
which IocSb itself when the fall is drawn down, and 
requires a key only for unlocking. These desks arc 
usually made of oak. The table is solid board screwed 
directly on the pedestals. A writing bureau is 
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shown m 63. The cover is hinged, and when opened 
IS supported by two slides which draw out from the 
carcase. On writing-tables with level tops loose 
desk slope.s arc often used. These are very simple 
in construction, sometimes consisting only of a 
piece of board tilted by two tapered battens screwed 
to its under surface. 

Bookcases. Sometimes these consist merely 
of an open carcase with shelves, but to keep dust 
from the books the best cases are fitted with glass 
doors. A common tvpe of bookcase is shown in 69. 
In this the upper doors are glazed and the lower 
ones wood panelled, as there would be some risk 
of glass getting broken in the latter. Tlie parts are 
made separate, as in 70, and the lower part is wide 
enough to project 4 in. or 5 in. in front of the upper, 
thus providing a useful ledge and being better 
proportioned for the larger books it is intended to 
contain. The upper part should have a vortical 
partition in the middle behind the meeting stiles 
of the doors. If the length of the shelves exceeds 
4 ft. the lower part would bo better with a similar 
partition. The upper part is lap dovetailed at the 
corners, and the partition housed in and screwed. 
The lower part has two stretchers la]j dovetailed 
in at the top, and its bottom may be housed and 
nailed if covered by plinth, or fitted into a dovetail 
groove and glued, and in cither case may be further 
strengthened by glue blocks in the angle beneath. 
The front edges of the aides may have ]»iccea glued 
on to, form pilasters, thus giving the 8ide.s an appear- 
ance of greater thickness than is actually the ca.se. 
A toj) is screwed on to the stretchers of the lower 
part, and the upper part is screwed on to this. 
The doors of the upper part are hinged on the face 
of the frame. 

Shelves are generally made adjustable in height. 
A common method of doing this is to screw saw- 
toothed strips about J in. thick against the sides, as 
ill 71. Bearers of similar th)ckne.sa are made to fit 
iHJtweeii, and on these the shelf ends rest, the ends 
being notched at each comer to clear the saw-tooth 
strips. The alternative to this method is to have 
two columns of holes eorrc.sponding with the saw- 
teeth in the last example, and to insert pins in these 
to 8up|X)rt the shelves. These pins are of metal, 
and there are .several varieties of them. 

Sectional bookcases have become very popular 
and arc best where the number of books is constantly 
increasing. Bookcases like 69 look well as an 
article of furniture, but they are suitable only for 
a fixed quantity of books. Sectional cases consist 
of a number of separate boxes each with a capacity, 
say, for twenty average books. These sections are 
all alike and provided with simple means of uniting 
them end to end or one on ton of another. A glass 
door may Iw fitted to the iront of each section. 
A convenient arrangement is to hinge tlie doors 
at the top, and make them so that wdicn lifted into 
the horizontal position they can bo slid back into 
the case, leaving the front clear and the books 
uncovered. 

Wardrobes and Cabinets. Wardrobes 
are a common example of large carcase work. They 
are usually made in three parts, the plinth and 
cornice being separate from the body, and these 
parts htting together loosely with bloelw or dowels 
as guides, and in some instances screwed together. 
Figure 72 is an illustration of an ordinary plain ward- 
robe. It has a drawer at the bottom, and the door 
in the middle is panelled with a mirror. The sides 
are lap dovetailed to the top and bottom similarly 
to the bookcase in 70. In the liest work, backs are 
panelled, but generally matchboarding, ply board, 
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or a number of panels betwe^ muntina, as in 86 , 
are put m the back. As the doors of wardrobes do 
not extend across the entire front, piece.s, either 
panelled or plain, must be put on. In many oases 
these are nailed or sorew^ directly on and the 
holes plugged. Where this is objectionable they 
are glued and do we led, or screwed from the inside, 
and sometimes glue-blocked. Figure 73 shows a 
joint between front and side. With a drawer at 
the bottom, as in 72, the parts of a large wardrobe 
would generally be jointed at the bead above 
the drawer, and the plinth woilld generally 
be solid with the lower part, as in the book- 
case [69]. The methods of constructing more 
complex wardrobes do not differ much from what 
has already been described. Doora, whether in 
the middle or at the sides, close against the front 
edges of the frame, as in 74, which is an example 
of a door hinged to a side. Drawers in the lower 
part generally work between pilasters fonned as in 
70, guides of course being required flush with the 
pilasters, and the width of the latter representing a 
corresponding reduction in draw^er width, the space 
behind the pilasters not being utilised. Beads are 
often formed as in 73, where joints occur on the 
outer faces of front and sides. 

Figure 7o is a cabinet with glass doors, and drawers 
and table above. Its carcase is framed with 
bottom, shelf, bearer and runuers for drawers, and 
stretchers dovetailed in at top to screw the table 
on to, none of which differs essentially from what 
has alrciidy been described. The back portion, 
which foniLs the main support of the upper shelf, 
is panelled and screwed on behind. Figure 76 is 
another form of cabinet, veneered, inlaid, and 
decorated with ormolu. It has three doors, the 
middle one containing a mirror, and the two side 
ones being curved, with glass panels. The curved 
rails of these doors might be of solid wood worked 
to the sweep and veneered, but the best way is to 
form them of a. number of layers of veneer bent 
round a block and glued together. The base and 
top may be built up as in 77, and the four uprights 
which enclose the doors may be halved in flush 
with the outside facc.s, and the outstanding blocks 
put on after. 

Glass in Furniture. The ordinary 
methods of inserting glass are shown in 78 to 80. 
In 78 the glass drojis into rebates and is secured 
by wood fillets beliind. The method shown in 79 
is suitable only for mirrors. In this the glass goes 
into a rebate as before, but is protected behind by 
a backing of flannel and board, the flannel being 
flush with the back of the frame, and the board 
screwed on. In 80 the glass fits loosely in the 
rebate, and is centred and secured by glue blocks 
as shown. Glass divided by ornamental bars 
into R number of panes is fitted similarly to that 
in ordinary windows, except that wood fillets are 
more generally used than putty. When those have 
to be bent to curves they are generally of birch or 
other flexible wood. Where the bars form a very 
oniamcntal pattern they are sometimes merely 
stuck on the surface of a single sheet of glass. 
Plain and bevelled mirrors may be purchased in 
groat variety of size and sha^je, or can be obtained 
to order. 

Miscellaneous# Figure 81 is the frame of 
couch. The feet are supposed to be dowe'led to the 
under part of the frame. An aljternativo is to tenon 
the rails in similarly to those of a table. The upper 
parts which form the back and end are tenoned or 
aowelled and glued in the most convenient way 
to produce the outline desired, figure ^ shows the 
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usual method of fitting the feet of circular tables 
and other articles into the centre ]wat. Screw heads 
are sometimes concealed by gluing buttons [83j 
over thorn. Three methods of forming rounding 
interior angles in frames are shown in 84 to 86. 
Figure 84 is satisfactory, but involves either gluing 
on a piece or cutting out from one of the members. 
Figure 85 is a good method when the parts are 
mitred. Figure 86 has the advantage of allowing 
the straight pieces to be planed up parallel. 

Clue blocks, as illustrated in Joinery, are very 
commonly used in cabinet work. In many instances, 
whore widths are not great, they are used across the 
grain. The union of rails to table legs, for instance, 
]s often strengthened in this way. Wire nails are 
very often used on exteriors without any attempt 
at concealment, while in other cases they are punched 
in and the boles stopped, but their presence can, of 
course, be detected if they are looked for. Metal 
connections, such as brackets and thin plates or 
strips, screwed on, will often make a substantial 
job of what would otherwise be weak owing to 
slender proportions of wood or a difficulty in 
making a sufficiently strong joint between parts. 

All parts of furniture that are cither ornamental 
or standard in form may be purchased ready made 
at not much higher prices than the cost of the 
material. Thus, prepared and carved panels, i)edi- 
ineiits, brackets, trusses, plain and embossed 
mouldings and headings an<l pressed wood orna- 
ments, can bo more economically purchased than 
made. All kinds of turned work, such as legs, 
spindles and knobs, arc kept in stock by turners 
and seldom require making to order, 'fhero arc also 
so many designs in inlay available that tho cabinet- 
maker never needs to do anything more tlian seleet 
from them. All these articdcs may be purchased 
(*ither from specialists or from large firms that 
stock all of it. 

Glassapapering. On a large scale this, and 
s(Tnping also, are done by machines. (jlasspa|>er is 
used first to remove tool marks and other slight in- 
ccjualities and secondly to make surfaces smooth. It 
is necessary to mb down with glass paper after the 
lirst coats of varnish or stain have dried, to remove 
the roughness caused by the raised grain. Surfaces, 
therefore, have to be glass p<apered two or three 
limes in the course of finishing the wwk, and each 
time paper of finer grade, or pajK^r that has been 
worn finer by use, is required. A flat surface is done 
with the glasspaper, kept flat on a rubber as in 87, 
and the direction of the rubbing must be with the 
grain or tho surface will appear scratched. Cork 
rubbei*8 are best, but often a block of wood is used 
instead. Rounding surfaces are done with the hand, 
as in 88 and 89. Hollows are generally managed 
similarly, though in somecase^ rubbers of the correct 
shape are mAde. Quirks and narrow places may be 
rubbed with paper simply folded, as in 90, or wrap|)ed 
on a thin piece of wood or metal. 

Staining. This is done to improve the colour 
of soft and cheap woods and make them resemble 
more expensive varieties. The resemblance, however, 
is chiefly in colour, for in most cases the grain shows 
unmistakably what the wood actually is. In 
staining, any inequalities in the shade of the natural 


wood are corrected. Some parts are generally 
lighter or darker than others, and this looks especi- 
ally bad when tw'o pieces are glued together, and tlie 
joint is made comspicuous by a sudden change of 
colour. This, of course, is avoided ns far as pos- 
sible in selecting the wood, but it is further corrected 
by applying an extra quantity of stain to light 
parts to make the colour uniform. This matching 
of the colour of parts is done more or less in nearly 
all polished work, even when the natural colour 
of tho wood is supposed to be showing. Stains are 
sold in liipiid form ready for use, and are applied 
with a brush. Hard woods may sometimes bo im- 
proved in appearance by having Ihcir natural colour 
darkened. Wood darkens with age, but is done 
artificially by oiling, by staining, or, in the case of 
oak, by fumigating with ammonia. 

Polishing. This is the usual method of finish- 
ing cabinet work. There are several ways of doing 
it, but by far the commonest is known as French 
polishing. In this the polish is simply shellac 
varnish (which is shellac dissolved in methylated 
spirit) applied with a rubber instead of a brush. 
Ill order that tho polish may be permanent it is 
necessary to ensure its not becoming absorbed into 
the wood surface and losing its lustre. The pores of 
the wood, therefore, are filled by rubbing in a filling 
medium to economise time and material in a])plyiiig 
the polish. There arc many fillers eniployeil, 
plaster of Paris and whiting being common ones, 
made into very thin pastil with oil, water, or tur- 
pentine. The filler should be coloured to suit the 
woo<l. After this has dred and been rubbed do\sn 
the process of bodying in beg ns. 

The rubber with which polishing is done is a pad 
of cotton-wool damped with polish and wrapped in a 
piece of soft linen rag, one thickness of linen only 
covering the wool. The [)olish is rubV>ed evenly and 
quickly with light j)rcssiire of the rubber over all 
parts of the surface to be polished. The mbvemenis 
of the rubber arc unimportant as long as all parts 
arc treated equally. As the rubbing proeeoils, tlic 
|)oli8h dries and the pressure then may be slightly 
increased. A little linseed oil is applied to the linen 
when it does not move freely over the surface, but 
too much oil will make it impossible to get a good 
jX)lish. This bodying in should properly be done 
three or four times, with intervals of several days 
between each, ctlierwise it is likely to sink in and 
diminish the lustre of the polish. The coat of polish 
should be as thin as possible, to shoAV uj) the figure of 
the wood and avoid tho yellow colour of a thick 
coat of shellac. The bodying in is followed by a con- 
cluding process called spiriting off. In this a very 
thin polish and finally methylated spirit alone is 
used to remove oil, smears, rubber marks, and any 
inccpialities. It is, in fact, polishing the surface of 
the coat of shellac, and, if carried too far, will dis- 
solve and remove the shellac and so s]X)il the work. 
The final rubbing should follow the grain of the wood. 

pressure should be light and the rubber kept 
moving. Intricate parts arc difficult to polish, and 
are generally given four or five coats of thin varnish 
with a brusli. 

The mediums used in other kinds of polishing 
are chiefly wax and oil. They give comparatively 
dull results and are used only for special fuirposes. 


Cabinet-making concluded ; folhued f>// U pholster v 
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DESIGN FOR WOVEN FABRICS DESIGN 

Pattern Made by Interlacing Warp and Weft Reversing and Other Repeats. 6 

Designs for Madras Muslin, Lace Curtains, Chenille, and Silk Fabrics conui.ued 

from pag* 63»0 


By H. NAPPER 


the designer the amount of different 
materials and the variety of methods of 
weaving offer such an enormous field for his 
invention that it is difficult for him to keep 
in touch with the changes in production and 
vagaries of fashion to which the market is subject. 
Unlike other forms of material that require 
pattern, such as carpets and printed goods— 
where there is veiy little in the way of change 
in method of production — tapestries, silks, and 
other woven fabrics are constantly undergoing 
change in the desire to get different mixtures 
in wearing so as to give new features to the 
material and to compete with other firms in 
producing something new. 

The Basic Pattern in Woven Fabrics. 
The simplest form of woven fabric, which must 
bo made by the interlacing of warp and weft, 
immediately begins to give texture or pattern. 
Ordinary matting gives a good idea. There you 
have the pattern made by the material. This 
makes designing for woven materials interesting 
to the craftsman because the design becomes 
a part of the material, and in some cases the 
beauties of the fabric must have pattern before 
they can bo seen. 

Patterns are made for wool, cotton, polished 
cotton, silk, satin, chenille, etc., and an 
endless variety is made, again, from mixtures 
of one, two and three of these together. The 
many uses to which these can be applied also 
make a great demand for variety in style and 
size of design. It is not necessary for the 
designer to have a thorough practical or inside 
knowledge- of the way in which these fabrics 
are woven or to put his productions on to ruled 
paper, for, with the exception of Madras and the 
coarser forms of tapestry, the actual drawing 
can be reproduced with the most delicate forais 
copied exactly. 

Repeats Economical for Weaving. Itis 
necessary to bear in mind that a drawing, even 
for the finest damask, must be put on ruled paper 
(before the cards for weaving are cut) inside 
the factory, so the size of the design becomes 
a matter of cost in the production, especially 
regarding the height. There are shown in 
illustrations four methods of w^eaving, which give 
some idea of economy in repeat. The first [11] 
shows the ordinary “ reverse drop.” It will be 
noticed that in the lower right-hand comer is a 
part enclosed wiriun dotted lines, within which 
are a few alterations ; centre leaves are not the 
a line is introduced across the stem, 
-mese things might be done in designing to ease 
the effect, but to get it would mean that the 
post of production would be increased. In 12 
's shown a very useful method of weaving. 
Although this looks like a long, pattern, it is 


really only half of what it seems. When ffie 
cloth is woven, say, to the top of the flower, the 
cards are reversed or turned over, and the 
pattern runs again the other way. Various 
names are given to this repeat— “ chasing,” 
“ turnover,” “ bosom,” etc. A reversing side- 
repeat is shown in 18, and another form of 
chasing or side-repeat in 14. These present the 
only methods of getting large-looking patterns 
in small repeats. The third is, of course, 
economical in that it reverses exactly. These 
repeats apply to almost every form of weaving. 
There are, unfortunately, no set sizes for widths 
of design, as in printed papers and fabrics. 
This makes it difficult for the designer. 
Some English and most of the Continental 
manufacturers use 25 in. width, making 12J in. 
for reverse, again divided into 6J in. Other 
looms are only used for sizes of 9 in. to 
18 in. reverse, thus making material into divisors 
of yards, similar to carpets. 

Madras Muslin Designs. The simplest 
form of weaving for which the designer can 
start is Madras, or lace muslin. Madras muslin 
is used for curtains hanging in windows, etc., 
as for the greater part of the time light is 
seen through them.. Experience will teach 
that solid masses should be used sparingly, 
and if the design contains large objects they 
should be broken with half tones so that the 
lightness of the material is not destroyed. In 
single cover — that is, with ground work woven 
in fine yams of warp and weft — with heavy 
second weft to make the pattern by interlacing 
with the ground yarns, where this weft is not 
attached to the ground to make pattern, it 
is afterwards cut away by means of a clipping 
machine. Although the effect of this is one 
colour in white, cream, or 6cru, a great variety 
of effect can be obtained by using the weft in 
horizontal lines, with ground showing between, 
or by dots [15]. The more even the weight is 
the better the curtains will hang. It is not 
necessary to work the design elaborately with 
lines ; a half-tone wash will show what is 
intended. Make the design on thick tracing 
paper or ordinary brown paper, so that the 
effect is always seen light on dark, and keep the 
detail large to allow for easy rendering on the 
ruled paper. In describing this, one warp and 
two wefts have been mentioned, but the designer 
need only think of the material as in the one weft 
or shuttle. The ground is not counted, it being 
a necessity ; merely the net in which his 
pattern is woven. 

Various qualities of this material are made, 
coarse and fine. Other shuttles are added, 
making it two, and sometimes three cover. 
For two, a good way is to use one for outlines 
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and half tones, using the second for “ chintzing” 
or “planting” (described later in the heavier 
fabrics). These can again be mixed, giving a 
great variety of effects by the use of silk, cotton, 
and tinsel. Almost any width can be used for 
the repeat from 8 in. to 24 in., and any reason- 
able height. Should borders be necessary, keep 
the same height as for filling or a divisor of 
same. 

Lace Curtains. Curtains allow much more 
freedom in design than Madras, and also 
more effects, which are best represented by flake 
white and washes of various depths on a dark 
blue or black ground. The groat scope allowed 
is shown in illustrations 16 and 17, by different 
borders on either side, free and reverse dados, etc. 
Almost anything can bo represented in this 
material, as a glance at the various windows in 
any street will show. The beautiful qualities 
of hand-made lace do not concern the maker of 
.patterns, as all the woven fabrics described in 
these articles are made by machinery, 
r Mixturea and Planting. In nearly all 
fabrics composed of wool or cotton, generally 
termed tapestry, the pattern or colour parts are 
made by the weft, the ground by the warp. 
This is always the case with the beat qualities, 
and in the English makes. The better the 
material the easier it is to make designs suitable 
for showing the beauties of the material. Some 
rich effects are obtained by the use of two, three, 
four, and sometimes more Avefls ; this gives a 
free use of any of these colours in any way 
wished, sometimes mixing two together to give 
extra colours, if required. Of course, every 
extra weft adds to the cost of production. The 
weft having to pass at the back of warp when not 
i*(5quired in front to make the pattern, gives a 
heavier and richer effect to the hanging. With 
a material composed, say, of two wefts and one 
warp, the richness of appearance can be obtained, 
with great saving in material and weaving, by 
changing the one shuttle. Both wefts can be 
changed if necessary, but it is better to keep one 
for the building up of pattern, otherwise the 
colouring becomes too complicated in getting 
different ranges. By referring to the illustration 
of weft “planted,” it will be seen how, by a little 
ingenuity in arranging the design, bloom, fruit, 
and birds can be changed into three distinct 
colours, and still be counted as only one weft [20]. 

From these, again, other colours can be obtained 
by the mixing of the two wefts in the way shown 
in 18. If a green weft ba used for leaves and 
stem, the turnover part, when in line with the 
bloom, can be mixed with it, if of yellow colour 
the green would become lighter and greener ; the 
ftame would occur with bird and fruit colour. 
Great care must be taken that only two colours 
are in a line, and that the colours do not look like 
bands, unless the design has been made to get 
this effect, and the ground is the rich<sst or 
best material. There is a great variety of cloths 
made in this way, some of very fine quality, 
others coarse ; but the same rul^ ^Pply where 
more wefts are used. It is usual only to “ plant ” 
or ” chintz ” one of them, and three to four 
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changes in the length of repeat will be sufficient 
for all requirements. 

Mixtures for Cheaper Materials. In 

other illustrations [19 and 21] will be seen another 
method of mixtures, the same again combined 
with planting. This is generally a cloth of 
cheaper quality, but capable of giving a greater 
variety of effect, and is useful for coverings and 
general hard wear, owing to its presenting a 
harder surface when well made. In this fabric 
the colours are generally derived through the 
warps, the wefts in most cases being a black 
and cream. These are apparently only us^d for 
outlines, and should never be in large masi^s, as 
they are generally of poor quality. Their great 
feature is that when used for tying down or 
mixing with the warps, two effects of colour can 
be obtained. In examining the illustration 19, 
it will be seen that in part of the leaf black lines 
cross, in another white lines. This explains the 
method ; although the lines are tied, it is not 
exactly in this way, it being impossible to show 
in black and white, but it will serve to show 
how two colours are made. It is not necessary 
to show either the black or cream in the drawing. 
Two tints of the same colour, but different weight, 
and that the mixture with black always Ogives 
the best effect in cloth only have to be considered. 

It will be seen that, given three warps and two 
wefts, eight distinct tones can be used, but the 
six colours will consist of two shades from the 
three warps. Sometimes a fourth is added for 
ground; in this case it is generally, of wool, 
.serving to give a richer material This is used 
solid, and not mixed to give a double effect with 
the wefts. Many varieties of this cloth are made 
with the black suppressed, except for mixing 
pur]) 08 e 8 , and the same with the cream. It cjm 
also be “ planted,” as shown in 21, getting almost 
endless varieties. The drawing for this should 
be kept on the large side, as there is a slight 
straightness or stepped effect when carried into 
the squares, resembling the effect of Brussels 
outline. 

SilK Wefts and Cotton Warps. A 

very beautiful and rich material of modern 
invention is made, in which the wefts arc of 
silk, mixed with warps composed of cotton 
threads, generally in white and red. These arc 
only perceptible on close examination, but the 
result given to the fabric is amazing in its variety 
of colour when folded. The outline is a weft and 
plays no part in affecting the appearance of the 
silks. It can, therefore, be made white, black, 
or any colour the weaver wishes. In the more 
costly productions chenille is used, adding 
another contrast in surface. The colour effect 
is obtained from the floating surface of silk 
wefts ; so if one, two, or three wefts are used, 
two colours can be made from each by the white 
cotton coming on to the surface to give the light 
shade, and the red showing in the other parts 
to give the deeper shade. With three wefts six 
colours can be produced. 

Chenille. This is a very beautiful fabric 
of cut pile, composed of fine wool dyed in 
every conceivable shade. It is used principally 
for curtains, but sometimes in mixtures with 




24 * BBOCATBLLB, SHOWING BOLD DRAWING 20 . BOTH SIDES OF REVERSING CLOIH 
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silks for outlines, etc., in other fabrics. For 
hangings, it is an ideal material, as it is practically 
the same in colour and design on both sides. 
There is no limit to colour or scope in arrange- 
ment of design. The same freedom exists as 
in lace curtains. Unlike any other fabric, there 
are no technical difficulties in the matter of 
warps and wefts ; the colours are woven on to a 
continuous weft, which passes backwards and 
forwards in the width of curtain, falling exactly 
over each other, and building up the curtain 
with loops and ties in the warp. The sizes to 
bear in mind are the widths of curtain, which 
should always be in yards — from IJ yd. to 2 yd, 
in width, and 3 yd. to 4 yd. in lengtli. Borders 
9 in. in width, and always repeating in the same 
height as filling. 

Make the design on thick cartridge paper, in 
solid tempera colours, so that it will boar rough 
usage when passing through the factory. This 
advice applies to designing for every purpose. 
The drawing is looked upon as for a practical 
purpose, not as a work of art, and in most cases 
is cut up and marked in such a way that it 
l>ecomcs unrecognisable. 

Silks. The most simple and Iwautiful 
form of silk to design for is damask. Whether 
it be made in pure silk (though called silk, it is 
generally a satin ground) or in polished cotton 
the result is invariably pleasing. In nearly every 
case in which the effect is obtained by ono waip 
and weft, the ground is the most expensive 
part of the material, and should always have the 
larger portion of the repeat. Mixtures can be 
obtained by hnes or dots of the pattern giving 
effects of tones from the ground as shown in 23. 
They need not be carried out in this way, as a 
wash in the shape required will do ; but it must 
be used sparingly, otherwise it Avill tend to 
destroy the brilliancy of the fabric, and the 
sharpness of the design. 

Damask fabrics are used for a great variety of 
purposes, the linest being for dress material. 
Some of these are so fine in quality that a line 
drawn by pencil can be reproduced. In making a 
design for them it is usual to draw it with pencil 
on white paper, giving the effect of shading with 
slight washes of colour. In all silk materials 
requiring pattern the imagination has to come 
into service, for it is impossible in the design 
to give an imitation in any way of the fabric and 
at the same time make a practical drawing. 
Coarser qualities are used for furniture coverings, 
hangings, tablecloths, etc. Widths in general 
use are 21 in. or divisions up to 31 Jin. or 63 in. 
Care should be taken in regard to height, as 
even in the finest quality the pattern must be 
put on ruled paper, as with a carpet, and cards 
cut and laced together, forming an endless band, 
the whole of which must be turned over in making 
a repeat. 

Brocatelle and Brocade. This is a 
heavier fabric than silk damask, backed with a 
solid substance which gives to it a full or rounded 
effect. The raised figure or design is in Uiis the 
richest part of the material. It is usual, there- 
fore, to show but small portions of the ground. 


The drawing must be bold [ 24 ] and keep the 
quality of roundness so that the richness of the 
surface is aided. The sizes usually follow those 
given for silk damask, but, of coui'se, small divisors 
or small repeats would not give the largo effects 
required, 10 .J in. side or reverse making 21 in. 
or 31 J in. reversing to make 63 in. width. 

Brocade is a very elaborate and costly fabrics. 
Many wefts are uew^ to give a great variety of 
colours and mixtures, and its best form is seldom 
used, unless for very special purposes, as in 
some cases only a few inches can be woven in a 
day, owing to the fineness of material composing 
the pattern. 

Silk Mixtures. A great variety of silks 
are made with mixtures of silk, satin and cotton. 
The ground in these, as in the case of silk damask, 
is always the richest part. A small piece with 
two silk wefts — one for outline, which can also bo 
mixed with ground, giving half-tone, and tho 
other for colouring the pattern — is shown in 25 
and 26. This can be “ planted” or “ chintzed ” 
when carefully airanged, two, three, and fo\u* 
changes being given to this weft, adding to its 
variety. 

It is necessary for the silk to float or coiner 
away from the ground, otherwise the gloss or 
slieen would not be retained. This cannot bo 
done in large masses wiiliout tying them to tho 
ground by the warp in some way, because the silk 
would fray or got away from its original shapt*. 
To obviate this and to keep some of its naturo.1 
beauty, ti(jH j’^re introduced as shown in 22, 
about a quarter of an inch apart, which are 
made by the warp, l^hese must be put into tlu; 
design, following, if possible, the draw'ing in tho 
d(‘sign, helping to give it more expression, 
('ani must be always taken t/O keep them as 
near as possible to ])ei pendicular lines in order 
to cut the weft in fairly equal proportions. 

Cheaper Silk Fabrics. Tho ground can 
also bo planted, if a striped effect is dinjircd, 
by making on the edges of different colours, 
a small trailing pattern in tho outline weft. 
This will soften the contrast and give tho fabric 
a lighter a})pearance. Sometimes three wefts 
arc introduced so that two colours for all-over 
purposes, and one to change or plant, are 
obtained. In cheaper qualities cotton is sub- 
stituted for the cream outline, and if used spar- 
ingly gives a very good effect. Owing to tho dulness 
of cotton the silk or satin looks much brighter 
by cjontrast. Some silks are made with tho pat- 
terns showing equally on both sides, but, of course, 
reversed [see 25 and 26J. For these, like all cheaper 
forms of silk, it becomes more difficult to malu^ 
satisfactory patterns owing to tho complica- 
tions in weaving. Generally there are two ground 
colours, cottons, which dovetail into one another. 
Outlining and making pattern on these are two 
silks, which can be mixed with the cotton, giving 
other effects, serving to hold the fabric tighter, 
and giving a more varied surface. It is impossible 
in this cloth to give extra effect by “ planting, ” 
as what fills in a shape on ono side b^omes outlin * 
on tho other. This reversing quality must always 
be borne in mind. 
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THE CHURCH AS 

The Church of Ensrland and Nonconformist 
Catholic Church and the Jewish Ministry. 


THE CHURCH OF ENGLAND 

By R. Mudie-Smith 

'THOSE who wish to become candidates for Holy 
* Orders should apply for entrance into one of 
the theological colleges of the Church of England 
fsee list below]. Every application is considered 
on its merits, regard being taken as to the evidence 
of personal piety and promise of fitness for the 
ministry apparent in the candidate. 

The full course of preparation sometimes occupies 
three years (or two years if the Central Examination 
is taken before entering college). Two examina- 
tions, the Central Examination for non-graduates 
and the University Preliminary Examination for 
Holy Orders, have to be encountered in the course 
of preparation, besides the personal examination 
of the ordaining bishop. 

Entrance Examination. The “ Central 
Examination *’ is required by all the bishops before 
admission to a final course of two years’ study in a 
theological college. It is an entrance examination 
in the sense that it admits to the beginning of the 
two years’ theological course, but it is not intended 
to debar candidates from previously entering a 
theological college for preparatory training. 

The following are the subjects of this examination 
prescribed for 1907 and 1908 : 

1. Xenophon’s Anabasis, Book III. 

2. Cicero, De Senectute. 

3. Outlines of Scripture History. 

4. The gospel of St. John, Chapters I-XII for 

translation and interpret.ation. 


CHURCH OF ENGLAND 
Terminal charges 

Name of College. inclusive : 

(J) Tuition (2) Board. 

Chichester Theological Col- | (1) £35 per annum ; (2) £55 
lege I per annum 

Wells Theological College.. (1) £30 per annum or £10 
per term ; (2) £75 per 
annum 

St. Aldan’s Theological Col- (1) and (2) resident students 
lege, Birkenhead £24. Non-resident, £14 

per term 

Cuddesdon Theological Col- £30 inclusive 
Ivge 

Lichfield Theological Col- In college (1) and (2) £30 
lego per term. In lodgings, 

£13 163. 8d. per term 

Salisbury Theological Col- (1) and (2) £30 per term, 
lege Four tenus 

London College of Divinity (1) £10 per term; (2) £45 
(Highbury) per term 

Lincoln Scholai Cancellarii (1) and (2) £81 per annum 
inclusive 

Bly Theological College . . (1) and (2) £30 inclusive . . 

Deeds Clei|n^ School . . (1) end (2) £27 lOs . . 

Wycllffe BSII, Oxford . . £25 inclusive per term 

Hidley Hall, Cambridge . . (1) and (2) £25 per term 

St. Stephen’s House, Oxford (1) £5 ; (2) £16 
St. Sflchael’s College, Aber- (1) and (2) £70 
_dare 

House of Saered Mission, (1) £20 ; (2) £40 . . 
Kelhm 
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5. Outlines of English History: Text books recom- 

mended — Outline, of Kng'ish History and Oman's 
History of England (Gardiner). 

6. The first book of Euclid (the paper will include 

easy deductions), or Elementary Logic or 
Modern Geometry. 

Candidates are exempt who have* passed any of 
the following examihations : (a) The Oxford and 
Cambridge Senior Local ; (?>) Examination for 

Higher CertificateM of the Oxford and Cninbridgo 
Joint Board ; (e) the London University Matricu- 
lation, provided that 'the candidates shall have 
passed in J.«atin and Greek ; (d) Responsions at 
Oxford ; (c) Previous Examination at Cambridge, 
Parts I. and II. ; (/) one examination after Matricu- 
lation in Trinity College, Dublin ; {g) examinations 
for the title of Associate in Arts of any of the 
recognised University Colleges in England ; (h) 
Matriculation Examinations in Colonial and other 
Universities ; provided that in all cases the can- 
didate shall have passed in Latin and Greek, and 
that the certificate of having passed any one of 
the specified examinations shall have been ob- 
tained within three years of the examination from 
which he desires to be exempted. In exami- 
nations which do not include Scripture subjects, 
the candidate will be reiiuired to pass in the 
outlines of Scripture history and in the selected 
gospel. 

Method of Application. Exammation.s 
are held three times a year -viz., in the first week 
of December, in the second week before Holy Week, 
and in the last week of July. 

THEOLOGICAL COLLEGES 
Average lengt li 

of reBidence l^rinripal. 

required. 

For non-graduates two | Rev. Preb. Rickard, M.A. 
years. For graduates | 
one year 

Four terms.. Rev. H. I.. Goudge, M.A. 


Six terms. Three terms Rev. A. J. Tait, M.A. 
for graduates 

Five terms (If possible) . . Rev. Canon Johnston, M.A. 

For non-graduates two Rev. Preb. E. Elmer Hard- 
years. For graduates ing, M.A. 

one year 

For non-graduates two Rev. Canon D. White- 
years. For graduates foord, D.D. 

one year 

Non-graduates two or three Rev. A. W. Greenup, D.D. 
years, graduates one 

year 

Non-graduates two years. Rev. Canon Crowfoot. 
Graduates one year 

One year Rev. Canon B. W. Ran- 

dolph, D.D. 

One year Rev. J. G. Simpson, M.A. 

One year .. .. Rev. W. H. G. Thomas, D.D. 

Three terms .. .. Rev. T. W. Drury, B.D. 

Graduates one year . . Rev. G. H. Brown, M.A. 

Non-graduates two years. Rev. H. R. Johnson, M.A. 

Graduates one year 

Six years Rev. H. Kelly, M.A. 
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Candidates for examination, and candidates who 
present a certificate of an equivalent examination, 
must apply through the piincipal of the college 
nt which they propose to enter or of which they 
are already probationary members. 

These applications mii^t be made on or before 
November 1st for the December examination, on 
or before March 1st for the March examination, 
and on or before duly 1st for the July examination. 
Each applicant must state in his application which 
of the alternative subjects, Euclid, geometry, or 
logic, he intends to take. 

A fee of 15s. is charged to every candidate, and 
the fees as well as the application must be sent to 
the principal of the college. The papers set in pre- 
vious examinations can obtained from Deighton, 
Bell k Co., Cambridge, price Is. Id. for each year. 

The University Preliminary ExamU 
nation. The University Preliminary Exami- 
nation for Holy Orders iij taken at the end of 
the student’s complete course. It is conducted 
under the control of a council consisting of the 
divinity professors of Oxford and Cambridge, 
two graduates in divinity from each university 
nominated by the Archbishop, and examining 
thaplaias, one being nominated by each of the 
bishops, who accept the results of the examination. 

The examinations begin on the Tuesday in the 
second week before or after Easter which is 
nearest to April 3rd, and on the Tuesday nearest 
to Octol)er 8th. 

The examinations are open to (a) jjiad nates of 
the English universities ; {b) members of i heological 
I'olleges in connection with the C.'hurch of England 
who have at least entered on the last term the 
complete course and are recommended by the 
principal : (c) any other person who may be 

nominated by a bishop with a. view to ordination 
in his own diocese. 

The examination consists of the following subjects ! 

1. A general paper on the contents of the Bible. 

2. Old Testament : selected portions : 

(a) Psalms i.-xb. (for 1907); xlli.-!., Ixxiii.- 
Ixxxix. (for 1908). 

(h) Northern Kingdom and Amos for 1907-*8. 

The paper in these books will contain questions 
on their subject matter, criticism, and exegesis, 
together with questions on “ Introduction.” An 
o})portunity will be given of showing a knowledge 
of tlie Hebrew text on the sot books. 

3. Now Testament (in Creek). 

(«) St. Luke. 

(6) Romans. 

The paper on these books will contain passages 
for translation and questions on the subject matter, 
criticism, and exegesis of the books, together with 
questions on “ Introduction.” Candidates will 
also be expected to show a general knowledge of 
the Lord’s life and teaching as contained in the 
four Gospels. Passages from English Version will 
be given to be rendered into the original Greek. 

4. (a) The Creeds and the Thirty-nine Articles ; 

history text and subject matter ; 

(b) Apologetics. 

5. The Prayer Book : history and contents, 
f). Ecclesiastical History : 

(а) History of the Christian Church to the 
Council of Constantinople (inclusive). 

(б) History of the English Church from the 
earliest times to the Accession of Queen Anne. 

7. A selected work or works of a I..atin ecclesiastical 
USpter (1907). Cyprian, De Oratione Dominica. 
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A passage will also be set for translation into 
English from some ecclesiastical Ijatin author 
not previously specified. 

8. A voluntary paper on elementary Hebrew with 

passages for translation (1907): 1 Kings xvii.- 

xix., 2 Kings iv., v. ; Amos. 

Candidates are required to satisfy the examiners 
in each of the first seven subjects. 

A fee of 25s. is charged to every candidate who 
enters the examination. 

Candidates are required to send in their names 
with certificates of moral character and particulars 
of their degrees, or written forms of nomination 
from bishops in cases where such nominations are 
required to Rev. Dr. King, Gayton Rectory, Blis- 
worth, R.S.O., before March Ist for the Easter 
examination and before Sopteinber 1st for the 
October examination. 

The papers given in previous examinations, with 
the regulations, etc., may be had of Deighton, 
Bell & Co., Cambridge and London, and Parker 
& Co., Oxford, price Is. each set, or by post on 
receipt of 13 stamps. 

Candidates, in sending in their names, must give 
a permanent address. 

The Student's Eaepensee^. Students at 
Oxford and Cambridge can, if they are economical, 
limit their terminal charges in some colleges to £30. 
The annual expenses, including subscriptions to 
college clubs, need not exceed £100. The throe- 
year course, consisting of nine terms, would cost, 
therefore, about £300. ’I’lie expenses of a non- 
collcgiate student in tlie universities who is 
willing to live frugally and who kee))8 only the 
minimum residence in each term, can be kept under 
£55 per annum on an average of the three years. 
This sum includes university and non-collegia te 
charges. The course for arts in the B.A. degree 
at the University of Durham consists of two years 
of three terms each. 

At University College the average terminaJ 
charges are £20 5s., and at Bishop Hatfield’s Hall 
£24. 'riie total, therefore, at the former for the 
two years is on the average £157 10s., and at the 
latter £144. 

The Ordination (Candidates’ Exhibition Fund aims 
at helping young men of thoroughly good qualifica- 
tions whose means are insufficient to enable them 
to complete what is required for colle^ training. 
For full particulars apply to Rev. Canon Petit, M.A., 
39, Victoria Street, Westminster. 

The following is a list of other funds designed for a 
similar purpose, and the name of the clergy and 
others to whom communications should be addressed: 

The Cambridge Graduates’ Ordination Fund. 
Professor Stanton, Trinity College, Cambridge. 

London Clerical Education Aid Society. Rev. 
H. F. S. Adams, The Vicarage, Streatham Common, 
S.W. 

Cambridge Clerical Education Society. Rev. 
G. A. Weeks, Sidney Sussex College, Cambridge. 

The Ellimd Society. Rev. Canon Lamb, Clapham 
Vicarage, Lancaster. 

Bishop Clerical Education Society. Rev. P. A. 
Phelps, 29, Berkeley Square, Bristol. 

Dr. Robinson’s Exhibitions. Rev. W. Alien, 
St. Mary’s Lodge, Loughton. 

The Society of the Sacred Mission undertakes 
(where necessary) the whole cost, of the student’s six 
years’ training at their Theological (k)Ilege, Kelham, 
Wt students are expected to repay a sum not 
exceeding £250 by instalments after ordination. 
There are a large number of applications— over 
300 every year— of which only 20 ore accepted. 



The Bishop's Examination. Persons 
desirous of being admitted as candidates for Deacon’s 
Orders must make a written application to the 
bishop three months before the time of ordination. 
A paper of questions will be forwarded to any person 
so applying, which he will be required to answer. 
After due investigation the bishop will fix a time for 
seeing him. It is not necessary that a person so 
applying should at the time of his application be 
provided with a title, which may bo sought for 
afterwards upon the bishop’s permitting him to 
become a candidate. 

Candidates for ordination must be under thirty 
years of age. No candidate can be ordained deacon 
who has not completed his twenty-third year. 

Candidates for Deacon’s Orders must supply the 
following papers : 

1. Certificate of baptism. 

2. (o) If the candidate is a graduate of Oxford 

or Cambridge — Certificate of his having taken 
B.A. degree, and also having attended two 
courses of lectures by divinity professors, one 
of which must be a course by the Regius 
professor. (Such certificates are not required if 
a candidate shows that he has taken honours 
in the Theological School or has spent a year 
at a diocesan tlicological college, or has passed 
the University Preliminary Examination of 
Candidates for Holy Orders.) 

{b) If the candidate is a graduate of Dublin 
University — The certificate of his Iiaving taken 
the R.A. degree and also the Divinity Testi- 
monium. 

(c) If thj candidate is a graduate of Durham 
University — ^The certificate of his having taken 
the degree of B.A. and also the IJccnce of 
Theology. 

3. College testimonials. 

4. Testimonials for the time elapsed since the 

candidate left college. 

Examination for Deacon’s Orders. 

The subjects, of examination for Deacon's Orders 
differ somewhat in each diocese, but the following 
are the subjects prcscriVjcd for the London Diocese, 
1907. The books suggested for the eouise of study 
are given in italics ; 

1. The Old Testament : 

(а) General knowledge of the contents and inter- 
pretation. Old Testament History (G. W. Wade), 
Old Testament History (Edersheim), History 
of the Jews (Ottley), The Cambridge Com- 
paiMon to the Bihle^ The Divine Library 
(Kirkpatrick), Introduction to Old Testament 
(G. H. H. Wright). 

(б) Subjects for special study : Book 1, Ps. i., xli. 
The Psalms, Book 1 (K rkpatrick). 

(c) The Hebrew Text of Psalms i.-ix. (optional). 

2. The New Testament : 

(а) General knowledge of the contents and 
interpretation. Life and Times of Jesus the 
Messiah (Edersheim), Introduction to the Study 
of the Gospels (Wcstcott), Introduction to the 
New Testament (Salmon), The Books of the New 
Testament (Pullan). 

(б) Special subject for study in the Greek text : 
the Go8|)el according to St. Luke. Inter- 
national and Critical Commentary (Plummer), 
Cambridge Bible (Lias). 

(c) Oral examination on the contents of the four 
Gospels. (Tho Greek text required.) 

3. (a) The Book of Common Prayer, history and 

contents. Prayer Book Commentary (S.P.C.K.), 
A New History of the Book of Common Prayer 
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(Proctor and Prere), Teachers^ Prayer Book 
(Barry). 

(6) Ecclesiastical history. The history of the 
English Church from tho earliest times to the 
accession of Queen .-Vnne. The Students' English 
Church Hisionf (Perry), History of the Church 
of England (Wakeman). 

4. The Articles of Religion. 

The Thirty-nine Articles (Bishop Gibson), The 
Thirty-nine Articles (Bishop Harold Browne). 

5. Latin. 

{a) S. Cyprian, Dc Oratione Dominica. Edition 
issued by O. Bell rf? Son. 

(b) A piece of English to be translated into Latin. 

6. Evidences of Christianity. 

Evidences of Christianity (Ragg), Man'ual of 
Christian Evidences (Row). 

Tho papers required by a candidate for priest’s 
orders are these : 

1. A testimonial from three beneficed clergy similar 

to that wiiich is required for deacon’s orders ; 
but only for the time which lias elapsed since 
the candidate’s ordination as deacon. 

2. Nomination to a curacy, or presentation to a 

benefice — unless he be already liciiuscd in the 
diocese, in which case a nomination is not 
required. 

Examination for Priest’s Orders. 

The following are the subjects of examination for 
))riest’s orders for the London Diocese, 1907. 

Part T. (.Advent and Lent) 

1 . The Old Testa men t. 

(tt) General knowledge of the conlents and 
interpretation. Old Testament History (G. W. 
Wade), Old Testament History (Edersheim), 
History of the Jews (Ottley), The Cambridge 
Companion to lh^‘ Bible. 

(6) 8ubjoct for special study: Jeremiah. Cam- 
brige Bible (A. W. Strcanc), E.vpositor\i 
Bible (C. J. Ball), Jeremiah : his Life and 
Times (T. K. Cheyiie). 

(c) The Hebrew Text of Jere?niah xxvi xxviii. 
(Optional). 

2. Dogmatic theology, ba.scd on the Prayer Book 

and Art eles. 

Prayer Booh (Commentary (S.P.C’. K.), .1 New 
History of the Book of (Common Prayer (Procter 
and Frere), The Thirty-nine Articles (Bishop 
(iibson), The, Thirty-nine. Articles (Bishop 
Harold Browne). 

3. Butler’s Analogy. 

4. Pastoral work. Parish Priest of the Town (Gotl), 

Sdf Disci flint (Gibson). 

Part 2. (Trinity and September) 

1. The New Testament: 

(а) General knowledge of the contents and inter- 
pretation. Life arid Times of Jesus the Mejtsiah 
(Edersheim), Introduction to the Study of the 
Gospels (Westcott), Introduction to the New 
Testament (Salmon), The Books of the. New 
Testament (Pullan). 

(б) Subject for sj)eeial study in (ireek text : the 
Epistle of St. Paul to the Romans. Inter- 
naiioneil and Critical Commentary (Sanday and 
A. C. Headlam), Cambridge Bible (Moule), 
Practical Exposition (Gore). 

2. Ecclesiastical history. The history of the Chris- 

tian Church to the Council of Constantinople. 
The Students Ecdesiastical History, History of 
the Christian Church to 461 (Foakes-Jackson), 
History of the Christian Church (Robertson). 
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3. Hooker’s Ecclesiastical Polity. Book V. 

4. Foreign Missions (Bishop Montgomery), published 

by Longmans. 

The Declaration. The following declaration 
must be made and subscribed, and oath taken and 
subscribed, by all persons who are to be ordained 
deacon or priest ; 

“I, M. N., about to be admitted to the Holy Order 
of , do solemnly make the following declara- 

tion : I assent to the Thirty-nine Articles of 
Religion, and to the Book of Common Prayer, and 
of the Ordering of Bishops, Priests, and Deacons. 
I believe the Doctrine of the Church of England, as 
therein set forth, to bo agreeable to the Word of 
God ; and in Public Prayer and Administration of 
the Sacraments I will use the Form in the said Book 
rescribed, and none other, except so far as shall 
e ordered by lawful authority. 

“ I, M. N., about to be admitted to the Holy Order 

of , do swear that I will be faithful and bear 

true allegiance to his Majesty King Edward, his 
heirs and successors, according to law. So help me, 
God.” 

Every clergyman about to be licensed to any 
curacy has to take the oath of canonical obedience 
to the bishop, and make the Declaration of Assent. 

The Oath of Canonical Obedience. 

“ I, A. B., do swear that I will pay true and canonical 

obedience to the Bishop of , and his successors, 

in all things lawful and honest. So help me, God.” 

Lrecturea* The bishop requires deacons during 
their diaconate to attend courses of lectures, of 
which they will receive notice. The bishop also 
desires that the younger clergy in the diocese should 
attend. 

THE JEWISH MINISTRY 

By Nathaniel Lazarus 

The Jews occupy a singular position amongst the 
nations of the world. They have no official national 
overnment of their own. Their only recognised 
ends are the ministers of their ancient congrega- 
tions, who are also in many cases the most prominent 
leaders of the community. It is, therefore, by no 
means surprising to learn that the Jews pay special 
attention to the training of their ministers. Above 
all, no Jew would tolerat/C a clergyman who, in 
respect of his religious and moral life, could be 
regarded as unfit for his post. 

Course of Training. Candidates for the 
Jewish ministry have more than one course of 
study open to them. The various methods of 
attaining their object in view generally depend on 
their ago and opportunities. The chief theological 
seminary for Jewish ministers in the United King- 
dom is undoubtedly the Jews’ College, of which the 
Chief Rabbi is president ; 99 per cent, of the Jewish 
ministers in England were trained at that college. 

The college course consists of three distinct 
divisions — preliminary, junior, and senior. 

Candidates for the preliminary class must be four- 
teen years of age, ana pass an elementary Entrance 
Examination in two secular subjects (modern 
language, or mathematics, or. science, or Latin), in 
English and in Hebrew and theological instruction. 
The course of study in the preliminary class is so 
arranged that pupils, on leaving it, attain the 
grade of the Matriculation Examination of the 
University of London and of the first theological 
college certificate. On passing that stage success- 
fully, candidates join the junior class of the college. 
During that period of their training the students 
are attached to the Faculty of Arts at University 
College, University of London, where they pursue 
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an internal coiu-se, reading for the B.A. Honours 
degree in Semitics. At the same time the students 
are required to attend a series of lectures in Hebrew 
and religious knowledge at the Jews’ College, for tho 
purpose of enabling them to pass the Second 
Theological Examination. 

On completing the intermediate course, candi- 
dates devote themselves entirely to the study of 
Semitics, Arabic, Aramaic, Syriac, homiletics, 
theology, Jewish history, and literature. At that 
stage they attain most of the knowledge they ulti- 
mately require in discharging their duties as 
ministers. The curriculum nominally extends over 
two years, at the end of which successful candidates 
obtain the B.A. degree and the third theological 
certificate. The title of Associate of Jcwi^ College 
is granted to such students. 

with those qualifications in hand, candidates are 
generally regarded fit for the ordinary work of a 
minister, provided they arc not too young. The 
age of twenty-five is considered to be a reasonable 
one for beginning duties. 

The Diploma of Rabbi. Ministers who de- 
cide on entering communal life at that stage post- 
]X)ne for an indefinite period their chances of pro- 
motion. Though in possession of the third theological 
certificate, they have yet to work for the greatly 
esteemed and oxtrciiiely valuable Rabbinical 
diploma. Ministers in possession of an English Uni- 
versity degree and of the above-mentioned diploma 
are assured of successful careers. A special class 
is attached to the Jews’ College for the preparation 
of students for the Diploma of Rabbi. Before enter- 
ing that class students must have passed the third 
theological examination, together with the degree 
examination of soine recognised university. The 
course of study in that class comprises Talmud and 
Response It extends over two and a half years. 
The examination for the diploma is a very strict one, 
and it is conducted by the greatest Jewish authori- 
ties in this country. The title of Fellow of Jews’ 
College is granted to successful candidates, 

Scbolarsbips. The Jews’ College not only 
charges no fee for the education received within 
its walls, but it also bears the cost of the course at 
University College. Students are, however, expected 
to use their own books. There are about ten valuabhs 
scholarships attached to the college in support of 
the poorer class of students. 

Needless to state, students are not restricted to 
starting their course of study in tho preliminary 
class. They can join the junior or senior classes ou 
passing the necessary examinations. 

A few valuable scholarships are given to gradu- 
ates pf English universities in possession of the third 
theological certificate who wish to continue their 
studies at famous Continental seminaries. During 
that period of their study students can also avail 
themselves of thi ? op}>ortunity to obtain tho 
German Ph.D. degree, which is a very good qualifica- 
tion for an Anglo- Jewish minister. Though they are 
often called upon to sit. in the Beth-Din (Jewisli 
law court), where various disputes are settled in the 
light of Jewish law and custom, very few ministers 
have found it expedient to read for the LL.B. 
degree, London. 

Those who enter on the career of a minister when 
they are advanced in years must make every effort 
to pass the Third Theological Examination and to 
obtain the B.A. degree as soon as possible. Such 
students may also find it expedient to go abroad 
in order to obtain a rabbinical diploma from 
fmreign rabbis. They can afterwards return to 
Engird as fully qualified ministers. It may prove 
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interesting to note the fact that such a diploma is 
almost essential for ministers in the Jewish districts 
of the East End of London and other forei^ com- 
munities which are not so much in need of university 
graduates. 

Aria College (Portsea, Hants) and Judith Montc- 
fiore College (Ramsgate) are two other theological 
seminaries conducted on the same lines as tlie Jews* 
College. At the former, preference is given to 
Hampshire men. Young ministers, as a rule, start 
work in a provincial town. Eventually they make 
every endeavour to receive an appointment at one 
of the more famous West London congregations. 
There are, however, a few exalted posts to which 
many a Jewish minister looks forward. Such are the 
positions of Chief Rabbi, Haham of the Spanish and 
Portuguese Jews, and Dayan (judge) of the Beth- 
Din (law court). The work of a Jewish minister can 
bo divided into two distinct parts — congregational 
and charitable. He has to deliver sermons on Satur- 
flays and all other important occasions. He is, to a 
certain extent, responsible for the religious and moral 
spirit of the members of his synagogue. He is also 
expected to take an active part in the charitable and 
l omrnunal affairs of the district under his care. In 
connection with his latter duties there is a ministers’ 
committee which regulates their work in the East 
End of I.(Ondon. 

The duties of a Jewish minister entail a great 
,deal of very hard work. 

THE ROMAN CATHOLIC CHURCH 

By Henry Bras.sill 

People outside the Catholic Cluin^h do not, in 
many instances, realise the solemnity atticl.ing to 
the dignity of a priest. By his spiritual subjects 
the priest is recognised as the Lord’s Anointed, 

One would cease to 1x3 a member of the 
Church without formal excommunication if he 
did not believe in the doctrine of the Real 
Presence, and the chief reason for j)eer, as 
well as plebeian or jxjasanfc, for saluting a 
priest after the manner of a gentleman saluting a 
lady is that the passing clergyman may be on a 
sick call and have in his possession the Adorable 
Sacrament. There is another reason why Catholics 
pay public respect to a priest — viz., that he is em- 
powered to consecrate, to adjudicate in the tribunal 
of penance and to discharge other sacred functions. 

It is indeed an arduous trial for young or old to 
be raised to the siicred office. When we use the 
words “ young or old,” we mean that age is no 
impediment. (Cardinal Manning had been an 
archdeacon of the Church of England and a married 
man before his future Emiu'^nce ” went over to 
Home”; the late Rev. Lord Thynne was father of 
the Dowager Countess of Kcnmare, and officiatod 
at the marriage of his grandson, the present earl, 
with the Hoii. Miss Baring. Cases of this kind may 
bo multmlied. We can name twenty priests in and 
around London who had been' Anglicans, some by 
profession medical doctors, some military officers, 
and others who might have made their mark in 
the professions of which they were originally 
members, but the call to the sacerdotal office having 
come, they loyally obeytHi, and are at th s moment 
ideal workers in the vineyard. 

Newman, the author of “ Lead, Kindly Light,” 
was a great Anglican divine ; the late Dr. Luke 
Rivington was a Cowley Father and a strong 
Freemason ; Father Fletcher, son of a baronel, 
now Master of the Guild of Ransom, was an Anglican 
clergyman I Monsignor Walter Crokc Robinson, 
a present day preacher of fame, was at one time 


an Anglican clergyman also, but all had had 
to take the usual steps to qualify for the Catholic 
ministry. „ 

The Priest’s Oath. To do this it is essential 
that the candidate, before entering college or house 
of study, is prepared to make a solemn oath or vow 
with regard to celibacy. If going in for one of The 
monastic orders he has to take the triple vow of 
poverty, chastity, and obedience. Every nun does 
likewise, and some Orders are very strict with regard 
to the creature cojnforts of their members. 

There is no distinction of class as to the eligibility 
of the aspirant to the sacred office, but persons 
born out of wedlock are objected to. This is 
especially the case in Ireland, which verily is the 
cradle of the bulk of English-speaking Catholic 
clergymen. 

The great collej^ of Maynooth has, perhaps, 
turned out more priests from its hallowed walls than 
any other. In order to enter, there is held yearly 
in each diocese a concursus, at which the aspirants 
arc examined in Latin, Greek, and English. The 
examiners are divines of learning and erudition, 
and the candidates are dealt with according to 
merit. There are also colleges at Thurles, Carlow, 
Watorford, and numerous seminaries throughout 
Ireland, not the least of which are St. Brendan’s, 
Killarncy ; Holy Cross, Tralee; St. Michael’s. 
Listowcl ; and Blackrock, Dublin. 

All over the world care is taken that the future 
priest shows a vocation for the sacred calling. 
With rare exceptions in Ireland the aspirants 
start at an early age. The intending secular priest 
remains all the year round, with the exception of 
a short holiday, in his alma mnU r. This is also the 
case of students in English colleges, but many in 
this country are fully fledged, staid men who know 
a great deal of the world before they resolve to 
enibrace the sacerdotal calling and enter Stony- 
hurst, Oscott, or 8t. Edmund’s. Students for the 
religious orders such as Franciscans, Dominicans, 
Servites, Carmelites, Premontrt% etc., pursue their 
course in their respective houses of study until 
pronounced eligible for Orders. 

Cost of Training. The education of a student 
cnteringM iynooth College costs some £(100, but those 
by ability who pass into the Dumboyne Establish- 
ment get through at a considerably lesser figure. 

Another great ecclesiastical college in Dublin 
is that of All Hallows. It is situate at Druincondra, 
and year by year sends to foieign parts, such as 
Mill Hill, London, pri sts for mia.sionary service. 
All Hallows men may be found all over the globe. 
The i»onsion, or collegiate fee, is considerably less 
than thit of Maynooth. and when the student 
decides where to carry out his ministrations, in 
Australia or other distant lands, the bishop of the 
particular diocese which he selects to be attached 
to contributes largely to his exj.'enses — in fact, 
he pfiys his college fees. 

But the most expensive college in the world is 
that known as ” The Pontifical lioinaii Seminary,” 
in the Eternal City. Only Italian students are ad- 
mitted to it, as Tt is the great seminary for the 
whole of the country. There are minor colleges, but 
Italian students are never considered to have 
completed their education without spending a time 
in the “ Pontifical Seminary.” A student may be 
ordained after twelve years’ study in this establish- 
ment, during which time he may qualify for degrees 
.such as D.D., Ph.D., LL.D., etc. Before getting a 
degree one must be at least three years in the 
coRegc, and he must win his laurels by hard work 
and study. 
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The Priest's Salary. The salary of a priest 
both in Ireland and in England is merely nominal. 
His emohimeits in this country, as a rule, arc not 
on a par with a boy’s wages. Many have 
private means — we are alhiding to seculars — but 
the majority are gentlemen who possess little more 
than the raiment upon them, and who care nought 
for the world’s goods. 

The religious orders, or communities, should, 
perhaps, be referred to. The noble work of the 
Franciscans, say at Peckham and Forest Gate; 
the Dominicans at Haverstock Hill; the Servites 
at Fulham ; the Canons Regular of Lateran at Stroud 
Green ; the Passionists at Highgate ; the Jesuits 
at Farm Street and Stamford Hill (Father Bernard 
Vaughan, S.J., and Father Doinelly, S.J., being 
perha s the two most prominently before the public 
just now) ; the Salesians at West Batersea, cannot 
be overrated, and is something difficult to describe 
if not to conjure with. 

Priests live in London from, as it wore, hand to 
mouth ; they have consecrated their lives to their 
duties, and go to their graves penniless — that is to 
say, they have no money at their death to will away. 

Take the case of the Soggarth Aroon^ who spends his 
life in Ireland. Often ho is summoned in the middle of 
the night to attend a sick call in a mountain home, 
miles away. Ho leaves his bed, goes to the sanctuary 
where the Blessed Sacrament is reserved, takes the 
sacred species with him , and, regardless of the dangers 
of hill-side passes, finds his way to the humble cabin 
in which a poor soul is throbbing for solace so as to 
fittingly prepare to appear before its God. 

Speaking of Ireland, the clergy hold what they 
call “ stations ” twice a year ; they are generally 
held in the homos of the well-to-do. This is a very old 
custom, and the object is to enable the aged, infirm 
and feeble generally to comply with the obligations of 
the Church by going to confession, assisting at Mass, 
and receiving the Bread of Life. Lent and Advent 
are the periods of the year when the “stations” are 
held, and the results are fruitful. An improvised 
altar is erected at which the service takes place. 

A Catholic ecclesiastical student undergoes severe 
examinations. Humanity, rhetoric, philosophy, 
logic, and theology, stare and confront him as he 
leaves the preliminary school before venturing to 
face the ordeal of being examined in the minor sub- 
jects. He is taught in a seminary or a private school 
before venturing to apjxjar in the presence of the 
Board of Examiners, and in the event of being 
successful — “ getting a place,” as it is called — ^he 
enters, say, Maynooth College. Here he studies, 
and in some four years receives Tonsure and Minor 
Orders. AU well, in a year, he receives Full Minors; 
a year later he is raised to the sub-Minor. Twt'lve 
months after he is raised to the subd'aconatc, 
and possibly another year may roll by before he 
is made a deacon. The conferring of the Order of 
.the Priesthood, as a rule, follows immediately 
that of the d'aconate, although in some instances 
students receive the three orders — subdeaconship, 
dcaconship, and priesthood — in the same week. 
The reason assigned for this is that once a can- 
didate is raised to subdeaconship he has to retid his 
Office, which occupies two hours each day— -a rather 
severe strain upon some who have to study very hard 
during the remainder of their course. The recital of 
the Office is obligatory, and a divine is only excused 
from complying with the mandate in case of illness. 

After being raised to the priesthood the newly 
ordained is immediately sent to work. His rector 
OF P.P. is a reverend brother of experience and 
mature years. The curate’s “salary,” if such it 


can be called, is barely sufficient to provide for 
clothing and holiday money. 

The newly ordained priest says precisely the 
same Mass as the Holy Father who is supreme 
head of the Catholic Church. The writer has been 
in five different countries outside his own, and has 
had the privilege of attending Mass in each — oven 
on the high seas he has assisted at the Holy 
Sacrifice — and no matter what the nationality of 
the officiant or celebrant was, the service was exactly 
the same as that which in the days of his childhood 
the writer assisted at in the little chapel at Irremore, 
County Kerry. 

Chances of Promotion. Promotion is 
very slow in the priesthood everywhere. But a 
humble curate may be raised to the dignity of 
bishop. The present occupant of the See of Lime- 
rick — Most Rev. Edward Thomas O’ Dwyer — was 
not even a parish priest when the crozier and mitre 
of his illustrious predecessor, Most Rev. Dr. Butler, 
were placed in his hand and on his head. The 
chapter in each diocese in England nominate three 
ecclesiastics, whoso names are placed on what is 
called the Ttrniu and submitted to the Holy See. 
In Ireland the parish priests meet, and. as is the case 
all over the world, Mass of the Holy Ghost is cele- 
brated. After, this the chalice used at the Mass 
is placed upon the altar. No one is present except 
those entitled to vote, and the cathedral, or pro- 
cathedral, doors are barred. In England each 
member of the chapter, and in Ireland each parish 
priest, writes the name of the cleric whom he be- 
lieves to be fitted for the distinguished office. The 
archbishop of the province presides, and two 
8cr\itinoer8 in his presence count the votes. 

Three names are sent to Romo, the one having 
the highest number being described as dignminus ; 
the second, dignor^ and the lowest, diginis — most 
worthy, very worthy, and worthy. The Sacred 
College, as in the ease of the late nominations for 
the bishopric of Southwark, may appoint one who 
was not on the Terna, so that elevation or pro- 
motion cannot with safety be predicted by anyone. 

CONGREGATIONAL AND BAPTIST 
CHURCHES 

By R. Mituie-Smitu 

A candidate for the Congregational or Baptist 
ministry must be a member of some church belong- 
ing to the denomination, and must have completed 
the sixteenth year of his age. Upon applying 
for training to one of the theological colleges 
he is required to adduce the testimony of one or 
more ministers and of the church with which he is 
in fellowship to his consistent piety, mental ability, 
and general fitness for the work of the ministry. 
A general statement is also required from the candi- 
date as to his previous history and the chief 
books he has read, giving his exact age, the nature 
of his education, his business or profession, and the 
period of his church membership. Other require- 
ments are a full statement of his theological views and 
one or two written sermons of his own composition. 

The Entrance Examination. The en- 
trance examination includes the elements of 
classics, mathematics and f’eripture history, and 
the following may be taken as a guide to the sub- 
jects proscribed ; 

Division I., 

1. General knowledge of Scripture. 

2. Knowledge and use of the English I.iangaage. 

3. Preaching ability, so far as it may be tested 
by a sermon to bo written on a given theme. 

4 . Speaking power, voice, etc. 
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Division II. 

1. Latin : Caesar, de Bello Callico, Book V., cc. 
1 to 27 ; Macmillan’s Shorter Latin Course, by 

A. M. Cook, M.A. 

2. Greek: Xenophon, Anabasis, Book II., cc. 
1 to 3 ; Smith’s Initia Gr&ca (any edition after 
1898) ; Exercises 1 to 50, with the grammar of 
the whole book. Accuracy in Latin and Greek 
Grammar is essential. 

3. Mathematics ; Charles Smith’s Arithmetic 
(Cambridge University Press) ; J. M. Wilson’s 
Elementary Geometry (Macmillan), Book 1., to page 
SO, with exercises. 

There is also an oral exam ‘nation before the 
College Council. This is directed chiefly towards 
finding out what the candidate is rather than w'hat he 
knows, and testing his ability to express his views on 
Scriptural and theological subjects, nnd on other sub- 
jects relating to the work of the Christian m nistry. 

The Student in College. A successful 
candidate enters the college as a probationer. 
At the end of six months or sooner special reports 
of his work and jirogress are made to the committee. 
If these are favourable, he is then received as a 
student for the usual course, subject always to the 
receipt of satisfactory reports. The term of 
study is from four to six years. The curriculum 
is divided into a literary course of two or three 
years, and a theological course of two or three, 
in cases where a student has taken a university de- 
gree the first term is dispensed with and the student 
admitted at once to the Iheological course. 

All students receive a free education with use of 
rooms, and, when necessary, free board. It is 
expected, however, that the coat of board be met 
wholly or in part by the student or his friends 
where practicable. There are also a number of 
scholarships oiien to competition, by means of which 
a student of promise may obtain a sufficient in- 
come to defray the whole cost of his college training. 

Candidates seeking admission into colleges now 
recognised as university schools, and mark'ed in 
italics in the list on th‘ list page of this article, are 
required to matriculate that they may be registered 
as internal students of the university, and jmrsue the 
course prescribed for gradual ion in divinity. Candi- 
dates should matriculate, if possible, before entrance; 
if not, they must pass this examination at the end of 
their first, or at the latest their second, session. 

The Intermediate and Final Exami- 
nations. After matriculation a year’s work 
prepares for the fnte -mediate examination for the 

B. D. degree, the subjects being Hebrew, Greek 
Testament, classics, psychology and ethics. 

The ^nal B. D. requires a two years’ course, and 
comprises these subjects : 

1. Hebrew, with Old Testament exegesis nnd 
introduction. 

2. Biblical Greek, with New Testament exegesis, 
introduction and textual criticism. 

3. Systematic theology. 

4. Church history. 

5. Philosophy of theism (apologetics). 

6. History of religious. 

THE WESLEYAN METHODIST 
CHURCH 

A candidate for the ministry must be a baptised 
member of the W'esleyan Methodist Church, and 
a fully accredited local preacher. The first stage 
of hia candidature is the vote of the March quarterly 
meeting of the circuit in which he resides. He 
must bo nominated at the meeting by the super- 
intendent ; and if he has not reside for two years 


continuously in his circuit, the superintendent must 
present to the meeting a written report concerning 
him to cover the previous two years. 

An untrained man of twenty-five or over is not 
likely to be accepted unless there be evidence of 
quite exceptional ability. Still more is this the 
case with married men, since they cannot be sent 
to the Theological Institution, in the rare cases 
where married men arc acce}>tod a financial 
guarantee must be forthcoming, since such a 
minister would receive only the income of an 
unmarried man until the four years of his probation 
are completed, and no children born before that 
time are chargeable on the connexion d funds. 

The Church takes no responsibility for the main- 
tenance of a candidate until ho has been accepted 
by the Conference. It is therefore important that 
he should not give up Ins employment until after 
Conference. Moreover, it must be undei’st.ood that 
every accepted candidate supports himself to the 
best of his powers while at the institution. The 
charge for maintenance there is £30 a year, and for 
education, £35. If unable to pay these two charges, 
the candidate must, before a(!eeptaii(! 0 , sign a 
declaration to this effect, to 1x5 counter-signed by 
bis parent or guardian, and his sii^>crintendent, 
promising (a) to meet the maintenance charge, 
or (fj) to pay some detined ]):irt thereof, (c) to find 
himself in clothes and books — the latter condition 
being assumed in the other classes. Should he be 
unable, through poverty, to make even the last 
promise, he must apply for a grant — which will not 
exceed £10 a year — to meet the ex])enses. 

The Conference expects to he satisticil on c(*rtain 
points before accepting a candidate for the ministry : 
Firstly, that he believes himself called by the Holy 
Spirit, that his preaching has bt5en owned of God. 
and that his i)ersonal cliaraeter is high; secondly, 
that ho believes and preaches the doctrines of the 
Wesleyan Methodist Church ; thirdly, that he has 
comjietent abilities and health for tJie work. 

Preliminary Examinations. The candi- 
date’s first examination, known as the preliminary, 
is elementary in character, and Uikcs place about 
the middle of i\pril. It consists of two parts : 

(!) A paper on the English Bible, requiring a 
general knowledge of Sori})tiire history, and of the 
nature and contents of the Old and New Testament. 

(2) An English i)aper, in which simple questions 
in grammar, geograx>hy, history and arithmetic are 
set, and also a short exercise in English composition. 

Those candidates are exempt from the literary 
X>ax)er who have ])asscd the entrance examination 
of any university in the United Kingdom, or the 
Oxford or Om bridge Senior liocal Examination, 
or obtairuxl the King’s scholarship os candidates 
j’oi* admission into a training college. No candi- 
date is on any ground excused the preliminary 
examination on the English Bible. 

The candidate who has been recommended by 
his circuit Quarterly Meeting will be duly informed 
by the chairman of the district as to the time and 
])iace of the first trial sermon, and of his oral 
examination before the Synod. The sermon is 
]>reaehod in the presence of threi5 ministers of the 
district, and a written report of the service is 
presented by these ministers to the Synod. 

Oral Examination. The first of the candi- 
date’s oral examinations takes place in the presence 
of the ministers of the Synod during its sessions in 
May, and the questions put will test his acquaint- 
ance with the main features of Christian theology. 
When the vote of the Synod has been taken, if the 
candidate has passed, he is informed of the arrange- 
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mente made for his second trial sermon. He is also 
k'formed of the date by which he must send up his 
BIB. sermon to tho (Veneral Examination Secretary. 

Final Examination. Further examina- 
tions await the candidate during the second or 
third week in July. These take place at one of 
the theological colleges, whore the candidate is 
accommodated for two or three days. Two 
papers, consecutive upon the preliminary papers, 
are now set, the first of wliich bears on Christian 
doctrine and knowledge of the leading truths of 
evangelical theology as taught in tho Methodist 
Church. The second pajMir embraces subjects of 
general education. 

During this time the candidate apptiars before 
a select committee of ministers for an oral exami- 
nation, to test his ability of expressing his views 
on general, scriptural, and theological subjects. 

From this committee the candidate's case is 
formally remitted to the Conference, which meets 
a few days later, for final decision ; and if accepted 
by tho Conference, the candidate is sent in the 
September following his acceptance to one of the 
theological colleges of the Church for three, or in 
some oases four, years’ training. The distinctive 
studies proper to the direct work of the Christian 
Methodist ministry occupy the chief place in the 
student’s attention ; but facilities are also provided 
for piij'suing a university course, if this is considered 
desirable. 

THE PRIMITIVE METHODIST 
CHURCH 

A candidate for the ministry of the Primitive 
Methodist Church, if not a minister from another 
community, must be a regular member and a local 
preacher of at least twelve months’ standing. If 
under twenty-one years of age, his parents or 
guardians must give their consent to his becoming 
a minister. 

If the candidate is a minister from another 
community, he must be a member of the Primitive 
Methodist Church for at least twelve months prior 
to his application, unless proof be given that ho is 
specially useful in tho conversion of siimers, and that 
he has fairly and honourably resigned his connection 
with the ministry to which he formally belonged. 

No candidate must be recommended by the 
station with which he is connected “ unless his 
constitution is sound and healthy, his piety* un- 
questionable, his mental x)owers good, his tem\K)ral 
circumstances unembarrassed ; nor unless ho is 
of industrious habits, and will use prudent and 
successful efforts to save souls.” Tho station 
must also carefully examine him concerning his 
views of Christian doctrine, reading and writing, 
and his knowledge of English grammar, history, 
geography, arithmetic, theology. Church history, 
evidences of Christianity, and the history and polity 
of the Primitive Methodist Church. 

If such examination bo satisfactory to the 
Quarterly Meeting, the candidate will be recom- 
mended to the Secretary of tho Candidates’ Examin- 
ing Committee for further examination. 

Oral Examination. The Oral examination is 
held at one of the three following centres — London 
Leeds and Birmingham. Tho examiners, time and 
place of examination, are arremged by the Candi- 
dates Examining Committee, appointed by the 
conference. 

The examination is divided into four sections : 

). Beading aloud a pass:)ge selected by the 
examiners. 

2. Writing a paragraph from dictatioa 

mo 


3. English grammar, geography and aritametio. 

4. Questions as to the conversion of the candidate, 

resent Christian experience, call to the ministry, 

is knowledge of experimental theology, the history, 

doctrines and polity of the Primitive Methodist 
Church, his methods of study and preparation for 
the pulpit, of pastoral work and visitation, dealing 
with penitents, the conduct of religious services 
and the holding of official meetings. 

If successful in the oral examination the candidates 
must conduct a public service and preach before 
the district representative on the Candidates 
Examining Committee, with the chairman of the 
district meeting and the General Committee delegate. 
The candidate must also attend the district meeting 
for the purpose of taking the written examination. 

Written Exaihination. The written ex- 
amination consists of these subjects : 

1. English Grammar: Oxford and Cambridge 
(Gill’s scries). 

2. Arithmetic. : Pendlebury’s up to p. 3369. omit- 
ting the following chapters : XVI., XXXV., 
XXXVI., XL., e to k, XLI. to XLVI. 

3. English History : Bansome’s “ Short 

4. Theology : J. B. Gregory’s “ Theological Stu- 
dent,” and Wesley’s twelve sermons, called “ The 
Marrow of Methodism.” 

5. Christian Evidences : Prebendary Bow’s 
” Manual of Christian Evidences.” 

6. Ethics : W. T. Davison’s Fcrnley Lecture, 
” The Christian Conscience.” 

7. The History and Polity of our Church : H. B. 
Kendall’s “ Short History,” and “ Handbook of 
Church Principles and Polity,” the “Consolidated 
Rules and Deed Poll of the Connexion.” 

The total number of marks for the whole ex- 
amination is 900 ; 100 for each of the seven sub- 
jects or books, 100 for the oral exam nation, 50 
for the preached sermon, and 50 for tho written 
sermon. Tho minimum for the reserve list (can- 
didates for the ministry not applying for a college 
training) is 725 marks, for the college list, 630. 

The written examination begins at two o’clock 
on the Tuesday preceding tho District Meeting. 

Each candidate must sui)i)ly a written sermon, 
which must be signed by the president and secretary 
of the Quarterly Meeting, and sent, along with the 
recommendation from the December Quarterly 
Meeting, to the Secretary of the Candidates Exam- 
ining Committee. This will be valued and marked 
by that committee. 

Candidates who pass successfully either for the 
college or tho reserve list, but who have neither 
been appointed to a station nor received into 
college, must attend the ensuing District Meeting 
for examination upon their labours and studies 
during the year. Should any candidate on the 
college list wish to take the written examination 
at the district meeting with a view to improving 
tho position gained by him at the previous exam- 
ination he is at liberty to do so; otherwise he 
must take his place on the college list, according 
to his number of marks. 

Candidates who have graduated in arts or matri- 
culated at any of the universities in the United King* 
dom shall be exempt from taking English grammar, 
history and arithmetic. For uie remaining sub- 
jects they must gain 475 marks for the reserve list, 
and 400 for tho college list. 

There is a scholarship (the Lamb Scholarship) 
which secures the advantage of the college course 
of training for young men who are unable to pay 
the usual fees and whose parents or guardians 
cannot assist them to do ao. 
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THE PRESBYTERIAN CHURCH OF 
ENGLAND 

Candidates for the ministry of the Presbyterian 
Church of England afe not in ordinary circumstances 
received into the theological college until they 
have completed their preparation for entering on 
the study of theology by graduating in arts at some 
recognised university. With a view to assist men 
during the undergraduate years, a number of 
scholarships have been at various times founded by 
the generosity of benefactors. Men who have 
thus prepared themselves at some university are 
admitted to the theological college, Westminster 
College, Cambridge, after examhation in the be- 
ginning of October in each year. 

The Course of Study. The minimum curri- 
culum of study in the college extends over nine terms 
or three academic years. At the beginning of each 
year of attendance two scholarships are awarded to 
students obtaining honours in the October exami- 
nation. When required, pecuniary assistance of a 
limited amount may also be obtained in the form of 
“ Barbour Exhibitions,” also a certain number of 
“ Hewley Bursaries ” of the annual value of £40. 

The college is residential. The fee of £15 per 
term covers all the expenses of a student for re- 
sidence, board and tuition with the exception of 
some small extras, which together need not amount 
to more than £2 per annum. 

Every candidate for admission is required to 
send his application, with the following certificates, 
to the princiy) 1, not later than July 3 1st. : 

I. A certificate that he is a member of tho 
Church of Christ in full communion. 


scholarship will be exempted from examination 
in those of the above subjects included in the final 
stage of their degree examination. 

THE UNITARIAN CHURCH 

The colleges at which students for the ministry 
of the Unitarian Church may receive their training 
exist for the purpose of promoting the study of 
religion, theology and philosophy without insisting 
on the adoption of particular doctrines. 

The chief college is Manchester College, Oxford, 
and the full course is tliree years; but the committee 
may admit 8j)ecial students for shorter periods. 

Entrance Examination. Before entering 
tho college, students must have graduated at an 
ayiproved university, and must pass the following 
examination : 

1. Old Testament : Prescribed books (in English). 

2. New Testament: The four gospels in Greek. 
Questions on subject matter of the Gosjiels and the 
Acts. 

3; History : “ Retrospect of Religious Life in 
England,” by J. J. Tayler. 

4. Philosophy : .lames’s “ Text Book of Psycho- 
logy ” ^Chapters I. and II., and XI. to XXII). 

Cicero’s “ Do Ofticiis ” is prescribed instead of 
the philosophy payaT for all graduates who have not 
taken Latin in the Intermediate or Final examina- 
tion for their degree. 

Under syiecial circumstances the candidature of 
non-graduates is allowed. These must bo over 
twenty-four years of age. 

Both the above entrance examinations are held 
early in October of each year. 


2. A certificate of character from the minister 1 he committee offer 

of tho congregation of which he is a member. to studente who reach i 

3. If he bo a candidate from tho Presbyterian examinations. It is ui 

Cliurch of England, a certificate that ho has satis- will bo continued for t 

fied his presbytery respecting his motives, ro- Every candidate f 
ligious character, and yjrobablc usefulness in the regular student 

ministry. If he be a candidate from another with his apydication 

Presbyterian Church he is required to y>roduce recommendation signe 

such a certificate from his own yiresbytcry as will testify to his characte 

satisfy the board of examination on the matters must be a minister c 

specified m the regulation. To assist students \ 

4. A diploma of Master or Bachelor in Arts from exyienses of a universi 

chartered university of approved standing. Can- offered to undergradi 

didates who have completed that attendance at a ditions. The grants i 

university which is required for the graduation, graduate students in j 

but have not taken their degree, may bo admitted Oxford, £50 for non-( 

to the entrance examination on satisfying tho or lor students studyi 

board respecting their reasons fbr non- graduation. Koncon 

A candidate who has not comjileted that at- Conoreoational.^ Nt 
tendance at a university which is required for gradu- ^ 

ation must make special application to the board of col^ge’ F^fdey RmT, 

iiXiim nation through tho principal. The appli- College, Manchester ; 

cation should contain a full statement of his case, ureKatioiial Tiistitute, Xol 

Tort qualifications for Cliristian 

work or of his success in yireachmg the gospel. jidiiiburgh. 

Tho board will inquire into the exceptional circum- Baptist. Bristol (.’oil 
stances, and the reason assigned for seeking ad- i 

mission, and has power, should it be satisfi^, to ; ^(JarS ColleS 

admit tho candidate to the entrance examination. College,’ Glasgow ; Dubfij 
subject to the confirmation of the college coinmi ttoe. W esley an Methodis 

TIia HeadmgJey College, L( 

i ne Entrance Examination. i no Chester ; Handsworth t 
exammation comprises tlie following subjects : Primitive Methodist. 

1. Latin. Presbyterian. West 

2. New Testament Greek. 

3. Mental and Moral Philosophy, including logic. College, CarmaHhen. 

4. Elementary Hebrew grammar. Salvation Army. T 

hiM- : "'®° ® Yrtotod putlculM. of 

biUioal subject. of entrance may be ot 

Graduates in arts who are not competing for a Principal of any of the a 
The Churches concluded ; followed by Law 


Ihe committee offer exhibitions of £50 for the year 
to students who reach a high standard in the entrance 
examinations. It is understood that the exhibitions 
will bo continued for the course of three years. 

Every candidate for admission to the college 
as a regular student for the ministry must send 
with his application a medical certificate and a 
recommendation signed by three persons who can 
testify to his character and abilities, one of whom 
must be a minister of religion. 

To assist students who are unable to bear all tho 
expenses of a university education, exhibitions are 
offered to undergraduates who fulfil certain con- 
ditions. The grants are £75 per annum for under- 
graduate students in a college of the University of 
Oxford, £50 for non-collegiate students at Oxford 
or for students studying elsewhere than at Oxford. 

Nonconformist CoLLEOi-a 

Congregational. Neiv College, Hampstead, London ; 
Western College, Bristol ; Yorkshire United Independent 
College, Bradford ; Cheshunt College, Cambridge; Uaeknc/t 
College, Finchley Road, London ; Lancashire Independent 
College, Manchester ; Mansfield College, Oxford ; Con- 
gregatioiial Tiistitute, Xottingham; Congregational Memo- 
rial College, Brecon ; ITala-Bangor Independent College ; 
Theological Hall of Congregational Churches in Scotland,' 
Kdiiiburgh. 

Baptist. Bristol College; Nottingham College; Raw- 
don College, near Leeds ; Regent's Park College, London ; 


Pastors’ College, Metropolitan Tabernacle ; Manchester 
College ; Cardiff College ; Bangor College ; Theological 
College, Glasgow ; Dubfin College, Ireland. 

Wesleyan Methodist. Richmond College, Surrey ; 
Headiiigley College, Leeds ; Bidsbury College, Man- 
chester ; Handsworth College, Birmingham. 

Primitive Methodist. Hartley College, Manchester. 

Presbyterian. Westminster College, Cambridge. 

Unitarian. Manchester College, Oxford ; Unitarian 
Home Missionary College, Manchester ; Ptesbylerian' 
College, Carmarthen. * 

Salvation Army. Training Home, Congress Hall, 
Clapton. 

Printed particulars of college curriculum and conditions 
of entrance may be obtained upon application to the 
Principal of any of the above. 
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DRESS THE TRADE IN FEATHERS 

46 The Various Uses of Feathers and the Processes Involved in their Prepara- 

ooi.tinuwi from Feathers. Feathers for Millinery Purposes. Quills and Ospreys 

I»Cb648I 


By J. P. MILLINGTON 


CEATHERS, like hair and nails, are products 
* of the epidermal portion of the skin. 

A feather consists of three parts : ( 1 ) A barrel, or 
calarms which is the hollow, translucent part used 
for writing ; (2) a shaft, or rachis, which is opaque 
and tilled with pithy substance (this is roughly 
quadrangular in transverse section with a ]ongi> 
tudinal furrow along its inner side — that is, 
the hide turned towards the body ; the rachis, 
togeoher with the calamus, form the quill) ; and 
(3./ the barbs. These are subdivided into barhvles, 
and the latter again into barbicels. The barbs 
and their subdivisions constitute the web or vane. 

Feathers are of different natures according to 
the parts of the body in which they occur. The 
contour feathers, or plumes, come chiefly from 
the wings and tail, and are the most important for 
ornamental purposes. Besides the plumes there 
are smaller, softer feathers which are classified 
into downs, half-downs, and hair-like feathers. 
Finally, there are the small nesting feathers. 

The plumes are the largest of the feathers, and 
sometimes show magnificent markings and 
colourings, as in the case of the peacock and 
pheasant. The downs, on the other hand, are 
covered by the plumes, and arc smaller, more 
fluf^, and more numerous. In aquatic birds — 
especially in those inhabiting high latitudes — the 
fluffy down is highly specialised, and is so elaborate 
as to form an important feature of the plumage. 

Uses of Feathers. The principal uses to 
V hioh feathers arc applied are these : 

1. The manufacture of bedding, cushions, etc. 

2. Ornamental and decorative purposes. 

3. The manufacture of i)ens, toothpicks, light 
brushes for dusting and other domestic purposes. 

Sometimes not only the feathers, but the whole 
bird is used as an ornament. This is notably the 
case with birds of paradise and various tiny 
humming birds. In other cases some part of the 
bird — for example, the wing, or the head and neck 
— ^is employed, while frequently the long contour 
feathers are plucked out and used. 

The list of birds which serve for ornament is a 
long one. Among them are: 


Birds of Paradise : 
Black 
Green 
King's 
Busta^ 

Crested pigeons 

Grebe 

Heron 

Humming birds ; 
Amethyst 
Emerald breasted 
Ruby 

Indian crows 


Jungle cocks 

Kingfishers 

Merles 

Orange oriels 
Osprey 
Ostrich 
Peacock 
Pheasant : 
Common 


Starlinjgs 
Terns 


Thoro othera, but ^^Gse aice the more common* 

" flGOS ; 


Of the feathers usually seen, the best-known 
are those of the ostrich, while the most valued 
are those of the egret. The real home of the 
ostrich is Egypt and the North African States, 
and these countries still provide a certain 
quantity. The bulk of the supply, however, 
comes from South Africa, where the birds were 
introduced some thirty or forty years ago. 
The rearing and farming of ostriches has been 
attended with such marked success that the 
killing of wild birds has been almost, if not quite, 
abandoned. The profits from ostrich farming 
vary from year to year, and are determined 
by two main factors—namely, supply and demand 
depending upon the dictates of fashion, and the 
prevalence of disease to which the birds are 
particularly liable unless allowed practically 
unlimited space in which to roam. 

The birds arc clipped every eight months, 
and each yields an average of about 20 ounces. 
The first crop consists of chicken feathers, which 
are known commercially as spadonas. 

The ostrich feathers are sold by public auction 
in London, and for the last five years the quantity 
sold has averaged about 600,000 pounds per 
annum. This represents an annual value of 
£1,200,000 to £1,500,000. About nine-tenths of 
the total amount comes from South Africa. 

The raw material is then distributed for manu- 
facture to various parts of England, France, 
Germany, Austria, and the United States of 
America. The main processes of manufacture 
arc known as dyeing and bleaching, laying or 
preparing, sewing and curling and finishing. 
In addition to the manufacture just mentioned, 
there is a large industry connected with the 
making of boas and feather trimming. 

Ospreys. Egret feathers, known to the 
trade as ospreys, are taken from the long- 
winged birds of the heron family. In character 
they are exceedingly soft and silk-like, yet 
remarkably stiff. The barbs are very fine, 
long and filiform. These are largely used as 
ornaments for the hair, generally in conjunc- 
tion with diamonds. The price is exceedingly 
high, sometimes reaching as much as £8 per 
ounce 

Considerable feeling has been shown by humani- 
tarians concerning the slaughter of these birds, 
which are usuallj^ killed during the nesting season, 
as the plumage is then at its best. It is recorded, 
however, that egrets flourish in confinement, and 
that the feathers taken from such birds are of just 
as high a quality, and command the same prices, 
as those taken from wild birds. It is possible that 
this industry may be developed so that the 
reproach of wearing “murderous millinery’' 
ma^ be taken away from those who decorate 
their hair with these beautiful feathers. 
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^ (IS iiiiiiij Cerent kinds is collected the still warm and pliable feathers. If desired, 

iiTooanti^rdiSricts^ and from poulterers in Eng- ajt\y pattern or design may be then impressed ; 

Itod and the various countries of Europe, and on cooling the quill is left as a dry, homy 

the: manufacture of these constitutes a very substance, ready for cutting to the shape of pens, 

considerable industry. toothpicks, etc. 

j^other branch of the feather trade is that of Feathers for Ornamental Use, The 
fan-making. In this ostrich feathers are largely feathers intended for millinery purposes are 

employed, thou|;h at present these articles arc first sorted according to quality and colour, 

not much in vogue. the best colours and the purest whites being 

Preparation of Feathers, The pre- retained for use. in the natural state after they 

paration of feathers consists mainly in the have l)een subjected to pro^x^r cleaning. Those 

cleaning and dyeing of them. It is usual to dye wliich are not to be dyed arc washed in hot 

only those which are intended for ornamental water in which soap has been dissolved. This 

use in boas, trimmings, ladies’ hats, etc., but removes grease and other objectionable matter, 

in the ease of all feathers a preliminary cleaning After this process they are thoroughly rinsed 

operation is necessary, since when taken from the in warm water, and those that arc to be kept 

bird they are impregnated with various substances white are then bleached. Formerly this was 

such as blood and natural grease, which, unless always effected by moistening the feathers and 

removed, would undergo decomposition and give placing them in closed chambers where they w'cre 

rise to unpleasant consequences. Wc may con- exposed to the fumes of burning sulphur. Now, 

sider the treatment according to the three main however, hydrogen peroxide is largely employed 

purposes to which leathers are applied. as a bleaching agent. It is more convenient to , 

Bed Feathers. For the making of feather use, and possesses the further advantage of 

beds those feathers are used in which the quill is leaving a purer and more permanent white, 

reduced to a minimum and is as pliant as pos- Feathers and other articles that have been 

siblc. Such are obtained from the domestic fowl, sulphui*ed ” are apt to return to their original 
ducks, geese, swans, etc., and the best of them are yellow tint on long exposure to the atmosphere, 

plucked from the living birds in spring. This kind or on coming into contact with any alkaline 

is preferr^ to those taken from the body after material, such as soap. Bleaching with hydrogen 

death, as they are cleaner, freer from blood and peroxide is not open to this objection. , 

animal fats, and less liable to become tainted. Even after this treatment some feathers retain 
They are also rather more springy and elastic, their yellowish cast, and to correct this defect 

and so better jidapted for this particular purpose, they are often dipped into a dilute solution of 

The feathers are first dried in stoves by means indigo or some other blue dyestuff. This pro- 
of hot air, and then beaten with sticks to render cess is based upon the same principle as the one 

them free and light. The dust is removed by adopted by the laundress in “ bluing ” linen 

shaking them in sieves, and the feathers are then after washing, for the added blue neutralises 

ready for the manufacturer. the yellow, leaving a much purer white. 

For l)ed quilts the down of the cider duck Feathers, the colours of which are unsuitable 
{f^omateria 7noUis) is unequalled, because in for natural use, are dyed. Dyestuffs such as 

addition to its extreme softness it possesses logwood and indigo are much used, though a far 
the property of great lightness. The down is w ider range of colours is afforded by the variottS/ 

supplied by the female, who, while sitting, lines so-called aniline dyes, artificial colouring matters 

her nest and continually adds to the warm, soft derived from coal-tar products, 
lining,, so that by the time the young are born Before dyeing, the feathers must bo well 
there is sufficient down to cover them (jompletely cleaned with soda in order to get rid of every 
during her absence. ' trace of grease, and then carefully rinsed to 

Each "qest yields about one-sixth of a pound remove the alkali, which would otherwise affe<?t 
of down, valued at 12s. to 16s- per pound. the ultimate colour. 

Quilla. Like the dowm used in the making of According to the dyestuff chosen the treatment 

feather beds, the best feathers for quill making must be varied, since some — for example, 
arc taken from the living bird in spring. The malachite g^cen, auraminc, magenta, methyl 
most suitable, and at the same time the most violet — ^reqiiire a neutral bath, while others 
expensive, feathers are obtained from the swan, must l>e used in a bath made acid with either 
but large quantities of quills from the albatro.ss, sulphuric or acetic acid. 

heron, pelican, hawk, owl, etc., are used. For After dyeing the feathers are well washed 
fine work feathers of the crow are employed ; but and then carcihiUy dried in revolving drums, 
the main^Source of supply is the goose, which, in Curling. After dyeing the feathers usually 
certain parts of Europe, is bred almost entirely n^quire a certain amount of curling. This is 
for this purpose. To all these feathers the follow- effected by imlling them over a blunt knife, or 
ing treatment is applied. ' by the cautious application of a hot iron. Some.. 

The feathers on removal from the body are plumassiers employ various curling liquors, with 
heated in a bath containing fine sand to an which they moisten the feathers before’ dyeings 
av^ge temperature of 00® C. A portion of the These liquors frequently contain small linantities 
and other adhering foreign materials is of ammonia, and in some oases substances of a 
thmhy softmied and partly absorbed hy the gum-like nature are added, as these help to fix 
the remainder is removed by scraping the curl. 

iiofieluded; fqUamd by Shieijs ahd Collars 
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By JOHN W. WAINWRIOHT 


Small Calibre Q.«F. Breech«lpadina 
GuttS* This type [26] is built up fiom steel 
foTguif^ and an inner tube with jacket shrunk on 
them. The innci or A tube foiling is first 
rough turned •and drilled, simultaneously from 
both ends, the tube revolving After this it n 
tempered and annealed and tested, then opened 
Otit to a larger dianictci, with a D shaped bonng 
tool woiking from the muzzle end, and then fine 
bdred with a built up boring tool, with sever il 
Inserted cutters with burnishers between them 
They are then lapped out wlien lapidly i evolving 
by lead laps After this they are finished, turned, 
and shrunk up Then the rifling opoi ition takes 
place, the tool used being somewh it simil ir 
to that described under Rifle Manuf ictuio 
JacKet. The jacket is then tempered 
and annealed, and then drilled through 
and second bored and second turned 1 he 
trunnions are grunched down out of thi 
rough forgmg, by veitical tools, v numbei 
of cuttmg tools in a bell chuck But m 
field guns the tendency of later yeais has 
been to give all held guns a longei recoil, 
and to provide them with i large bpade 
at the end of the trail This design has 
caused radical difference m manufacture of 
the gun jacket Figuu 27 is a Vickers 3 m 

r in and 28 is an Armstrong Whitworth 
in. gun The trunnions are done awa> 

Ivith on the jacket and a slide or groo\td way 
extends the whole length of the gun Thus, 
praotioally, no poition of the outside from breech 
to the muzzle can now be turned m the hthe, but 
Ifis to be planed longitudinally, the gun being 
nipported and partially revolved and the tool box 
arranged to copy the contour of i template fixed 
upon the machine 

The breech is then slotted out in a slotting 
machine (when of the Hotchkiss or Vickers wedge 
hreech type), the rear face faced and the hole flared 
&t to give easy insertion to the shell cartridge 
The actSion holes are drilled through jigs, and a 
dummy meohanism fitted, to test accuracy, also 
backsight holes bored. The jacket is then fine 



bored to a somewhat smaller diameter tlian the 
barrel or A ” tube^ and this is called a shrinkage 
allowance In several cases there is a lockmg nng 
witlr bayonet joint which is duly machined. 

The gun IS then ready to be shrunk Up. FdT fjiese 
small guns a gas fired furnace of simple construction 
may be used, using forced di aught and town gas 
thioiigh standpipes and nozzles This jacket is 
fixed on a revolving table perfectly upright, and 
gradiiilly turned round, to get an equal distribu- 
tion of the heating The jacket is tried over the 
top of the bane] before heating to ensure it getting 
into the correct position When the jacket is 
expanded sufficiently by heat, it is tested by gauges 
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The barrel having been already loweied, and 
secured on to a plate, into the bottom of a pit 
alongside, has a taper plug placed m the muzzle 
to form a lead, and to give protection The jacket 
IS then ciiefully lowered vertically on to the 
barrel to avoid making a burr on the locking ring 
When it 18 home to the shoulder the locking nng is 
turned, and the key inserted, the key fittmg on the 
sides only »Should there be otner remforemg 
hoojis they are expanded m a like manner and 
dropped over In each case the water jets are 
turned on, causing the outside portions to grip 
firmly pnd thus to form an integral whole. 

Breech Blocks These are of three jirmcipal 
types The vertical wedge, A, the transverse 
Itrupp slide, B , and me screwed breech, C 
Referring to detail of manufacture of “ A,*’ the 
breech block is of the vertical slidmg 
type and is retained m the breech end 
of the gun by means of a senes of 
serrated projecting guides, milled m 
These engage m coriespondmg groo^ in the 
breech end The block is machiim wm a slight 
taper, to give it a sl^ygbt forward movement when 
closing the breech The top of the block is nulled 
to a hollow curve to <4tar the cartridge case In the 
loadmg portion, and the fixmt is bevelled to press 
the latter home m closing the breech— the forward 
movement of the block completing tUm ^ration 
The front portion of the hlook^is steppea to form 
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for the striker, the former having been previously 
machined and hardened. This is screwed into 
the front face to admit the firing pin. At the rear 
end is provided a sliding cover, a stop pin being 
provided to limit the opening movement. The 
striker opening near to the cover is recessed at the 
top to allow the striker to be removed when the 
mechanism is assembled. The centre of the low'er 
portion is hollowed out and drilled and end-milled 
to take the cocking lever, trigger, and mainspring. 
A wibbled-out slot between this space and tho 
striker gening admits the cocking lever to the 
latter. Transverse holes are drilled in tho lower 
portion ol the block to receive the axis ])ins for the 
trigger and cocking lever. The other components, 
such as the cranks, crank shaft, and sleeve, are 
machined from steel forgings and hardened. 

Semi • automatic and Screwed 
Breech Blocks. In tho semi-automatic type 
there is also a steel spring of the clock ty])e fixed in 
a machined-out bronze cover. The extractor, when 
machined, is pivoted on a hinge pin screwed into 
the breech of the gun. A cylindrical striker with 
detachable point and a key is fitted into it. A hole 
is drilled through the striker for the 
head of the cocking lever. The cocking 
lever is forged bell-crank form, and 
pivoted on an axis pin in the space in 
the centre of the breech block. 

In the Krupp type the breech consists 
of a transverse slide block with a 
circnlar hole through it registering to tho 
chamber when open, but presenting a 
solid surface when moved across to the 
closed, position. 

Referring to the screwed-breech type, 
there numerous t^rpes of this class. 

Tatog one simple type [29], the screw, 
which has interruptions (or gaps 
between), is swung round on a carrier 
arm, which also has a bevel gear to 
rotate the sprew, so that its throacls, 
which have entered the somewhat radial 
gaps in the breech screw of the gun, 
are now threaded, so that they enter and lock 
into the threads of the gun screw. In this par- 
ttenlar tgpe the threads are cut all round and then 
Swped on to form two interruptions. But a much 
i^anfmorsei^w breech-*-namely, the “ Welin ” type, 
has been much improved by Messrs, 
used for the larger guns. 

Bloc^, This t^ [81 and 


support, and for the same reason it is enabled to 
be shortened, and the gun breech does not need 
to be radiuaed for the plug to be swung out. 
This arrangement of a short plug also enables a 
very considerable saving in weight to be made 
in the gun itself at its heaviest portion — namely, 
the breech end. 

The contact area gives as much as 75 per cent, 
of the circumference as useful 8ui)port. The thre^id 
is of the step-up tyne. Kach segment has a d ilferen t 
radius. This would appear to be a very difficult 
piece of machine work, but the result has been 
obtained by an ingenious arrangement brought out 
by Mr. Douglas V^ickers. The interruptions, or 
gaps, are first milled through longitudinally, also 
narrow tool clearances between the threaded 
segments. It is then turned, and afterwards screw 
cut in a lathe, which has an attachment to tho 
cross slide of the saddle, acuated by a cam and 
strong spring. This enables the tool to snap 
back quickly to meet tho advancing larger raditis 
during the i)eriod of passing the clearance groove. 

In machining some of tho smaller breech plug-i, 
instead of using a forging for each plug, tho screw^. 

is cut from end to end on a forged ba^^ 
and then parted off into a number offj 
breech screws, thus saving cost ami ' 
material. Further, fewer test pieces 
are required. 

Large Guns. The steel ingots are 
cast with a largo head to ensure sound-, 
ness. This is cut off in a face-plate lathe 
by a square, revolving frame, with cutters 
that are moved forward by transverse screws 
actuated by a star wheel feed coming in contact 
with a fixed pin. They are trej)anned out by a 
hollow, annular boring tool with, cutting tools 
on its front face. This, on being fed into the. 
ingot, takes out the centra, thus saving a largo 
cylinder of metal. The ingot is then taken 
to the largo hydraulic foiling press and swaged 
out on a mandrel. Special mechanically- 
moved turning gear slung from the crane over- 
head is used. The hollow forgings are then rough 
bored out from both ends with D-shaped bits, with 
tooth-shaped cutting edges well supported and; 
backed off to give clearance to the turnings, a ' 
copious supply of soapy water under high pressure 
being carried up to the cutting edges of tne tool. : 
They are then ropgh turned, and taken put. to be 
oil-hardened or toughened and annealed. , ' 

The oil-hardening plant is of gigantic dimensionil, 
consisting of high gas-fired fumaoea, with ftrebriok 
■' -v, . '■ 'ecu 
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linings and with hinged front-door o])cning outwards 
all the way up, and a table at the base revolved 
from below by worm gear. Above this, and 
spanning over the furnae.es and oil-tanks, is a 
100-ton goliath crane worked by liydraulie power. 
Tho oil-tanks arc large enough 
for IG-in. guns, and contain 
some 15,000 gallons of rape oil. 

They are partially sunk in Ibe 
gi'ound, and water is circulated 
round the annular ehainber 
surrounding tho inside shell of 
the tank, to kce]) the oil at a 
fairly equal temperature, and to 
prevent its firing. The lube is 
heated to about 1,500'^ F., and 
soaked at this heat for some 
time. Further, to omsure equable 
heating, it is revolved on the 
table before mentioned. The 
top doors are then opened, and 
the clips put on the tube, which 
is then lifted by the overhead 
crane, and plunged into the oil- 
tank. AVhen re.ady, it is then 
taken out and replaced in the re-heating furnace for 
some time and maintained at a temperature of 
7()0®F. to anneal it. Afterwards it is slowly cooled, 
and a further tensile test is taken. If correct, it is 
then taken to the boring lathe and second and fine- 
bored, and 'also lapped out. The various jackets 
and Iroops arc treated in a similar manner, an allow- 
ance being made for shrinkage. 

_ Wire-winding. As the larger gun.s are 
M’ire-wound, they dilTer somewhat in construc- 
tion. There is an inner tube, which is second- 
bored inside,, but finished turned outside, and 
over this is placed the ‘‘ A ” tube jn’o-jH?!’, and 
on to this is wound, in the case of the 12-in. 
gun, some hundred miles of steel ribbon wire 
under groat tension. This winding on tension is 
regulated by grippers, lield towards each other by 
weighted levers, Tlie weights of those are adjust- 
able in order that the tension may be increa.sed or 
diminished, as required by theoretical construction. 
The gun revolves, winding on the ribbon in advancing 
steps or layers. The reel and apparatus traverse the 
l>ed longitudinally by a long feed-screw worked by 
hand. The wire is driven home by a workman with 
a copper drift, who also carefully examines the wire 
ill transit and m .vita to detect any defect; • 

When completely wound, should there be any 
rough edjges on the wire or on the clamp rings, they 


are trued up in the lathe by spring cuitihg topis, or, 
in other oases, ground by emery wheels. .Thien'the 
jacket and chase hoops which have previously been 
nne-borod, with a small shrinkage allowance to suit, 
and also finished turned, are dropped over, and 
shrunk on. The somewhat contracted bore is 
finished inside by lapping out. It is also cham- 
bered by a built-up broaching-out tool, or, in s^)mc 
cases, bobbed out by an emery wheel on a former. 
It is now inspected and measured up carefully in 
the bore, a micromotor gauge being used which 
rogi.sters the dimensions on a dial outside tho muzxlo 
end. It is then rifled in a tangent bar rifling 
maehin.* somewhat similar to that described in our 
consideration of rifles. 

In tho meantime, tho brooch bush has been 
machined. To make this, an ingot is trepanned and 
hollow forged undor tho press in a length suitable 
for making twenty bushes. It is then rough-turned 
and bored, and hardened in a similar manner to a 
gnn tube. It is now parted ofT into lengths and a 
(liread is cut on the outside, and, further, the interior 
has the interruptions and stepped segments cut into 
it by special machinery. 

When the gun has been rifled and lapped out, 
the breech bush is screwed in and fixed. The gun is 
again ins})ccted minutely ; to do 
tiiis in the interior, electric lamps 
and mirrors art? used to detect 
any defect. Also, internal im- 
])reKsions are taken by wedging 
inside plastic gnlta-])orcha, wdiicli 
clearly reproduces any roughness 
or irregularity, and can l)e ex- 
amined at leisure when with- 
drawn. 

Obturator. In the ease of 
hirge calibre guns, no metallic 
cartridge ca.scs arc used, but the 
efflux of the gases is prevented by 
the obturating ])ad. This consists 
of a plastic )>ad of asbe^os with 
an ung»iv''nt kneaded thoroughly 
into it. Tliis luixtiire is formed 
into a pad between dies, under 
intense pressure, and covercal 
wiih canvas. When in the gun, tlie pad is coji- 
lained between front and rear metallic discs, but 
is free to ex])and at the eircu inference. On firing, 
the ]iressiirc forces back the front miishrooiu 
plunger. This compresses the pad longitudinally, 
and forces it outwards against the chamber, to 
make a gas-tight joint. The plunger has a hole 
drilled through it.s centre, in order that the flash 
from tlie primer may communicate with the charge. 
This charge lies in rear of the shot, each having 
been separately loaded into the chamber. 
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Th© breech mechanism is now mounted [30 and 
33]. ‘ The mechanism is arranged so that, by turning 
the hand wheel, the breech plug is first rotated and 
unlocked, then drawn out longitudinally. The 
obturating pad being now clear, the whole is swung 
out from the breech of the gun. These motions are 
obtained by means of a pinion and actuating lover, 
which rotate the breech plug with gradually in- 
creasing rapidity, unlocking it. By a conibimition of 
the sliding bar and roller stud, a sleeve is turned, 
causing the plug to have a longitiuliiiol rear motion. 
On this movement being continued, the actuating 
arm swings out the mechanism clear of the. gun. 

Proof of Guns. After the final inspection of 
the guns as regards machinitig. they have to be 
tested by proof charges at a suitalde range. The 
range, if reejuired for large size of guns, must bo 
in an isolated position near the sea, and should 
have a railway siding right on to the mounting 
ground, so that the largest ordnance can bo con- 
veyed there. To try the guns tln‘y are mounted on 
heavy, cast-iron surface ])lates, anchored down to a 
massive concrete bed. l^sually an overhead gantry 
crane of 50 tons capacity spans the railway siding, 
so that the heaviest ordnanet' can b<‘ mounted with 
facility. The targets for armour ])late trials are 
usually erected some distance away against a hiigt^ 
bank of sand, while fixed targets are erected on piles 
some thousand yards to seaward, and floating tar- 
gets can be moored at any practical range. The 
buildings include the magazines for explosivi^s and 
a handling house, elu'onograph liouse, workshops, 
a splinter-proof shelter, look-out shelter, etc. 

As the proof charges give pressures much in excess 
of those of the service charges, it is necessary to 
obtain information on this . 
matter. To do this a ernsher 
gauge is used for the direct 

measurement of pressure. The powder gases act on 
the base of a piston exjiosed to them, transmitting 
this, and compressing cylinder of copper. The 
amount of this eoin])r(?ssion is an index of the maxi- 
imim pressure acting upon the piston base. Several 
crusher gauges are used to obtain an average. ’’J’Ih' 
copper eyinders have had given to them an initial 
compression, whicli is recorded; also, from the same 
rod from which they have been taken, others are 
compressed to an amount greater than that likely to 
be obtained by the maximum ])ressurf in the gun, 
and each increment of load is recorded with the 
equivalent compression. Therefoie it is necessary 
only to measure the length of the cylinders, as 
compressed in the gun, and refer them to the 
table obtained liy the hydraulic jiressures above 
referred to. 

Chronograph. To measure the velocity of 
the shot an instrument called the chronoijrrt ph is 
used. This is a time measurer, and is used to 
record the time taken by a shot traversing froui 



33. VICKERS 1‘2-IN. BREECH MECHANISM (CLOSED) 


the muzzle of the gun to a point some distance 
ahead. Two <‘lectromagnets are siipporb^d ver- 
tically. W hen the circuits aiv complete they are 
magnetised and eaeli one sustains a brass rod. 
(hie nxl is called the rhraHomrffr and is a long one, 
the oilier is shorter and is called the regishr. On 
the register falling, it causes a knife-blado to in- 
dent the falling ehronometer rod. Forming pan 
of the (ureuit to the magnet holding up the chrono- 
meter rod is a fine lopjier stretched across the 
muzzle of the gun, while a eerlain distance ahead. 



34. 0-iN. gncK-FiRiNc chn on pedestal 

MOCNTlNCi 


direetly in the path of the shot, there is placed 
a screen of tine copper wires laced across, and in- 
sulated from the screen. This wire forms ])art of 
the register circuit. Further, a switch is arranged 
that <‘an break botli circuits simultaneously, called 
the d is) tin r (or. When this is thrown over, both 
rods are released at the same time, and a mark 
s indented on the rhrononiet.ei' roil. On firing, 
the shot breaks tlie first circuit, causing the chrono- 
meter rods to fall, and tlie shot in passing through 
the screen breaks the siaxuid circuit, lauising the 
register rod to fall. 'Fhe mark now made is mea- 
sured to that made by the disjunct or 
simultaneous release, and the average 
velocity is obtained 1 herefrom. 

Tlie above is an imjirovement on 
the Boulengf type by Colonel Holden, 
B.A. 

Field Carriage. The trunnion 
and axle bearings of a field carriage 
[35] are in one forging, and arc riveted 
on to the trail by ample tlangcs. The 
traversing plate which supports tht‘ 
cradle is a steel casting, ft has two 
trunnions which stand out horizontally 
upon it. These are turned on the 
journal part on the collar. By moans 

Cf313 
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dl thdae trunnions the gun is elevated or depressed. 
The trunnions lie in bearings in the trail and 
, are kept in place by cap-squares. The boring 
, bar is passed throu^i the bearings to true them 
up with the trail. The ^ll'cesses are slotted out, 
and the cap-s((uares fit in sideways. A socket is 
formed in the traversing plate, in w'hich the travers- 
ing pivot rests, and around wliicli the gun is tra- 
versed. This traversing pivot is provided with 
horizontal })cn rings (for the ranging driiius) round 
wJiich the gun and eradlc ean be elevated. 

The traversing ])lalo extends to the rear in tw'o 
.‘inns with a cross member to form a bearing for 
the traversing segment. The latter is juaehined to 
radius, and carj*ies the ranging gear. The ele- 
vating gear is telescopic, and is arranged for 
independent, or for simultaneous elevation of the 
gun and sight. The separate and inde])en<lent 
elevation are ])laced one on the left and one on the 
right side of the carriage. The one on the left 
elevates the whole Hysiein of the gun. eradlo and 
sights, and is used for pointing. Tlio gear on the 
right-hand side is for ranging tlie gun and does not 
influence the sight. An indicator shows the range 
of the gun corresponding to the deviating with 
degrees with lino of sight. The machining of this 
work with internal and external tlireads is done 
on a RCTCW-cntting latlie. All the gears are cut 
to conform to theoretical lines, us lost motion 
must he avoided. A hand wheel is on the right hand 
side with a spindle and worm upon it. This gears 
into a segment of a worm-wheel, to give some 
degree of traverse in either direction. 

Cradle and Cylinders. These are made 
of manganese bronze and contain tlie recoil arrange- 
ment and running-out s])rings. A lug is formed 
on the under side. Tliese are diflieult eastings to 
make, owing to flic thin avails and long slides 
causing contraction difficulties, but this has been 
skilfully overcome by careful moulding. As in 
other eastings, the runners and tins have to ho 
removed, also tlic cores. They are then sent to 
the machine shop. The long grooves on each side 
are ]>laned out on a s])ecial juaehine, and using 
t heso as guides, are slid 
on to tixture, and then 
the two spring-cases 
arc bored out and also 
the recoil cylinder. It- 
will, of course, be seen 
that the slots retain 
the gun vertically and 
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later^ly.' In thfe roooil eylindw^ ^ liniir farced 
in With an orifice which controls fUiiy of the 
' liquid past the piston, through ft gradually clipsing 
port. The spring-cases that are on each 'side of the 
recoil cylinder each contain two springs, enclosed 
one within the other, but separated by a tubular 
casing having a rim on the inside at one end, and at 
outside on the other. As these springs 
must have approximately equal range 
and strength, it will be obvious, hav- 
ing in view the different 
diameters, that the section and 
'\ pitch of the coils 

fn must bo carefully 
calculated to ob- 
tain a satisfac- 
tory result. The 
ini^cr spring bears 
against the en- 
larged end of a 
rod which, after 
passing through 
the spring, is 
securely attached 
to the lug under 
the gun, • and a fc 
the other end it 
pulls on the inside 
rim rtf thetubulai 
case, enclosing this spring, while the outer spring 
hears against the outside rim of the tubular case: its 
rear cud presses against the cradle itself. By this 
leleacopic aiTangemcnt the comju’ession of each 
spring is about half the distance travelled by the gun 
in recoiling. A large initial compression has to be 
given to these springs by screwing up. Suitable 
wheel brakes arc attached. The hnllct-proof shield 
is bent in such a manner that a horizontal portion 
form.s the seat, the rear vertical portion of the back, 
wliilo the front is contijiued down below the axjp, 
thus screening the men w<‘H, and at the same time 
forming a seat when limbered up for travelling. 
The shield is flanged all round the outside edges 
and reinfon^ed by right angles round the opening 
through which the gun projects. To protect the 
gun-layer, in these long recoil guns, a iirotecting 
shield is fixed at the rear end of the cradle. 

In field ccpiipment there arc three limbers. 
The carriage-limber, as shown in 28, travels with 
the gun ; also the carriage and ammunition limber, 
which arc coupled uj> and travel together. 

The body is made of bullet-proof steel and con- 
tains a number of pigeon-holes, into 
w^hich are inserted and tightly fitted 
baskets to contain the made-up rounds. 
Those baskets have a wicker cover 
with a strap fastening. The end door 
has to fit up very tightly against, 
these covei’vS, and is padded with felt 
and leather. In the under-frame, 
corrugated and flanged plates aro 
u.sod which at onco give strength 
and lightness. The limber hook is 
made of a stoel forging, into which is 
welded a wearing-strip of special 
high-grade steel. The pole is made of 
straight-grained ash, well seasoned 
and free from defects. The axles aro 
tubular steel with collars formed upon them. 
The arms are swaged down, turned in, and 
welded at the ends. These arms^ have th;‘ 
necessary “hollow” and “lead,” the one to suit 
the disk of the wheels, and the other to ensure? 
straight running on the conical, arm. The arms 
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are slotted through to receive a lynch- pin, which 
retains the wheel m place. 

Wheels. The spokes are of cleft oak, well 
soasbned and selected. They are turned in a 
copying lathe, and the nave ends are carefully 
tapered. The spokes are shouldered down to a 
round section where they fit into the felloes. The 
felloes are in some cases sawn out of ash with the 
rain running round the circu inference. Tliey are 
ored for the end of the spokes to fit into and are 
do welled " together at the joints. Tn other eases 
of recent practice, they are made of bent ash. Tlie 
ash, having been steamed, is bent wdiilo hot by 
screwing on to moulds, and left for some time until 
it retains the required shape. These arc bent in 
longer lengtiis in the old system. 

Tho wheel-boas flanges are sometimes cast in 
bronze, or malleable iron, or of pressed steel, with 
projecting mid-feathers into which tho nave of 
the spoke is inserted. Outside and socketing on to 
the boss- washer is the outside disc-washer, which is 
bolted up to it. Iloforc insertion, the nav.'^ ends 
of the spokes are well-coated with white lead 
])aint. Tlie felloes are driven on to the spokes, and 
the spoke ends wedged, llien the welded tyre is 
placed over this, and in modern practice the shrink- 
ing on is clone by means of a series of hydraulic rams 


to receive the pivot stem of the carriage, and has 
at its base a horizontal ball bearing on which tho 
whole training mass revolves. The top of tho 
pedestal is bored out to receive tlio training worm 
w'hcol, the low'cr part of which forms a bush, this 
latter fitting closely to tlie ])ivot stem of the car- 
riage. The iippcu- part of the wheel has teeth cut in 
it for the training worm to gear into, and is pro- 
vided W'ith a circnlar facing for resting on tim top 
of the pedestal. The c1am])ing gear is fitted for con- 
trolling the mounting, and consists of a friction 
block, set screw, two Belleville washers, clamping 
screw, <*]am])ing handle, and two sto]) studs. The 
ball race eonsisls of a stcid block fitted to slide in 
and out of tlu‘ pedestal from the rear. 

Pivot and Carriage. Tho carriage is a steel 
forging of two side (dieeks and a bottom, with tlie 
])ivot projecting down. The pivot is a solid steel 
forging. It is faced on four sides in the i>laner, 
then two holes are drilled through it, and the metal 
of the centre portion is taken out by saws, meeting 
the drill cleararuM* fioles. It is then finished slottecl 
inside. Kece.ssos are formed on the inside on the 
clieeks for the reeej>tion of trimnion ])Iocks, and are 
constrncted so tliaf- the gun nun' be drawn inboard 
after the blocks arc unlf)i*ked, without any lifting. 
The trunnion blocks arc forged .steel, and provided 
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all round the circumference and acting radially 
inward .simultaneously. Inside the socket of the 
boss-w'aslier a ])i])e-box, previously bored out 
and with oil grooves cut in it, is itiscrted to form 
a bearing. Some of the p]iiro]) 0 an nations use 
forged iron or steel wheels, 

biege Guns and Howitzers. The ten- 
dency .since tho Boer and .fa pane.se wars is to use 
a siege gun [37] with high velocity, and con.se- 
qnentl}^ longer gim, for field service ; therefore tlie 
we-ght has to be kept down. 

P"or plunging tire, how'iizers [36], with liigh 
angle fire are used for field, siege, and garri.son 
purposes. 

Mountings. These featiire.s cover a multitude 
of designs — for instance, naval mountings, field 
carriages and limbers, howitzers, fortress artillery 
and barbette mountings. It is impossible to go fully 
into the manufacture of all these, so the 6-iii. 
pedestal mounting [34] is given in detail, and the 
others are lightly touched upon. This mounting 
consists of the following principal parts — namely, 
pedestal, pivot and carriage, cradle, and shield*. 

The Pedestal. The pedestal is of forged steel, 
being flanged at the bottom, and is secured to the 
dock of tho ship with bolts. It is bored and bushed 


W'ith locking blocks operated l)y links and rocking 
lever on the toggle joint principle. Suitable handles 
arc ]irovided for operating the links and locking 
block.s, so that the latter may be moved in order to 
engage with the recesses in the carriage when 
locked. One block moves iqi wards, and one down- 
wards into oval recesses in the cheeks in the pivot. 
On each sid(‘ of the (‘arriage is bolted a steel side- 
bar, the left-hand one carrying the elevating and 
training gear and ]>latform, tho right-hand one 
carrying the training gear and platform. Steel 
stays are jirovided. one on each side of the carriago 
to support t he shield. 

Cradle. The cradle is made of steel- plate, and 
is shaped to take the guii. It also carrie.s the recoil 
cylinder, spring cases, sighting gear, guard plates, 
reserve oil -tank, and cover plates. Bronze bearing 
.strips running circumferentially, are provided at 
front and rear end of tlie cradle, on which the gun 
slides ; and at the trunnion end a ca p of forged steel, 
also having manganese bronze bearing strips, is 
bolted to the cradle. Two key ways, running longi- 
tudinally, and bushes with bronze are provided, one 
in the ca p and one in the bottom of the cradle, forming 
guides for the keys on the gun. Tho trunnions are 
of steel, screwed and secured into the cradle. 
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The compregisor bolt is seeared e steel oi^Bs^sd , 
which is fixed to the lug on the breech, ond of the 
gun. In addition to the spring-case being supported 
at the ends of the crosshead ^ steel supporting straps 
are provided, binding cases to the cradle and recoil 
cylinder. 

SigHting Gear. The sights are fitted one on 
e.acli side of the mounting, and are arranged to be 

actuated by a separate 
sight setter on the loft 
side. A special feature of 
the sight are the dials 
with spiral grooves : these 
give large and clear read- 
ings for range and deflec- 
tion on the circumferences. 
The grooves are formed in 
a milling machine with 
vcrtic^al spindle, free to 
revolve and with down- 
ward feed, hut with «, 
fixed vertical axis, the dial 
being placed horizontally 
on a revolving table with 
a cross -traverse. Thus, 
as the dials revolve, the 
eross-feed motion . con- 
linnnlly decreases, the 
relative distance between 
tlie centre transversely of 
the dial and that of the 
verlical milling cutter, 
thus forming a spiral groove of equal pitch. Back- 
lash, duo to the wear of the working parts, is 
c'liiuiiiKlcd by the use of divided spur gear, one-half 
of which can be* advanced to compensate the wear. 
A variable' power, day and night sight telescope, is 
provided on each si<lo, and, in addition, open sights 
arc iitled wlien I'ctpiired. The rocking bar and 
caTTier arms are machined out to channel section, 
and gauged. Mandrels repre- 
Kcnling the telescopes 'are accur- 
ately placed, and bedded into the 
clip* hra(*kets. To test the gear 
f#l- accuracy, it is fastened along- 
side the true surface table, and 
tlie relative heights are tried by 
seribing blocks with a clock fact* 
micrometer containing multiply- 
ing gear which enables it to give 
large, clear readings for minute 
m eas ur e m en t s . 

A.fnxn\mition. The manu- 
facture of metallic ammunition, 
or cartridges, involving as it does 
severe punishment to the metal 
cases in their production, by 
successive pressings, drawings, 
and squeezings, together with a 
luiiuber of annealings, necessi- 
tates the use of a most ductile 
metal, which experience has 
shown to be an alloy consist in i; 
of 70 per cent, of copper and 30 
per cent, of zinc. The metal, 
which i.s melted and cast into 
strips, is by successive rollings reduced to the require* I 
thickness, and cut into strips of a suitable width. 

In the production of small cartridge cases, thi* 
first oj>eration consists of cutting-out the blank 
and cupping it in a die press. The strip of metal is 
automatically fed into the press by stf^pair of rolls, 
which receive an intermittent motion from a ratchet 
wheel and pawl. When tho metal i« at reft, over the 
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the outer OT hollow punch [A in 38] descends, 
out th© hknk or disc. When this punch 
ifeaohes the bottom of its stroke, the inner punch, 
Bp then descends, pushing the disc through the die C, 

• and thereby forming it into a cup. 

Making Cartridge Cases. To use the 
strip of metal in the most economical manner, and 
avoid an excess of scraj) metal, three blanks and 
cups (or any greater odd nuuibor) arc made at 
each stroke of the press, the position in jdan of 
the punches being indicated by the dark circles in 
42, the metal being ferl forward a distance sliglitly 
in excess of the blank diameter after each stroke. 
By the three succeeding operations tlie cii]) is 
drawn or extended, each one reducing its diamefer 
and the thickness of the sides or walls, and at the 
same time increasing llio length. In the 
machine for this purpose the cu])s are fed 
or idaccd by hand into recesses in a hori- 
z.ontal intermittently revolving table, each 
in its turn coming ov<t a die, upon which 
it rests. The })uiich, then descending 
therein, carries it thi ough the die, squeezing 
its sides, which reduces the diameter, and 
at the same time extending the Icngtli. On 
the return stroke, the ease, which at the 
open cn(J expands somcwdiat, is stripped 
or pulled off the punch by the die which 
it previously passed through [391. 
wail of th(‘ case or shell. is required to 
be taiier, otlicrwisi' i< is ncc<'ssary for the metal 
of the shell to be I bicker at tiie closed end and 
thinner at the open end. To attain this, the draw- 
ing punches arc made tape.’, being smaller in 
diameter at the end entering the shell. • 

Indenting and Extending. The thick- 
ness of the metal in the end of 
the ease has not been materially 
reduced, and it is now necessary 
(before ])roeeeding with the 
drawing or extending opera- 
tions) to indent the end of the' 
case. 'J’his at tlie same time 
acts also as a preliminary head- 
ing operation, or forms the Ad 
so that an exc'css of metal is 
left therein, whicli will be re- 
quired later. A machine for 
tiiis purpose is illustrated in 45. 

The eases arc placed into an 
incline shoot by the attendant, 
and are automatically taken 
therefrom upon a inmeh or 
mandrel when it is coming for- 
ward, which, when at rest in 
the forward posit ioFi, icceives 
a blow or squeeze from a dk* 
which is held in a toggle -slide, 
thus forming the indent. U])on 
the return stroke of the punch 
the caf«e extracts itself and falls 
into a receiving box below'. The 
tools for indenting are ^hown 
ojjerating in 40. 

Following the indenting 
there aro two further oj)era(ions 
of drawing or extending to 
obtain a case of the required length. The open or 
thin end of the case or shell, through uneven annealing 
(which will be described later) or irregularity of 
the met&l caused by the successive ]iroces.ses of 
drawing, becomes ragged and always requires one 
'.OP more trimming operations, an excess of metal 
:being fUowed in the blank for this purpose. 


A machine for this process is illustrated in 46. 
The eases are placed in an incline shoot, and are 
automatically taken therefrom u))on a revolving 
— and reciprocating — mandrel, a revolving cutter 
coming into contact w’ith the case when the man- 
drel has carried it forward a .set distance, trimming 
or cutting olT the surplus metal at the end, therebv 
hvaving the case it.s correct length and with 
a clear end. Upon the return stroke of the 
mandrel, the ca.se is extracted therefrom, 
falling into a suitable receiver. 

“Heading” and “Necking** 
Cartridges. The next operation consists 
of ]MTssing or forming the head on the ease, 
otherwise kjiowm as “ heading.” In working 
he he.iding machine the (*a.so.s are fed by 
an attendant into a shoot, from which they 
are auloniat ie.illy taken u]K>n a ])uneK 
when makiiFg its forw'ard stroke. As the 
)»uneh w'ilh the caK(‘ upon it come.s to rest 
in the forward ])osition, the toggle-jointed 
slide eontaining the die eomes towards it 
from th(‘ oiFjkosite direction, giving it a 
])owerfnl scpieeze and forcing the metal to 
How iiitr) tlie required form. Ujion the 
return stroke of tlie punch, and the release 
of the die. tin* ca.se is self-extracting and 
falls into a box. 'I’he form of the end 
of the case hefon* and after the “ heading” 
ojicration an* shown in .section in 43, which 
;dM) show's tli(5 various st iges from the blank to the 
liiiishcd case. Jt is sometimes necessary to have 
a final indenting o))eration after the heading so 
th.it the anvil containcil in the head and upon 
which the cap is stnu-k wlx'ii tiring may be projx'rly 
raised, and the ch.nnber for 1h<‘ reeei>tion of the 
cn]) properly formed. 

Tapering or reducing, com- 
monly know’ll as ‘•necking,” 
eorislsts of closing in the o])en 
end of the case to a smaller 
diameter than the main jiortion 
of the body. In the jnachine 
for this ]>rocess the cases aro 
fed down an incline shoot in 
the usual manniM’, tin* one to 
be ojiei’.iled upon falling into a 
rce(*.s,s at (he bottom, and heng 
taken therefrom by a. jiair of 
fingers projecting from a rock-* 
ing .shaft actuated by a cai», 
placing it in the direct line of 
punch, which upon the for- 
ward stroke, extracts the case 
from the lingers, and at the 
same time forces the open end 
into a tajier fixed die. A 
mandrel which enters the die 
fivim thcop})ositecnd follow'ing 
up the juincli on its returii 
stroke, positively 'extracting 
the tajHTed ease from the die, 
allows it to fall into a re- 
eiMvor. Tlie tools arc uhowu 
in action in 41. 

In .some inNtance.s, wdicre 
(here is considerable reduction 
in the diameter of the open end of the case, the 
tapering is formed in two o)>erations, the first taking 
it half-w^ay dqwn the die, and the second coinjilct- 
ing the work, and forming the short sharp curve 
near the open end. 

Piercing and Annealing Cartridges. 

Piercing consists of forming two small holes in 

m? 
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the head of the case, for the fire or flash from the necessary to complete the envelope. The lead 

cap. This operation is sometimes performed in a cores are now placed in the envelopes and taken 

horizontal, automatic drilling machine, but more to the coring machine, being placed in a shoot, 

frequently in a special machine. The cases are fed from which they are automatically taken between 

by hand into holes in the intermittently revolving a punch and die and the lead core being forced 

table, and are carried iiiidor the piercing tool tightly into its envelope, the whole being self ox- 

fixed in the top of the frame, which descends ^ tracting, and a completely encased bullet 

and pierces the holes. An ejector worked is delivered from the machine. In some 

from the crosshead below extracts (he ease instances two or more operations are re- 

after piercing. Sometimes the piercing is ciuircd, the form of the conical end being 

performed by two inde))cndent punches thereby somewhat reduced, 

working from opposite sides of the case. ThecapisnVadeof copper, and it is nccos- 

The mouth or 0 ])en end of the case iioav sary that the metal employed be as nearly 

reanires rimering out a little, so that the 1 i pure as possible, and perfectly soft, so that 

bullet may readily enter. Not the least a it ihay be formed to the necessary shape 

important part of the production of the I ' j ^ t i without fracture. The metal strip gener- 
casos is the numerous gauging tests which ; 30 J i •‘'Hv ’Jsc^d is from *010 to *014 of an inch in 

are necessary to assure accuracy. s 3nC . ^ tluckness, and is cut out and formed at one 

Annealing may be defined ns the release ' ^ o])eration. in a similar manner to that 

of strain in the metal wliieh has boon pro- 3 0^3 adopted in ])rodueing the c ips for cases, 

duced by mechanical treatment. The iTx n In some instances the caps are trimmed or 

effect on the metal cases set uj) by the ' faced, this ()])eration being performed auto- 

various drawing, heading and tapering pro- yXaYJTXaY matically in a special cap-trimming ma- 

cesses caustis it to become brittle ; for (his ^yy ; ' ‘^‘bine. After this they arc polished in a 

reason there is a. limit in the amount of ' sliaking or tumbling machine, 

work in reducing or altering tlio form of 3 ^ f... J / / ^ Charging Caps. They arc now 
the area of the metal it is possible to per- ^ ; ; ready for charging, the composition 

form at each operation, '.rhese defects of cm])ioycd for this purpose being fulminate 

homogeneousness of structure may, how- of menuiry. combined with otlier ingre- 

ev^er, be removed by heat treatment. The . i rlicnts in order to ensure the ignition of 

cases arc heated with care, and then allowed the ]>owder charge by the blow struck upon 

to cool gradually. The 0|)eration of an- 49, siirapnkl tlieeap. The fulminate is highly dangerous 
noaling may be performed either in a re- SHELL handle, thougli comparatively free from 

volving gas-blast fui’nacc, or in larger rl.inger in (diarging when the work is por- 

quantitios by a coal-lircd furnace, the temperature for mod’ in a suitable machine. The caps are placed 

of which should be botW(‘en 550*^ and ()5{)“. by hand into a co])per ]>late wl)ich is provided 

When the cases have been annealed there is a with a number of holes of a suitable size. The 


layer of oxide on their surfac<\ due to .being heated 
in contact with air. This oxide is removed by dipping 
in acid liquids and finally by swilling in water. 
The corrosion may also be due to sulphur and other 
foreign bodie.s derived from the fuel. If strong and 
hot aqua fortis be u.sed, the* metal is liable to be 
dissolved and present a rough surface; for this 
reason a weak solution should bo employed for 
cartridge cases. 

Bullet«maKing. The next process consists of 
the bullet-making proper, the lead rod, whicli has 
been formed in a lead-s(juirting press [4Sj, being 
automatically fed into a special machine. The rod 
is first sheared to the required length ; it is then 
taken by a ^ , 

punch, and . , ^ : 

forced into a die 
which 

bullet, the 
finished bullet | 

being finally ex- j 

the die^ The ['( 
envelope for F 

covering the /rT 

bullet the Befoie firing 

nietal for which 50 

IS an alloy of 


plate is then ]uil into the lower part of the 
charging maehim‘, and has throe brass plates 
above it. 'I’hese plates arc aecnratoly ground to- 
getluT and work with little friction. The plates are 
all ])erforated with holes corresponding in size to 
those in tlie ea])s [44]. The perfoi’ations in the lower 
plate are exactly ojiposile those, in the caps, wnile 
tliose in tlic n])]>er on^are half-way between or over 
the blank portion of the lower plate. The middle 
jdale — -which is a sliding one — has its blank 
[lortion below the holes of the upper one while the 
latter is being charged. When the holes of the upper 
plate are filled with the eom])osition, the middle 
])latc is caused to move forward, so that its holes 

c 0 m e under 

" , c those of the 

upper one, tak- 
therefrom 

f Thus, when the 
^ holes of the 

I < lower plate com - 

^ ^ inuniQate with 

J g those of t ho 

middle one, the 
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During flight 


of composition 
corresponding 
to the thickness 
of the centre 


copper and nickel, better known as cvpro-nichii-^ 
is made in a similar manner to the cartridge case — 
that is, the blanks are cut out and the cups formed 
at one operation. They then require extending, 
being drawn four times in succession ; this leaving 
A rbOgh eflgfi at the end, a trimming process is 


plate. It is now necessary to press the composition in 
the charged caps. For this piuqioso they are taken to 
a pressing machine. A small machine for hand use is 
illustrated in 47. A larger power-driven machine is, 
however, more frequently used, and consists of a 
frame having a crosshead working vertically through 
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i^termition of belts, gearing, and a crank 
also having a table which is recessed to 
hold tho plates containing the caps; each plate 
contains, 1,000 caps arranged in rows of 25. The 
table has* an antomatic intermittent feed, arranged 
so that each row of caps is brought in its turn directly 
tinder the plungers contained in the erosshead, which 
then descends and presses the fulminate tightly 
into the cap. The row of caps, being compressed, 
rests upon a number of movable bases whudi arc ko])t 
up to their work by counter or balance weights, m» 
that the pressure on each cap is regulated by —and 
cannot exceed — that exerted by the balance vr eight, 
which can be varied to suit, conditions and may 
be as much as 1,000 lb. on e.ieli cap. 

The surfaces of tlio compresbod fulminate - 
the caps still being in the leeeivcr plate — ire now 
covered with a small piee<‘ of tinfoil, and then 
varnished, the npiiaratus for varnishing having a 
plate which is covered with a solution of spirit and 
shellac. A mimbor of small vertical plungers are 
caused by the operator to descend on the plate, each 
taking up a thin layer of the vaniish; the jihinger 
plate is then raised, and the varnish plate removed, 
the receiver containing the caps being substituted; 
the plungers are again brought down, and leave a 
thin coat of varnish on the suifaee of 
the compressed composition or ful- 
minate. The cardboard or felt wads 
are made iu a entting-out press, the 
sheets of material being self-feeding, 
and the blanks are cut therefrom by 
a punch and die. 

Assembling Cartridges. 

The various parts are now ready for 
assembling. The raps are embedded 
into their eases by a machine. These 
eases are placed in the long incline 
shoot, and the caps in the short one, 
a cap and case coming together at 
each stroke of the machine, the ca}) 
being tightly forced in. Ujion the 
release of the pressure, they f.ill into 
the box below. In loading the case* 
with cordite, about sixty |iieecs of 
which — somewhat resembling tin<* 
tv^ino — arc required to till (aeb ease, 
the pieces are automatically cut to 
length, filled into the case, and ja essed 
home. The cartridge is now ready (o receive its wad 
and bullet, and the final operai ion of securing the 

bullet. 

The complete* cartridge i.s then cleaned and ])ass(\s 
through the inspection stage of gauging and rectify- 
ing, and is finally weighed in an automatic machine 
having three receivers, one each for those of correct 
weight, ono for lighter and one for heavier, the 
limit of variation being about two grains. 

Shrapnel Shell. This is principally used 
for field and naval purposes, and one type is shou n 
in 49 . It consists of a hollow steel case, with a solid 
base, filled with lead bullets. In the ease of the G-iii. 
there arc over 500 bullets. On the inside, near the 
base, is a .shoulder for a steel diaphragm to re.st upon ; 
below this is the bursting charge, which is in com- 
munication with the fuse and head of the tube. The 
contact head is of brass, and contains the time fuse 
at its nose. This type of shell is fired out of the gun, 
the fuse having previously been set, and when in the 
air over the object — such as infantry, cavalry, or 
boat flotillas — the flash from the i^itccl fuse passe.s 
down from the fuse to the buisting charge. The 
bullets, etd-, then fly forward with accelerated speed. 

' T]h§ hollow f^orging is bored out to the larger 
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diameter for the bullets, and the diaphragm; and 
to the decreased size for the powder eluimber. Then 
the open mouth towards the head is enlarged, and 
into this the finished brass head is inserted, and 
riveted with brass rivot.‘». Inside the head is a wood 
filling plug, and at the ])oint the time fu^e is screwed 
in. Tlic body is turned m the ordinary way, and the 
driving baml eompre.ssed into the recess. The lead 
bullets arc maeliuio moulded, and then prc,sscd into 
eli.ireo.il to fill the ea.se. 

Small Shells. Siu.ill ‘shells — armour-piercing 
(> ])ounder steel — -are in some e.ises forged under the 
ste.imb.immer from a loiiud bar; in other oase.s they 
are hollow forg(‘d and the base tui ned over in pres-ses. 
'rh( y^ie then anuiMled .ind boied out. The interior 
inside the jioint is bored to a s]ieei.il shape, and is 
formed hy ,i copying aiT.ingeiiKuit at the back 
of the shell. They are th(‘n rougli turned on the 
parallel pait and then the ogiv.il, or conical head, is 
turned in a speei il lathe (51 (, uliioh r.idiiises round 
the body. 'I’he shell is tlien reversed in the chuck 
and liiiishod turned, and the groove for recess cut 
in to eont.im a driving band. There arc sover.d 
projections left standing up in this recess, and these 
arc machined in the* form of waves by the aetion of 
a earn a( ting upon the slide rest. I’hese projections 


eat into the copper driving band, and tho wavy 
eontour prevents tlu' baud slipping round. Tho screw 
threads are cut into the b ise by a sjieeial tool. 

The .shells are hardened in water from the jioint 
for .some dist.iiiee u)>. I’he plug.s arc made from 
the bar m a hollow mandrel latlie, and are screwed 
tightly home into the hasi* ot the shell. The 
eojijKr driving bands an* compressed into the 
recess by .i press having .i relief vaUe, and tho 
outsides are ta))'*red to the fioiit, and annular 
grooves are cut in them. Tiie driving band takes 
the lands — or projections — and grooves of ttho 
rifling, so th.at tho .sh(‘ll revolves when passing 
out of the gun ; at the same time il obturates or 
makes a gas-tight joint, so that none of the 
powder gasses pass beyond this band. The nose 
is now bobbed uji to the required shape by high 
sjiocfl emery wheels, controlled by a former saddle 
to give the cone shajio and .sharp point. They 
arc now laccjuercd, inspected, and painted. 

Armour-piercing Shell. * This class of 
shell is a steel- tempered forging, with o^val-pointed 
head, with a small-size chamber inside for high 
explosive charge, and generally is fitted with a base 
fuse. Also many projectiles are fitted with a 

6619 
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soft steel cap, which protects the front and generally 


eases the penetration of the shell by preventing 
broken np. The o]X5rations are some- 


fr;—: 


its being 

what similar to the smaller shell. 

The shell is bored and counter-bored — or enlarged 
—inside, and the smaller diameter at the base 
has threads cut in it by internal 2 )iilling, or by 
fixed cutters, to which the correct feed 
is given. Tliis shell and others, after 
internally heating by steam, arc coated 
with lacquer, to give a smooth internal 
surface to prevent premature cx])losions. 

The shell is then painted, and distinctive 
bands, showing the nature of the shell, 
are lined upon them. A semi-armour- 
piercing shell has thin walls, but is strong 
enough to withstand the shock of dis- 
charge. On striking oi‘ penetrating an 
object, the base percussion fuse ignites 
the burster and breaks the shell into fragments. 

Large east steel common shell, suitable for 12-in. 
to 5-in. guns, are moulded with the head down- 
wards. The 'mould is lined with a gannistcr 
composition, used by steelmakers to stand the high 
temperature. Suitable core prints are formed at 
each end. The hollow interior is formed by placing 
in a core, which is formed round a spindle. 

This is covered wdth asbestos, and over 
this again the “compo.” To ensure sound 
casting, it is necessary for it to have a large 
superimposed head to com])i’ess the metal, 
and to ensure that it is fed to all ])artH of 
the shell. Moreover, the occluded gases 
and the poorer metal rise up into this 
head, which is afterwards cut off. The 
shells as cast arc then annealed for tw'culy- 
four hours before passing on to the imujhiuo 
shop, where the processes that follow are 
somewhat similar to those for armour-piercing shell, 
except that they are tested by internal ])ressui*e. 

Fuses. Several types of fuses are shown 
in 50, 62 and 5k The large percussion [50] 
consists of a stamped manganese bronze body. Jn 
firing the gun the piston pressure plate TP is 
blown in ; this eollaiises the supporting ring — 
which is made of 
drawn pure tin 
tube— as shown 
in 50. This, by 
pushing up the 
bridle, releases 
one of the centri- 
fugal pellets. 

These pellets fly 
outward. The 
detonating pellet 
with its caj) is 
then free, and 
lies back at the 
base: but on 
striking it moves 
forward, the 
fixed needle 
above piercing 
the cap. The 
flash from this 

r ites the pow- 

in the pellet and that around the needle plug, 
thus communioating with the burster inside the shell. 
This latter action is clearly shown during flight at C. 

Small Percussion Fuses. These [52] are 
made of gunmetal for the small sizes, and steel 



for the larger. They contain the detonating 
composition in a recess in front. Below this is„ the 
lead guard pellet, supported by the roughened 
steel or brass needle that is embedded in it. On 
the shook of discharge the inertia of the lead guard 
causes it to set back, arming the needle — that is, 
causing its point to protrude. During flight the 
guard, with its projecting needle, lies 
backwards against the base of the fuse; 
but on impact it moves freely forward, 
the needle ])iercing the detonator and 
igniting the bursting charge in the shell. 
The smaller type of fuses are manufao- 
tiired from rocls in turret lathes with 
hollow mandrels and rod feed. In some 
later typos of machines no less than four 
Before firinjr During fliKlit rods are manipulated at onetime. It 
52, SMALL FUSES impossible to describe the numerous 
types of fuses, such as delay action, also 
clecirie primers — for one type of which sec 53 — 
within the scope of this art icle. But the combined 
time and percussion fuse will be described briefly. 

Combined Time and Percussion Fuse.* 
This fuse [64] is used principally with shrapnel 
shell. The composition must burn in a regular 
manner, and is set to act by time at very short 
intervals. The principal parts of the time 
arrangeimmts cionsist of the body, composi- 
tion ring, and dome. In addition to this 
there is a ]K‘rcussion arrangement at its 
lower portion, to cnalflo the snell to burst 
on impact in case of failure of the time fuse. 
This fuse is screwed on the exterior to fit 
into the shell, and bored out to take the 
j)eroussion arrangement. The body ex- 
tends u})wards through the dome. The 
composition lies in the central holt of tli ? 
body with a ring above it also containing 
the lighting comj)Osition and the hammer, with a 
steel needle sus])ended by a copper wire above the 
composition. There is a hole bored through the ring 
near the start of tlu‘ composition channel to allow 
the gas to esea pe. 'the outsid of the ring is divided 
into eighteen half-seconds time of burning. Thei 
are further subdividefl. 'JTie dome tits over the 
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eom])osition ring, 
and is lield in 
])lacc by the nut 
screwed on to the 
stem on top of the 
body. The action 
of this time i)art 
is such that, when 
the fuse is set, 
the shock of dis- 
charge causes the 
hammer to shear 
the wire, and fir(^ 
the detonator and 
composition ring, 
w h i c h b urns 
round the dis- 
tance required, 
firing the charge 
in the horizontal channel, an 1 the bursting charge in 
the lower chamber of the shell by passing down the 
primer tube, and thus explodes the shell. The y)er- 
oussion part is shown “ before firing ” and during 
flight,” t/O illustrate its action. 

Either portion of this fuse can bo used as desired, 
for time or percussion. The body is made out of 
bronze bar in a hollow mandrel lathe. 


Duriiijjf Hifflit 
COMBINED TIME AND PERCUSSION FUSE 
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MUSICAL INSTRUMENT MAKING »"sic 

The Making of Brass and Wood-wind Ixistrunients, 46 

dealing with Processes Involved and Materials Employed Koiiowin? on 


By J. P. 

F actual practice, the trade of musical instru- 
ment making is divided and subdivided into 
innumerable classes, some makers confining them- 
selves to one instrument only, while others make a 
variety; and again, in the manufacture of certain 
instruments, the entire work is distributed between 
a large number of operatives, while other instru- 
ments are practically made from start to finish 
by one man. For our own purposes of classificatitm. 
we will divide the range of musical instruments 
as follows: (1) brass instruments; (2) wood-wind 
instruments ; (3) stringed instruments ; (4) pianos : 
•(5) organa ; (6) miscellaneous instruments, such as 
drums and cymbals. 

BRASS INSTRUMENTS 

The making of brass instruments is one of the 
branches of manufacture which aic divided into two 
great sections, according to whether the worker is 
a mechanic pure and simple, or a musician. That 
is to say, in theory at least, the actual construction 
can be accomidishcd by a man who has little or no 
knowledge of music, and then the instrument is 
passed on to an expert, gifted with a tine ear, by 
whom the final regulating touches are apjilied. 

We will start Avith the brass -or silver, for that 
matter, if fancy instruments arc to be nuide—in the 
sheet, just us it eomes from the rolling mill, 'fhe 
metal sheets are of varying thicknesses, from in. 
upwards. The thinner sheets are used for the 
highest class of orchestral instruments, which have 
little wear and tear to withstand, while those 
instruments which arc required for general hand 
piirposea are necessarily made of stouter metal. 

In theory, every brass wind instrument, wiili 
the exception of the trombone, consists of a conical 
tube of brass, tapering gradually from the moutli- 
])iece to the opening or bell. The fantastic twists 
and curves so familiar to us all are only theoretic- 
ally contrivances to make handling practicable. 
Remember, however, that this strict theory is not 
borne out in practice, for undoubtedly the form of 
an instrument has some marked effect on Iho tone. 

It is true that a conical pipe of a certain length and 
ct a certain bore will alway.s give the same note ; 
but the quality of that note will he greatly varied 
by the sahseqnont bending of the pipe, by the 
thickness of the metal, ancl by the sort of metal 
employed. 

Making the Pipe. Now to make our ])ipe. 
In practice, it is not possible to make ordinary brass 
instruments out of one single piece of tubing, so 
the instrument is built up of a number of sections, 
preserving as nearly as possible the same taper 
from mouthpiece to bell. Each of these sections 
will, therefore, be a frustum of a cone. 

The theoretical length of the pipe required being 
supplied by scientific musicians according to the 
taper employed by each instrument maker, the first 
to ao is to fashion some templets. Disrogard- 
ii^^the bell for the moment, imagine a tube of the 
dimensions you require cut open along the middle 
line, flattened put. You will then have a 
a triiu) with the base the exact 
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Icngtli of the circumference of the cone at its 
widest part, and the parallel line at the a])ex equal 
to the circumference at the mouth})iece. Jf about 
-/.j in. to J in. be a<lded.to one side, to allow for over- 
lapping, thou such a ]>latx' would form a templet 
for the manufact ure of a tube similar to that from 
Avhicli it was made. 

In practice, such templets arc made from stiff 
pa])cr, and deal willi sections of the tube only, a 
margin being allowed at the u])])er end of each for 
joining to the .section above. 

Cutting Out the Metal. The templet is 
laid on a suitable sheet of metal — good brass, we will 
a.ssume, for the purposes of instruction — and its 
outline carefully traced out with a sharp-jiointed 
graver, care being taken to avoid wastage as much ns 
possible. IVith a strong pair of shears, the brass is 
then cut to the pattern, and laid on the bench in 
front of the workman. Next, both edges are filed 
on the slope fill the metal has been reduced nearly 
one half in thickness. The object of this is to 
prevent the join being too bulky after joining. 

Along one edge, then, the workman cuts a scries 
of little nicks with his shears, each nick being 
between V.: m, and } in. in depth, according to the 
portion of tube which fs being made, those on 
siindl tubes being smaller than those on large ones. 
Thcs» nicks arc placed in pairs, the component 
members of a ))air being about J in. apart, and 
se])aratcd from the next pair by a distance varying 
from in. to 1 \ in. The nicks must be perfectly 
jmrallcl to one another, and ))arall(‘l to tlic baseline 
of the templet copy. 

The Tube. Now the flat .sheet has to be 
fa.sliionod into a tube, which is done in this wav, 
'Phe workman jihuics in his vi<^e an iron— simply 
a ]»ieee of steel bar, tapered more or less to the 
cone which the tube, is to a.ssume. For straight 
tulies, the iron will, of course, have no taper. 

Round this iron the workman proceeds to bend 
his plato of metal, hammering it, where necessary, 
with a boxwood mallet, but being very careful not 
to spread the mental at all by too vigorous hammer- 
ing, With a little coaxing, the sheet soon bends 
round, and the filed edges are made to overlap to 
the extent allowed for in the pattern. The edge is 
lightly hammered down and adjusted, so that the 
two ends of tlie tube are even, and the join does not 
show a “ step ” at cither top or bottom. 

All being right, ilie tube is now opened again a 
little, the strength of the fingers l)eing generally 
suflicient to do this, for the tube in its present stage 
forms a curved brass spring, and the small pieces of 
metal between the parallel nicks are prised up with 
a tool which resemldcs a small screwdriver with a 
slit in its edge. When the little slips of metal have 
been ])ri'?ed up the ]dain edge of the other side of tho: 
tube can be slipped under them. These little pieces 
of metal thus form a set of small dovetails, or 
“ clems,” as they are called. 

When the plain edge has been adjusted under the 
clems in a straight line, the upstanding clems are 
hammered flat over the sound edge, and the whole 
joint is well beaten down. The object of first 
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thiiming the edges of the metal sheet is now 
apparent. 

After the joint has been tightly fixed by hammer- 
ing, the tube has to be finally joined by brazing. 

The Process of Brazing. Brazing, in 
this class of work is performed in this way. A little 
of the jmrest spelter is mixed with finely-powdered 
borax, well moistened with water. This mixture is 
laid along the parts to be brazed. The tube is then 
gradually broijght up to the melting point of 
spelter, either in a forge or in a blowpipe flame. I'he 
instant the spelter runs the heat must be reduced. 

The e are eei'tain precautions to be observed 
if success is to follow. First of all, the portion 
charged W'ith the brazing mixture luust Ix'. directed 
away from the flame till the whole tube is liot, 
otherwise the borax w'ould bubble up and vanish, 
and brazing would be an imxiossibility. When the 
tube is nicely liot, then the mixture sets, and will 
no longer bubble. The heat is then a])plied to and 
around the proposed joint, and the brass becomes 
red-hot. Spelter melts some two or three degrees 
below the melting point of pure brass, and so the 
joint must be w'atched very carefully, for if the heat 
is not reduced the instant the smelter runs, a hole 
w'ould certainly be burnt right through the 
and the work either ruined or a difficult repair 
rendered necessary. Once the spelter has run, it 
is carried by the borax right along the joint, tirmly 
uniting the metals. Shotdd there be any danger of 
the joint springing open when heated in the brazing 
furnace, before the spelter runs, then the tube must 
be bound together with iron wire, to hold the 
joint ill position. 

When the tube is coql again, it will be seen that 
right along the joint there is a ridge of metal. 
This is now roughly taken off with a rasp, and 
the tube then put upon an iron of suitable size. 
The metal at the joint will be felt to present a 
ridge inside, if the finger be inserted, and this 
ridge must now' bo removed. The tube is held 
firmly on the iron, and the rulgo and surrounding 
metal beaten with small, curved hammers till tlio 
surface is quite even, and till the inside is quite 
smooth. On examination, it ivill also be found that 
the metal along the joint has now been reduced to 
the thickness of the plain sheet from which the tube 
w'as fashioned. 

'J’his beating may have unduly hardened tlie 
brass at the joint, and so it is sometinie.s advisable 
to anneal the tube at this stage. Annealing is 
simply heating the tube till a dull red is produced, 
and then allowing it to cool slowly. It is a pro- 
ceeding which must be resorted to whenever tho 
metal has been consolidated by much hammering. 

The rough tube must next be made perfectly 
cj'lindrical, and this is done by placing it on irons 
and beating it with hammers, while it is repeatedly 
turned round and round. The soft brass very 
rapidly follows the curvature of the iron, and a tube 
with a perfectly circular section is thus obtained. 

Making the Bell. The bell is made from a 
very wide-mouthed cone. After it has been joined 
up into tube form, as in the foregoing directions, it 
Is placed on a series of conical irons and beaten out 
to shape, freipient annealing being necessary. The 
final irons exactly correspond with the ultimate 
curvature of the bell. 

All the various seetions of the tube being thus 
prepared, the next task which faces the workman is 
the bending of all those which reejuire to be bent. 
At first sight, this seems a very difficult operation, 
bttt in reality it is not so, a little care being all that 
. Is necessary. 


Bending the Tubes. From experience we 
know that if we attempt to bend a straight piece of 
brass tube we can do so easily enough, but tne tube 
will be flattened a good deal in the process, while 
ugly puckers will show on the inside of the curve. 
To prevent a good deal of the flattening, and to 
enable us to remedy the puckering, we must support 
tho tube inside in some manner, and in practice 
iliLs is done by filling up the tube with molten 
lead. If the lead is not over-heated, no harm what- 
ever is done to the brass, and the gradual cooling of 
tho mass makes the brass very soft and removes a 
good deal of its tendency to split. 

The tubes being filled up with lead and cooled, 
the workman takes one and begins to bend it, having 
a pattern before him of the exact curve he wishes 
to impart. Tlic bending is accomplished in various 
ways. Sometimes one end of the tube may be loosely 
gri))])ed in the vice, and the end bent round, a little 
at a. time, lill the correct curve is arrived at; at 
other times a wooden pattern of the curve or a 
metal one is taken, and the lead-lined tube forcibly 
bent round it. The latter is the method employed, 
to give tlie beautiful circular form to French horns 
and instruments of that pattern. 

But you must be very careful only to bend a very 
small section at a time, if bonding without a fixed 
frame around which to bend. If not, you will find 
that instead of having a series of small, low ridges 
on the inside, there will be a lesser number of liigh 
ridges, with narrow bases, and the tube will be 
ruined wlicn the next st ag(‘ is reached. 

Levelling the Inside of the Tube. 

When the bending is complcled, and tho curves 
exactly represent the models, if you examine the 
tube you will sec that the outside is a little flat- 
tened, and could it be gauged you would find that 
tho metal there was thinner than on the inside. 
The inside will he one mass of tin© puckers, witli 
broad bases, extending evenly all round the curve. 
Tliese must now be removed. Laying the tube 
on a wooden block, the inside is hammered with 
wooden or metal hammers, each of the litflo mounds 
being beaten down smooth, tlio extra metal being 
thus distributed all over the interior surface of tho 
curve. Had you been too hasty or violent in the 
honding, when you cam© to beat down the high, 
narrow-based ridges which would have been formed 
you would have found that instead of bj^ing easily 
reduced to tho level, these ridges would have bent 
over, and the metal would have s])lit right across 
the tube, which would have been utterly spoilt. 

When the tube has been beaten and coaxed info 
sliapo after the bonding, it is strongly heated till the 
lead melts siifTicieiitly to be poured out. It is not 
necessary that tho whole of the load sliould bo 
fluid ; a very little melting will often suffice to 
enable the bulk of the metal io be shaken out of tho 
tubes in a lump. 

After slow cooling, the curves are pow dravii 
through drawplates, and then placed on bent irons, 
and the final circular shape restored. If those 
operations have been carefully performed, the bend 
will look perfectly cylindrical, and the tube will 
show no trace of the puckering which it has under- 
gone. 

The surface of the tubes is now partially finished 
off, first of all by rough filing, followed by the use 
of a steel scraper, wliich in its turn is followed bv 
polishing with strips of emery paper or cloth, fill 
a fairly high jiolish is obtained, and all file-marks 
and scratches are removed. This is done to make 
the final polishing easy to accomplish when tho 
instrument is put together. 



tube are then joined together, 
and It vfll be found that in the centre there is a 
vac^oy* . This is ^here the pistons and the piston 
wdrk is to go. The joints are made with fine silver 
solder, run in very neatly. When the joint has sot 
the excess of solder is carefully removed with a 
scraper, and the edges polished neatly, till it is diffi- 
cult to detect the solder in the join. 

The principle upon which the jiistons act is 
simply the diversion of the column of air from 
one track to another. In ordinary inslniincnts 
the pipes connected with the ijistons are truly 
cylindrical, and this makes some of the high notes 
difficult to obtain. A linn of instrument makers 
have, however, recently invented a method of 
making the pistons and leads from one piston to 
the other conical, so that the* taper is preserved 
throughout the entire instrument. The leads arc 
the portions of curved tubing which the depression 
of the piston adds to the length of the total tube, and 
so lowers the pitch. 

The pistons consist of a cylinder of metal, having 
inside it a metal plug, which is mnintainod at the top 
of the cylinder by a spring. On depressing the key 
the plug is pushed down. The plug is bored at 
various points to form channels for the air. The 
borings have to be lined with pieces of tube, neatly 
soldered in, and the openings must exactly lit the 
holes in the cylinder where the tubes of tlie instru- 
ment or of the leads arc joined. 

Tuning Slides* JTowever accurately an in- 
strument may be built, it is impossible to be (piite 
certain that, when finished, it shall bo exactly of 
one pitch, and so some means must be devised by 
which it can subsequently be regulated. Further- 
more, as there are slight variations in pitch between 
even first-class orchestras, the player must bo able 
to bring his instrument into complete accord with 
those playing with him. To make this possible, one of 
the loops, generally close to the mouthpiece end, so 
tha t the wind passes through it before reaching the 
pistons, is made to slide in and out of the two sections 
which it unites, instead of being firmly fixed, at tlie 
joints, thus enabling the musician to lengthen or 
shorten the tube within certain limits. I'liiis the 
pitch can be raised or loAvered a little. When the 
itch is thus altered, the lengths of the tubes added 
y'the pistons woiild be incorrect for the new pitch, 
and therefore a similar aiTangeinent has to be made 
in the leads, so that they, too, can be made longer 
or shorter, and so brought into proper pro])ortion to 
the entire tube length of the insiniinent. The 
simple sliding tube has been found the most 
efficient method of arranging the tuning of brass 
instruments, and is in general nse, but it must be 
lUriitioned that various complications of it arc to 
be found in strictly fancy iiistruments ma<lc by 
some manufacturers, who seem to rejoice in elaborate 
nitjchanism. 

The Key Valve. One modification, how- 
ever, must be mentioned, because of its general 
utility. While effecting the tuning of the instru- 
nient in the ordinary manner, by means of the 
common tuning slides, it is often advisable to 
be able to change the entire key of the instrument 
rapidly. This can be effected by moans of a 
valve w^hich adds sufficient length to the tube 
to lower the pitch a semitone or a tone, as may be 
desired. The leads of the piston work a^re then fitted 
with stops, which enable them to be drawn out the 
amount at once, without any tuning by car. 
fhh extra mechanism is found to be of great 
to horn pliers and to cornet 
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Though the method of making curved tubes 
already given is that employed for the bulk of the 
bent work in brass instriimonta, yet certain curves 
are better constructed in another manner. Very 
small curved pipes, such as those betw^een the 
first and second piston, and very largo curved 
pipes, like those at the bottom bend of the 
huge brass bass instruments, arc bettor built up 
than actually bent. This is because in the former 
ease there is not sufficient material to w’ork com- 
fortably, ami bec.nise the curve .s so acute that 
puckering is iinavoklablo, and in the second case 
bcoaii.se of the groat difficulty of properly bending 
a tube of, say, 3 in. diameter, filled w'ith lead. 

How a Curve is “ Built.*' The method of 
building is simple enough. For very small curves, 
such as those in the valve w'ork of a cornet, the tube 
i» built in Iw^o pieces, each of w'hich is beaten out of 
.a curved piece of brass plate. The joins are down 
the outside and along the inside of the curved tube, 
so the sheet, before curving, will represent two U’s. 
The curving, or liollovving, is accomplished by beat- 
ing the metal on a piece of w'ood which has a groove 
cut in it of the proper curvature. Practical brass 
instrument makers have a number of afjparently 
worthless pieces of wood, wdth rough, worn hollow's 
m them. These are the wooden blocks on w'hich 
their most reliable wmrk is beaten, and to the w’orkers 
arc; very valuable. The two U\s, being beaten hollow 
with small hammers till the two halves fitted to- 
gether make a perfect curved tube, have elems 
cut in tlicin, and then are brazed in the same manner 
as the main tubing. Tlic final rounding of the tube 
is effected on a curved iron. 

Joining the two Tubes. Sometimes the 
hent tubes for the large brass bass instruments are 
built in the same fashion, but more often it is more 
oconoink^al to make them in two uncqual-sizcd 
))arts. The width of the two portions is the same, 
but one is much longer than the other. The reason 
for this is plain when w^e note that one piece 
forms the whole outer half of the curve, while the 
other makes the small inner portion of the same, 
the joins being along the sides. Kotli those portions 
are fashioned simply by hammering on blocks of 
wood, but while the longer piece must be bent with 
the curved hollow turned towards the inner portion 
of the IT, the smaller piece has its hollowTd side on 
the outside of the U. Both pieces are then brazed 
together, the joints cleaned up, and ^ic largo tube 
finally brought to a perfect round by hammering 
on irons. After cleaning and polishing, it is then 
ready to take its place in the instrument. 

The Finishing Process. When the pistons 
have been fitted to tho instrument tlic finisher takes 
it in hand and solders on the various supporting 
sta 3 ’s which help to kec]> the whole mass of tubes 
together. Tho outsides of the curves of large 
instruments arc reinforced with strijis of brass plate 
soldered on to protect the tubing from denis, and 
neat little collars are fastened round the ends of the 
tubes into which the slides go, and at the. place 
wdiere the crooks, or lengths of lube used for altering 
the pitch, are inserted between the mouthpiece and 
the main tube. Kvery visible sciap of solder is 
scraped and burnished away, and then the polish is 
finished off with a strip of rag sprinkled with a little 
Tripoli powder. Trior to the final polishing, however, 
a musical expert tak^s the instrument in hand, and 
tries it, to make sure that it is in tune and that there 
is ample play allowed for the tuning slides to permit 
of any reasonable differences in pitch being com- 
pensated for. If he finds that such is not the case, 
either fresh slides have to be fitted, or some portion 
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of the tubing replaced by a longer or shorter bit, 
ns the case may be. denerall}^ it is desirable that 
the slide should be a little drawn wlien the instru- 
ment is tuned to give its normal pitch. This makes 
it possible both to sharpen and flatten the pitch, as 
occasion may require. The tone of the instrument 
and the facility with whieli the harmonic notes can 
be obtained will at onee tell the expert if the tubing 
is absolutely faultless. His braneh of the manu- 
facture oaiinot he (aught. ( Vms'derable natural 
talent, a mar\ell<)usly aecurate jiiusical ear, and 
long ex])erieneo are absolutely necessary. 

Of the plating and engraving on musical instru- 
ments we shall not treat licie, those being ])ortions 
of the silversmith’s craft [see t)age o52S. als»» 
Metal CoAxmciJ. 

Straight - tube Instruments. Jn‘^tru- 
ments of the trombone and tuba elass are not 
made with eonical tubes, always e\ee])ting Hie 
short hell length. They can b(i made from tube 
eonstrueted as indiea((*<J, or from hard drawn tube. 
The slide tromboru'S and slide trum])ots base no 
valves, but one of Hie U-tuhes slides in and out of 
the limbs for a very long distance, and Hie lowering 
of the note in actui playing is thus etfected, instead 
of by the addition of lengths of tube by means of 
the jiistons. The movable ]iortion in these instru- 
ments slides over the fixed jiortion, a point which 
must not be lost sight of. 

Saxophones, sarrusopliones, and otdiicleides, 
which are conical brass instruments ])laycd by 
means of holes covered miHi keys, have their tubes 
made in the same way as ordinary brass instruments: 
but the holes are bored in tin* eoni])let(Hl tube by 
moans of an instrument similar to that which is 
used in making wooden instruments, wliieh are 
there described. 

WOOD»WIND INSTRUMENTS 

The making of viood-wind instruments is a much 
more exai'ting lirauelj ot the instrument -makcT’s 
calling than the iminufacture of brass ones. The 
reason is .simple. Yon cannot add jiicees to a wooden 
tube without injuring its resonaiiee, so from the 
first you must aeeurately determine the longtli of 
each section. Again, if a hole is wrongly bored, it 
cannot be tilled up and rebored, save lor ])urf>oses 
of e\])oriiiieiit. Added to tliis, there is the danger 
of splitting, inherent in all wood. (Greater delicacy 
of workmanship is therefore necessary if first-class 
results are to be obtained. 

The first ])layers managed with a sim]>le reed, 
crushed, and with a few rude liolcs ]»iereed in 
it ; to-day, the choicest woods of the Mairld have 
to be sought i4 tone is required. Formerly, box- 
wood was employed in making wind jnstruimuit'^, 
but owing to its jiower of absorliing moisture, and 
so altering the tone of the flute or clarionet made 
of it, it is now regarded as unsuitable. Other woods, 
possessing the necessary degree of hardness, have an 
awkward knack of s])litting without any aiipareni 
cause, and so have to be rejected, and for all prac- 
tical purposes the choice of woods is now reduced to 
those we shall mention. Coens, a very hard, brow'n 
wood, heavier, than water, and imported from the 
West Indies, is the best all-round natural wood used.’ 
It is suitable for making flutes, clarionets, and pic- 
colos, and is capable of giving a rich tone. It does 
not split readily, is very handsome, and not very 
treacherous to work. Rosewood is used for oboes, 
cor anglais, and bassoons. It is a little softer than 
cobuB,^ and not quite so heavy. It is not a very easy 
wooito work, requiring a great deal of experience if 
results are to be obtained. Maple is some- 



times used ^Of ba.ssoons on account of its lightness, 
but it is not nearly so reliable as rosewood, and is 
not much cheaper. 

The Use of Ebonite. The most popular 
material at present for the making of wood-wind 
instruments which are likely to have to withstand 
rough usage, or great extremes of temperatures, is 
not a wood at all, but is a compound of indiarubber 
and sulphur, known in the musical trade as ebonite*, 
and to the general jnililic as vulcanite. The tone of 
ebonite instruments is not quite as perfect as those 
of the best quality wood, but as they are practically 
imperishable, never cracking, and not being atTected 
by heat or cold, their advantages outweigh this 
sliglit loss of quality for all ordinary work. 

The wood for instruments comes to England in 
logs, each of which weighs from .J cwt. to 1 cwt. It 
is then stored away from the heat of the sun, pro- 
tected against drauglits and frost, for a number of 
years, till it is ])erfeetly seasoned. When the time 
comes for it to be worked up it is split into billets 
suitable for the size of tlic instrument to bo made. 
If it were sawn it would lx* much more liable to split 
in the subseijueiit operations, and many a defect, 
which splitting reveals, might not be discovered till 
the llute or bassoon was tinislied. wiieii so much 
labour aiul time would have been wasted. 

Turning the Wood. After being split into 
billets the wood again lies by for a short while, and 
is then roughly turned. This ])ieliminary turning, 
simple as it sounds, is really a verj" important 
operation. The lathe used is one of the old-fashioned 
overhead ]»ole lathes, the wood being revolved by a 
cord t>ass(‘(l rouml it, and turning betwT*en dead 
centres. The object in using this ]»attern lathe is 
because* it enables the turner to note any flaw' in 
the wood, and ]>y .slightly shifting his eentre to cut 
it out, still It'aving sufheicut sound wood to make a 
Jirst-class instruiucnt. '.riic pole lathe also enables the 
turner to leave a rai.sixl boss on any part of tli(‘ 
W'oodmi eyliiubu' lie i.^ working upon should hi* 
require to do so. In Hiesi* days wiieri metal pillars 
arc used for ail good keyed instruments, this is 
not a very im])ortaiit point, but in the making of 
low'-grade instruments, with the keys working be- 
tAvoon bosses, it is a most useful factor in the lathe. 

Tlie w'ood liaving been roughed out, it is again 
examined, and if it jiasses muster, it is turned down 
to the extreme outside measurement of the instru- 
ment under coiislruetioii, and again allow'cd to 
season for a sliort while to see if aii}'^ eracks reveal 
themselves. 'I’lie ends whiili are to tit into other, 
joints are then turned to measurement and the 
instrument in embry») is ready for boring. It must 
lie remembered that in working elioiiite all this 
seasoning ha.s not to be niKhagone, and so' the 
manufacture is a mon* speedy busine.ss. Contrary to 
popular ideas, the ebonite is turned and worked 
exactly like wood ; anything savouring of moulding 
would result in absolute failure. * 

Boring Wood Instruments. Much de- 
]>ends on the boro of a wooden instrument, And for a 
long time ex]',e, ts lairried on active warfare over 
the resiiective merits of conical bores and cylindrical 
ones. The best flutes nowadays are made with a 
cylindrical body and a sliglitly conical head, the 
smallest ])ortion of the cone being close to the cork 
which closes tlic upper end. This cone is said to be 
parabolic in section, but the ))arabola is so acute as 
to equal a cone to all but a mathematician. Oboes 
have a conical bore, while a great deal of the bore 
of the clarionet is cylindrical. The bassoon is a 
perfect cone, thongl^the taper is very gradual indeed, 
as might be expected from its great length. 
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B6th cylihdrioal and conical joints are bored 
ift thei^ame manner — namely, by a species of 
revolving gouge mounted on a mandrel of a lathe. 
This magnified drill is exactly of the diameter 
of the inside of .the instrument uncler construc- 
tion, and, of course, for instruments with conical 
bores, is cone-shaped. It has a cutting edge along 
its whole length. The billet of wood being fixed 
in position, the drill is started revolving, being en- 
tered exactly in tho centre of the end of the w'ood, 
and allowed slowly to ea t its way through the entire 
section, tho wood being slowly fed up to it. Absolute 
accuracy is essential in this operation, and a variety 
of devices have been invented for keeping the wood 
in a dead straight lino with the centre of the drill 
during tho process, but the best manufacturers do 
not make uso of these mechanical guides to any 
great extent. 

Tho great danger in boring is the splitting of tho 
wood, for it can be easily understood what a strain 
tliere must bo on tho fibres of the wood — say, of a 
bassoon joint some 2 ft. or more in length, with a 
conical drill, every fraction of whose edge during its 
whole length is actually culling, revolving within it. 

The “Butt.” The butt, or foot joint of 
(ho bassoon requires tw'o holes bored through 
its entire length, the smaller b^ing bored from the 
bottom to the top, and the larger from the top to 
(lie bottom, for the first hole is wilder at the bottom 
than at the top, wlnlo (he larger hole is much wider 
nt the top, the bottom being the same size as the 
largest diameter of the smaller hole. This is be- 
C l use in tho foot the doubling of the bassoon 
])ipo i.s elTected, tho bell of the bassoon, and con- 
fioqiiontly the widest part of its bore, being above 
tho performer’s head. . 

When the drilling is finished the inside of the 
tube is perfectly smooth ; so finely do tho drills cut 
that no aand-paperiiig or other trimming is generally 
necessary. Here it may bo mentioned that some 
manufacturers believe that tho loss sandpaper 
is used in the making of w'ood-wind instruments 
the better the resulting tone. 

After tho drilling, and Rometimes before tho 
wood is drilled, the outside is ])oli.slied up on tho 
lithe in the ordinary way. The wooden cylinders 
are then laid aside, standing in racks, for a limit 
three or four months, and kept at an oven tein- 
peraturo. If tho boring has caused any small 
cracks they will show themselves in this time, and 
further labour need not be wasted on the wood. 
*l'hi8 additional period of seasoning is also necessary 
to enable the internal portion of the wood to got 
thoroughly accustomed to the action of the air. 

The Borings. Up to this point the cylin- 
ders, or conical tubes, have been made exactly to a 
fixed scale of measurements, these mcasureinents 
differing according to the instruments under 
^construction and the peculiarities of the individual 
maker. Consequently, as they all are of similar 
lengths, yioy would all give the same note, since the 
bores are the same. It follows, therefore, that if tho 
holes are borrectly placed on one of these pieces 
of wood, to give the proper notes, then if the holes 
on the others are placed in tho same positions, 
all will give the same scale, with tho same degree 
of accuracy, allowing for very minute alterations. 
Recognising this, first-class makers have adopted 
a machine which enables them to exactly cox>y any 
on any flute. 

This piece of apparatus works * 3 i this way. 
Between two clutenes the model is fixed, and, 
^actly parallel to itf and about three inches 
Ixyoty it, the cylinder to be botbd is also secured 

'.1 i* ■o .8« . 


by screw clamps. veiling along a rod, parallel 
to the model and object is a small drilling lathe 
driven by a cord from some overhead source of 
power. The block carrying the drilling tool can 
be advanced in a straight line at right angles to the 
model, and towards it. The cutting drill, selected 
acording to the size of tho hole, and revolving 
at a high speed, is on the face of this block c.xaotly 
oiqiosite the centre of the object wood. Above it, 
and of exactly the same length as the drill, is a plain, 
round steel rod. The size of this varies exactly 
as that of the drill. This steel rod acts as a 
guide and a check at the same time. The cutter 
beneath it can only advance just as much as this 
rod advances, and is bound to move strictly parallel 
to it. The model and the wooden tube beneath 
it arc so mounted that if the model is revolved on 
its long axis through a certain number of degrees 
the wooden tube moves at exactly tho same rate 
through exactly the same number of degrees ; 
whatever is done to the model is coxiied faithfully 
by or on the object wood. 

Cutting the Holes. The body tube of, 
say, a first-class flute which is perfectly tuned 
is selected as a model for flut8 bodies. All the 
keys are strip]icd off, leaving just the tube and 
lioles, including even the small holes into which 
the key' pillars tit. This is placed in tho iqiper part 
of tho machine, anrl in the lower is placed one of 
our seasoned cylinders of wood, which we propose 
to bore, and so transform into the body of a good 
flute. 

cutter and steel touch are selected of exactly 
the size of the large holes on the model. 'J’he touch 
is put into tho upiicr jifit*! f>f the travelling lathe, 
and the cutter fixed to the lower spindle. The 
power is then turned on and tho cutter, or drill, 
begins to revolve. Tho steel touch is now brought 
op])osite to the first hole on the model, and intro- 
duced into it gently, the cutter beneath forcing its 
way into the wood of the copy to just tho depth 
that tbe touch passes into the model, Tlie hole is thus 
neatly and rapidly bored, and as far as position is 
concerned it is exactly the same as the first hole 
in the model, which is knowm to be correct. The 
other large holes are bored in the .same manner. 
Then the jiowcr is turned oil', and tho cutter changed, 
as well as the touch, to suit the smaller key holes 
on the model. As the model is turned to bring 
these exactly o])posito the touch, tho coji^ follows 
it, and so the holes arc again ]»laced in their correct 
Xiositions. 

Preparing the Beds. Now, if you examine 
tho holes of a good flute — that is, one with all 
holes covered, for uncovered holes &o not require 
beds — you w'ill notice that round the toji of each 
hole the wood is sunk .a little, and a still deeper 
groove, with a convex surface, loads from the extreme 
rim of the sunk jiortion up to the fiat bed on which 
the pad of the keypresses. To make those beds, a 
circular cutter with a conciv^e surface is xfiaced on the 
lower machine, and a touch corresponding to the 
entire Rurfac? of the bod put on the upper guide 
holder ; or a plain large touch is placed on the upper 
machine holder, tho depth of this particular groove 
being gauged by eye. Tho travelling lathe is then 
advaneed, and Uio cutter follows, cutting a rin^ 
round the first holes, but the ring has a well-dcfinea 
convex surface, since the cutter has a concave 
surface. When all these rings have been prepared, 
the flat beds arc cut in much the same manner, 
only the cutter has a perfectly flat surface which 
just takes off the crest of the convex rim ahead v 
cut. Thus neat, level beds are made, which will 

6625 



enable the pods of the keys 1# ** bite nicely, and flute, or oboe, or bassoon, or whatever it may be, 
the holes accurately. is passed to the expert, who UsOides'^whetl^er -the 

^ For other instruments the process is exactly the instrument is truly in tune throughout ana ^perfect 

same. Wherever the touch goes, the cutter faith- in every respect. If he finds one or two notes a 

fully follows, only it cuts its own path in the copy, little faulty, he gives instructions for their adjust- 

The slanting holes in the wing joint and the butt ment, either by removing a little Wood from the 

of a bassoon can be cut with this ingenious machine, bore of the tube at certain spots, or by altering the 

for the travelling lathe can then bo made to move hole a fraction. If more than slight, but at the 

in an obliq^ie direction to the axis of the model, same time important, alterations are necessary, the 

and consequently to cut oblique holes in the copy. It best ^makers* reject the instrument as unworthy 

isobvious, too, that by replacing the revolving cutter to bear their name — and it would be well for the 

by a fixed chisel, and permitting the copy to re- world of music if everybody did the same, 
volve, as well as the model, between centres, any Fitting the Parts Together* Some- 
inequality on the model could be reproduced on the times it may happen that while the individual 

copy, were it worth the trouble. joints of a wooden instrument are perfect, they 

Tips, Rings, and Joints* According to the do not work well together, and then the labour 

practice of the manufacturer the end rings, and is not lost, as the parts can be built up in other 

joints of cork ami linings are placed in the tubes instruments. The cause of this curious disagree- 

eithcr before the holes are drilled or afterwards. ment is not understood, for it has been known to 

The wood is turned accurately to fit the rings, which occur when every ])art of a particular instrument 

are gently forced on, great care being exercised not lias been built from the same log of wood, and from 

to split the wood, or to strain it. There is nothing actually adjoining portions. To make a good 

special in this branch of the trade, neat and acciirdte examiner of wood -wind instruments, the artist must 

fitting being the ^Ic essential. Where a fiute head have a good theoretical and piactical knowledge of 

is lined, the metaitiibe is also inserted at this stage. the law’s of sound, and must add to this a W’ide 

The pillars and rods and levers which go to experience. It is a position only attained aftei 

make up the mechanism of the key action on wood- yeais of close ac*quaintance with this class of 

wind instruments are made 'either of silver or instrument. The oboe, cor anglais, and bassoon 

German silvei. Their construction forms a neat aic mailc m strict tunc with the recognised conceit 

branch of silversmith’s * work. The pans to hold pitch, and are imsiiiablc of alteration. The clarionet 

the pads are stamped in a die jiress out of the can b<‘ fl.ittcnccl a liltlo by very slightly drawing 

metal sheet : the shanks and rods aro fashioned out the head joint. The flute is best made so as to 

out of silver or metal rods, or stout wire. The lie up to concert pitch when the head is drawn out 

various component parts are joined together with on the tuning slide about a couple of millimetres, 

flnosilvorsolder, and polished and burnished u]). 'fhe In the opinion of some people, the flute can be 

pads are of stuffing, covered with the flne&t skin. flat toned a good deal ; but, as a matter of fact, 

They i^re fl.xed in then* pans either by a central it bears flattening very badly, for it stands to reason 

sc^ew, with a washer, or by means ot cement. that il the holes aic })ropeily placed for one position 

Finishing* The bored tube ot the insti u ment, Jhe slide, they must be wrong for all other 

with a supply of pads, levers and other lueelianism positions. 

IS noAV handed over to a finisher, who iirocceds to Repairing Wind’ Instruments, The 
build up the instrument. W’hcj’c the jullars are repairs to brass instruments are few in number and, 

attached directly to the wood, the finishei has to in the majoiily of cases, of a very simple nature, 

tap a fific screw thread m each of the pillar holes The pistons may get out of order and their adjust- 

m the tube, and .screw in the pillais. When the ment is only ,\ m.itb'r of a few minutes for the man* 

bulk of the mechanism is on a long ])Iatc, this has who m.ide them --oi the tube may get badly battered, 

to be screwed down on to the side of the tube. To Vciy often a battered tube can be restored to a 

the plate the pillars have been previously riveted. ])Iayable condition witliout resulting loss of tone 
The finiiher then puts in the keys and levers in by removing the section from the instrument and 

regular order, depending upon the model of the in- shaiiing it again on the jron.s. Occasionally the 

strument he is making. The little needle springs he job may be bet ter and more economically done by 
inserts in the holes in the pillars with pliers, and tests fitting in an entirely new piece of tube of the propc? 

them to see that .they are not too strong, and yet calibre and thickness. Anything which savours of 

sufficiently fi|pn to close the holes tightly. This “soldering up a crack*’ is “botching” of *thc worst 

sounds as if it were a rapid job, but, as a matter of description, and cannot be called true repairing, 

fact, it is very long and tedious, for no mechanical Wood-wind instruments suffer from one great 
assistance can be given, and the whole of the ad- ailment — namely, cracking, a fault which ebonite 

justing has to be done by hand, w’ith the greatest instruments are free from. Crack?, if not veiy 

patience. It is one long task of filing and sc rd))ing, bad, can often be stopped with composition vciy. 

a little here and a little there, till each of the keys neatly, and no great loss of tone results. The 

works prfeetly by itself, and also works projWly famous flute player, Ciardi, played on an instru- 

in conjunction with others if intended to do so. ment with a terrible crack right dowi\ the head 

The finisher must be an instrumentalist, at least joint, yet his tone was as near perfection as has yet 

in as far as ability to play scales in every key on the been attained, always excepting that prodiujed by 

instrument committed to his care is coucerne#; Nicholson, llofects in the mechanism o£".ti|i|^^keys 

he should* be gifted with a line car and a fine are also frequently met with, being cau|HPby a 

’ blow or a fall. These can either be recti^Pby th(‘ 

When he has accurately fitted up tin instrument, finisher, or may necessitate a new key b^hg made 

^ and tried it, being satisfied that the meehanioal for the instrument. Sometimes valiia&& instru- 

requhements are duly fulfilled, then the finished ments are accidentally damaged beyo|p repair. 

CorUinued • 



SIDES AND ANGLES OF A TRIANGLE 

Logarithms. Formulae Connecting the Sides and Angles 
of a Triangle. Four Cases of Solution of Triangles 


Group 21 

MATHEMATICS 

46 

TKIfK>M>MKTny 
continued from page 01500 


By HERBERT J. ALLPORT, M.A. 


LOGARITHMS-continucd 

31. The decimal part of a logarithm is called 
the mantissa : the integral part is called the 
vharacteristic. 

The logarithms of tu'o iwmhers ichkh haee the 
same digits in the same order (/.e., they differ 
only in the position of the decimal point) have the 
same mantissa. 

For example, let the numhers he 147*2 and 
•()14?2. Then 

147*2= *01472x1 Oh 
/. log 147*2= log ■01472 4- 4 log 10 
= log *01472 4- 4. 

Hence, by keeping the mantissa always posi- 
tive, the logarithms of numbers expressed by 
the same digits will only differ in the chai'i^cter- 
istic. Now, the characteristic of the logarithm 
of a given number can always be obtained by 
inspection. From Article 30 it is e^ddent that 

(i.) The characteristic of the logarithm of a 
number greater than 1 is one less 
than the number of integral figures 
in the number. Thus, characteristic 
of log 549*287 is 2, since there are 
three ligures in the integral part, 549, 
of the number. 

(ii.) The characteristic of the logarithm of a^ 
number less than 1 is negative, and is 
one more than the numl)er of noughts 
between the decimal point and the tirst 
significant figure. The characteristic 
^ of log *00058218 -4. 

In order to denote that only the characteristic 
is negative, and the mantissa positive, the nega- 
tive sign is written over the characteristic, and 
not before it. Thus, if tlie logarij;hm of a number 
is -2+ *82.57143, it is written 2*8257 1.4?». 

* Bince the characteristic is found by inspec- 
tion, the mantissa only is printed in the book 
of logarithms. For example, oj)posite the 
numiier 59082 we find 7714552. This means 
tliat 7714552 is the decimal part of the logarithm 
of any number which consists of the digits 59082 
in that order. Thus, log 5908*2= 3*7714.552 ; 
or log *059082 = 2*7714552. 

32. Bo^^ks of logarithms vary in detail, but 
all of them contain instructions for using their 
contents. In Chambers^ Mathematical Tables^ 
men tidied in Part 44, the use of the tables is 

by many worked examples, which tlie 
find no difficulty in understanding. 
The only thing we need refer to here is tlie 
Ride of Proportional Differences. The tables 
?fwv logarithms of ' numbers from 1 to 
IwjOOO, i.e.f number of five figures. The 
fh rule enables us to find, by means of 
the tables, the logarithms of numbers having 
SIX or seven figures. 


The rule is that tvhen the differences between 
three numbers are small compared toiih the 
'numhers these diffo eners are proportional to the 
corresponding differences between the logarithms 
of the ninnbers. 

Exam clk. Find log .33551 *4, having given that 
log 33051 ^r4*52()9980 and log 33t)r)2- 4*5270109. 

Let log 33651-4= 4*5209980 4- d. 

Then, we have three numhers: 33051, 33651*4, 
33052. The diflerences between the first' and 
second and between the second and third are 
*4 and 1. Again, we have three logarithms 
corresponding to the numbers, viz. : 

4-5209980, 4*5209980 4- d,*'4* 5270109. 

The corresponding difierences are d and 
*0000129, and they arc in projiortioii, so that 
^ d _ -4 
4)0001^] ""T’ 

whence d = 0000052 (to seven places). 

log 3305 1-4= 4*5209980 -i- •0(X)0052 
= 4*5270032. 

33. The logarithms of the ratios of all angles 
from 0^ to 90'^ have also been tabulated. Sines 
and cosines are less than 1, and so also are 
tangents of angles between 0° and 45®. The 
logarithms of these ratios will therefore have 
'negative characteristics. 

To avoid printing these negatives, the numher 
10 is added to each logarithm. Tlie result is 
called the tahulah logarithm of the sine, cosine, 
etc., and is indicated by the lottey L. Thus, in 
the tables we lind L tan 3o^ 4'= 9 840,‘ft)18, so 
that log tan 3.5® 4' = 9 -8403018-10 = 1 8463018. 

The rule of proportional diflerences is applied 
in t in? same way as in the case of numbers, so 
that from the logarithms of tan 35® 44' and 
tan 35® 1.5' we can .find log tan 35° 14' 25", say. 

Sides and Angles of a Triangle 

34. In a triangle ABC, the ‘letters A, B, C 
are used to denote the number oi degrees in 
the angles at tlu^ points A, B, C respectively ; 
so that “sin A*’ means “sine of the angle at 
A." The letters </, 6, c, denote the lengths of 
the sides BO, CA, AB, i.c., the sides opposite 
respectively to the points A, B, (‘. 

35. lo pro re that cos A= ,, 

^ "Jbe 

Since a A -'ifc least two acute angles, one 
of the angles B, C, must be acute. Let B he 
acute. Draw CD ± to BA or BA produced*. 
In the three cases, where A is acute, obtuse, or 
a right angle, we have 
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(1) B0« = 0 A2 + AB^ - 2 B A . DA (Pro?). 69) ; 
or, a^=62^.c«-2f.DA. 


But 


DA 
AO ■ 


cos A, so that DA - h cos A. 
~ f - 2hr cos A. 


(2) BC2 ^ CA^ + AB2 + 2BA . AD (P) op, 70) ; 


sin A - 2 . 

. = ^ • Vr \s - (i)\s Ts: h) (i - <J), 

The expression \/« (« - a) ( 9 - — c)is usually 


or, 


jj2 — -I- ^ i 4- 2hc cos D AC. 


But cos DAO — cos ( 180® - A) = - cos A. 

\ a3= f’ - 26c cos A. 

( 8 ) BC 2 = CA^+ AB^ 

(7“ —6-4- r- - 26c cos A, 
since cos A — cos 00® = 0 

Hence, in all tliiee cases we have 

. V \ 
cos A ~ 

2hc 

Similarly, 
cosB- 


sin A_ 
a 


In the 

abo- 


same way ue get 


6 ^ 


fosC- 


s.„ A = . /r 


„2 4- ^ 

a 2ah 

36 Let* n b c 2s 
Then 64 -c - a = 6-fc + « - 2s 

Si milarly, c w- a-h— 2( s - 6), 
and cf+ 6-r - 2Cs-g. 

37. To p) o-i o ihaf 

— ./>)(s^ 

\ l< ' * 

and cos 

2 \ h( 

Wc have 2 sin- ^ = 1 - cos \ [Ail 26'’ 

_ _ 6^ 4- c * - _ 2 6c - 6 ^ - 4 a- 

26c 260 

_a^-(6’4 c*-26c)__ fy’-( 6-r) 

26c ” I6c 

^(flf4 6-^)(<»-64- r)^ 2(s-r) 2(» 

26c 26" 

«2 ^//c 

Also, 


denoted by S. Hence, 

s in B _ 2S _ sin 0 
6 a&c c 
I'hoefoif*, III any tnanqle 

sin A _ sin B __ sin 0 
• “ 6 c ' 

= lz^.ootA 
h + c 2 

c Mil B sin C . 6 sm B 
SsiiK 0 ~ “ 


40 


To pioip that tan — ; 


sni C 


* * 6 4 c 


6 c 

sM.B-smC [Algebift, AH. 1»] 
Sill B ^ sm c 


2a=-2{s-n). 

2MnJ':C 

nr. f ^ 

. cos — - — 

t«n?-C 


2 


2 


"“o B-hC 

2 sin 

B-0 “* 
. cos 

tan?±5 



2 

2 


Bui 90®. 

/, tan ? - tan (oo® - ^ ^ = cot ^ . 

B-C 


6 4* c 


tan 


coi 


or. 


tanlL;C=^- 


-b) 


cot 

64-r 2 


Siinilsi foinuiKe can be pio\ed for tan 
and i 111 ^ 


C-A 
0 ’ 


2 cos^-~ = 1 L- ^ _ 


1 - 


6 ^ r ’ 
26r 


_ 26 i -L 6 - 4 - c’- ( 7 ’ _ (6 « r)’ — a* 
26 i 26 - 

_ (6 1 c-^rt)( 6 -L.r-o)^ 2 s 2 (s-a) 
26c 26c 

A 


Similaily, 
B ■ 

2 
C 
2 


A_ A(s-«) 
2 \ />r ■ 


«n r = . /(•' 


-')('-«) 


— , cos ■ 


B 


/ 4 '- 6 ) 


sin-:i= CO., 

' /70 


0 




n 6 ' ''2 
38. Fiom the last aiticle we have * 

A ‘""2' v'(,-6)(s-V) ♦ 

tan , - =r ■■ " ■'■■■' ' ^ 

^ corA %/»{•<-«) 

4 b 

Similarly for tan ® and tan 

J 2 

9m A = 2 sin . cos A [Art. 28]. 


41 the aid of the formuhe in AiticlcR 38 
to 40 we can sohe a tiiangle wlien we ait 
gnen tliiec of its paits, one of the given paits 
being a side These foimuhe are therefoic 
\ciy impoitant. 

Solution of Triangles 

. 42 There are four cases. 

(1) Given the three sides. 

(2) Given one side and two angles 

(3) Given two sides and the included angle 

(4) (4iven two sides and the angle opposite 

one of them. , 

43 Given the three sides o, 6, c. 

From any of the formuloe of Articles 37 and 
38, wc can c«ilculate two angles, say A and B 
'Hie third angle is 180® - A - B. 

For logarithmic computation these formul.t 
•are adapted as follows ^ 

tan = 

/, log tan A = L tan ^ - 10 
2 2 



OonHmed 


i{log (* -.6) 4jog (» - C) - log « - log. (4 - «)}» 
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, being wages below this pohit, as, should they 1^ 
lower, the labourer would starve, and the work 
Would end. The labouring classes of India and 
some other populous tropical countries are, to a 
great extent, living on natural wages, hence the eco- 
nomical advantage, leaving other considerations 
aside, of their employment. Thus there is, in India 
especially, the disinclination of the native to leave 
his village, and follow the demand for labour, and 
the abseilbo of any desire to be richer than his 
forefathers or neighbours. Moreover, his domestic 
requirements are so few that the women are, as 
already stated, as numerously employed as the 
' men, and this again tends to lower rates, the latter 
being direct producers 

Oriental Labour* As «irule, the coloured man 
is nervousabout taking risks, the compet itive spirit in 
the face of them being absent, so that, though small 
, conti'acts arc not infreciuontly taken by them, for- 
tunes are seldom made. Whether it he by day work 
or piece work, the rates ard so low that methods of 
work, and even designs, differ largely fiom European 
standards, as w'e shall sec later. Indian native 
masons, bricklayers, carj^onters, blacksmilhs, etc., 
do quite half as much woik as Europeans, for a 
fourth or fifth of their wagch ; while an ordinary 
labourer at earthwork will do a quarter of the work 
of an English navvy at a seventh or an eighth of Ins 
wage. There are exceptions to this, ho>\evcr, in 
siioh heavy work as railway platelaying and the 
like, when it is incoiiveuicut to crowd a sufficient 
number of hands so as to make up for uant of 
individual strength in each of them. On the coii- 
btruetion of the Canadian Pacitie Railvay, for 
instance, by white labour, as compared with •that 
of an Indian lino, about the same time, the sumo 
rate of firogress was made in laying and lining up 
the rails, in the one case, by onc-eighth of the 
number of workmen emjiloyed m the other, their 
wages bearing, inversely, about the same proportion. 

Generally siieakmg, the men on whom the civil 
engineer in India, Ceylon, and Burmah has to rely 
are steady, easily controllable, law-abiding, and, 
to the limits of their 'strength, uhich is not great, 
hardworking. 

Similar, in many respects, but inoio powerful in 
physiipio, and readier to tak' up tlie risks of contract 
work, are'the Chinamen, who are numerous in the 
Straits Settlements; in Canada, west of the Rocky 
Mountains, and in Chili and Peru, They make 
excellent artisans, and working long hours at low 
wages, cand being orderly and trustworthy, they form 
about the best material for his jmrjiobe that the 
engineer abroad can find. As to contracts and 
piece work, the Chinaman knows better than most 
men how to make a hard bargain ; but once made, 
ho can bo trusted to carry it out loyally to the end, 
be it ever so bitter. 

African and American Labour. 

The coloured races of 8outh Africa, and those of 
the central and western parts, and the.descendants 
of the latter in the West Indies, are physically much 
more vigorous than those of India generally, but 
they arc impatient of continuous exertion, lazier, 

" and frequently less manageable. Kaffirs save a few 
pounds on works, and are off generally without 
notice, sacrificing all pay due, with a few mats and 
pots, constituting their entii*e l^longings ; then, 
gfter having arranged for the purchase of a few cows, 
^j^hd perhaps sold a daughter or two, will turn up 
again for another short period of work. ' While the 
ebtnparatively feeble Hindoo works steadily to the 
strength, and is easily controlled by his 
ganger, the able-bodied Kaffir of 


South Africa, and the hhgeo of .the ladies, 
require more or less forcible persnasiott of the white 
foreman to utilise tp the full their robust strength. 
Owing to this, Natal is obliged, Jp order to develop 
her resources, to import Indian coolies, though it is 
fully peopled by Kaffirs and Zulus, the lattei 
especially being physically one of the finest of the 
coloured races. Coolies are also imported into 
Mauritius and Tasmania. The nefroes of the West 
Coast and in the West Indies can be tanght trades 
and do fairly well for skilled labour, but the South 
African native, as a rule, is good only for ordinary 
labour ; the Malays, however, of which there are 
many in the Cape, make fair artisans, though they 
do not generally go inland, fish being their favourite 
diet . In Me x ico and Central and South America, the 
full or half-blooded Indian races supply an able- 
bodied and generally satisfactory class of workmen, 
skilled and unskilled, when led by white foremen 
and inspectors. 

The Italian workmen are found largely in the 
Aigentine and othci Houth Ameiican States, and, 
especially those fiom North Italy, arc splendid 
woikors, sober, tlu’ifty, and intelligent. They are 
s|)ecially good at (juany and mason work. The 
woikmen of Northern Euroiiean lace in Australasia, 
Africa, or Canada, aio much the same .is 
those at home, excejit as affected by their generally 
much higher wages, which sometimes induce 
iiiqiroMdence and gambling. 

•Speaking generally, the black and yellow races aic 
\cry lcm|)crate in their Inihits, comparing favour- 
ably in this respect w'lth the white man, some ot 
whom drink heavily when the monthly jiay day 
enables them to do .so. 

In this goncr.il summary of the description ol 
labour with which the expatriated British engineer 
may possibly have to diMl it may be noticed that 
the J.ipanesc arc omitted. Until very recently, 
this could not have been jirojicrly done, as English 
engineers W'cro frequently employed m public works 
there of all kinds. But not the least wonderful ot 
the many strides forward recently made by this 
remarkable race is the acquisition by many of them 
of the peaceful art of the civil engineer, so tli.il, 
practically, the European jiractitioner has been 
shut out. 

Cost of Labour. Obviously, wages are depeii 
dent on the varying data of demand and supply, cost 
and standard of living, and quality, so that no moit‘ 
than a general idea of tlie rates jirevailing can be 
given. To begin with the lowest. In most paits 
of India, the men work for 6d., and the women foi 
3d. a day ; while in Ceylon rates are somewhat 
highe ”. The West African natives w'ork for Td , 
to Od. ; Kaffirs in •South Africa for Is. to Is. Od . 
and the half-breeds called Capo boys, whose work, 
language, clothes, and general standard of livinit 
approach that of the European, can earn more th»a 
double as much. The wages of Mexican and South 
Aipcrican natives range from Is. *6d. to 3s., whih 
Chindinen’s wages vary much according to tlic 
country in which they arc working. Workmen of 
Euro])ean birth or descent can usually earn from 
48. up to 8s. in countries abroad cool enough for^tlio 
exercise of their labour. The foregoing rates aic 
for unskilled work*. . The wages of artisans range 
from 60 per ceift, to 100 per cen|/. more. 

The economical result of work done, taking into 
consideration the mea» constituent of manual labour, 
is, as a rule, much m favour of that done for the 
lower wager-that isHo say, though less work is don^ 
for thip lower wage, dt ip not less in the same jm:©- 
portion, for, as h^ bc^ p)reir^}y shown, the 
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\rages are lesa wasted in their spending, more of the 
results bding returned in work. 

Political Systems and Trade Union* 
ism. The jiriviloges and restrictions resulting from 
these among white workers abroad arc powerful in- 
fluences on the conduct of engineering construction. 
They are practically unknown, ns affecting work, 
among the coloj^’cd races, though Chinamen arc b(‘- 
ginning to use strikes occasionally as a means of 
raising wages. In Australasia these influences are 
jicrhaps more powerful than elsewhere. Arbitration 
c ourts are established in many states of the Common- 
wealth, the intention of wriich is entirely well meant, 
as endeavouring to prevent strikes and lock-outs, to 
the benefit of the employers and men, and, to some 
extent, this has been ac hieved. But, generally, the 
existence of these courts is not favourable to the 
economical construction of work. 

Animal Labour. As regards the use of 
domestic janimals in engineering const ruction, the 
only one used in the United Kingdom is the horse. 

• Abroad, not only is the horse eni])loyed in a 
greater degree', hut a variety of other cpiaclrupeds 
are used, and as the engineer has constantly to 
deal with them it is necessary that their habits 
and uses should be fully explained. In India, the 
horse is used only for riding and driving, gBierally 
the former on inspection work. 

The bullock, and less frc(|ucntly the tamed buf- 
falo, do all the heavy work in the south of India, while 
in the north, this is shared by the ele])hantand the 
camel.* The great intelligenco of the olej)hant is gene- 
rally utili‘;ed in engineering practice; for instance, 
after a few lessons, he can be trusted, without further 
guidance, to carry water jnpesdii his trunk, and lay 
them end for end, the spigot of one next to the 
faucet of its neighbour, ready for joining, alongside 
of the trench for whicli they are intended. Ele- 
pliants will also roll over large stones, and lift 
Oicm into tiers, ready for .setting by the masons. 
They aro intelligent enough to understand the 
rights of labour, and nothing will ixTsuadc one 
to work after the signal is giv^cn for the dinner hour, 
or for knocking-off lime. These animals arc also 
used for draught, .specially built largo w'.aggons 
being constructed for the purpose. Not only are 
their brain and muscular powers thus exercised, but 
the weight of their bodies is taken advantage 
of, for walking over newly-madi^ earthwork, and 
consolidating it, a.s ^fiicieijUy as by a steam roller. 

Camels aro also much used as beasts of burden, 
and it is almost incredible the amount of loading 
th^'y can carry slung over the back. Eor instance, 
in the transport of merchandise, it is not unusual 
to load two pianos in their cases, one on each (lank 
of oiivj of those much-eiiduring animals. In Australia, 
horses and oxen are used for team work, and tJie 
former for riding and driving. Light four-wheeled 
vehicles, called buggies, arc employed, sometimes 
with one, generally with a pair, and occasionally 
with four horses. Practically, there arc no ponies, 
m lies, or donkeys, to be fouml in Australia. A few 
camels, with their Afghan drivers, have liccii' im- 
ported for service in the dry inland country. 

In South Africa we find teams of horses, of mules, 
but more frequently of oxen, sometimes twenty-four 
of the latter in one waggon. The mules are mostly 
imported from Monte Video, and, ^though not so 
powerful as horses, are much hardier, eating fodder 
which a horse would refuse, and standing drought 
much better. They are also free from horse sick- 
which is endemic at tMb Cape. . Mules are 
mfwior to oxen in one respect, that, when struggling 
With a lojsd, they easily lose heart, whore oxen, 


through sheer stupidity, go on putting their whole 
strength into their task, never thinking of any possi- 
bility of failure. 

Natural Productions. These stand pro- 
minently forward when we consider the facilitio.s 
or otherwise in any country for engineering con- 
struction. Wc find that in most of the countries 
with which we are dealing these arc cpiite as jilenti- 
ful as at home, and in some cases, especially as 
regards timber, much more so. Every "description 
of building stone, n«ui material for bricks and tiles, 
abound, and are largely made use of. A peculiar 
kind of stone, called hitmU\ which is unknown at 
home, is much used in India, ami Ceylon. When 
lirst extricated, it is a flaky ferruginous sandy clay, 
of a red colour, rather friable and soft, so that it 
can be easily cut into .brick form, but it hardens 
on exposure. The extcn.sive employment of stone 
and brick is more usual in the cheap labour countries, 
as the use of the.se imply considerable skilled 
manual work. Timbcf, as a substitute for the.se, 
for the contrary reason, is preferred whore skilled 
labour is expeii.sive, and more especially where, 
as in Airstralia, the hard woods ire exceptionally 
strong and durable. In India; few timbers aro 
immune from the eflcets of the climate and while 
ants, but deodar or cedar, blaokw.ood, s;il, ironwood, 
saiinwood, and teak, are used, and even, hard as they 
are, in joiiuay work, the cheap labour allowing 
miieh time to be spent on it. The Australian hard 
woods are all very clo.se grained and heavy, weighing 
up to 80 Jb. per cubic foot, nearly twice as much as 
most English st>ecics. J’here are hundreds of varie- 
ties, but the most known and used arc ironbark, 
box*, tallow-wood, blackbutt, red and blue gum, 
mahogany, and turpentine, and in IVestcrn Austra- 
lia, turrah and karri. Turpentine is proof agafnst 
the Teredo Navalis, or .sea worm. These are often 
used without seasoning of any kind, and as railway 
sleepers and in bridg(‘Work, have been found per- 
fectly sound after thirty to forty years’ u.se. Very 
little labour is expended on these limbers, as they 
are only roughly hewn to the dimensions retpiirod, 
for most classes of engineering construction, and, 
the forests being very widely distributed all over 
the continent, the supply is never very far from 
the seat of demand. 

Native Timber. Australian timber is largely 
exported. South Africa is differently circumstanced, 
for the foroste there are more or less isolated and, 
from the W'ant of railway communication, a want 
which is decreasing yearly, it often pay.s*hetlcr to im- 
port timber from the Baltic and Australia than to use 
the home produce. Where accc.ssible, howevdr, good 
timber is f)letitiful, such as yellow wood, ironwood, 
.-Lssegai, milkwood, sneezowood, and stinkwood. ^Iho 
latter, it may be said, derives its name from its ])leas- 
ing odour, the prefix in Dutch not having lost, as in 
our allied tongue, its original agreeable .sense. 
In West Africa the timbers aro generally inferior. 
The Caiiadiitn timbers ap])roximate generally to 
those of the northern parts of the United States, 
and may he said, as a rule, to he inferior in strength 
and durability to those of the Southern latitude.?. 
There are great quantity's of the .softer woods ia 
British (blumbia, the gigantic Douglas fir being 
largely exported to Australia, under the name of 
Oregon jiiiie, for purposes for w^hicli, from iheir 
excessive hardness, the native woods arc unfit. 
In Mexico, and many x>arts of South and Central 
iVmerica, though there are valuable timbers, difficulty 
of access often leads to importation. 

In hot countries, the ravages of white ants, even 
in very hard w'oods, cause great difficulty. Th(«e 
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m^ectB work in large bodiee, exoaTaiing galleries in* 
eide tlie wood, so that often their depredatione are 
unknown till utter collapse discloses them. OrcoBole, 
corrosive sublimate, and petroleum have been used 
as preventives with more or less effect, but with the 
harder kinds of wood it is difficult, even when 
compressed air i«» used, to force the liquid into the 
close-grained fibres of the timber: for instance, sal 
and ironwood will not absorb more than 1 lb per* 
cubic foot.* In the Australian bush wooden houses 
are general, and in the northewi warmer parts it is 
common to see an inverted liu basin on the top of 
each of the supporting posts, above which the sux»cr- 
strueture of the building is erected. This is to 
insulate the house from its supports in the eartli, 
where the white ant originates. Jhc posts, of 
course, reituire occasional renewing. 

Stone and Iron. Cravel and broken stone for 
concrete and ballast arc general ly fairly clistribiittHl. 
but there are notable exceptions, suolias in the coast 
belt of West Africa, and in alfiivial delta. s, where sound 
deposits of considerable depth occur. The absence in 
such places of tins much required engineering ma- 
terial gives rise "to great expense in transport from 
more favoured loo.Tlities. Iron ore of good qualify, 
with its neighbour, eo il, to smell it, is found exten- 
sively in India, Au.stralia, South \frien, and Canada, 
but labour conditions, and often its geogra]»hi(Mi 
position, have presented difficulties, so that im- 
portation of manufaetured steel from Eurojie and 
the United States largely )iredominates' (\'inada, 
however, has some imjiorlunt steel works. Limes 
and materials for cement making are much in 
evidence also, but isolation, the question of carriage 
08 in the case of timber, as well'as in some cases 
inferior quality, leads to considerable importations of 
Portland cement from England. This is specially 
the ease in Australia. In (Janada, however, the 
local manufacturer of cement has <ilrcndy reached 
a larger figure than the imports. 

In many countries, more es|)eoi«illy on the coasts, 
very good lime is produced from se<v^shells. With 
regard to material generally, the immediate pro- 
ducts of the earth, such as stone, metals, 8,md, 
etc., have their exact counterparts more or less 
plentifully distributed, all over the earth ; but 
the timbers are, to a great extent, distinct in 
character in nearly every country. 

Remoteness of Operations. Perhaps the 
circumstanccfl which difTcrenlialc the duties of the 
civil engineer abroad from those of liis co-worker 
at home in the greatest degree are the effects 
of the distances from civilised and manufacturkig 
centred at which he has to carry on his operations. 
There are, of course, numerous exceptions, and 
many of the ditticultie.s to which we shall have to 
refer will not be found if liis work should lie in, 
or near to, the large and populous cities which now 
rival those at home in the jirovision of his wants. 

In remote ])arts few or none of the advantages of 
civilisation are availabk'. Temporafy houses or 
tents for the engineer, his staff, and sometimes 
for his labourers, have to be erected and shifted as 
required. Provisions have to be brought, at suitable 
intervals, from consideral;jJe distances, accord^g to 
facilities for transport : and even, not infrequently, 
largo numbers of men have to be rationed, the 
business of supply being similar to that of^an 
^army in the field, while there have been instances 
rin which clothing has had to be furnished. A 
.dottier has probably to be specially engaged to 
ijtopk Biteat thje health of the camps, and if the nature 
1(p>rtc wqaires a large number of men to be 
place for any oonsiderabte time 


special sanitary works have to be }»ovid«d. . • Tlien 
the law has to be enforced.. It is ver^^ usual in 
these oases to constitute the engineer a magistrate, 
and to give him the necessary powers and the use 
of constables to carry them out, as well as a tem- 
porary gaol in which delinquents can bo looked up. 
The men have to be pai<k periodically, and for this 
a travelling pay vehicle, with (m armed escort, 
is required to bring the necessary cash from head- 
quarters for the monthly pay, as it would not bo 
safe to keep a large amount of money in the camp. 
Frequently a special mail service has to be in- 
stituted between headquarters and the construction 
camp. Sometimes a temporary, telegraph wire 
is found to be useful. Owing to the different races 
often employed, periodical religious services for the 
men are not often practical, out these are some- 
times arranged for. The local engineer in charge 
is head of all these organisations, lienee he requires 
more qualifications Ihxn iisnalty suffice for the 
ordinary work of his profession. 

Public Works Abroad. In the self-govern- 
ing Colonies, such as Canada, Australasia, Cape 
Colony and- Natal, the jiroeedurc is the same in 
prmciplo, though differing considerably in detail, 
an that obtaining in the United Kingdom ; that is 
to approval of Parliament .and the (lovernor's 
assent to fill considerable works is required, whether 
the promoters be the Covernment itself, or private 
companies, or individiiaL. A Bill embodying the 
nature of the project is presented, and if passed this 
becomes an Act. In India, and what are called 
the (Vown Colonics, there being no pailiamcnt, 
the works, if not initialed by the (Government itself, 
as is frequently the case, must ho recommended 
by the Governor-CJcncral ot Covenior, assisted by 
his council, and apjiroved by the Home Government, 
on the advice of tlic Secretary of State for Indi-i, 
or for the Coloiiic.s, a.s the case may be. The smaller 
provinces in India have, how'cver, a liiniterl power 
of undertaking lesser xvorks, but the larger ones 
must go before the Governor-General in coiinoil. 

Ill countries nhro.id not under the British Hag 
w'orks not nndortukcii directly by the State niii‘»l 
be sanctioned by the Government, this sanction 
being called a concession, and generally containing 
stipulations as to conditions, privileges, sub-sidics, 
etc.f to which w'o shall presently refer. 

Subsidies and’I#and Grants. Withroganl 
to State assistance in grants ♦of land or money. 
In Canada, in unsettled districts, the GovernmenI 
has given to the promot/crs of railways alternate 
blocks of KH) acres each, adjoining the route on 
either side, which the latter are hble to sell, to 
considerable advantage, in smaller lots, after the 
railway is open for traffic. In the case of tlie 
Canadian Pacific Kailway, the Government ansi'll 
ance amounted to over £5,000,000 in money and 
25,000, (KK) acres of land. It is very evident th.d, 
important as this line has become subsequently to 
the world, no private company unassisted could 
have undertaken it, as, passing chiefly through .i 
then uninhabited desert across a continent, no 
jirofits could have been counted on for many ycais 
after completion. Jamaica, West Australia, and other 
countries, have followed the same plan to some exten t 

Local Asf iatance. Cases have occurred m 
the Colonies were the* State, generally providing 
funds for public works, has hesitated in proceeding 
in particular cases owing to doubts as to succe^''. 
and where the inhabitants of the district are so 
interested and oonjlfcant' that; -without disturbing, 
the general Jwlicy of .Government constniction, 
th^y havo-assisM thoSttite by tpme of the methcKb 



by submitting, to a local talc ; but 
ui^ft the* assistance is'by ready cash or, leviable 
tax> security for fulfilnient is very necessary. 

Contract and Departmental Work. 

In connection with the construction of works 
abrbad^ one important variation from home praetiee 
should be mentioned. * Generally .in the United 
Kingdom, in Kurope and America — Canada in this 
respect, as in many others, following the lead of the 
United States — the promoters of wdrks, whether 
governments, municipalities, or companies, employ 
contractors. This method has in many cases 
abroad been abandoned, and the iiroinot^rs liavo 
carried out their operations directly themselves, 
both by day work and small contracts, or depart- 
mentally, as it has come to be called. The relative 
merits of these systems we have not si)ace to diM-uss, 
hut it is necessary to state that the engineer, under 
the latter one, has to combine his ordinary duties 
with those of a contractor’s agent. 

Small Contracts. Whether the system b« 
by contract or departmental, the introduction into 
it of small contracts, as agriiiist day work, has 
special advantages abroad, where sujjerintendcnce 
is often difficult to obtain, and always costly, 
more of this being required when the incentive 
to personal exertion of piece work is absent. Though 
there are cases in which day >vork cannot bo avoided, 
Mieh as those involving risks which a small con- 
tractor would not take, tlic f.ict tliat it is the best 
method is well demonstrated by the knowledge 
that it is that usually employed by the large 
contractor himself. Small contracts, for labour 
only, have sometimes been let to workmen on the 
])rmciple of what is known as a Dutch auction. 
In the case of the earlier South African r«iilways, 
in which the workers were a medley of Knglish 
navvies, Italians, Greeks, half-breeds, Kaffirs, 
Malays, and other nationalities, excavation of 
earthwork, for instance, was put up at a starting 
price per cubic yard, and bids offered at lower an(l 
lower rales, by different competitors, until knocked 
down to the lowest bidder. He would then form 
his gang, generally of his own race, to do the work. 

A variety of the small contract method, often 
in practice abroad, wliere the intelligence of tlio 
workmen is equal to it, is that of the hnUt/ aamj, 
f^y this a gang of men contract to do a cfi’taiii 
work, and when finished, the engineer, or overseer, 
divides equally amt>ng them the money due on the 
measurement. 

The Profession Abroad. Not many years 
ago, the countries to which this course more particu- 
larly refers ha<^l to rely on the United Kingdom for 
tnc civil engineers they required; but gradually, 
and indeed properly, the Colonics and other places 
have become, comparatively sjieaking, well supplied, 
uot only by such men who have, after the expiration 
of their agreements, decided to remain in the 
country, but by others who have gone out volun- 
tarily to try their chances. These, with their 
Colonial pupils and others trained at local uni- 
versities, since established, have rendered many 
lands self-contained in this respect. Moreover, 
there is actually a tendency, in a few states, to 
frame regulations for the practice of the profession, 
which throw difficulties in the "w^y of strangers 
engaging in it at all. 

m Australasia, South and West Africa— 

ftttd, to small extent, in North and South America — 
»o many, of the public works are ctoied out by 
n^the* that *a proportion of the 

and, inaoffie oaaes actually, 
Wtenng on their 
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employment by regulated- tests or examinations, 
acquiring pension rights, etc. In such countries, 
of course, the field for the engineer in what is 
there called private practice is very limited, for 
example, in one of the principal states of the 
Australian Commonwealth over 75 per cent, of 
the civil engineers are in Government employment, 
and in such cases the remainder have often to 
eke out a snflieient livelihood by combining theii' 
calling with that of architect, or land surveyor, 
or both. Contractors, in all countries, are frequent 
employers of engineers. The system of apprentice- 
ship is not so general as it used to be, the more 
usual plan of entry into the jirofession abroad 
being through local university training ; but not 
infrequently^ irregular methods of becoming a 
professional civil engineer are tolerated, such, 
for instance, as promotion from the position of a 
draughtsman or insjiector, to the higher status, 
with or without an examination. 

In India there arc universities, with affiliated 
.engineering colleges at Calcutta, Madras, Bombay, 
Allahabad, and Lahore, on the model of thoLiondon 
University, besides two colleges for civil engineers. 
These, however, are ])rimarily ilfeant for the natives ' 
of the country, among whom there arc already a 
considerable number of trained and capable men, 
many being corporate members of the Institution 
of Civil Kngineers. In the capitals of all the 
gre iter Colon u s there aiv a’ so efficient univcrsitie>, 
with engineering schools and laboratories, and 
there nio usually in >U(h cities also engineering 
societies, composed of the jiractising members of 
the profession, where papers are read aud discussed. 

Qualifications of an Engineer 
Abroad. Abroad, it is more than over necessary 
for the engineer to remember the old adage, that 
an ounce of ]iraetice is worth a ton of theory. 
C’ertainly, a different set of (|iiulifieation8, both 
physical and moral, is reqinn^d from that which is 
suffieient for home work. As hardships are more 
likely and, iff a few eases, worse elinifites may bo 
encyuutered, a better jOiysiiiue and sounder health 
arc necessary. (Greater resoiiicef illness also is 
wanted in the enginecT, as lie has not the same 
means to his hand for his rcqiiu-ements, and he lias 
jirobably, owing to distance, not equal opjiortunitics 
of consultation in difficulties with his superior 
officer. Should survey iiork be engaged upon, 
the following aciiuircmcnts, which, for the most 
part, will bo gained locally, are a great help ; 
First, a sense of locality — a great gift in far-away 
lands, wlwit is called m Australia being a good 
busliman — that is, being a close but alnffist un- 
conseiouH observer of jiliysical features, such as the 
])oaition of the sun and stars, the growth of moss 
on the weather side of trees, and countless in- 
dications which may guide him who has lost his 
way, far from help, in the teackiess forest. Then, 
a knowledge of horses v ith their points and ailments, 
of riding, sffiooting, fishing, rowing, cooking, use 
of tools, tent- mending, and rougli surgery — all 
these help the surveyor ia.canip. If the engineer’s 
lot should be cast in countries out.sido the Knglish- « 
speaking Uolonies, the acquisition of native languages ^ 
may be necessary, and is always desirable, but inis 
may well bo left till his arrival on the spot. 

in the United Kingdom there exists an elaborate 
ordnance survey in considerable detail. Therefore, 
the operations necessary to make it serve for a 
map or plan, on which the proposed work may bo 
^awn, and from which it may be marked out, 
are not considerablo in extent {see Civil Enginebb- 
INO, page 1145J. In many oases, little more is 
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'req[i]ired than to measure up fences, houses, etc., 
which have been added since the date of the 
ordnance survey, or to enlarge at points whore 
special works require more detail. There are, of 
course, in India, and some of the Colonies, small 
scale Government surveys, but these arc generally 
insufficient, except for what is called preliminary 
or trial work. 

Primeval Conditions. But there may 
be regions to be dealt with which do not possess 
maps even of any kind, however small, and of 
which the geography has to be virtually discovered 
by the surveyor. Explorations, followed by 
rough reconnaissance surveys, totally unnecessary 
and unknown in home operations, are indispensable 
reliminaries, and, owing to dense foiests, he may 
avo to adopt as his base line some trade route, 
possibly only a bridle path, which, though w'anting 
in directness, may be the only feasible one without 
the great delay of cutting his way through in a 
more direct line. 

Surveying by Photography. Ueoon- 
naissanco surveys by means of photography are 
common in both North and South America. This 
is a system which it would require a textbook 
to explain, and therefore it cannot bo more than 
referred to here. “ Photographic Surveying,” by 
E. DevHle, published in Ottawa in 1895, is a good 
work on the subject. Sufficient it is for \is to say 
that the system consists in the determination of 
the position of any objects as to their distance, 
elevation, and direction, in relation to the observer, 
by means of the calculated proportions which exist 
between the apy)arent pers})ective distances, et<\, 
as cither traced on a vertical glass, through which 
the observer secs them, or as received on a photo- 
graphic plate, and the true dimensions [see page 
505 1. The system is sometimes preferred to the use 
of the piano table [see page 7101, as the field work 
consists of observing only, the j)lotting being done 
in the office, thus saving some of the wages of the 
chainmen. It is often called ” Photograiiimctrv,” 
and by other similar names, but Deville javfers 
“ Iconometry,” as though photography alTords the 
most convenient means of doing tlio work, it is not 
the essence of it. 

Location. Coming to the second part of the 
engineering surveyor’s work, that of location or 
designing, and marking on the ground the position 
of the proposed work, the latter merely a mechanical 
operation, differs only in minor respects from 
that required under homo conditions |see.page 801 1, 
but the circumstances governing the choice of 
location, or design, are very different in each 
case. For exami)le, in laying out a road, railway, 
canal, or pipe line, the homo engineer is almost 
as much concerned w^ith minimiiin interference 
with private pro]>orty. as he is wu’th topographical 
features, and his b(*st result is obtained ^vlien a 
judicious mean is attained, varying towards the one 
object or the other, ac(^ording to the value of the 
property and the extent of the physujal difficulty 
before him. Abroad, cxcc])t close to largo cities, 
the property consideration is as nothing, and, 
practically, the whole attention is concentrated 
in avoiding or dealing with natural obstructions. 

I. Location of Townships. In new conn- 

tHes it not infrequently hapx>ens that an engineering 
work, more especially a railway or a road, precedes 


settlement, unlike such undertakings in the older 
lands, which are neyer projected except between 
places already settled and populated to some 
extent, though, of course, an increase may be looked 
for due to the improved communication. 

Not so always in the Colonies. In some cases, 
therefore, of a projected rogd or railway, towns and 
villages will not have come into being, even on 
paper, in a district be it ever so fertile. In those 
cases it ofteh falls to the lot of the engineer to fix 
sites for future towns which will not only bo suit- 
able, as regards water supply, drainage, foundations, 
etc., but also conformable to the project* with 
which he is more immediately concerned. 

Resources of the Country. Then in 
the newer lands the facilities for the construction 
of any pro])osed work arc often little known beforo- 
. hand, and the surveyor is consequently called upon 
in that case to furnish a report on the resources of 
the district as to stone, timber, gravel, material 
•for bricks and lime, water supply, etc., and even 
soinetim(‘s as to the fertility of the soil and mineral 
j)ro(liictivencss. witli the view of informing those 
who have to decide as to the desirability of the 
propos.d. So it will be seen that in order to 
judge rightly in these matters, quite an additional 
number of qualifications to that necessary for the 
home practitioner is re(piired. 

Surveying Instruments. As to inst niments, 
the surveyor will find abroad a tendency, unless when 
spcdal nccuraey is required, to the use of light ones, 
more es])ecially where labour is dear — in fact, he 
will probably often have to carry some of them 
himself. It is not iinoomraon, for instance, to meet 
in x\ustralia the surveyor riding at a rapid pace 
througn the bush with a tnoodolito set upon its 
legs and carried on the rider’s shoulders. For the 
same reason there is a tendency to do, if possible, 
by a theodolite the work ordinarily performed by 
means of a s])irit level, so as to combine 1 w'o different 
o])erations with the one instrument. Various forms 
of tachcometers have been devised, partly with the 
same end in view, though the weight of this instru- 
ment is an objection [see page 7I0j. The plane 
table [sec page 710] is iniieh used for the i)rc- 
liininary survey which is such a prominent feature 
of o\^ course, and the ordinary minor’s dial has been 
found very useful in the dense tropical forest of 
West Africa, and is })reforred there to the prismatic 
cojnpass (see page 207]. The instruments used 
in iconometry are various, both for use in the field 
and for plotting, such as the photo theodolite, the 
photometer, the diagra])h, the perspeetograph, the 
ceutro-linead, and the pors pec tome ter. 

As regards the later and more detailed surveys, 
the instruments used abroad are generally simihu* 
to those at home, but steel bands, instead of the 
ordinary link chain, arc almost universally employed, 
as less likely to catch in undergrowth, etc. In coun- 
tries w'hore tlio metrical system prevails, the clniiji 
is 20 metros long, whi(‘,h is about 4} in. shorter than 
the "English 0(5-ft. chain. The levelling staff is also 
divided into metres and centimetres. A feature 
in the marking of the position of proi)osed works 
in new countries is the necessity of making marks 
for this ^purpose very substantial and }>ermaiicnt. 
and to number them, for, owing to the absence (d 
artificial features, such as fences, etc., it would be 
otherwise difficult to find them again when tho 
construction engineer comes on tho ground. 


Civil Engineerino concluded 
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I itHOGRAPHY as a business or craft is but 
1-^ young compared with the majority of trades, 
as 'its* discovery by Alois Senefelder dates back only 
to 1798. It still appears but a new art to man 3 ’^ of 
the older workers and to those who have intimately 
investigated its early stages and its early specimens. 

As a craft it is one attended wnth so many 
difficulties and so many “diseoveries” that it is_ 
rendered at once pleasant, as well as intricate, to 
all who may be engaged therein. Not only do these 
trying circumstances surround the man who has. 
learnt tho trade, but they come upon the amateur 
or novice in the way of surprises which, for some 
years, aro very trying, not to say disheartening. 
1'lie toils of the trade are not rendered any easier 
by the traditions^hich have been handed down 
through three or four generations of workers who 
learnt originally only how to work by inspection 
and under special guidance, without ever attempting 
to learn why particular methods wore adopted. 
This has proved not only a barrier to progress, 
but has been the cause of preserving the use of 
methods and materials which ought to have been 
discarded at an early date — yet it is these very 
antiquated notions which are held in such respect 
by the old-fashioned craftsman. 

The Trade of Lithography. From its 
inception as a business in London about 1818, 
the trade has been gradually on the increase*, a ml 
at the present time no loss than 10,000 craftsmen 
are directly employed in the* production of litho- 
graphic prints in Groat Britain alone. But although 
the trade is a small one, it has probably given greater 
pleasure to a larger number of persons than any 
other craft, large or small. It has been the moans 
of preserving the works of oxcelleiit artists in a 
bcaut'fnl and lasting form, and this has been 
accomplished at a minimum of cost. • 

Lithography is responsible for the production of 
many pictures, as posters 
and showcards, which have 

given great pleasure to tho UBISjn||V 

whole people, and have 

M *>sisted in illuminating tho 

dark Comoro of onr streets 

smd otherwise unsightly ujnf 

boarding. The many ways 

m which lithography has 

been brought to bear upon 

other printing crafts has 

done much to increase tho 

)>rc||^ction and lessen the 1. STONjJ-rLA 

cost of such arts as en- 

^aving and photography. As an illustrative art 
it has been so often and so successfully called into 
requisition as to make it practically indispensable 
fo all good publications. Of course, it ' has had 
its triidsy and it was many yeais before it ousted 
such processes aquatint and m.ozzotint, as well 
as muehTcoppec ana s'teel plate engraving, from 
their premier ^sitions. 

Xn the. early d^ys of the art it attracted some of 
the best ai^tists Or sketohers as a means of actually 
^eir own wwfc directly upon tho-stone ; 


and one artist. R.’ .1. Lane, became an Associate of 
tho Ro 3 »^al Academy through his superb ]iroductions 
from sketches and oiiginal productions directly 
upon stone. 

What Lithography is. Lithography is, as 
it < dcrivatioijl^u plies, writ ing or drawing u}X)n stone. 
But it has the further meaning of producing copies 
or prints from a stone. 3lorc recently the trade of 
lithography has been construed to include both 
printing from zme {zincography) and from aluminium 
(ahminography). If a generic term can be applied* 
the whole of tho diffoieiit methods should be termed 
])lanogi}i])li 3 % as they are all, virtually, methods of 
])rmltng from a flat surface or plane. The expres- 
*sion flat suiface must be further defined as polished ' 
surface, or a ginined surfa^, in contradistinction to 
a surface etched in higli relief. The use of zinc as a 
piinting surface was very little posterior to stone, 
but aluminium cannot be ])laced prior to 1890. 

All three methods arc generally jiractised by tho 
lilhographic printer; and not a tew printers are 
aKo able to work tho various photographic processes 
akin to, and including, photo-lithography and collo- 
l 3 'pe. 8o numerous arc the methods employed 
that a lithographic printer has at his command the 
moans of producing any ])rint from the roughest 
draft plan or spccilication of tho architect to the 
finest form of imitation photograph, in black jor 
colour. The photogi aphic processes now applicable 
to lithography an* so far advanced that three- 
colour work is practically within its available 
bounds. 

Lithographic Stones. The stone used in 
lithography is an exceeilingly fine, clo^^e-graiuetl 
chalk or maible, geologically known as a “slate,” 
the latter Icrm having been a]>|)licd because of the 
form in which it exists in qii.iiTios. These quarries 
arc largely developed aroi/hd Solcnhofen, and 
extend many miles. But a formation of similar 
stone runs from Bavaria 
northwards into Norway 
and Sweden, and south- 
. wards through Switzer- 
land, France, Italy, Spain, 
across by ('orsica and 
Sardinia, into North 

Formations of the same 
^ ^ ^ known in Turkey 

(around Salon ica), Greece, 

.\ s i a AI i 11 o r, and tho 
1. STONE-rLANlNG MACHINE (Uucasus mountains, and 

stones from all these dis- 
disfricts have been actually used. A firm in Greece 
has printed largely from Greek stones ; another firm 
in Berlin has used Caucasian stone ; sam^es from 
Turkey and Asia Minor have been used in England; 
and Spanish stone is largely used in Barcelona, FrencHi.; , 
stones have had considerable patronage, but German 
stones are, without doubt, the finest products, and 
are used throughout the world ; and it is estimated 
that in a not far didtant future the supply .will 
bo exhausted. It is this fact, coupled with the 
cost and weight of atpnOs, w^jiph has caused the 
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introduction of metal pla^ substitutes, and a 
strong attempt to compound a stone of similar 
qualities. The efforts in this direction have been 
many during the last fifty 
years ; but the want of 
knowledge of the actual 
composition' of the stone, 
and the inability to apply 
the forces which originally 
00711 pressed this fine chalky 
mud into a durable rock, 
have so far been a barrier 
to its accomplishment. 

Artificial Stones. 
At pre.sent, many forms 
of stone nr^ successfully 
copied artinnally, and it 
seems more than jirobable 
that if artilieial produC' 
tion should be siiceessful 
' in the lithographic trade, 
it will prove douhly bene- 
ficial, for at the TIavarian 
(piarrics the appearanet^ 
of the country is dis-^ 
•figured by the enormous 
mounds — even liills — of 
stono-(piarrying d e b r i s, 
which could be used, and a cheaper article ])ut 
upon the market. At the jircsent time (1907) a 
firm sncccssf idly manufac- 
turing marble (e.xhibited 
at the Fluilding Trades’ 

Exhibition, 1907) is pro- 
gressing with the manu- 
facture of lithographic 
stone. 

The statement that 
failure in making artificial 
stone may bo due to a 
want of knowledge of 
the constituents of litho- 
graphic slate is ]jcrhaps 
open to criticism. The 
composition is broadly 
that of marble, with a little something else which 
makes the difference — a small difference, but an 
important one. The original geological formation 
was probably ill iirogress some hundreds of thousands 
of years, and the gradual consolidation of the rock 
was attended by such circumstances in watery 
surroundings, the juxt iposition of various chemicals 
and a heavy pressure, that the result is a sloiic 
varying in its character just so much — yet very 
little — from marble, that while the latter is quite 
useless, the lithographic slate is the only article that 
can be used. Like marble and chalk, it undoubtedly 
owes its origin to immeasurabJo quantities of liiui 
shells — shells pulverised to an imjioiulerable dust — 
and ultimately deiiositcd in marine waters as a mud, 
to be converted finally into stone. 

The Chemistry of Lithography. The 
actual processes of lithography, zincography, and 
aluminography, are dejiendent upon chemical 
actions. In pursuing these methods, the chemistry 
of each must always be the actuator of the printer, 
for the same chemicals may not be used to attain 
the same object in each case. 

The objects of the chemicals used may bo set 
forth as (1) rendering the surface non-sensitive to 
grease ; (2) rendering the surface sensitive to grease ; 
(3) ^rendering the work invulnerable to decompo- 
' $ition by acid ; (4) rendering Uie work easily re- 
inoyable by acid ; j^6) attacking the constituents of 
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the ihk used in drawing to make' them ' combine 
with the printing surface; (6)‘ conipoundmjg the 
original drawing and transferring inks and (7) 
comx>ounding the printing inks; 

The foregoing brief survey naturally leads directly 
to a closer deHcri])tion of lithography in detail# In 
dealing with the subject, little will be said of 
zincography and {duniiriography, except l)y briefly 
mentioning some of the variations of treatment. 

Preparation of the Stone. To obtain 
an original upon a stone, the stone must be ground 
down to a slab of equal thickness, so that both 
surfaces are pai.tllel; then one surface must bo 
ground perfectly level to receive the work. This is 
accomplished by grinding with sand, by the more 
remote hanfl methods, the more recent mechanical 
appliances [2], or by the la test device of planing the 
surface in a machine constructed with a long steel 
planing blade [IJ. This machine may be said to be 
the most perfect ap[)lianco yet introduced for 
the purpose, as it can be gaugi'd to plane off 
an extremely lliin layer of .stone, leaving a perfectly 
level surface all over. 

After grinding or ])laning, the surfjuio is burnished 
with a close-grained slate, until it prc.sents a distimd- 
semi-glas.sy polish, without scriitchcs. U])on this 
surface, when dry, original w'ork may be drawn or 
transferred, providing the subject is executed in a. 
line or dot. If the work is of a “grained” 
character, the polished stone must bo suitably 
g r n i n e d by S[>rinkling 
with tine sifted sand, and 
rubbing the »ana evenly 
into the stone all over, 
until the surface is broken 
11 1 ) into a tine grain. The 
sand is then washed 
off, and the work drawn 
u|)on the dry stone with 
s|H.*r'ially ])reparcd ink, 
called erayons. 

The Inks ofLitho* 
graphy. By whatever, 
method the original work 
is put upon a stone the 
ink used must contain certain standard articles 
or it is usclcs.s. Tiie chemistry of the proces.s 
starts at the very beginning and 
must bo kept in view at each 
succeeding stage. This ink must 
I'ontain a fat. The fat must 
1)0 compounded with other fats, 
solvents, and resistants to make it 
amenable to tlie draughts- 
man's t)r transferer’s art. 

(ilcnorally the ink is 
compounded of tallow, 

})alm oil, soaj), wmx, 
stearin, 
shellac, 
bitumen, 
and a 
dilflen t 
the for 
of maiiufiio- 
tured j)rint- 
i n g ink. 

These are not _ 

all used in 4. MODERN GERMAN HAND-PRESS 
one ink. * * 

Thus, the draughtsman’s ink may contain tallow, 
wax, soap, shellac and printing ink; tho stone 
transferring ink, tallows stearin, palm . oil, soa}>, 
and printing ink ; and the copperplate transferrer s 




ink; ^ may be somewhat similar to the* last with 
or asphalt Crayons may contain only 
ialloW^ acMipf wax, and shellac. Photo-lithographic 
t^nsfer ink may be similar to plate 
ipk without soap. The variety of the 
i^ios is subject to variation to meet 
the%eeds of greater or less hardness, 
or necessity for etching. The object 
to be attained is to bring into contact 
with the stone some form of free 
fatty acid. It is common knowledge 
that chalk — ^lithographic stone — when 
treated with an acid suffers decom- 
position and some compound is tlic 
result. This is especially the case 
when a fatty acid attacks the stone, 
as the resulting compound is an 
insoluble salt of tli^ calcium of the 
stone with the fatty acid of the ink. 

Tlds compound is the real printing 

surface ” procured upon the stone. 

Similarly, fatty acids (as well as 
many other acids) attack zinc and 
aluminium, and in these cases produce 
an insoluble compound which gives 
the printing “ surface.” 

Etching the* Stone. The work 
having been drawn or transferred u])on the stone, 
the p'^inter proceeds to obtain impressions. If the 
work consist of heavy masses of thick ink it must, 
be “etched” or treated with an acid that will 
decompose the surplus soap in the ipk and convert 
4 into an insoluble compound with the stone. 
This is cilfapially necessary with work drawn in 
crayon updl^raincd stone. Tlie etch may be a 
watery solution of nitric acid, or tannic acid, or 
weak tea; or a mixture of gum arabic solution 
and nitric acid. 

The older method of etching grained stones 
was with a very dilute solution of nitric acid in 
water, and it was ap])lied in two w’ays. The first 
was to pour over, or deluge the stone with a large 
jug full of the etch, the whole of it running off the 
*stone into a jug and being used again. The second 
was to place the stone in a rocking-trough, and fill 
the trough to tlio top edge of the stone with the 
etching solution. In rocking the trough, a wave 


of etch passed evenly over the stone and left it 
these methods have the pre-eminent 
after immersion, 
bubbles of gas to escape 


: PitlNTIliO 

from the surface before a second etch is commenced. 
In either case, the applications of the etch are 
, numerous before it is completed, and its comploticn 
is so much a matter of experience that no rules can 


•5. LINOTYPK IJTHO ROT.yiY PRKS.S 

bo given. This phase, of the siibjeet is dealt with 
ap))arently in greater detail than it warrants; 
hut it is so important in its bearings that both tho 
• iwinciple and meiliods involved might be a}>plicd 
usefully to some jnesenl-day ])ractjccH. 

'riiis freatment having been performed, tho 
aetiial work on the stone is in a more or less 
insoluble condition in liot or cold water, and 
is strengtliciiod by the etch. Tho work may 
then be carefully inked, either by dabbing or 
rubbing printing ink on it with a fine soft rag, 6r\y 
rolling up with ink on a leather roller ; in any case 
gummy water must be kept on the stone to j)resorve 
uniform damimess and to jaevont the particles 
of the original ink from catching upon tJie surface 
of the stone and forming a scum upon its surface. 
Having charged the w'ork with ink the -stone may 
1)0 washed clean. 

Preparing for Printing. H the w'ork 
be not drawn, or transferred, in lieavy thick 
masses, the fii*Rt etching may be 
dis]>ensed wdtli. Suoli treatment 
also a])j)lies to w ork put on the 
stone in a hard or bituminous 
ink which has not had time, 
or docs not contain sufheiont 
active aj/eiits, to cau.se its ready 
combination with the stone, and 
dors not reiiuirc an etoh. After 
charging with ink and washing 
clean, tlie work cannot be con- 
sidered in (juite such a strong 
condition as necessary, and it 
sliould be covered witlr a fine 
r esisting powder, such as resin, 
talc, or silica, when it may be 
lightly “ etched ” with dilute 
nitric* acid. The acid actually 
decompo.scs any remaining soap 
in the ink, as well ‘as , tho 
actual stone, thereby carrying 
away many loose particles of 
grease which have been carried 
accidentally on to tho surface of the stone. The stone 
is again washed, and well covered with gum arabic. 
This gum is of a complex composition, and there is 
little doubt that^it forms a surface on the stone 
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impenetrable to grease. Finally, after the g»*n has 
dried, it may be washed off ; the work is then 
^‘cleaned” or -washed out with turpentine prior 
to final rolling up. It is then thoroughly cleaned 
up by using a scraper of steel, a wooden stump 
with acid, or a fine stick of polishing stone prior 
to printing the copies from the stone. 

. Printing Machinery. The printing is usually 
done in a machine which is fitted with damping 
rollers and leather inking rollers to imitate the 
hand press method of rlfiiu])ing a stone well [4]. 
Printing is seldom done from the original draw- 
ings. Transfers are taken from the originals 
and put upon new stones, so as to preserve the 
originals for further use. The originals themselves 
may be transferred to zinc or alumiiiiuni j dates and 
. stored away, thus liberating the ox^msive stone. 
Wherever possible, the originals should be drawn 
on the plates. The im])ressioii is procured upon 
paper which is carried on to the surface of tlio 
stone upon a cylinder — the cylinder being forced 
down upon a stone by ])owerful s])rings or weights. 
The action of the inacliine is to take the stone umler 
damping rollers, which moisten the surface of 
the stone to prevent greasy ink catching ,* thence 
under the series of inking rollers. The stone 
returns under the inking rollers, getting fed a second 
time, and in completing its backward journey 
the printing paper is brought down upon its surface. 
The contact of the paper with the stone is reduced 
to the fine line made by a })erfeft cylinder coming 
in contact with the flat surface of the stone, the 
whole pressure of the powerful weights or springs 
being brought to bear upon this rapidly moving 
line of contact 13]. 

> The latest idea in lithographic .(planograj)hic) 
pointing machinery embodies the possible culmina- 
tion in the art of printing from a flat surface. In 
the past it has been the common practice to ])rint 
upon paper by direct contact of the hard surfaces 
'of the. cylinder and the atone or metal ])late. Thts 
'"jMractice has had its variations in the OrlofT metliod 
as applied to printing on paper, printing on (in, 
and collotype printing, where the printing surface 
is soft. But this principle has been a)»plicd to 
lithogra])liic printing upon paper in the well-known 
lithograj)liic machine of ilic rotary type [5]. The 
success of such method has been proved upon 
hard and rough paper by printing from an inter- 
mediate soft transfer a])pliance, as introduced in 
..1907 by C. Mann & Co., of Leeds, under their 
patent of 1903 [6]. 

Lithographs in Colour. The feature 
of lithography whi(’h, perhaps, to the general 
public is the most interesting, is the production of 
.’Coloured prints — chromolithographs — upon })a per, 

* card, earthenware, .‘^ilk, satin, etc. The process is 
difficult owing to the great care which is necessary 
in every detail. An oil painting is reproduced in 
the following way. A tracing is taken fror)i the 
picture. This tracing is generally made upon a 
‘^thin sheet of gelatin, the actual tracing being done 
by “ cutting ” in the gelatin with a fine steel point. 
This copy takes not only the general outline of the 
subject but includes the boundaries and contours 
of all the various colours and mixtures of. colours. 
This engraving on tlie gelatin is then filled in with 
transfer ink, carefully cleaned, damj)ed (in a 
special damping book), and laid down upon a 
^^rfectly clean stone. It is run through the press 
and transferred to the stone, to bo gummed up 
^ and rolled up as ordinary work. It then constitutes 
or guide. From it a number of impressions 


are taken upon a hard-faced paper or paper mounted 
on zinc, so that there will be one impressioti for 
each colour that the artist intends to use. Those 
impressions are dusted with an offset powder, of 
coinmonred chalk, or aniline, magnesia, and carbolic 
acid. The latter is the best as when put upon the 
stone it penetrates, and the stone Inay be washed 
and polished lightly without removing it. 

These dusted imi)ressions are run down upon 
separate clean stones, and then constitute the off- 
.sets, to which the artist draws all the colours in the 
proper lithograjdiic ink. Wlieii complete they are 
all rolled uj) in t he ordin.ary way, and the impressions 
in each colour arc ])ulled^ one by om?, on top of each 
other until the whole picture is finished. The 
process reipiires great care in getting each colour 
to print in its correct )>lace — regiMering ; and in 
tlic use of colours which, *by overlapping one 
another, give the correct colour scheme of the 
original. 

Transfer Processes. In the preparation 
of originals, the stone, zinc, or aluminium is not 
employed for drawing directly u])on entirely. i\tariy 
originals are e.xccuted u})on transfer paper. The 
j)apcr is prepared with a gelatinous surface com- 
pounded with an inert dust. Transfers may be 
taken from ef)pper plat^es, steel plates, stones, or 
t ype, and pale hod uy) into the necessary design, 
W'hen they are transferred to stone. 

A braueh of the transfer proeess prepares 
originals direct from photograydiic negatives in 
line, dot, or stwpplc. It is applioalde to producing 
certain kinds of originals direct upoi^^luminiupi. 
zinc and even stone. It is a])])licft5||rj)roducing 
work by the eolloytpe, photo-storS^jSd photo- 
lithographic processes, litile used juior to the past 
ten years [see pages (>4H3 and 

Transfers are used in all eases where a largo 
number of i>rints are produc’cd at Ihe same time,. 

Substitutes for the Cumbersome 
Stone. Both zinc and aluminium Tiave been 
ado])tcd, more extensively in lorent years, ehielly 
owing to their adaptability to be "'mounted” 
upon cylinders, in rotary machines, which liave 
been imieh imyuoved in the past ten years. 

The same reagents will not suit all surfaces. 
Nitric acid is the acid j)ar e.xcellencc for the general 
treatment of stone ; it is })osiiivcly inert upon 
ahiminium for .similar j)iirposes. and on zinc its 
effect is not beneficial. Oxalic acid has partiimlar 
uses upon stone, which are opposed to its effect on 
aluminium. Caiistic soda, little used upon stone, 
is. a solvent of aluminium, and on zinc* is distinctly 
useful. Phosphoric acid is scarcely used uyjon 
stone, whilst with zinc it i.s of prime importance. 
Much more could bo writteji on the differences 
between the treatment of these siuHlk'es. 

Tho applications of planographic printing are 
both beautitul and numerous. The wTll-known 
oleographs, the ever delightful fdiristmas cards, the 
illustrated toy books, and the hos*^ of atlases, 
natural history books, and artistic pub..cations, 
their value and their charm to this business— a 
business which is not an amateur one, which is 
not of an ephemeral character, but one in which 
success can be attained only by any years of 
steady application. 

Three good books on the’subject are V Practienl 
Lithography,” by A". Seymour (1903, Scott, 
Greenwood & Co.), “ Handbook of Lithography,” 
by David Gumming (1904, A. k C. Black), and the 
“ Grammar of Lithography,” by V . D. Richmond 
(E. Menken). 
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; 3. It must enable the superintendent to follow 

: the work through eaoh department of the factory, 
to detect defects and provide remedies. 

4. By means of a system of receipts and requisi- 
tions, it ensures that everything used or produced 
in the factory shall be accounted for, and responsi- 
bility for all ( efects and losses located. 

6. It keeps watch on the output per man, per 
machine, per department, and for the whole factory, 
giving danger signals* when the ratio of costs to 
output oversteps safe limits. 

6. It furnishes the means of securing comparisons 
on all manufactured products as well as data for a 
close analysis of the comparative costs of jobs at 
different periods ; and of estimated costs, tenders, 
- -and contracts. 

Systems of Cost Keeping. The cost depart- 
ment of a factory under a chief accountant or cost- 
keeiKir takes cognizance of the important factors of 
maierialt labour, factory hurdm {mmwfacturrng 
expense) t general expense, including dej)reciation, 
and special items of cost. It deals with Ihem in 
harmony with the other systems of organisation. 

It is necessary to keep three sets ot coats for 
every product manufactured. 

1. The flat cost or prime cost, including the price 
of raw material or stock parts, and the coat of the 
productive labour. 

2. The factory cost, comprising the prime cost, 
plus the factory burden — that is, factory non-produc- 
tive labour, manufacturing su])plies, and any otiicr 
expenses incurred by the factory directly. 

3. The total or selling cost, consisting of the factory 
cost, plus the proi)cr percentage of the general 
expenses chargeable to the order, for items such as 
interest on capital, insurance, dci)reciation, salfy^’ies, 
rent, taxes, maintenance, etc. 

The organisat ion of a cost department necessitates 
only a snfaJI addition to tlie staff— namely, the cost- 
keeper or factory accountant, and ))erhaps one or 
more clerks, according to the magnitude of the 
business, and a few for the card-filing cabinets. 

Routine of the System. The ])rime func- 
tions of this system have already been discussed. 
The systeiri ensures that none but written orders, 
duly signed, take effect in any de]»arlmcnt , and that 
clerical work is eliminated a.s iiiiich as ]iossiblo from 
the shops. Work is set going in the cost department 
by the issuing of a production order signed by the 
general manager, which coneerns tlu^ whole estab- 
lishment. T'he general manager’s clerk then makoa* 
out the factory order in duplicate, giving it a number 
which must be recorded on every card, loose-leaf, or 
voucher concerning it, and accompanies the w'ork 
on its progresjf through the shops; the order bears 
particulars as to estimate, t-ender, correspondence, 
and customer, wdiich enable the whole history of 
its genesis to be kept on record. 

The factory order passes on to the superintendent, 
who tiles it after making out a separate production 
order for each de})artmcnt concerned.. If the order 
be for a now type of machine, the superintendent 
sends written instructions to the drawing office, 
whore the necessary drawings are put togcthoi . 

^ Working lists are then th’awn up for the foremen, 
giving them detailed instructions concerning every 
, operation, even the most trivial, which is to' bo 
performed in their shops ; the duplicates of the work- 
ing lists are hied in manilla folders for reference ; 
■they contain an additional column for the cost of 
each item to be added on completion of the order. 

. Iti th0 StocKroom. Each foreman on re- 
cent of the production order and working lists 
sell# a requisition card, propare4 for him in the 


cost department, after duly si^in^ it, to the store- 
keeper for the raw material br ^^tock ports necessary 
for the operations in his shop. 

The stock-keeper, on issuing the material, returns 
the card to the foreman and registers the disburse- 
ment in the card index of his perpetufil inventory, fills 
in a material disbursement card, which he forwards 
to the cost department. The cost of the material 
may bo filled in by the stock-keeper, but the better 
plan is to keep all records of costs in the cost and 
record departments, and to leave that item to the 
cost-keeper to fill in. 

The amount is charged to the shop in question, and 
the card remains on file with other disbursement cards 
for the same order, until the labour cards come in from 
the departments concerned and furnish the data 
necessary for compiling the throe sets of costs 
mentioned above. The disbursement cards act 
as .«?ignalB to the stock- tracer, who may bo one of 
the inspectors, and whose duty it is to follow the 
progress of each order, step by step, through the 
shops, deriving his clues from the various cards 
which come in to the cost department. The stock 
tracer’s records take the form of transfer cards, 
recording the factory order number, the date, the 
departments between which the transfer takes place, 
the number of pieces, the number passed, the cause 
of rejection, the name of the part and symbol or 
number, the maehino on which it is used, the 
storage record (section, bin, shelf, or rack), the 
requisition order number, remarks, and the signa- 
ture of foreman. 

Progress Through the ShoM. Mean- 
while, the production order proccoc||i^rough the 
shops. The foreman is furnished wmi job cards, 
one for each job, rided and filled in as far as possible, 
in the cost dopartmont, leaving him the date, name 
of \vorkmnn, and signature to add. The cards are 
prepared in advance so that no time is lost between 
jobs. The workman registers the t-imo which ho 
starls a job on a mechanical recorder, and when the 
work has been examined by the foreman he registers 
the time in the finished ” column of his card, 
receiving at the same time the card for the ne.xfc 
job, which he at once registers in start column. 
The foreman signs the card for the finished job, and 
forwards it to the cost depaHmont ; but he keeps 
the production order and material requisition card 
until the order is completed. As the cards come in 
daily — one might say hourly — from the various 
departments, including painting, assembling, testing, 
packing, shipping, the cards belonging to the saine 
order are filed together, and the detailed total-cost 
card is made out from them, a duidicato being 
sent to Iho eommcrciaL office for the use of the book- 
keeper, who charges the amounts to their proi)er 
accounts in the loose-leaf ledgers. 

Orders for repairs are treated in exactly the same 
manner ; the number assigned is, however, in that 
case preceded by R for outside work, and by MR 
(maintennneo repairs) for repairs to the phint. 

The Record Office. The functions of the 
record office, which may at first sight appear to bo 
uimecessary, arc really of the greatest importance 
in modern industry. At first these may be under- 
taken by the cost department, but as the utility 
of the records becomes appreciated, and frcsji 
series of records suggest themselves, then the need 
for a separate department asserts itself. The cost 
department furnishes the data ; the record office 
makes use of them to compile deductions, state- 
ments of offioiencv and of progress. An efficient 
record office has the power to secure the reduction 
of the cost of production to yt^e lowest minimum, 



Iftystem of supervision and 

control,' to eliminate 

Th0 DIstribuiron of Manufacturing 
and Ganeral Expense. Manufacturing 
expense, or the factory burden and general expense, 
afi^t respectively the factory and the selling cost. 
It is evident that, to be profitable, manufacturing 
must include selling the output at a definite profit 
on the entire cost ; the difference between the 
selling or total cost and the selling price must, in 
fact, TO pure profit. We have seen how a modern 
department arrives at the prime cost by means of a 
simple and direct system. The computation of 
factory and selling costs, which are no Jess 
important, is generally considered to be a matter 
of great complexity and difficulty. This is \in- 
(leniably the case in a factory deficient in organisa- 
tion and without an up-to-dato cost system. The 
result is that the task is often shirked, and a per- 
centage is estimated to represent expenses, whudi 
is often wide of the mark, and entails heavy lo‘«se^. 

The Factory Burden. The chief items of 
factory expense are interest on capital, rent, taxes, 
insurance on buildings and machines, depreciation 
and maintenance of eq\ii]iment, power, lighting, 
heating per area of floor-space, supervision, salaries, 
general unproductive labour, supplies, etc. 

Approximate expenses should on no account he 
charged equally to all jobs passing through the 
sliops, excepting those expenses which, from tJicir 
very nature, cannot be connected witii any 
operation. It is obvious that in large machine 
shops, for jg^tance, each machine or group of 
machines iri^jlves a certain running ex])endituio 
per hotir, such as power, attendance, depreciation, 
maintenance, siqqilics. These e.rpenf^es are all 
proportional to the time the machine is r>fnnin(j^ 
nnd cease when it is at rest. The other items of 
expense are fixed, and never vary. 

The Machine Rate. All the expenses whicli 
should be borne by each individual machine must 
bo carefully computed and charged by means of 
an hourly rate to the job for whi< h the machine has 
been used. In order to accomiilish this, it is neces- 
sary to take the following steps : 

1. The items composing the machine r.ile must 
bo figured out. 

2. A schedule of classification for all machines 
used must be made, as explained in the section on the 
applications of the card system. 

3. The workman’s job card should be ruled to 
include columns for the hours during which the 
machine has been operated, for its number, and for 
the hourly rate. 

tn order to deal fairly w'ith the tw^o different 
classcj of charges, the fixed expenses, which .uc 
('onstant for tho year, divided by the number of 
hours the machine has worked, form the machine 
^ote. Those expenses which vary with the condi- 
tions of commercial and shop efficiency arc thrown 
into a sufjplemcntal or variable rate, computed 
Weekly and charged equally to all jobs passing 
through the shops. A card -index is used for tho 
schedule of classification for the machines, a 
separate card being allotted to each individual 
machine, showing its number, cost, interest, 
**^ftranee, depreciation, rent, taxes, floor- space, 
the machme rate as soon as it has been figured 
out. 
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£ 0 d. 

Interest on capital at 6 per cent 30 0 o 

Depredation 60 0 0 

Insurance 50 0 0 

Floor Burden (rent and taxes per square foot 

of floor space) 140 0 0 

Power 60 0 0 

Share of general supervision . . . . 10 0 0 

Waste-oil and belt lug, etc 30 0 0 

£.S80 0 0 


t>n KM oiml of machine Np. 312, £380 --1-2,400 
hours w^orked during the year=3s. 2d. hourly 
machine rale for the year. 

The .supplemental or variable rate is computed 
thus: The same items given above per machine are 
dtbik^ in the aipfregate per shop for tho week, each 
shoji being credited wuth the total machine rate 
charge for all machines for the week, collected 
fiom the weekly summaries of job cards. The 
balance is divided by tho total hours W’orked during 
the week by all machines in that shop, which gives 
the supplemental rate per hour, to be charged to 
(Mch job over and above the hourly rate, according 
to tho number of hours* work put into the job. 

Supplemental Rate. This system is easily 
put into practice, ns in the following example : 
L.aboiir costs of order No. 017, Dept. IV. : 

CASK A. £ 8. d. 

10 hours of luachlnc N'o 24 at 3(1. per hour *0 2 6 

12 „ No 112at.')d. „ 0 6 0 

S „ No. 425 at Is. 6d. „ 0 12 0 

.3 „ No. 312 at 3s. 2d. „ 0 9 6 

15 No. 300 at Od. 0 11 8 

48 hours’ niacliine w'ork total cost. . .. 2 0 8 

Add variable rate at 4*. >d. per hour for 48 hrs. 0 18 0 

£ 8. d. 

Wa«*‘«. 10 hours at HUi per hour 0 8 4 

„ 12 ., Hd. „ 0 8 0 

„ H „ s,l „ 0 ,5 4 

„ .3 „ 18(1 „ 0 4 6 

„ „ «d. „ 0 11 3 

„ 48 „ Total wages 1 17 5 

1 . 17 5 

Percentage for general unproductive labour 
(labourers, oilers, etc.), 5 per cent, 
ol productive 

£4 17 6^ 


The value of this mclhod of distributing nmnu- 
facturing expense is fully demonstrated by the next 
example, sliow ing the costs for Dept. IV. of a similar 
order performed in another month : 

CASK B. £ 8 d. 

ts hours’ machine tune as lief ore . . . . 2 0 3 

Variable Tate 48 iiours at 10(1. .. .. 2 0 0 

Wages as before . . . . . . . . 1 17 5 

Percentage tor general unproductive labour, 

as betoie, "V per cent, ol productive .. 0 1 10^ 

.■» 19 6| 


The same Older, performed in the satne Dept. IV,, 
but by different w'orknicn, in another month, gives 
the result .shown in next cx.imple : 

CASK V. £ 8. d. 

6 liours of niactiine No. 24 at 3d. per hour 0 16 

„ No. 112 at 5d. 0 6 0 

4 „ No. 425 at Is. «d. „ 0 6 0 

3 „ No 312 at 3s 2d. „ 0 9 6 

10 „ No. 390 at 9(1. ., 0 7 6 

zr 10 8 

Add variable rate at 4’5d. per hour for 35 hra. 0 13 1^ 

£ s. d. 2 2 94 

0 6 0 ' 

0 8 0 

0 4 0 

0 4 6 

0 10_0 

1 12 6 


Percentage for unproductive labour, 5 per 

cent, as before «. .. .. 0' 1 7i 

£3 16 11 



Wages hours at Is per liour 
„ 12 „ 8d. 

» 4 ,, Is. ,, 

„ 3 „ Is, Od. „ 

„ 10 ,, l8. 


6641 
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Lessons from these ExSmples. 

coaditionfs revealed bv these figures are highly 
mteicBiing, and i^onld have leraamed unsuspected 
: uudei the old uu (hod's of cvponse distnbution 
In Case V the v ii jible i ilo w is 4 '>d , showing that 
tnde wis good ind the iiiichmes m m ini'y full 
woik In (^ise B the ‘'imc job (ost 22s inoie, 
the same woikintn being cinplojod at the same 
wages, the men istd cost Ik mg due to the hen\ 
vuiablo i itt ot JOd win h bolnjs the iict that 
niiny inichmis stood jdU tint month ihi 
shows the be mug of ti ide (onditious on th< (ost 
of prodiution In C is( ( tht fictois ot tost 
have V irud In m:)iik < s skilled ind high pin cd 
Iiboiu has )K<ri mtiodiued showin., tht bt irmg 
of tlw ( fluun \ of tht woiknnn on ] lodu tioii ost 

Mnhine No 21 tikis (> hoius ot hboui il Is 
mstcad ot 10 houis it lOd ni i hint No 42) 
takes 4 houis of lahoui it Is insft id of S hoiit 
at fid uid iniclmn No 100 takts 10 houis it 
Is mstcad of 15 houis it Od The vmihh i itc 
IS the sinie »s m Case A but as tin ini hmis do 
the woik m hss tmu the mi lime i it< fot ( ise ( 
works out it 11 Oc, sd mstt id ol t2 Os Id foi 
(*ases A and B Ilu viuihU i ite m ( isc ( is 
reduced from ISs to Hs Ihi ft at nit of higha 
tfficienct/ of tin votlman Jhc wages, which won 
moreisul in thiee ( ises rtspectnely fioin lOd 
to Is pel houi tioiii Sd to Is and fiom Od to 
Is, nc\eitheUss liguit it 11 12s Od foi Cist \ 
IS against il 17s 5d foi C isc 4 (hr |Kic<nli < 
for impiodiioiive laboui filling likewise tioin 
Is lOM to Is 7^d 111 C is« ( the told job tost 

13 I6s Hd foi labour ind futoiy buiden is 
against £4 17s Ohl m C isi A ti ide fonditions 
being the same. Hid the fieloiy m question dis 
tributed the fietoiy buidtii by iiu ms of in t\tii 
iiorcentago foi both disscs of ox])Oll'^e tho hunt 
tor every month of the ;ycai the loss would hwt 
been there ill the s mu but it would h iv e reni imi <1 
undetected nirl the gteitoi tho sd s it tho hid 
tmus of the yeai the gu itei the lossts ni idt 

Unproductive Labour ^h< pth tut ue of 
unprodiutivc laboni chi/goihlo foi tich shoj) is oh 
tamed weekly tiom tilt pi} loll indisjuo i liedoaei 
tho cost of pioduttivt lahoiu t i tlu siiiu pniod 
the mdutet tlnigc is thus boilxd m the tin 1 
cost of pioductioii IS IK II Iv I possible m aeioi 
dance with tuts hy tins system of loinput itioii 
the factoi y i ost of i pi oil u t is < omjiosi d of 

(а) ^1 ho lost of picdiitlivi 1 ihoui 

(б) The eosi of pi od 111 live in i lend 

(c) The inithini latc foi ill mulntus used in 
tho piotf sses of minuficlme ihai^tdfoi tlu c\it( 
time dm mg which they weit nmnmg 

(d) The siipplenuiitiry t itc foi the simt iniim 
bei of hoiiis IS (c) o\ i n. the imdisti ibuti d f i tji\ 
exjx'nso itldmg to mi hiiies 

(c) llic pCKtiiti^t intiiiig till ost of dl Till 
pioduetive 1 iboui muoniuetod with tlu mailimt'^ 

{/) Jhe pcictntigi loaeimg the lost of all iiii 
productive luateml oi sujiplics mch as biooni'^, 
liiukets stationer} soij) iti imeoimci ted with 
the maihiiKs, lompiited weekly fiom the store 
keepei s dislnnsement ends 

The selling cost is found by uldiiig to the f letoiy 
cost tho pci cent igo ot geiici d i«t iblishmcnt and 
conimeieial expense foi othcc silincs, lent, m 
suranco, interest, dcjiteculion on all depirtmeiits 
butside tho factoiy itself 
Systems for the Stores and Stock 
^ Pi^nrtment* The stores and stock depaitment 
oAres for all material la one of tho first to 
, gystoiiiaiisedt Each of the two terme used for 


material had a definite meanifig ’’ denotes 
raw niAtenal and partly or whofly finished articles 
pvreha^ed froin ontstde , wliereas ^tock consists of 
Imishod articles or parts manufactured hy the fac 
ioiy itself 

Stores are pioduetive when they oonsist ot 
mituiai Ol parts used directly to produce stock 
non productive when they consist of supplies foi 
fictory Ol olliio mcessary foi the routine work or 
for the in imtenance of the plant, such as emery 
wheels gimdslonos sUitionery, tiles knives 
hiKkcts, twine, hiooms, etc 

The Equipment. The stoie oi stock de 
jnitment consists of a loom or senes of rooms in a 
inti d position under the control of a stock keepei 
who done is in t housed to m ikt disbursements, ind 
til n only on wiittin and signed requisition 

I lu sliL 1\ { s bins and i icks should be easv 
of icciss will built, and provided with '?onu 
nil ill nurd divice foi regisiiimg disbursements, so 
(li it the stock keeper m ivknow it a glance what liis 
usuve IS ( mint 111 ^ sc des ind dl devices whiili 
issist 111 weighing ind couiitmg out dishuisenients 

I ipjfllv ind with unfiiling icciincy sliould hi pro 
vided On the <.hj) n cuds arc spues for inseitmg 
tho luimbei of the box, the date iccnved and re 
till mil I mpty thcnimcof store*!, number of pieces oi 
|inntii\ the f u tmy oidei uul ii quisition numb is 

and lines toi the signatures of foiemcn ind stook- 

II pel The slock kccpci ncids a i abinet toi bis 
pcipctiid m\cnloi\ ind ih iwcrs foi i supply of 
(lisbui'^tmeni and other i ird*^ Jhe staff loii 
SI t of the 'lio k keepei and of onooi two issisiants 
without uithonty to mthoi se (^biirsemcnts 

i ill toi mi r IS I c sponsible foi e\ny ounce of initciiiJ 
ml e\ci\ unit of stock committed to his clnigi 
will h must be accoimtid fot If there bo a recortl 
ofh i no ckrk will be needed A numbei of 
tin k(is must he jirovided for tlu ti inspoit an 1 
dflivfT\ ot mifciid, mill tin lollcction of cnipf> 

I »\is I )Im 7 f n] f 7l nil 71 to fetch and iaii\ 
stoiis )i K jiiisilions undci inv ciicumst inci s 
(b( 1 itti 1 K coiuiycfl fiom tin shops to the stoic 
lc])utimnt thioiigli pneumatic liihts 

Routine of the System. Wo vdl ‘'up 
post til if the stock keeper (liscov CIS by meins f 
Im^u sign ils m Mu shi]) of leil libs on tlu cuds 
ot Ins jiijiitud mvcntoiy thit fresh 'Stores u( 

II jiiiri 1 It there be iiecoid office he mikes out 

|m Inse oidti \liei i ou'^idiatioii with the ic 

I >idlee]»ei, md sends tins ordir to the geiier d 
m mi II tni sign i1 me , it is then passed on to tho 
c >iif>j)ondi.nf ( dopirtment, where it is duly regis 
tiiid md s gned tlu diiplicite order being suit 
to th leeoid offii i Tt time bt noreiord ofh i 
tlu sto kkoepoi meioly notifies the mtnigei of th 
] III Insi diputmenf by meins of a iiqiiisitioii 

I lid givin the pirticuhis of the purchase 

\s soon IS icceives tlu stoics, the stock keepei 
n ik(N oiil i matciiil received eird, giving the 
lumiber of tho requisition order, ditc, the quantity 
md e mdition of the goods he sends this eaid to 
tlu I ost keeper the freight and 1 idmg cliuges 

II ivmg bet n sent duoct to the cost depaitment fiom 
tho receiving loom *^1 ho stock keeper then duly 
iigisters the miterul received and the bihnto 
on haiul on his pcrjiclual inventory card, as well 
IS on the dial oi indicator as ho stores the goods in 
bin, shelf, or rick In tho record office, the requisi 
tion cards received by tho stock keeper are filed m a 
week a file as they come m from the stores de 
partment, until the weekly stockroom disburse 
inent and inventory reports are made out These 
show the total diabursementa charged tdeaoh order, 



and to a^ch department, olassified a» productive 
and non-productive, or as charge or factory 
burden. From these disbursement cards, the coat 
department compiles the factory burden and general 
expense summaries and computes the weekly 
machine rate and supplementary rate, the per- 
centage for non-productive factory labour, which 
are then pro-rated on the out])nt for the week. 
The cost clerk uses tliese to determine the factory 
cost and selling cost for each article on order. 

System of Timekeeping. Labour is the 
most important f.ictor in all business iiiulertakings, 
and figures as the largest item in the cost of pro- 
duction. We have already considered, in a fore- 
going section, the advaniagos of a labour depart- 
ment, and the most satisfactory methods of treating 
employees. A practical, u])-to-dato system of 
timekeeiiing is required, liowevor, for the working 
of the cost department. For Avant of accurate 
records of the distribution of llio labour charged in 
the pay-roll among the produelion orders, managers 
arc reduced to guessing or estimating, as it is called. 
Experience has shown the <langer of smli an ex- 
pedient ; the workman must furnish two kinds of 
records, l)ut as the workman is a bad hand at 
writing, machines are used as substitulcs. 

The Mechanical Recorder. The Ro- 
chester mechanical recorder consists of a clock 
working in connection with ingenious -jirinting 
mechanism. A card ruled for eveiy working day 
of the w'oek, and furtlier divided for morning and 
afternoon, both in ami out, is taken by the work- 
man on entering from the ‘‘ out ” rack at tlic side 
of tlio recorder, Jle drops the card into a slot 
under the dial, presses a lever, and tlie exact time 
shown by the clock is printed in the proper space 
on the card, which then drops into a receptacle. 
The W'orkman takes it out, checks the enii\y, thus 
preventing the jiossibility of argument on pay-day, 
and places the (.aird in the “ in ” rack. Eveuy nigb.t 
after the workmen have passed out, the (iriie-clerk 
collects the time-cards from the ractk and leaves the 
intermediate sot to take their place ; one set of 
buff cards being for ^londay, Wednesday, and 
Friday, the other. Iilue, for Tuesday, Thursday, and 
Saturday, the object of this being to enable tlio 
cost department to use tlu? canls day by day, for 
the purpose of elieeking the job-cards, '.rimekeep- 
iiig at the gate is entirely unnecessary and is being 
abandoned. 

The Job 3 card. Inafearl of the old-time 
board, on whicli the men ivere (‘X[»eeted to enter 
from memory at the end of the day the time they 
had spent on eacli job, the mechanical recorders 
are used, and the workmen is relieved of all elerieal 
work. The recorder regist(‘rs the time occupied 
by e.,ch operation, a. separate job-eard being us<‘d 
for eacli. The card is j)repared before tlie work 
is handed to the workman, and boars his name, the 
date, order nuTuber, do])artment number, name 
•md particulars of o])eratiori to be ])erformed, the 
schodule number of the machine or tool used, its 
hourly rate, the ra te of ])ay of the workman, Avhether 
by hour or piece, with a column for extension : 
spaces are besides provided, under “ start ” and 
“finish,” for the recorder to register the time 
expended. The workman liaving registered start” 
pins the card up in front of him until the job is 
completed, when he takes it to the foreman, who 
examines it and punches or signs it. The workman 
goes through the same performance with the re- 
corder to register finish ’ on that card, and again 
“ start ” on the new card which the foreman held 
in readiness for him with his next job. If the 
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foreman be alert, not a minute need be lost between 
jobs, in fact, the latter is held responsible for all 
such intermediate loss of time. 

The foreman forwards the job-eompleted cards 
as ho receives them from the men by pneumatic 
tube to the cost de})artment, where they are tiled 
temporarily for the day with other job-cards under 
the man’s name or number. After being balanced 
with the day time-cards, the job-cards are used 
by tlio record office to com[)ilo various records 
such as the comparative eost-eard. From the 
records the manager ('an see at a glance the 
workmen who have distinguished themselves and 
jiroved most elhci«'nl. 

Three diflerent labour summaries arc eonijiiled by 
the n'cord ortiet' from these two sets of time-cards. 

1. The weekly labour summary of productive 
and n(m-])roduetive labour for each department 
which is charged lo that department. 

2. The total Inborn* summary for the factory (this 
may bo issued by the cost department if preferred). 

3. ^’he total labour card for each order, indexed 
numerically, which is issued as .soon as the order is 
complete, and fnrnislu'S data for the detailed com- 
plete costs sheet. 

Day^^rate and Piece*worK. Day-rate 
of pay by the hour is the oldest and .simplest 
inetliod of remunerating labour ; it has the dis- 
advantage of ])laeing the (‘m})lover at the mercy 
of the workman l)y making the labour cost of a 
product entirely dependent on the honesty and skill 
of (be w'orkm.in. Piece- w’ork carries with it ad- 
vantages and )K‘naUies; it tends to place the work- 
man at the mercy of the emjdoyer, in the matter 
of entting the rale, but it gives the workman the 
entire benefit of the increased output per hour. 
The evils of this system are its failure to safeguard 
the interests of tlu^ workman and the demoralising 
effects of the j)enalt ies it ('arries ; the workman 
los('s, if h(' be imskilfid or sla(‘k in making an effort, 
and fails lo make a day's w'age at bis hourly rate ; 
blit, on the other hand, if he bo over-zealous, he is 
(^ertain to find the rate (*ut. the ro'sult being a 
partial or tola! relaxation of effort. 

The Premium Plan. premium plan 
is the fairest of all methods in ])rjiiei}>le, and is 
aliealy (lie most widely practised; its central 
idea is an equitable division between employer and 
workman of any profit due lo increased output of 
the latter. It ])resupposes the payment of the 
time-rate of w'ages as a basis, so that to the slow 
workman a fair w*agc is .Ysiired without fear of 
jienalty, a lixial premium (icing offered per hour 
saved on the standard time agreed upon for each 
job. The ])n'mium eon-^ists generally of 33;V 
cent, or oO jier cent, (in the Halsey system), which 
works out thus : 

Supposing (he standard time for a job bo fixed 
at ten lumrs, the (allies on lU'xt ]iag’ show tho 
w'orking of the ]>romium plan on the basis of both 
33 .j per cent, and of oO ]ier cent, jiremium. 

A modification of Halsey's j»reminm })lan intro- 
duced by Mr, .las. Rowan, of (ilasgow, and known 
as the Rowan ]iremium i>lan, is preferred by many. 
Tliis systi'in givt'S the workman a ]irominni propor- 
tionate to the time saved (in the time limit. If a 
man reduces the ten hour limit by two hours, i.e., 
20 per cent., he get.s a 20 per cent, increase in 
xvages ; if by three liours, a 30 per cent, increase and 
so on. Hero the workman s advantage is greater 
on the first saving of time, but decreases on the 
subsequent savings, compared to the other methods, 
as tho saving increases. 
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liboul aio open to in my ohjc tions oiu tint 

lir 1 »»10 custom of fit (piont b il m ts si^mnithly 
— has become uiiiveisil tin bem lit to bt dt lived 
by the workmvii is too lonj^ d ftiitd Sttondly 
the profits oi losses of nn judnstinl tnloipiiso 
depend on in m\ futois with wUidi tin vvoikmm 
JK not 111 tlu leist ronreincd J( is not f lu tint lu 
should slnie m eithei ])iofit oi loss tvnjit on tlu 
item of eosl ol hboiu 'ilonc m tlu losts ot pioluc 
tion, X pi in which Ins indeed luen sn^^es^id 
but which IS too ooiiiplu ite.d in th woikin^, to 
hnd much f ivoui with in istei oi in in 

Labour-Saving Machinery. V f ilse jrU i 
obtims credence unong fho employe is m minv 
British futoiies tint 1 1 bom iv 111^5 mi hmeiv is 
a iiienato to the wotkm^ min 1 his is moie 
ignoi mt tnejndue 

Ilufc IS iiioic s( 0 ])e tor skill ind sliuj) wits 111 
woiking most miohims linn in i< om])ljsliin^ cue 
m mini process indthnittl> 

Li bom saving muhincs iie in( ouI> uni 
in the woikshops loi nnnuf ittui m^^ I ut lo 
m cost keeping foi the fictoiy sudi is tlu 
tibulitor to which leteiince. 1 ns luen mil 
dstwheie m tins senes It js i iindinie whidi 
we owe to the ^eiiius of Vimji \ it Ins prove 1 t 
the gicxtest use^ not onlv m mdustiv but t) 
statistienns 'ind otlieis en^i^ed m nnsns woil 
igiicultiir il \nd piilnmort iiy letmns in wliidi 
the lapidity ind lecm ley with win h this ek ti 
machmo mikrs eomput itioiis is of the jjieitist 
value In the futoiy ill tlu v mous totils fiom 
the tunc ind liboui ends 01 m\ otlui, e in 1 < 
added by meins of this midniu with xbsolutt 
acciu icy in a few seeoiils it idds up bi^vei il 
columns ot tigmes fiom th( i iids is tlu\ uc te I 
to it and le Lusters thr totils on i <lnJ uldin, 
simult uieously, fox inst me e 1 he nuinlu i ot hours 
and quaitei houis, and the ost ol the 1 iboui 111 
£ s d (Inc deik eills emt the totils 01 icsults to 
the punehci, who ti insi nbes llie h^iiies into holes 
checking them ovci with the die k, md thee uds 
are then fed into the nnc hints, unless tlicv 11 c to 
be sorted fust into groups 
The Calculagraph* The most )>iohhc 
aoinco of error m fietory cost keeping is un 
cioubtedly the method of iceoiding time, time be mg 
the most impoitmt element m computing the 
cost of iibom Expenonco has shown that the 
average clerk frecpuntly makes mistakes m leeord- 
Ing ehpsed time by me ms ot a pencil and clock 


dial, nor does he always stibtraet the time of day 
conootly when fnniished with mechanical recordei 
time caids Theie is the additional danger that 
when looking ovei a card containing times ot 
beginning and times of stopping, he will mix the 
lecoids and subtract fiom the wrong finishing 
time J he eilculagiaph saves 50 pei cent o? 
iiioie ot the time eieiks work by legisieiing th 
time it vvhi h the job began (much is otlui 
meduincil icicndtis) subtiacting this from th 
tmu of hnishmg md jirmtmg the dilTorence 01 
time di[)st(l in hours ind minutes on the card 
dio]>]Hd into the slot all the workman has to do 1 
to ] ush tht c lid into the slot and pull a lever 
I he numbci ot cilculitions this clever machine 

nil kc IS onlv limited by the nunibei of caid 
it IS pos iblf to push ( cmsteutively into the slot 
dm iiu « -,i\ t n lime 

The Addressograph. Another laborn sivei 
IS the ru/d/c oqtaph, a useful machine oiiginilly 
intended s its 11 mu mdieitcs foi addressin,^ 
(nv(Io]ies 01 \M ip]>iis of legulii eoriespondents 
OI siibstrjbtis it IS ilso id i pi eel for prepaimgthc 
list of n lines ot tlu wt kly pij roll of workmen 
J liL numbeis ind names of the men with the iite 
of piv numbei ot depiitmcnt whethei piodiictive 
<1 n >11 juodiu t ivi lie set up m lubbci type 111 
sill ill me til tiiiiKs linked together m an endless 
him Jlu chill) when set up is iiassed ovti 
i diiim will h IS mule to levolve by pressing x 
level with tlu foot pnntiiij, the uimcs etc in 
sue es ion in i sheet j uk d ind pimteel tor the 
I III pose > oil III IV h IV c is m my clnins of 40 links 
e u h IS \ou It juiic to use with the shuo michme 
Ihc ]) V lolls cm thus be made out with gieit 
suin^ of time Ihe idoi em be extended and 
the mu lime used loi a v iiiety ot purposes 

Thexton*s Envelope Sealer and 
Stamp Affixer. This ingenious device auto 
mill x0\ SI ils envilo|us led to it it a rapid 1 xte 
w( i-,hs uul stimps Ihim le^istcimgon an mdicat 1 
stiip the niimici ft ktteis ot e uii denornm iti m 
ol st imp ilhxed I his muhme is not onlv 
lihoui sivc! ol tlu K itesl v iliu but its ic^sU 
iKo linns i elufk on the icc ui ley of the post) 
kil s If )unt 

I iinllv theie iir (life sfimjs innnmei ibh nl 
itliei (hvKis well known to ill business men 
I III Ijn/h / i js 1 iisefiil contnv me not t r 
upjilvm^ hi im« lo thosi who no ddicieiit but 1 >i 
til iMuiiig uj) ill IS intiijBins, items ot new 
uiiliy diti in f t whiih tin busy nun know 
lu miv liiul useful some eliy mil yetemnot entin 
(iitiiely to i mfinoi> oviiihaigod alrcadv will 
dctiil Instill of jotting down the ideis m 
note book they iic jotted down on a hat fiom tli 
desk pul V spire dr iwei in the desk lets 

bi un ))o\ rim only leiessoiy which has to b 

piuchised IS i set of lolouied guide cuds with 
t lbs on whif h in ly he w rittcii a lettci of the alphxbet 
Ol a sub)!. it ^Ihe mdnoH are numbered md 
then dioppcd 111 ficmt of the guide caid beuing th 
initnl ot the keyword V ^heet of blue pxpei 1 
kipt directly m fiont of each guide cud, on 
which ue wilt ten the keywords of the memos 
Ik mg numbered consecutively, beginning at I toi 
I ich letter of the ilphabet, so that you hive « 
complete list ot the subjects tiled for reference 
it IS qiuckci to run youi eye dovm the list thm 
to search through the pipeis, and the nuinboi 
give a clue to the location of the particuUr item 
wanted in the batch in front of the guide card. 
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STEAM TURBINES 

The Advent of the Turbine. The Parsons and 
other Turbines. Details of Turbine Construction 
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DEiCORE the advent of the little “ Tiirhinia,” in 
^ 1894, neither engineers nor the general pnblie 

had ever dreamed of the ])ossibilities that lay in 
the steam turbine. Rotary engines in largo numb(‘rs 
had been patented and made, but they were mostly 
unsuccessful. The advaiilagos of the rotary ougino 
aro that there are no reoi])rocating parts to he 
brought to rest, and to have the direction of their 
motion changed twice during every revolution of 
the engine shaft. Hence, the turning etTort at the 
latter is regular, apart from the eijualising elTect 
of a llywhecd. In fact, so regular is the movement 
of a steam turbine at the higliest speeds that it 
will run steadily without being boU(‘d down to a 
bed-plato. Standing with the bnek to the hirbine, it 
is often difficult to say whether it is running or not. 
Besides these advantages, there are the absence 
of slide valves with their friction, and of rubbing 
parts, such as crosslieads and their guides, no 
(Tank shaft or crank pins with their bearings, 
and no reciprocal ing iiiston, reciuiring oil. And 
(^specially valuable* in marine engineering is the 
smaller space occupied by flu* tiirbim*, both in 
area and in height, in comparison with the re- 
ciprocating engines of e(HiaI powi'r, the relationship 
being about as one cul)ic foot to four. 

Water and Steam Turbines. Though 
the water turbine had come into general use. dis- 
placing wat('r-wheels in large numix'is of eas(*s, it 
was reserved for the Hon. L\ A. Parsons to sliow 
how the same essential design could lx* utilised for 
steam operation. Rut steam is highly elastic and 
water is not, which fact renders several mo*diticat ions 
in design and s]ieod necessary: Imt essc'nti.dly tlu* 
steam uiul the water turbine rcs“mble each other. 
Each is designed in either reaction, or impulse 
types of wheels. The idea underlying the two 
classes of turbines is theroforo alike, whether 
water or steam be used. In each ease, instead of 
static pressure there is dynamic action, the .act ion 
of a licjuid in rapid motion o] (crating either by 
impact, or through the 
inllnence of inertia. 

1'he differenees in 
the two are th(‘S(* : 
wat.T has a much 
greater density than 
steam, and tlierefon* 
water turbines can be 
opor ited correspond- 
ingly slower than 
steam turbines. The 
latter must have 
high velocity ; even 
moderate vt'looity is 
])o.ssible only by plac- 
hig many turbine 
wheels in seri(*s. Tlio 
Ibgh degree of elas- 
ticity of steam results 
in expansions, to utilise 
which diverging coni- 
cal jots are essential in 
simple turbine engines, 


but are not re<piir(*(l with water motors. And 
when turbines are ]>laeed in .series they mu.st be of 
increasing ca]>acities to utilise the sueeessive ex- 
p.inskms. Also the residt of expansion is to 
|)r(^due(* condens.it ion of the particles of w'ater 
mixed with the steam, to increase the friction, and 
Old away the leading edge's of the blades and 
shorten the lilV of the engines. Turbine.s thus 
differ, it will be seen, from reeijuocating engines in 
the f.iel tb.it the rotary motion is due to differenei's 
in steam pressure, either by reaction or impulse*, 
instead of static pressure between piston and 
eylinde*r end.'>. 

Classification. f^fcam turbines may be 
el.isscd as com])ound or multi-ex]»ansu)n ; as 
single ex])aiis|on, and under a third group, which 
eompri.ses fe'atures of both kinds, with other 
variations. The PaiMUis. Ratenu, and Zoclly 
belong to the first, the* He Laval to the second, 
and tlr Curtis, the Reicller-Stumpf, and some 
others to the third. 

Compound Turbines. The first eomjiound 
st(‘am turbine, built by Parsons, in 1 884, is now in 
the* South Kensington Museum. Without com- 
pounding. the* moderate* s])eods rerpiireMl in eom- 
mereial engine's would not be ]x>ssible. It is easy 
tea expand the ste^am down to 1 2.') stages by passing 
it through one bigli-](ressure, and two I (.iw- pres.su ro 
turbines, hi 1892 tlu' turbine^' sv.as first adaided 
to work in eonjniu tion with a eonde*nser. 

The Parsons Turbine. In this [ 81 ] the 
.'<team is ex]>anded many times, p.issing through a 
suee'c.ssion of turbine* rings proportioneel for .small 
siieeessive dreips in pie'ssure. The gre.it .idvantage 
of this arrange'iuent i'-> that tlu* steam travels at a 
v(*rv mod<*rate* velocity, au'l the r.ate of rotation is 
sulh(*i<*ntly slow - froui KK) ft. te) ft. surface 
spe*('*d ]x*r s(*eonel — to permit the turbine to be 
eouj»l(.*d direct ly to dyn.'unos. .screw proj)ellors, 
fans, etc., without tlie necessity for gearing 
down. More*eTve*r. though the* expansion at eaelj 



81. SECTION OP PATISON.S TURBINE 
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»tage w niurnte m amount, the total expansion 
over the whole range is large Ac tu illy fiom 
iO per cent to 80 per cent of the total energy m 
the steam cm be dehveied to a whift toiipled to the 
j j j turbine In \ lew of the 
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tact of gieat expansion, 
the vihu of vacuum is 
grt it, more so thin m 
ict iproc ition cnginta 
hemo 1 good condensing 
pi int js m esscnti il p irt 
of the c(|iii])incTit ol i 
stoiin turbine An in 
cieise of I in ol vncuum ibovo 2(> in diminishes 
btctim consuiii])tion by liom 4 [lei < cut to 7 pci cinf 
In the other direction supeilu itmg th( sU im his i 
similar etleet, ind it is thciefoir prutised J viiy 
10® F of sujieiheit itdii cs steim lonsiimpfion 
by about 1 pci c i nt 

The design of tlu Pusoiis tuibim is shoi\n m 
longitudmil section m 81 1 sscntiillv this com 

I)ri8es a revolving (hum oi shift, u, tin lotoi ’ 
of large diimctci, within i cylinder, h !< iving m 
uinular space between the two which spue is 
oeoupiod by two distinct and nnmeious sets of 
ijiigs of blades llu rings c wIik h ])ioj<< t i idiiily 
fiom the spmdk arc the moving bl id( s Ol vines , 
those, d, which project in 
wards fiom the cising jih the 
fixed or guide blades, uid 
these alternate with spues 
between By tlua m ingc 
meat the friction of the stcim 
IS reduced to i mmmium, ind 
the clearances aic slight 
Action of Turbine. 

The action of tlie mechanisin 
is as follows iSteam enters at 
one end, it tlu left hind of 
the figure, uid ti ivtls through 
the annular spree between the 
shift and its casing Coming 
tiist m contict with i ring 
of fixed blicks it strikes the 
fast ling of mov iblo bluUs (sei tlu dctiil 82] 
causing them and the sjundJc to whaJi they iit 
attic hod to revolve tlu relitne dispositions ol 
the blades cnsuiing this movement is m w iti i 
turbines The steim tluiue jiisscs into the 
next nng of hxed blides md is div cited tluieby 
into the sucfeedjiig iiiig of mov ihle blidcs |si( 
the detail dngi im 82J And thus this iction goi s 
on throughout tho suns 

It will, howtvei Ih noted 
tint tin sjundle (u 81 1 is 
mule with thici diinutcis 
Ihcse (oiitsjiond with thiei 
m im stiges of expulsion 
hi cause is tlu stem loii 
tiiuiilly (\])inds iiid lows 
jiicssure, tlu blulcs hive to 
be liigii it Iho low^pTcssmi 
stigis The blidcs them 
selves also iiu lease in dii 
meUi along e ich m iiii stage 
As the picsbiiie of the 
steam would mijiiit an end 
long thrust to the turbine, 
this 15 resisted by three 
piston , /, one cone 

spending with ouch of the 
stages of expansion Com- 
munioation iS made between 
the steam at each stage 
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and its piston through the three passages seen, 
h h and it 

In order to help m mamtamiiig a high Vacuum 
a new aiiparntus, the “ vacuum augmentor '* f83] 
has been designeci and fitted to 
several turbines It consists 
of a small steim jet 
pJaied 111 a coritrieud 
liortiori of i pipe led 
from the bottom of 
t h < ton 
denser Iho 
jet di iws 
witei tiom 
the iHtii 
ind dt liviis 
it to the 
111 fuimj) 

Ihrougii ismill luxili ii y coolti so i educing the in 
to a v< 1 V sm ill mionnt 

(jiovt riling in the Piisons tin bim s foi elccti 
lighting st Uioiis is gem i illy effected by a ecntiifugi! 
govcmoi, which moM s a smill leliv plunger tint 
It gill lies the stt im idmittcd to i lolay which 
in timo acts on tlu mim stt im idmiasioii vilvi 
whit h IS usually of the double he it oi bahim t d typt 

Marine Turbines. It is i fai erv from the 
little Till bun i of 1804 
witli her engJucK of 2,000 h p 
to tlu V ist Lnsitanii 
Step b> ^tej) the s\ntibilit\ 
of the tin bine has been 
dcmonstintcd foi torpid i 
bolts dcstioveis, ('’lych 
]>leisuic st( iineis vaihts 
tiossChiniuI stciiiuis the 
Mlintit line IS uid bi^ 
miiseis llu idvmtigi 
jvti It i])ioc it mg engines \u 
nuim I oils the eli iwbarks ft w 
I he suing of weight of 
nuehinry is considei ihlt 
tlu (dll If ot gi IV ity is low 
flown the stc im ( oiisumjdion 
IS less llu di iwbicks ire those dm to the liiji 
fijiecd of tmlmifs md tlu itlitively ‘'low speed < I 
piojulltr*' iiul to th( non levcisibility of tuibm 
engines In wnslups inothei clifiu uity lies in tli 
‘'low rites for ciiii ing \nd the high sjieeels tint 
would bt H pined in Imu of ution Jliesodilh 
( ultics lie got ovt 1 by m iig v ii urns sets of tuibim 
high md low picssuie, ind loi tjOmg aheid ml 
istcin cuh 

tuibme set casing 

havmg its 
own projitllei 
md shift 
ligims 84 
ind 85 ‘'how 
111 v n g e 
meat > for a 
C h a II ri e 1 
stemui md 
I e r ii 1 s c I 
I he mveii 
tion of i le 
vcisiblo till 
bmo would 
be a soiueo 
of foi tune 
In the ‘ Cai I 
mama,” ono 
high-pressure 
turbine 13 . 
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placed in the centre line of the vessel, and two com- 
bined low-pressure ahead and astern turbines in the 
two wings respectively. The turbines make about 
1^6 revolutions per minute. The low-pressure turbine 
casings are 14 ft. outside diameter, by 3() ft. long. In 
the “ Lusitania ” there are four shafts, each driving 
an independent propeller. On the two wing shafts 
there are the liigh-prcssuro turbines, taking slcaiu 
direct from t he boilei s. Thence it passes to the low- 
pressure turbines on the inner shafts, and thence 
to the condensers. There are two turbines on the 
inner shafts for going astern, making six turbine 
sets in all. The surface sj)eed of the rotor blades is 
from 100 ft. to nearly 151) ft. per second. At each 
row of blades thor« is a drop in steam pressure of 
about 1 lb. per square irieli. 

The Parsons turbines have been now applied to 
vessels of every class, the most notable being the 
cruiser “ Dreadnought,” and the liners “ Liisitania 
and “Mauretania.” The total power of marine 
turbines only, of the Parsons type, made up to the 
present is 385,000 h.p., distributed ns follows : 
j)leasurc steamers, 18,200 ; cross-Channel steamers, 
149,000; yachts, 18,100; ocean-going steamers, 
91,900; war vessels, 100,900. 'Die total ]>n\ver of 
iiarino turbines of f)tker types is about 10,000 b.]>. 
Tlie principal apj)]ication tli( steam turbines . 
yot has been to marine w’oik 
and the driving of dynamos in 
power stations. Tludr practica- 
bilityhasals® been demonstrated 
ill the driving of fans, of centri- 
fugal pumps, of air eompressers, 
and as blowing engirn'S. The 
total horse-power of tnrbin<‘s of 
the Parsons tv])c is tkmiIv 
2,000,000 h.p. 

Fixing the Blades. The 

ditticultios in building up the 
blades of turbines are im- 
mense, since there must bo no 
risk of their working loose and 
falling out, but these ditlieulties 
enii be fully apju-eciated only 
by those who have S(‘eu the 
o])crations of building up. In 
the turbines of the “Carmania' the total number 
of blades is about 1,115,000. They vary in Ituigtli, 
being ’longer in the low than in the higli ])re.ssure 
engines. 1Miey have, therefore, to !)o bound togetlifr 
with circumfen'iitial stri])S, and soldered. Kadi 
individual blade lias to lie lit ted in plaee, caulked, 
sot, and individually inspect e<L Afterwanls then; 
arc difficulties in balancing, and in erection of tlio 
rotor w'ithiii its casing. 

Messrs. ^Villans ik J^obinson, T4d., manufacture 
the Parsons turbine, with niodiiications of their 
own. One of these relates to tlu‘ method of fixing 
the blade.s, shown in 86. The ))ladi‘s are. built 
up into segments, usually half rings, both for the 
shaft or rotor, and the casing. Each blade is 
stamped so as to form a dovetailed root or tang at 
the end which is fixed into th(’ segment. The free 
ends of iho blades are riveted into, and protecteil 
a ring or shrouding of channel section. The 
blades for a half ring arc assembled by lightly 
riveting the tongue of each blade into the ehaunel 
shrouding, and thrusting the dovetailed tangs into 
the slots in the foundation ring, 'fhe half ring is 
then placed in the groove provided for it in shaft, 
or casing, and there fixed by means of a caulking 
Mrip. Afterwards the riveting to tlic channel 
Bhrouding is completed. {The dovetailed fitting 
at the root, with the pressure of the caulking strap. 
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prevents the blades and rings from risk of flying out 
by centrifugal force. 

The De Lava! Turbine. This [87] is a 
liigh-juesHure or non-compound turbine. The is.su- 
ing stoam exjiands iii the nozzle |88] and strikes 
the bucket of tlic moving wheel with a. velocity 
of from 3,000 ft. to 4,000 ft. per second, which 
wheel rotates at a surface speed of about 1,380 ft. 
]>er second. The v{4ociti(‘S of the wheels arc so 
high that reiliiction has to be made for driving 
purposes by moans of toothed gears. This turbine 
resembles in priiici[)lc the Pclton wheel, and it 
has but one circle of buckets. 'ITiesc turbines an? 
very remarkable on account of the extriMnely high 
speed at which they nm, making from 10,00(3 to 
.30.000 revolutions ]K‘r minute, according to size. 
Steam of any pressure may be used, but the higher 
(he ])ressiire the greater the jiower deveIo])ed. A 
remarkable feature is that whatever the initial 
pressure the PX])ansiou lakes plaee adialiatically 
down to the prt'ssiire which exists in the ehainber 
in which the turbine wlieel revolves. 3’he steam 
is expanded in the eonieal nozzles |88], and this 
gives a very high velocily of outflow. Professor 
Zeiiner has shown that if the steam is expanded 
adiabali(‘:ill>' in a suitable nozzle all the potential 
energy of the steam is transformed into kinetic 


ei'Cigy, ami that the latter corresponds with the 
amount of Mork which the same steam would have 
])ei formed if expanded in the same pro])ortion in the 
cylinder id an ordinary engine. .At 200 lb. initial 
presMire, steam ex})andt*d in a nozzle down to the 
jiressurc of the nlinos])hcrc has a velocity of out- 
iluw of 3,115 ft. per second; or down to 28 in. 
vacuum, of 1,127 ft. per sccoml. Steam expanded 
in a nozzle from 280 lb. pressure above the atmo- 
spberi‘ down to 2S in. vacuum hvives tlic nozzle with 
a velocity of 4,229 ft. pi'r second, or over 48 miles 
per luiiinte 1 With such a velocity the jet would pass 
round the earth in S hours 37 minutes. A 300-h.p. 
turbine wlieel which runs at a ])eriplieial velocity of 
1,450 ft. })er second, and is 31 \ in. in diameter, would 
travel round tlie (*artli at the eijuator in 25 hours. 

The Nozzles. Much dcjicnds on the desigii.s 
and arrangements of nozzles. A nozzle of a given 
dimension i-an ])ass only a certain quantity of steam 
at a fcrtain pressure, 'riius |89], one ])roportioned 
for steam of 200 lb. pressure will jiass 479 lb. of 
dry saturated steam per hour, which fact is taken 
aeeoimt of to aseerUdn tlic steam consumption of 
turlu'nes. 3’hc nozzles are placed at a definite angle 
with the })lane of rotation of the wheel — namely, 
20'. The linear velocity of the buckets should' 
be 47 per cent, of the velocity of the steam. 'ITio 
absolute velocity of the steam leaving the buckets 
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»hOuld be i4 per cent of the initial velocity The 
energy absorbed by the turbine wheel is then 
88 pel cent of the kinetic energy of the steam 
The nozzles iro only about one sixteenth of an inch 
away from the buckets, so that there is no loss of 
velocity The no/zlos iic jnopoitioned to the 
picssiiie ot steiin Figiiie 89 illustrates one foi 
200 lb stesin jiressuic, and 2S in vicuuin 
the set lion A where the steiin enttrs the intssurt 
IS 200 lb above the atinospheic Tt is cii} iiid 
fiee from moisture In tlie uo/zk B ils picssiuc 
becomes 1 10 lb and it hokk 1 per cent ot moisture 
its veloeitv is 1 500 ft pei second \t ( the Ingest 
section with 28 m of v u uiim the pcieentige ot 
moistuic becomes 21 pci tent md the velocit\ 
4,127 ft pel second Ihc propoition between the 
areas ot the hige ind siiull sections should be 
27 234(5 Ihe stc un no/ 


/les aieai ringed it intei 
vals loiind the wheel 
leocivmg the su im fiom 
a chest m the tuibme 
ease Each noz/k h is 
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its shutting of! \ live [88] 88 di i w \t no7/i l aisd 
so thit it can be 0 ])en<d suiqtim on \AJ\L. 

01 closed it Will vvliah 
peimits of woiking the tuibnes 
at 1 educed load 

Flexible Shaft I uh 

bucket has to bo htted h [i i 
rately into the solid wheil the 
fitting being by dovctnls Un 
flexible shaft is in essenti il ckt iil 
of these wheels without whicli no 
amount of bihnemg would 
vent vibiation it the livb spicd*^ MO a a AOfs 
ot revolution A n^id ''h iH 
would soon e vum luin to (he 
bearings C sing i flexible sliitt 
the vibiations elisifipc i it i 
coitiin ^t ige I Ins is not k idilv 
capable of cxjihnition liut tlu 
fact IS cleai from tests \( tli 
stages of funnm^ the shot vil»i ites but 
it wlnt IS U lined the eiiti il sjited 
the vibration et ise s niel (he shift luiis 
steadily thi'> s( i^c he mg (cimcel the 

settling of llie wheel Ih shitts 
-no sm ill on ueount ot (lie hi,^h spe e el 
thlt for i 100 h ]) l heel bein^ emiv 
1, in diamitei 

Ihe ve ly high sliced of le volution his 
its utilitic'' nid its eltiwfiieks [( is 
V iliiable foi the due t eb iv in^ ol d^ n imos 
of cuitiitugili piinijis me! eil I iris But 
I eduction ge ii is ne e e u > fe>r or dm u y 
mae.lnnciv Double he Ik il >,e ns ne use el 
The jimion is cut in e)n pje e with the 
shift, and is ot hud steel nid the teeth ot the 
goal ing wheels iieeut m i suftei steel the Ime u 
velocity ot (ho teetli is iboul 1 000 tt pei second 
Tho legulition of th s]k e d is by me ms ol i eentir 
tugal govoinoi, fixed on one of the gc u whee I sh itts 
which controls i double st ited tluottle valve 

The Curtis Turbine. Hus is of the 
impulse type Groups of expanding noz/k s aie 
used to convoit potenti d eueigy into kinetic oiieigy 
,But expansion is ako c lined out m two or more 
Stages, thus combining tho piinoiplcs of the two 
mam types of turbines alieady desciibed The 
Jkiumber of stages is governed by the degiees of 

^pamion, and by the velocity which is desirable j 

JSaeh stage is separated from fhe one adjacent by a the problem of a gas-^jven turbine. 
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diaphiagm, steam tight, except where nozzles are 
inserted foi the steam to pass into the next stage 
Figure 90 IS a diagram of the lelative positions of 
admission valves, nozzles, and buckets in a two 
stage turbine The steam coming from the steam 
ehest i)assti througli a series of expanding nt)7zle«» 
thence througli two or more imgs of moving 
blades, or buckets on the rotor or shaft Stationai v 
bl ules on the casing lediieet tho steam received 
tiom the lotatiiig buckets into the next set of rotat 
mg bucket'^, anti so on A high stcim velocity 
thus midt to imfmrt a mock i ate speed to tin 
tuibine This tuibinc is of vertical tyjie Ih 
steam issut s from the iio//ks it a laie of about 
2 000 ft ])er Hceond ind the siuface velocity of 
(Ilf buckets IS ibout iOO ft per second Jht 
icvolving buckets ue cut out of a solid iing bv 
mielimory, and so ait 
those m the stationai 
1)1 uit*' which avoids iisk 
of accident il looscnm 
of these import int eh 
ments 

The Zoelly Tur» 
bine. This is a multi 
it ige impulse motor It 
fompnscs a high iiiel lowpiessiiie 
c i**!!!^ e le li ( out lining about fiv i 
elcim nts Ste im js jiitrodiuel 
into the fust set of guides and so 
])\ssing thioiigh the senes o\ 
pinds ind loses piessure, doing 
vvoik until exhaustion tikes pliee 
1 h high ind low picssme casings 
no distinct but oil the same bid 
pl lit ihc nuiufier of elements 
IS f( w in fompujson with most 
tuibim and tlie tthcioneies iir 
high 

The Rateau ^ Turbine 

I his ( ompi ist s I series of movuur 
nn„s ilteinitm^ with discs titled 
inside ol tin i ising But itdiffei 
tiom till i*usons in bi ing of whit 
teemed multi ellul ii t^pe [91] 'lint i 
the moving \ men m lixed to the pen 
])heiies of fl it whi i Is se p u ited ftoriee i h 
other by di iplii igms which divide tli 
intenoi ol tin tuibme into cells I i 1 
(hmeiit m i single cell eompasses on 
distiibutoi uid one moving wheel It 
IS eliimed lint veiy coiisielei ihle jilu 
e 111 be lilt between moving jiiits in 
this design winch f le ilitates constiuctiou 
and lessens iisk is we ir takes place V 
ilso the pussuie is uniform tucic is ii 
longitudiinl thiu'-t on the moving put" 

\ mis ol cvliiuhieil form ate imb I 
on the j)(ij})luues ol tlu discs irid x steel biml 
nveted to tlu vines Ihese moving wheels t mu 
between eiieulir diijihi ignis provideel with disti 
buting vanes vvlueh enti i ein umfeienti illy mt ' 
grooves foimed in the intenoi of the tuibme casiu^ 
Jhe nmthemities of turbine engineering must h 
studied in works devoted to the subject The leil 
dilhculties arc those due to eoiistruction, consequent 
on the lirge number of buckets, the high lates ol 
lot at ion, and the evils of wear There aie otli‘ i 
turbmr s besides those named, but up to tho piesent 
tune these have been the most successful Thei< 
ore types m America and Germany little known 
heie, many engmeers are also now working 
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'T'HIS course cannot ]>ittcnd to bt t \li tiistivc, foi 
* the subject itstlt isalnio'^t iiuxluu'^lihk Iti^^ 


obvious that thcit must be many omissions m \jc\\ 
of the \ast mmibci of iitichs tint u< toloiiud 
artificially foi one imipo^'e oi inotlui 1 in inn 
Iherefoie, his been to dtstiibi the methods d 
dyeing of as long i list is jiossibk of the juimipd 
eomnieicial commodities 

It IS veiy evident also that the stupe ot tia 
coiiise does not vllow luythiUj^ i])|)iouhm^ i lull 
K count of ill tin pioeessts iis( d m dvem^ smh 
^oods leathei, foi jn^time \ ohnius hive been 
devoted to this subject ilonc iiid the imi ot tins 
course must be to mda lU the bioid pnnciples 
upon which the dv Cl woiks m tn itmjjculi iintcinl 
I Ins, how c vei c lement ii > , should be of sc j v k t I n 
dl blanches of d^ciiv the lust tiling tlu ci iftsmui 
must uiastei is the bi o id pi me i pies ot liis n t I In'- 
knowledge accpiued, the ust is i mallei ol e\]Ku 
inent and prulicc 

Tn this article we slnll considci b lefty the 
dyeing of Ic it In 1 , pipci stj \v\ gi iss vvckxI eliip 
Tndfeatlieis m the cone ludmg irticksvvc sb ill atucly 
liiefly the pi oc esses ot dyemg imible ind stout, 
Sind, hoi n ivoiy vCf^ctibk ivoiv bom,motbei ot- 
j)^nl, oellulojcl, glue, geUtiii ind soip 

Leather. Lc lUui d>emg jhojhi, c mied out 
with dyes m solution must be distm„iushtd fiom 
lexthei painting It is a veiy common piaiticc to 
(oloui leathei with pigments but m this c. isc. it is 
simply a cjnc stion of mechiiiual adlusjon of tlu 
folom to the surfiee md the methods do not 
come propel ly undei the he id of d\emg 

In leather dyeing jaoiiei, the cfiect piodincd 
depends upon tliiee peifcctly distinct c nists One 
of these IS the 111011111111*11 me liision ot civcstiitl n 
the pores of the mitcnil — tint is its uupi jsonmcnt 
m mtci Htice -5 vvhieh nothing c in ic ic li c kc t jit i Injuic 
Ja these spaces tlu d>c is ckjiositcd m tlu solid 
form b> the evapoi ition ol the solvent nul is pio 
tected liom cxteinil auciicies b\ tlu siuioundin^ 
w alls of le ithci 

The second ciuse is the clum 1 c. 1 l combmiticm ot 
the dyo with tlu leathei iiiiteiiil itself I ikc wool 
incl other iinmal substaiucs katluidns a stionc, 
ifhmtv tor ontiin dyes 

Tlie thud IS the ja oduction of i 1 ikc b\ < ombuniu 
the action of the d\e solution on the Ic itliei vntb 
that of a moidant \^ In n tannin 01 i hiomc s used 
in prepaiing the leitlur fiom tlu law hick it miv 
be made to pliy a double part b> utmg is i 
inordint as well 

As regards the d;yes used then number is \<iy 
liige, and if proper care is tiken, ilmost iny d\t 
on the market may bo used foi hatlui Some of 
them reouiro an acid, some an alkilim , ''Onu i 
neataral path, The choice of dyes and jiicthods 
depends also upon the manner m which the Indo 
has been tanned There are thiee principal method** 
One IS with u^organic salts, especially with tlioso of 
chrominm and iron ; a aeconcl is with tannin from 
bark, or very commonly from sumach , while 
^ phamoising, or preparing the skni with 


111 uiim il lit, sii Ii IS ii h 01 Ikmsc oil It IS < isy 
t) cc tint it tlu I iin thod nc tombiind, is is 
often the \‘'( it pi (sent 111 tin jucpiiitioii of tlu 
line lot ot Ic ithei the difliniib is ol the dyir, who 
h is 10 ii^ul ill his pi( (dull by tin i In mic d imtiiic 
ot tin li itlui IK muih me it i id Jlic following 
t lb c of inil>sts will show tins foicibh 
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Ot tin 10 pti (cnt oi fit m the ihimois leather, 
(» I Cl cent lie m lombm ilion with tlu bide sub- 
stunc ind4jirttnt m i \< i sv 

Ihisi li UK H leitlv show tint the proccdiue 
must lx viiv dilleieiit loi tin flucc soitx, although 
tin dyis u-^cd in. pi leti illy tin s imo m all cisc^*, 
ind ckjKnd solely upon tlu c oloui to be ptoduced 
it is often stated that tin form of t iiinin used has an 
mtlinncc on the dye lli it Kum ich tinned k ither, 
foi txiiiijili c innot lx lUid m tin sime w ly as 
oik birk tinned li ithii Ibis is quite i mist ike 
Iln nficc in^iicliinl m tin tin if not identic d m 
ill ( iscs Iron) tlu < In mi il jioint ot \ i< w js so fiom 
tlu standpoint ol jii n tu d icsiilts 

Dyeing Varieties of Leather, f be m uii 
pi me ipks unik living tin dyem^ot the tin cl soitsof 
Ic itlui miv Ik st itcd brn lly \\ ith oak baik kathej, 
Ol ijflui Ic itlier t linn d b\ nituril t'lns, ittentiou 
must hi jmd to two points namely tlienituiil 
ilhnitv foi lives of tin 1 iflui itsi If md the utilisa 
lion IS 1 moidiiitof tin ficc t inmn jucsent m 
I \(cs so IS to sue in tin usl of otlui mold in tx 
With elnoinc k ithei cn otlui mmei illy tanned 
k itlu I icgiid must lx hid. to tlu 1 ikc foimin,., 
piopeitus of tin nut dill oxides pusi nt Ihey 
must lx utilised I inoichnls is tn is jiussible 

In tlu case of c Illinois kalbci wc Iiivc to lely 
citlioi iijxm tin clnmicil lihnitv of tlu‘ dye foi 
ic itlui or upon morel intnu 01 to like* idvintige 
of both In tlu Inst two i isi s of coiiise, the 
ibsoijition ot tin dvc into the ])oks iJit uly noticed, 
tikes pi ICC, uid IS bv no nn nis i negligible factoi 
in tlu K suit \s It gilds c 11 imois It ithci, however. 
It is m many i isi s iu( tssny to lemove the super- 
tluoiis ISO btfoK dyeing, is its ]>icstnconot only 
hindeis the absoi ption into the poics, butby foimmg, 
os i were, an insulating liyei, it ])ievents due 
( outlet between the fibre and the chcmicalh used 
loi the pm pose in hand 

I he dyei of birk-kiimed leathei is dependent 
entiiely upon the pievious treatment It is quite 
impossible to dye pioporly a badly tanned leather 
The flesh side must be ^rfect, or no care will piev ent 
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the formation of streaks and spots. The tan must 
also be uniformly distributed through the entire 
mass of the leather, or the same results will ensue. 
When a leather has been dyed which is nearly but 
not quite faultless in these respects, it may seem 
unexceptionable on Icj^ving the dyer’s hands, but 
it will be sure to develop unlevelness of shade after 
exposure to atmospheric inlliicnecs. If the dyer 
finds tliat a sample of the leather does not dye 
uniformly after careful washing, ho should retail it 
with sumach. This docs a good deal towards 
securing uniformity. 

Dyes for Leather. Tan leather is dyed with 
coal-tar dyes, with colour lakes, and also with direct 
vegetable and mineral colouring matters. Nine- 
tenths of the leather dyed is dyed with coal-tar dyes. 
The number of dyes used is very gr(*al, and several 
different processes are therefore in vogue, (leniiiiie 
russia leather is dyed black with logwood on a 
mordant of alum and copperas, and red with sanders 
wood on an alum mordant. Other colours arc 
dvod with anilines. Most dyers use logwood for 
black, and for ordinary leathers a tannin mordant is 
used, the full black being seenrc'd with a little fustic. 
Many, however, use nigrosiiui. For brown slioes, 
Azollavine PS and Fast Brown are largely used. 

In dyeing with coal-tar colours which require 
a mordant, lactic acid, biehromale, tartar-«‘meti<‘, 
yellow prnssiate, and the sul^ihatcs of alumina, 
iron and oop])er, are those chietly i‘m ployed. ^Tost 
of the coal-tar colours used are, however, sulistaiitive 
dyes, and the shade is regulated by the strength of 
the bath — that is, by the a mount of dyest utf nbsorlied 
by a given amount of leather. Taiiniii-dyed 
leathers take neutral or basic dyes without a 
mordant, and acid dyes, if mordanted with tin* 
appropriate mordant. Alum-tanned and (‘hronu'- 
tanned leather take acid dyes substantively. 

The great object to be gained on tanned leather 
used for bootmaking and in uj)h()lst(‘ry is fastne.ss 
to light. In the (!ase of hoots, (he dye is, or ought 
to be, jirotocted from weather by the usual dressings. 
Hence the dyer picks such dyes as are fast to liglit, 
and wdien [)OssibIe, those which rocpiire no mordant- 
ing. Jt has been found tliat if liark-taiined leather 
is painted over with an aiiimonieal solution of an 
alizarine, and then mordanted with alum in* iron, 
a good colour can be got without much heating, 
which w'ould tender the leather. It is found that 
the use of iron or aluminium salts as basic as 
))ossible is desiralile, us th<’ neutral salt.s do not 
easily form lakes with alizarines, so that a good deal 
of the dyestiitf is wasted. Basie nitrate of iron 
appears to answer ev-ery re(juirement in this con- 
nection, and is effectual at a temperature which 
does not exceed what is hearable by the haml. 

Dyeing Chrome Leather. Chrome 
leather dye.s directly with great ease with any 
acid coal-tar dye, the only iirccautioii neces.<ary 
being that the leather should he Uioroughly 
wetted before entering into the dyo-batli. For 
neutral or liasic aniline dyes a ])revious mordant- 
ing with sumach is necu'ssary for light sliades. 
For darker shades the sumaeh is replaced with 
fustic, and for the darkest with a mixture of 
fustic and logwood. Alizarine dyes answer very 
well for chrome leather because the material 
stands the high temperature required, which bark- 
tanned leather will not do, except by the special 
tnjatment ab ve mentioned. They are also par- 
ticularly good on chrome leather because chrome 
19 the best mordant for alizarines generally. Lactic 
acid is a very useful assistant mordant for chromo 
leather if specially fast shades are required. It 


should be pure, however, as impurities are ex- 
tremely apt to produce unlevel shades, especially 
with dyewoods or sumach. 

Chamois leather can bo mechanically coloured 
by rubbing in any desired pigment. If, however, 
it is to be dyed with a substantive or adjective 
coal-tar dye, it is freed from fat by washing and 
then dyed exactly in the same way as tanned 
leather. For light shades a preliminary bleaching 
is usually necessary, and this is usually done with 
sulphurous acid and permanganate of potash. 
When the leather has become a full brown by 
impregnation in the permanganate solution it is 
rinseil. and put into sul])hurous acid solution jimt 
sutliciently long to remove the precipitated oxide 
of m.anganese. It is then rinsed and dried. kSid- 
phiinms acid alone cannot be used as it tenders 
tin* leatlier and does not bleach it thoroughly. 

Dyeing Paper. Although the mineral colours 
are largely used in dyeing ])a])er, the artificial clyt*- 
slulTs ar<‘ ileslineil to take the first ])lacc in pajxT 
dyeing as in wool and eotton dyeing. While the 
earliest procedure was to amalgamate the dye witli 
the size and thus to apply it to the |)aper after 
manufacture, it has now be(‘n found rniieli (letter to 
dye the ]>ulp, thereby securing the colouring of the 
pa[)er through its wdiole thickness. This o])erat ion is 
i)y no means so difliuadt as eotton or wool dyeing, 
iiiasmueli as it is only necessary that the colour 
should not rub olV, should be fast to light, and 
should not injurfj the cohesion of the paper. Uene(‘, 
the ])a]H‘r-maker has a very large (dioiee of dyes, ami 
as th»^ mineral dyes are es-|)e(dally eheaj) ami fast to 
light, ids preference for them is easy to umlerstan J, 
although they act ]>i‘ejudieially upon the durability. 

Tl»e most usually e?n])loyed of these mineral 
dyes are ochre, chrome-yeilow and chrome-red, 
Prussian him*, idlramarine, graphite, and lamp- 
black. 'riiese must ))e added to the pulp (aft(T 
having l)e(‘n grc)uml as finely as possible), cither 
in a pulj> mili or in a vat ])rovi(led with a stirrer. 
The stirrer is necessary with heavy substances 
such as red -lead, litharge, cfirome-yellow, man- 
ganese, etc., on aeeonnt of their great tondenev 
to settle to the bottom of the vat. 

vSome few' mineral dyes (‘an he actually made in 
the pulp, as, for example, JVussiaii hJuo, by adding 
to the ])ulp ferric chloride and [lotassic ferroeyariide, 
oehn* by adding ferric cldoride or ferrous sulpha..* 
and milk of lime. 'Fhe two reag(*nts are added 
in succession, and it is most inqiortant to mix the 
tir.^t thor<iUghly with the ])ul]) before adding the 
second, and yet not to allow it time to ](enelratc 
into the interior of (he tihres. Neglect of thi'se 
precautions will produce want of uniformity in 
results as well as waste of colouring matter, for 
more of tlie Latter will he reipiired to ])ro(luee tie 
recpiired depth of shade. By generating the dye 
in the pul]> itself it is got in a liner state of divisioJi 
than is attainable by grinding, so that the coloui'i 
are brighter and more uniform. 

Mineral Dyes for Paper. H i*^, 
]»erhaps, unnecessary to say that the tineiioss 
the tints depend.^ also upon the constitution of th * 
ind]i, and for ])ure lively colours the latter mu.st h-‘ 
carefully chosen or previously bleached. When the 
pulp contains coloured rag, it can only be brought I •> 
a different colour by concealing the first, and h't 
this the coal-tar colours are most suitable. ^ 

The following is a brief account of the miuer.o 
dyes most commonly used : 

Beds — Ked-lead and cinnabar. Almost dis- 
used now on account of their high specific gravity 
and of the greater cheapness of aniline reds. 



J Chrome-yellow, which is 

liSisdlu^ely fast to light, is the best yellow. By 
additiig rws to this, any desired orange hue can be 
obtained. Ochre is l^est generated in the pulp, 
as directed above, on account of the labour rocpiirecl 
to'ferind and levigate it. properly. If levigated 
cha&i is used instead of (pn'cklimc to form the 
oclire, the froth produced by the escape of carbonic 
acidi can be easily got rid of by i)ouring in a little 
petroleum. Ferric chloride is better than ferrous 
sulphate, as when the latter is used the ]>ro]>cr 
colour is reached only wiicn the ferrous salt has 
become oxidised by the air, and for this time and 
stirring are lU'cc'ssary. 

Bliies. Turnbiiirs and Prussian hlnc'^ are readily 
generated in the pulp, and are even to this day 
unsurpassed by any coal-tar eolnurs. In using 
ultramarine, any ex(‘ess of acid or of sulphate of 
alumina must be absent from tlie imlp as both 
destroy the colour. 

Greens. Brunswick and juaiiv other poisonous 
greens have now been entirely displaced by a. 
mixture, of Prussian blue and ehroine-yellow. or 
by coal-tnr colours. Seventet'U parts of tin* chrome- 
yellow and one of Prussian blm* gives an almost 
pure green. Different shades ar<‘, of course, }>ro- 
cured by altering these j)ro])()rtions. 

Blacks. Of special importance for grey shades 
of black arc lampblack and gra}>hite. 

Vegetable Dyes for Paper, As regards 
vegetable dyes, logwood, fustic, and cutch 
are chiefly used on account of their chea]mess 
and comparative fastness to light. Saffron, 
madder, annotto, and indigo have bocm driven 
from paper-dyeing l)y better or cheapo!* products. 
Logwood is, used cither for darkening otlier dyes 
or for making a lake of a dirty violel hue by boiling 
the logw'ood extract with tin .salt. This lake is 
used with iron salts for grey and black papers. 

A splendid black is .secured by tlu' following 
process: A clear solution of cutch in hot water is 
added to the ]mlp. After an hour a weight of bi- 
chromate of ])ola.sh equal to one-fifth of that of 
the cutch is added, and after anotlier hour one- 
fourth of the saim^ weight of alum. After yet 
anotlier interval, logwood extract and nil rate of 
iron are added till the black is deep cnougli- Any 
desired blue .shade can now' be im]»arlc(l by jmlicioiis 
additions of fcrrocyanide of ])otasli. 

Coal-tar Dyes for Paper. The coal- 
tar colours are mostly soluble in water. ft 
they were used for paper in the same wav as 
for fabries most of the <lye would run off’ in the 
waste water from the machine a\ ires. It is, there- 
fore, neco.ssary to precipitate tlie dye in an insoluble 
stat'' upon the ffbrcs of tlic ])aper — that is, to use 
mordants, except in the oa.se of om* class of dyes, 
to be mentioned later. The size, howTver, con- 
stitutes a very suitable fixing medium for co.d- 
tav dyc«», vvlietbor it be made from resin or wax. 

Solution of re.Mm soap, when mixed willi .sulplmte 
of alumina, givCvS a gidat incus preeipitate of the 
aluminium salt of afiiotio acid. This precipitate 
has a great advantage over that obtained with 
ordinary soap in that it does not clot together, 
hut remains in a ]ierfectly uniform and purely 
divided state. This is a most impoi tant property, 
because the alumina-soap precipitates act as 
mordants, and do not giye a uniform tint unles.^? 
thev remain in a state of minute .subdivision. Not 
without importance, too, is the bulk of the pre- 
oipitatej fpr the spreading of the dye over a large 
fturfacie giyea more brilliant hues. But resin size 
advantage . as a mordant, for it 
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ansivers equally well both for acid and for ba.sic 
dyes, W'hcreas tannate of antimony in oolton- 
dycing can be u.scd only for basic dyes. From 
the possession of this valuable property by the 
re-sin soap it follows that different juoportions must 
be used according to the nature of the dye. 

Fixing Dyes on Paper. In order to'" 
te.st the fixing power of (he size for a particular 
colour an experiment musf lie made, adding 
in caeli case o per cent, rc.sin soap to the pulp, 
thou the pi‘o])er amount of sulphate of alumina, 
and lastly the dye. The wasp* water from the 
machine wire.s should he colourlo.ss. or nearly so, 
and this test made with a largt' number of dyes has 
shown that the’ basic coal-tar colours an.^wer best. 

But even they w ill not do for a pa]>er containing 
le.ss size than the above unless 2 '4 ])cr cent, of tannin 
aiul as much acetate of soda is also added to the 
pulp. This addition is desirable, even w'ith .strongly 
sized ]mlp, if d.ark shades are required. Bismarck 
Brown and Saffraiiine liavc, however, so mucli 
affinity for cellulose tliat (he tannin and acetate of 
poda arc rarelj^ required fortlicni. Too quick drying 
and too hot calendering have a mon^ or less baa 
effect upon nio.st of the aniline colours and j)reveiit 
(he ]n*odiiet.ioii of really lively lints. 

The direct cotton dyes answer splendidly for 
paper, wdielher sized or not. but their high price 
has hitiierto caused them to be little in demand 
among ])aper manufacturers, except for papier de 
luxe. In the first rank of them for pulp dyeing 
stand Erica, Brilliant Yellow', Chrysamiue, . 
Oxypheniiie. Congo Brow'u, and Diamino Black. 
The |)roccs.s of using these substantive dyes is to 
size first, then to neutralise any excess of acidw'ith 
the smallest possibl(‘ (luaniily of soda, find then 
to add the dye. If the waste, water is not properly 
clear, a little (dauber's salt may be added. 

Dyeing Straw* Straw' consists of the stalks of 
grasse.p, more particularly the cereal grasses, and of 
h‘guminous])lants, aueh as beans and pea.s. The value 
of straw depends upon its length and foughne.ss, as 
i'egard.s the dyer'.s point of view', and in both tbc-se 
rc'-jx‘c(s rye straw' ])robably holds (he lirst })lace. 

'rh<‘ farmer and rlu' dyer are not at one with 
rcganl to straw. With the former its chief function 
is ncccss.arily that, of being a support for the grain _ 
w'hieli is thus exposed to tlui jipening action of 
tli»' air and of the sun. Straw from the threshing 
tloor is, however, not exactly W'hai the dyer wants. 
From his .standpoint it has been allow'ed to grow' 
too long. It lia.s acquired w'ith ago a clo.sene.ss of 
tcxlun* and n marked (‘olonr of il.s ow'ii which 
in.ake it very nnanienable to his processes. It is 
also generally somewhat damaged during the 
threshing. The strong colour it ficqiiires ])reventa 
any but very dark shades being dyed on it wdthoiit 
]>n‘vious bleaching and is very difficult to dis- 
charge, w’liile the closeness and resi.stant nature of 
the .siliceous external skin of tlie .straw is very 
imfavourahle, to botii bleaching and dyeing. 

Straw Suitable for Dyeing* Hence, 
straw' intruded for hats obtained from 
grasses (usually W'heat, which is largely cultivated 
for this y)ui])Oso in 'I'uscany) grown solely from the . 
point of view' of straw' product ion, and the plant® 
are cut down before they are thoroughly ripe. 
The .straw is then bleached in the sun on grass, 
exactly as linen is, with occasional sprinkling with 
water. 

If chemical bleaching is resorted to, chlorine is 
tho most reliable agent, although j^eroxidc of 
hydrogen or sodium answers nearly as well. Clilorine 
is apt to tender the straw, especially if its action is 
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unduly prolonged or if the straw is not well rinsed 
afterwards. Sulphur bleaching is usually only 
temporary, the straw gradually returns to its 
original colour on exposure to air and light. Per- 
manganate has been used with success, but it is 
troublesome to work with, and requires very careful 
watching. All chemical bleaching weakens the 
straw more or Ic^s. 

Preparing Straw for Dyeiiig, The 

preliminary treatment before dyeing eonsisls 
ill softening the fibre as far as possible in order 
that the dye may penetrate. At the same time 
the process removes all grense and otlicr foreign 
bodies which would cause unlev»*l dyeing, as well 
as any sap which may s^till remain in the straw. 
This softening is usually etTecled by soaking lirst 
in a weak lyc of carbonate of soda, and then in 
water, which may be used cold, warm, or boiling 
according to lircu instances. No rules can bo 
given except to try cold water first, and warm 
before boiling water. A little ex])orience will soon 
enable the dyer to tell by the feel when the straw 
has been made permeable enough. >Stea ruing is 
sometimes resorted to instead. 

Dyewoods were, formerly largely used, and in 
point of fact almost exclnsiv(‘ly, and they are 
still in run*ent use for the purpose, especially 
Brazil wood and logwood, but nine-tenths of all 
the .straw dyeing nowadays is done witli coal-tar 
dyes, with or without a ]»icliminary l)l(‘achiiig, 
according to wlietlier the colour is to he liglit or 
dark. 

Dyes for Straw, Coal-tar dyes should he 
chosen which arc soluble both in alcohol and in 
water, as strong tincture.s of sucli dyes can be kept 
in stock and dilated with water as re([uired for use. 
Substantive dyes arc* those chicdly us(‘d, and Ihe only 
requirements which liave to be fiiltilled are good 
colour and fair fastness !(j light. As exanqiles of 
favourite dyes for straw dyeing we may mention 
Eosine, Rose Bengal, Naplilhalonc Yellow, Safia- 
nine, Pho.sphine, Malachite Green, Arid Green, 
Bismarck Brown and Methyl Violet. 

As a general rule, mordanting, wlien nec.c.^sary, 
has to })e done at the boil {\nd the dyeing also. 
Although substantive dyeing of straw can, as a 
rule, be done without boiling, it is advisable to 
boil even with sid^staiitive dyes, if grt'at f.istness 
is de.^’ired. The time of boiling varie^s with tlie 
mordant and the dye, and Ibc mordanting and 
the dyeing may each take from half an hour to two 
hours, according to circumstances. 

Dyeing Grass. Most gras.scs, like plant fibre in 
general, can be easily dyed in fairly fbirable tints, 
and all dyes which can be em])loyed for wood or .straw 
are suilalde for givisse.'^. J’racti<-ally, nowatlays, co.d- 
tar colours are, almost exclusively used and most 
of them require no mordant. I'lie ext ract.s of cutch, 
curcnina, the redwoods and logwood are, however, 
sometimes employed. For light shades the gras.s 
mast, of course, undtTgo a preliminary bleaching, 
which is done exactly as with textiles, and in all 
cases the gra.ss must he thoroughly .soaked in 
lukewarm water hefon* being placed in the dye- 
bath. If this precaution is neglected the in- 
equalities always existing in the texture will 
cause unlevel dyeing. 

Aniline dyes are kept by the grass cU'er in con- 
centrated solutions in water or sjiirit," which are 
, diluted for use as required. The bath must be 
made of a material which lia.s no action on the 
.liquor. There is nothing better than stone-glazed 
earthenware or enamelled iron. The vessels used 
.must he deep enough to give the grass full play 


and to prevent any chance of damage to the stems. 
After dyeing it is usually advisable to give a gloss 
to the material. It is better to do this as late as 
iK>ssibIe, a.s there is a danger of impairing the 
lust-re if operations are carried out after the dressing. 
The glossing agents employed are gum, preferably 
gum arable, but for cheap articles, dextrin, oil, and 
gelatin will do. Gum or oil can be added to the 
dyobath or can be rubbed in after dyeing 'liy 
means of a rag dipped in mucilage or oil. The 
good.s must be made quite dry afterwards by 
rubbing with clean cloths. If gelatin is used it 
should be dissolved in liikew^arm w^ater with a little 
alum and soap. The solution is applied . witli a 
sponge. In all oases brushing and ironing the dry 
material euhance.s the gloss considerably. 

Dyeing Wood. Woodworkers rarely call their 
tinting ])roee.«ises dyeing, but rather staining. This 
distinction has arisen froih the fact that in earlier 
times wood w'as always coloured by the use, not of 
dyes, but of coloiirlo.ss liquids wli ich produced various 
colours on coming into contact w ith the w'oody fibre. 
For inst.aiK'c. lead salts by reacting with the cell 
contents of the wood produce colour compounds. 
'J’liis metliud of dy(‘ing wood was confined to the 
pro<lnction of derk sltadrs and is now entirely 
n<‘glecf<*d, .'dthongh it gives the fastest colours, 
'riie reason of this is that the effect of the stain 
ilepends upon llio ago and upon the degree of 
seasoning of the wood. 

It is, therefore, very dilliouH to obtain any 
givim colour if wo depend upon the chemical 
reactions above indicati'd, and now'adays, when 
rapid work is essential, the coal tar colours are 
<‘hief!y rt‘licd upon with two inn»ortant exce]>t ions- - 
p(Tmanganate of pota.di and tlu* dyow'oods. As 
is the case witli hone and ivory, the colour is largely 
de[)endcnt, a.s regards fastness, iqion ponetnitioii. 
Hence, for dyeing proper, t‘verv faeility must he 
afforded for this ])cnelrat ion. 

Another ])o)nt is that 1 )h‘ pemdration must 1 k' 
as uniform as posMhl(‘, and this can he ensured 
only l)V eleaning the surface and making it as 
lev'cl as ])ossil)le by planing and sandpapering. 
The duraliility of the colour can in any ease he 
greatly inereased hy v.irni.'^liing tln^ dyed wood 
with a eolonriess varnish. It is true that the.‘<c 
varnishes are rather expensive, but for orna mental 
work in w'ood tlie extra expense is in many eases 
justifiable. The hest varnishes are solutions of 
Ideaehed slicllac in .spirit or tin* best copal varnishes. 

Bleaching Wood for Dyeing. A good 
bleach bath for wood is made by di.ssolv^ing 
S 11). of pure oxaIi(* aeid, or 4 11). of eoneentrated 
snl]»hurie acid and If lb. of oxalic acid, in aO 
gallons of cold, soft water, and then slowdy stirring 
in 5 lb. of sodium pero\i<le. The bath is tln n 
made alkaline, if it is not already so, with more 
peroxide, or with waterglass. The wood is soaked 
in this at from 70’ F. to 100’ K. until bleached. 
It is then l insod, soured in very weak acid, again 
rinsed and dried. The time required for the 
bleaching varies, of course, with the thickncs.s of 
the w^ood. A few' days will bleach wood a fifth 
of an inch thick. Another bath i.y made from 
peroxide of hydrog(*n and ammonia. Neither 
peroxide nor ammonia injures the w'oml nor th<^ 
health of the worker. 

Wood i.s dyed by brushing over it a solution of 
the dyestuff, or by immersion in the clyebatli. The 
method may Ix^ preceded or followed, as the case 
may be, by the ap])lication of a mordant also in 
solution. The solutions may be applied hot or cold. 
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of the teihpnituie depends both 
• tip^n^tbe nature of the w.ood and upon the nature 
ot the «oltttion» applied. When they can bo used 
eoldj the resulte are generally more durable, but 
With many close-grained woods, such as ash, 

■ Vjilnut, oak,' etc., it is impossible to get suflicient 
penetration except with hot solutions. The geiierai 
rules to. be regarded for particular colours will now 
be briefly described. 

Dyeing Wood Black. Black is dyed sub- 
-stantively by soaking the wood in, or by ])ainling it 
with, a substantive coal-tar black. Any .siiUstaiitive 
cotton dy^e will answer the purpose well. Another 
method 13 to paint the wood alternately with bichro- 
mate of potash and witli solution of (‘xtraet of log- 
wood. It is usual hero to make the first coat with 
logwood. It is essential to use the logwood first, and 
to allow the wood to dry bidore any subso(|neni 
painting with logwood. Wantof uniformity is sure 
to result if theso rules are not observed. 8ulph;dc 
of copper or nitrate of iron can bo substituted for 
the bichromate. The iron salt, however, gives a 
black free from the shade of green which is very apt 
to accompany a coppia- black. An excellent bla<*k 
is also got by alternate a])]>]ieations, whclber by 
painting or by soaking, of [lyrogallio acid and 
protosulphatc — ur, better, pyroligneatc of iron. 

Dyeing Wood Brown, Brown is alw.iys 
dyed with a basic aniline dye, such as Bisinan-k 
Brown, or with ]>ermanganato of jmtasb. ^ This 
salt gives a fast brown, due to the disposition 
of oxide of manganese in the fibre, and is inueh 
used for staining floors and furniture made of 
deal and other pale woods. It must, however, be 
remembered that the colour is the result of a reduc- 
tion of the potash salt, and therefore of an oxida- 
lion of certain constituents of the wood. 'I’his 
consideration shows that there is some ri'sk of 
impairing the strength of the wood. Permanganate 
w therefore more suitable for unseasoned than for 


first solution l)eforo the sec'ond is used. A con- 
venient strength for the iodide of potassium is 
1 oz. in I lb. of water. The sublimate solution must 
be weaker, say one-third of the strength. When 
tho desired colour lias been obtained the wood is 
thoroughly dri(?d and then oiled and polished. 

Dyeing Chip. Wood chip and plaited straw, 
largely used for hats, are dyed very simply after the 
fashion of wood and straw respectively. Since arti- 
lieial silk was introduced, however, “satin chip” is 
often used, and the unwary garment dyer who treats 
tin's like wood or straw, with which it is sometimes 
mixed, is aghast at the result. Satin chip is natural, 
or more usually artificial, silk threads pasted together 
^ide hy side with gelatin into a Hat ribbon. For 
cheaper t.apes, cotton, jute, or hemp are used 
instead of silk. 

Dyeing Feathers. Befon* feathers can be 
dyed or bleached they must be cleansed from dirt 
and grease. 'Phis is done with warm soap-and-uater. 
Binse afterwards, tirst in warm and then in cold 
w.iter. 1 f ] H’cfcrred, the feathers can be cleaned with 
jjctroleum ether. Tho best bleaching agent, and one 
which docs not injure tho feather, is peroxide of 
hydrogen. 'Plie bleai hing liquid consists of peroxide 
of hydrogen of 30 per cent, made neutral with 
ammonia, so that it does not redden blue litmus 
paper. The bath is used undiluted for obstinate 
c olours, but should be diluted with water whenever 
pos.sibU*. It must not be stronger than n(5ce.s.sary, 
and it can always be strengthened by adding more 
of tlic strong bath, some of which should bo 
reserved when tho rest is diluted. The feathers 
are totally iminen-sed, and the bath is covered up 
to k<‘cp out dust and light. It is best to put it in 
a dark place. Tho blcaeliing usually takes about 
f welve liours. The feathers are tlion rinsed in soft 
watc^r, and dried without arliiicial heat. If kept 
wc‘11 covered and shielded from light, the bleach 
hath can b(‘ used sovtaal times without renewal. 


seasoned wood. In the former tho sai)-con.s(ituents Dyes for Feathers. The sid)joiued three 
still existing in the wood arc those which undergo dyeing methods have bc'cn found to be the best, 

most of the oxidising action. In this wixy tlu‘ wood A. Dye at the boil in a neutral bath with oiio of 
is not only seasoned to some extent, but the cellxi- Ibo following dyes : Chrysoidirie AC erystnls, 

lose," its essential ingredient, is left iinaffeetcd. Vesuvine 4 BC, Phosphine extra, L*^a( her Yellow OGr 

The sap-cons*titucnts, loo, are not without their Leather Kc'd OCB, l^atlier Brown- 0, Safraniiie 
effect in binding the colour by forming lakes. Bed O, Azophos])liine GO, BRO, Fuehsino, Cerise 

Permanganate solution must never be used too hot, GB, Grenadine O, Safraniiie O, Methylene Violet, 

especially on unseasonexl wood, as tho ditl'erenecs in Methylene Green, .Methylene Grey, Malachite Green 

affinity w'ill then ceitaiidy cause uulevel dyeing. crystals. Brilliant (Jr(‘en, Coral Black H. 

It is also much better, for the same reason, to ap]dy B. Dye. at the boil in a bath aeid with sulphuric 

a weak solution of pormanganate several timc.s aeid witli one of the following dye.s : Acid Fuch.sine, 

than a strong solution once or twice. Orseiilino BB, Bleu de Lyon BK, Cotton Blue No. 2, 

Cutch is sometimes used for dyeing wood browni Cliina Blue No. 2. Patent Blue VA, Fast Blue OR, 

Avitli a bichromate mordant, applied either before Bordeaux GBB, Deep Black G, P^ist Blue Black C, 

or after the dye. All other colours are dyed almost Na])lithalene Green Azo Yellow^ cone, Victoria 

exelmsivcly with coal-tar dye.s, and it may be gencr- Yellowy Orange II, Fast Brown O, Poiiceau GB. 

ally said "that all direct cotton dyes will servo for BB, Fast Bed (). 

wood- if used with the proper precautions. The C. Dye in a bath acid with acetic acid with one 

selection depends greatly ui)on j>riee. of the following dyes: Bose. Bengal GB, Phloxiiio 

Fuming Oak, Two execqjtional melhod.s GO, Rosaline OB, OT, BJxodaniine O, 4 G, Fosino 

remain for notice. One is the darkening of AG, Krythrosiue. Any mode sliatle cm be got by 

oak by exposure to ammonia gas. The wood xoiiibiniug these. 

is exposed to the fumes arising from dishes The feathers are finally rinsed and dried. They 
full of Concentrated ammonia solution in a are curled over a small charcoal lire, into which 

closed chamber. Old oak is very effectively a little sulphur is llirow-n when wliito feathers aro 

imitated in this way. The other is the production of being curled, and a little sugar wdien coloured 

a hi^ury red, which not only gives a very brilliant feathers are under treatment, 

colotir, but ^ts as a perfect preservative if the Very beautiful elfee.ts can be got by spraying 
w<^ not exposed to outdoor influences. The the feathers with very minute drops from a sprayer, 

wood is soaked .first in a solution of iodide of In this way dilferent parts of a feather can bo dyed 

P^ti^siux|ii, and then in one of corrosive sublimate. different colours, and the viftrioiis hues may be 
foe given for the penetration of tho made to pass gradually into one another. 

CorUmued ^ .. 
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PLAN ING & MOULDING M ACHIN ES 

Trying^-up Machines. Panel Planers. Four-cutter Planingf and 
Moulding^ Machines. Vertical Spindle Moulders. General Joiners 


By FRED HORNER 


Trying-up Machines. Before doscTibiiig 
other classes of planers which bear reseiubbinees 
to those illustrated iu the jirovioua article, we 
hav'e to notice a }>nriieular type of jdaner — the 
tnjb\g-iip machine — which is ada])tc‘d for triiini? np 
heavy pieces of timber. vSneh timluT is often too 
irregular and hard to pass through a roller h'ed 
with true results, so they are clamped to a travelling 
table and fed under the revolving cutters, leaving 
the planed face ipiito flat. The general form of the 
machine is represented in 56 — Messrs. A. Kansome 
& ('O., Ltd., Newark-on-Trenl — which shows the 
timber gripped on the travel- 
ling tabic, A, passing under 
the adze block at B (covered 
wuth a guard ). The height of 
the adze block spindle is 
adjustable, by sliding it ui> 
or down the sloping housings, 
through hand, or belt, opera- 
ting vertical screws. The 
driving of the spindle is by 
belt from the coiinlorshaft V 
at the rear. The traverse of 
the table, from 15 ft. to .‘10 ft, 
per minute, with a (piiek 
return of SO ft., is elleeted 
by belt pulleys behind the 
upright, actuating a train of 
spur gears, the last of 
which engages with the 
rack on the under- 
side of the table A. 

The machine. 


55. 21 IN. X 7i IN. SURFACE PLANING AND 
THICKN ESSIN G MAI HIN E 


are used for all classes of boards and panels of 
moderate size, arc constructed to pass the timber over 
a table, above which the cutter cylinder is revolving. 
The thickness is v.aried by altering the height of this 
table. In 55, a machine by Messrs. Jolm AlcDowall 
tV: Sons, it will be not icial Hint there is a considerable 
resemblance ill outline to the combined idancr shown 
in the ])rcvious article 1 54, pn ge 1)452], The over -hand 
table is omitted, hut the other arrangements are 
much the same. The raising of the table is elleetod 
by the iiieliiied shaft and hand wheel, communica- 
ting by bevel gears lo the vertical elevating screw. 

Another variety of tliese 
machines is the fu'o-side or 
double surfaccr, which has two 
cutter cylimlcrs, one above 
and one })elow, so that a board 
or ])anel is finished at one 
o])cration. Tn 58 we illus 
trate the W hitney j)laner, one 
of the most successful typos — 
Baxter J). Whitney k ^on, 
W'inchendon, Mass., U.S.A. 
The ])hotograp}i shows the 
('xtiTiial apjiearance and the 
anangenuMit of the counter- 
shafts. The drawing [60] — 



isometric! view — gives a 



56. 2n.IN. TRYING -T'P MACHINE 


which takes wood up to 20 in, by 20 in., is 
adapted not only for ])lain, large work, but can 
be used for truing and planing a largt* number 
of moderate sized ])i(‘ces, such as the ])arts of 
doors, packed together on the table, ^loulding 
and grooving can also bo done by re])Iacing the 
plain adze block with suitable cutters ; and in 
machines provided witli additional vertical side 
spindles, carrying cutter blocks, the edges of 
timber can be planed. Some trying-up or sipiaring- 
up machines have a large disc holding a set of cutters, 
and mounted on a vertical s])iiidle. 44ie results 
turned out on these machines are very accurate, but 
they arc rather slower in output than the ty})OS 
with horizontal adze block. A roller feed is fittoil 
when necessary to the tables of trying-up machines 
for the continuous feeding of thin boards, which do 
. not require to be clamped by the table dogs. 

, IPahel Planers. The surface planing and 
thickn^sing machines, or pand planers, which 


.section taken longitudinally, and is lettered fiu- 
(■omj)aris()ri with the list of names of parts hcneatl), 
\\l)ich are mostly sclf-ex])lanatory. It m 
be immtioned, however, that the lower rolls an* 
snp])orted, and raised or lowered, upon inclined 
plaiie.s, ins(.cad of witli screws, thus forming a solid 
bedding and a perfect rcsistaneo to the effects of tlie 
rapidly revolving oitters, whiidi may be likened to 
:\ .series of blows, as tliey strike the wood. Another 
important feature is the presfutrc hars^ necessary on 
such ])laning machines. They are placed in front 
.and behind the cutter cylinders, and hold the tiinlKM 
down lirmly, affording support to the tibre close 
to the knive.s, so that it cannot splinter or tcai 
out. The front bar acts as a chip breaker^ a small 
steel spring being placed beneath it, so that 
there is no risk of tearing out the wood at 
cross-grained places. The feeding rolls are made 
sectionally, each being built up of a number 
of rings which are fitted with spring devices, bo 





^iyo'a little^ and so accommodate iniovcn 
te upper cylinder comes into oi'kcration 
the top face of the board presents a true 
;„ij 9 tirf^e to the subsequent rolls which keep it in 
' coptaot with the lower cutter cylinder. 

. The capabilities of the panel jjlancr arc greatly 
increased by fitting side spindles [59J — Ransoine— 
set vertically, and carrying cutter blo<^ks at the top 
to work the edges of boards, etc., at the same time 
the surfaces are planed. By ptiiting on suitable 
cutters, tonguing and grooving and moulding oan 
be done. The side spindles are ad jusle<l vertically 
' and laterally. 

. Four-cutter Planers. The most com- 
plete types of machines are tlios(^ wliicli work all 
four faces of the wood sijnultaneously -the jour- 
cutter machines. These have the highest out] ml, 
and a very good finish is imparled provided pro | km- 
care is taken in working tlu‘> machine. They 
embody a fixed knife in addition to revolving euttors, 
this knife giving a very sinootli surface to the work. 
But as good resnlts can be obtained only by feeding 
the stuff past the knifo at a high rate, and as this 
demands great power, it is juore convenient to 
use a fixed knifo on one sitle of the wood only — the 
under side — working tho ollua- side an<l the edges 
with rotating euttors. Tii 61, which gives side 


58. WHITNKY DOrni.E SrRF.\('BR 

elevation, and end view of a 10 in. by 0 in. four- 
cutter machine for heavy work— -A. Ransome & 
Co., Ltd.— the res)>ectivc positions of the cutters 
•ire. iudieatod at A, B, C and L), these letters being 
pid on the timber for eleanu'ss. The timber is 
fed in at the right-hand end, first by two 
pairs of large serrated rollers, driven by 
gearing, and weighbid fluougU balanced 
levers. 'On arriving at A, the wood is 
attack^l by the bottom cutter bloclv 
there, which trues the under side. Passing 
on to B, tho fixed knife is encountered, 
this tmishiug tho under side. A s(‘ries of 
lilpessuro rollers are ])laeed abovT* A and B, 
each roller being xirovidcd with an inde- 
Jicndont weight, .so that any irregularity 
hJ aocommoclatod. Other largg feeding 
rollcifl afr the centre of the machine con: 

to carry tho timber on and past 
vertical cutter blocks at 0, which plane 
or , tadtdd the edges, weighted pressure 
Tolleil^le^pitig the wood down at this 

adze 



nork, 



57. PANEL PLANER WITH SIDE SPINDLE.S 

block is mot at D, finishing the to|) face. By 
uK-ans of the hand wheel E, tlie oj)erator can raise 
or lower the whole of the top feed rollers at onco 
for timber of difierent thicknesses. 

The fixed knife at B is rajudly dulled by its 
notwithstanding that the block at A 
has roughed olf thc/ outside of the timber, 
and it is tlieroforo fixed in a removable 
drawer, that cun be pulled out and changed 
rapidly. The rates of feed arc variable,- 
ranging bom 110 to 1 15 ft. per minute for soft 
nood. I t may b(^ mentioned that tho fixeil 
knife camiot bo apjdicd successfully to cut- 
ting hard woods, ft is set angularly across 
tho machine to give a shearing cut, and tho 
pressure rollers above it arc ])laccd to cor- 
respond. An extra cutter spindle is soiho- 
times added at the delivery end for Hicicing 
X light bcadijig on thc top of tho plank or 
lioard. A shoringsi enthr is a useful adjunct 
to a machine h.aving n fixed knife ; it coru- 
prk-scs a hop] ler containing revolving cutters, 
which cut up tho long shavings into short 
portions, that can bo ri'.idily sucked up by 
a pneumatic exhausting system. 

Rapid Planers. The lightning or 
rtipid planers are a special class, using a 
fixed knifo only. Tho work is carried over 
it hy a largo roller eoverod with indiarubbor, 
and tljo rate of hu-d is very high. Tho class 
of planing done is that on box boards, lap boards, 
blind laths, which arc light, au<l which rerjuire only a. 
thin shaving nil to ])roduco a highly finished surface. 

Four a cutter Moulders, Four - cutter 
machines, dosigm-d for ]troduoing mouldings only. 



OBNER.AL JOINER 
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resemble the planers in many respects; 
but the fixed knife is not used. > A 
good idea of a. moulder can bo ob- 
tained from the drawing [63] — John 
Sutcliffe & Son, Ltd., Halifax — showing 
a 16 in. ^ by 4 in. machine in elevation, 
plan, and end view. The cutter block 
spindles are at A, B, and C for bottom, 
edges, and top respectively. The fluted 
feed rollers, situated under cov^era at D, 
can bo driven at any of six different 
rates, from IS ft. to 70 ft. per minute of 
feed, tho variations being jH’oduced by 
sliding spur gears, ns seen. The wood is 
held firmly to the cutters by weighted 
prefisuraSy which cau bo adjusted to suit 
requirements. Combined planing and 
moulding machines are eni]>loyod for 
either class of work, as desired. 

Tho spindles of these planlug and 
moulding machines run at a very higli 
rate, ranging frojii 4,500 to .5.500 revolu- 
tion.s per minute, and tho cutters must 
be very accurately balanced in order to 
produce true work and to avoid damage 
to tho machine through irregular running. 
The bearings must also be good, with 
ample Purface, and making a close lit 
W’itliout shake, which is fatal to ac<uiratc 
results in planing or moulding. 



60. SECTIONAL VIEW OE DOT' RLE SITRFACER 
A. UplX'r cvlinUrr H. Tjowrr cyliiuler C. First upper infeed roll 
D. Socund upper infoed roll K. First, lower infeed roll E. Second lower 
infetsl roll (J. Third upper feed roll II. Fourth upper and ontfeed roll 
J. Fourth lower and ontfeed roll K. Third lower teed roll L. (Jiiard 
M. 3»aek pressure har tor upper cylinder N. Front pressure bar for nj^per 
evlinder O. B;u‘k pressure bar for lower r\ Under P. Lower front lU'e.ssnro 
bar q>. Lower cylinder slide 


Vertical Shaper. The rcrUcdl s}dndlo 
moulding machine, or sfirtpcry is a very different 
type from the foregoing. It has citlior one or two 
spindles, pi'ojocting up tlirough a table, on whicli 
the work is laid. The spindle curries a moulding 


<lrivon l)y half- twist belts from tho countershaft. 
Each hoid-stoeU carrying itsspindlo is adjiistahlc up 
and down in slides, the adjust moni being obtainaMc 
by turning tho hand w'hoels at tlic front. The trcndlo 
in front, near the ground, ennble.s tlu? o])erator to start 



61. FOrU-t UTTER PLA.VIXG MACHINE 


iron, and as tho v/ork is traversed past, it cuts tho 
surface into a form corros])ouding with that of the 
iron. A fence guides tho wood in a .straight line. 
Figure 62 shows a. doublo-Hpindk* ni.aeliine by 
Messrs, Thomas Wln’te Sons, Baisk'v, from which 
it is seen that the spindles AA liav<; long ]mIU*ys 


and slop tho machine by s]ii])pmg the belt on tlie 
fast and loose pulleys at the countershaft. Con 
eentrie rings are litted into the tabic around Die 
spindles, to allow of putting on (lifferontly-sized 
cutters. Tho object in having two spindles is to 
cnahle curvilinear work to bo done expeditiously. 



by using one tu 
oiher of tlw 
s]>indles, whi<'h 
revolve in o])|>o- 

sito directions. 

according to the 
way which the 
grain runs. 
Otherwise clean 
work cannot he 
ensured. If the 
machine has only 
one spindle, that 
has to be rc 
versed, and a 
different cutter 
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WOODWORKING 


block also put on, or e'se doublo-odgcd cutlors 
are used. The working of curves is effected 
by using a template of the correct outline, placed 
beneath the moulding, and bearing against a ring 
encircling the shaper spindle. The template can 
often be dispensed with and the moulding alone 
brought into contact with the guide-ring, or collar. 
It is best to fit a guard over the revolving on tier, 
as a proto('t ion to the operator. A 
cage made of strips, or of netting, 
completely covers in top and 





sesses a greater range than the foregoing, is made 
with an overhanging arm supporting a vertical 
spindle, below which a large table is located. In 
this design the w'ork can be passed under the tool, 
ami o^XTatioris he done on the eentral portions of a 
board or jjanel, siieh as raising or recessing various 
patterns, eutl iiig grooves or trenches, in string boards 
for stairs and hludvcs. The (able can be moved 
about freely lo carry the work, and is fitted with 
fences. 

In the most com]>lete maeliines a vertical 




iksiim 





*|“ 

>1 

Si? 



V. 



• o' ! : 

1 

1 

D 



63. FOUR-CUTTER MOULDINQ MACHINE 

the sides as far down as the work will allow'. There 
is then no risk of the workman got ling his lingers 
(v'aught through the wood sli])|)ing. 

A special attaehrnent for ( utting dovetails is often 
titled to these shapers, eom])rismg a elamp, which 
holds the'wood vertically, and presents it lo the 
dovetail cutter on the end of the a]>iudle. 'J’ho 
]»itoh of the dovetails is determined by a tem])late 
plato, having notches w'liicli lock the clamp at 
debnito positions while the cutler is at work. 

Another class of moulding machine, which i>os- 


Conlinued 


sliaping spindle is included, projecting 
11 ]) through the tahh', by which ordinary 
mouldings can be w'orked. The term 
?v;n‘'/y moulding machine is commonly 
a]>])lii‘d lo this class, hi some eases the 
overhanging arm is titled with a hinge at 
th<‘ back in ord(*r that it may be turned 
over out of the way when not in use. A 
very useful a])plication of the vertical 
spindle is that of preparing core-boxes 
fo' ])attcrns, the recessing being done 
accurately and much more ra])idly than 
by hand methods. 

General Joiner. The (jcju-rcU joiner, 
or univcrftnl joiner, or corniddc joiner is a 
combination machine of great utility in 
situations where a number of separate 
machines cannot be installed. it combines [59] — 
Thomas Hobinsoii <fe8on. Ltd., Rochdale — a circular 
saw, with rising and falling spindle, with which 
saw'ing, tonguing, grooving and rebating can be 
done, a band-saw a}»])aratns with 24-in. pulleys, 
a four-side ])laning and moulding apparatus, taking 
timl)er up to 12 in. by 4 in., a vortical spindle 
for circular moulding, and a tenoning apparatus. 
Roring may be done also by attaching a bit to 
the tenoning si)indle. All the motions arc derived 
from pulleys at the left-hand side. 
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and these are continually being checked by obser- 
vations. The deviation tables so constructed are 
in daily use on every vessel when determining the 
ship^s position. 

Rule of Thumb. The art of navigation as 
practised at sea is really 8irn])ly the application of 
a number of arbitrary rules, deduced by mathc- 
maticians, and the rules must be learnt by heart for 
very few sailors could possibly -tell you how the 
rules were obtained, or how their accuracy can be 
proved. Every sailor who becomes an officer 
must be able to use logarithms. 'L’hat is to say he 
must be able in the tables to find the logarithm of 
any number or angle and add them togetluT or 
subtract them as the ease may be, and then again 
from the tables to tind what number or angle the 
logarithm is the logarithm of. He has to make use 
of sines, cosines, secants, and other trigonometrical 
functions without knowing what they are. He, 
merely depends on his tables. He will find the 
logarithms of common numbers on Table 24 in 
“ Noric’s Tables,” -or in Table 04 in ” JtajK'r’s 
Tables.” "Jhroughout this article we shall assume 
that the student has access to “ Norie’s Tables,” 
as they are the ones most generally used. 

The first process a navigator must learn is how to 
lind his position by dead reckoning— that is to say, 
by taking the courses on which the ship has sailed, 
and the number of n)iles she has travelled over 
each, making allowauees for deviation and varia- 
tion of the comj)ass on courses steered and for 
( urrents and leeway. This is known as the dnifft 
work. 

The Day’s Worh. The day 3 work starts 
with a bearing or departure course. When a shijl 
leaves the land this is usually a point ashore ; when 
as sea it is the ymsition on the previous day, or 
when last sights were taken. 

The Bearing or Departure Course. 

Take the given bearing and reverse it ; consider 
the number of jmints it is from North or South and 
turn them into degrees. Tlien allow the deviation 
for the direction of tho shi})’s head. Easterly 
deviation is allowed to the riglit hand, and westerly 
deviation to tlie left hand. After this allow the 
variation — easteily variation to tlie right band, 
and westerly to the loft. The result is rega 
a true course and is entered as such in the traverse 
table with the distance of (he object from which 
the bearing was taken. After the first day tliis 
need not bo done, for the course the ship is on is 
the de])arturo course for tlie day. The courses 
on which a vessel sails each hour arc entered in the 
log book, with the direction of the wind and tho 
leeway made. From the deviation table of the 
shin tho deviation on each course is entered in 
the log, and from the Admiralty chart the variation 
of the region is also entered, care being taken to 
enter any change in the variation. This is done 
by the officer of the wafidi, and at noon nearest 
after sailing the day's ivork is continued. 

Take the first course sailed and correcd- it for 
leev'ay- -if on the ])ort tack to th<* right hand ; 
if on the starboard tack to the left hand. After 
this allow the deviation and variation as above 
for the departure course, and the result is the true 
course sailed. If it is over 00"* subtract it from 
and change N into S or 8 into N, keeping it K 
if originally E or W if W. 

po the same with each of the ditTercnt courses 
sailed. Then take the current courtie and allow 
only the variation on it, fur the set of tho current 
is usually given correct magnetic and .so is not 
affected by deviation. 


Wten all these courses are corrected enter them 
one under another in tho traverse table. Then take 
the distances sailed over each course and enter it*in 
distance column of traverse tabic. Next from 
Norio Table 2 take out the D. lat. and dep. for each 
course and distance sailed and place them in their 
respective columns, and thus the traverse table is 
completed. 

Ad<l uj> N column and 8 column and subtract 
the less from the greater; the result is tlio D. lat. 
of the same name as the greater. Add u]) the E 
eoluinn and then tho W eoliimn and subtract the 
less from the greater ; the result is tho dep. of 
tho samo name as the greater. Dep. stands for 
de])arture, J). lat. for dilTerence of latitude, and 
D. loiKj. for ditferenoo of longitude, for tho meaning 
of which s(^c dictionary following this article. 

Now find latitude in. Write down Lnt. left, 
that is lat. of point of land, or lat. of ship’s position 
when last day's work was made up, and below it 
place the 1). lat., previously bringing it to dcgrei's 
if neces.sary. If D. lat. and lat. left are same name, 
add them together ; if contrary names, subtract 
them. TJie sum or the remainder is (he lat. in, of 
the same name as tho greater. 

Now find Mitldlo lat. (Mid. lat.). bring down lat. 
left below tho lat. in, and if of same name, add ; if 
contrary names, subtract loss from greater, and 
divide sum or romaiiidor by 2. This gives Mid. 
lat. • 

Then find D. long. Turn to Table 2 (Norie\ and 
with Mid. lat. as a course, and with Dep. in D. lat, 
column, the number in tho I4ist. column is the 
D. long, of tho samo name as (he Dep. If the Dep. 
is very large Jind cannot bo found in 1). lat. column, 
divide Di‘}». by 2, proceed as above, and when a 
result is o)>tained multiply it by 2 to give 1). long. 

Or find 1). long, by ]);irallol sailing. Add together 
the log secant of (he Mid. lat-. and the log of the 
Dep. ; the n'sult is tho log of the D. long. This is 
the most accurate method, and should always bo 
used in high latituelos. 

To find tho long, in, write down long. loft, and 
Mow it ])lace I), long. ; if of samo name, add; if of 



Explanation ■. i'olumn to extreme left ia used for ascer- 
taining the e{>rrocted course. 

Upper t(P)le is the extract from the ship’s log. H is 
houre, Courses are compass courses. K and knots and 

fractions sailed, L gives leeway. 

Lower table is traverse table ma<ie out as gKen in tho text. 
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contrary names, subtract. The sum or remainder 
is the , long, in of the same name as the greater. 
If 'longitude is greater than 180, subtract from 3tK), 
and call remainder I.iOng. in of an opposite name 
to Long. left. 

You have now found your ship’s position, having 
her latitude in and longitude in, and on the chart 
you can find how many miles she has Tuade good, 
but it is better to do so as follows. The course is 
oil the top of the page when D. laL in trav(‘rse table 
is groutor than Dcj)., and on the bottom when it is 
less. In Table 2 look for a page on wliicb your 
D. lat. and T)ep. correspond, or very nearly .so, with 
those ])rintcd. The distance will he found alongside, 
and the course on the top or bottom of the page 
as explained. You thus have course and distance, 
which can he ii.scd if you like »ns a true de]>artiire 
course for next day. An example of a day’s work, 
with the entries in the log, is shown on the pnn’ioiis 
page. 

Latitude by the Sun at Noon. This is 
an everyday operation at sea, providctl the sun is 
■». visible at midday. To obtain the altitude the sextant 
is used. The observer stands facing the sun at about, 
but rather before, the estimated noon. He holds the 
sextant vertically, ami looks through the telescojio 
and horizon glass at the Iiorizoii. 'I’hon he moves 
the arm of the index till he sees the rcllcction of the 
sun just touch tiio horizon. Several times lie will 
have to move the glass, for the sun will seem to 
shift its position. At last ho will hit the moment 
when the sun seems just stationary on the horizon, 
and then starts to dart away. At that instant ho 
clamps the index. It is noon. A reading of t.ic arc 
will then give the observed altitmle of the sun. 

Now find Clrcenwicli time. Write dowm ye.ar, 
month, and day, P. hrs., P. min., P. secs. Turn t)m 
longitude into time by nuilti])lying by 4 and 
dividing by 00, and place it below Oh., Om., Os. 
If West long,, add : if Past, suhtract. Kesnlt is 
(Irmiwich ap])arcnt time (or O.A.T.). 

To Find Correct Declination. This 
enters into very many prohlem.s and the student 
must gain great facility in working it. Take out 
de'cl. for (Jreenwich day and variation for one hour, 
which mnlti])ly by the Imiirs and feiiths of an hour 
in the (I.A.T., ]iaying attention to Ihe pro]>er making 
of the decimal point, divide by 00 if iieces.sary, and 
result is the correction of the declination. If the 
declination is increa.sing, as siam from the Nanti<*al 
Almanac from Vhich it w.is f.ikcn, .uld th** correc- 
tion to the day declinat ion ; if decreasing, sub- 
tract the correction. 'Phe result is the correct 
declination. 

To Find the True Altitude. Wiiiedown 

the altitude yon have observed, and <*orrect it as 
follows: A])ply the index error of yonr soxt.uit, 
adding or subtracting according to your (hdermiiicd 
rule. l..ook out tlie “ di]) ” for the height yonr eve 
was from the ,se.i in d’able (Norie), ami always 
subtract (his. fiook out “ Refraction ” in 'l able 4 
fNorie), ami always subtract this. Look out "Serni- 
diamrter of sun ’ for (beenvvich day on ]>age 1 1 of 
Nautical Almanac. If lower limb was observed, 
add ; if up])er,^snbtract. Look out ‘'Correction for 
parallax ” in 'fable (>, aiul add tliis alw.ays. The 
result is the true altitude of the sun. 

Next find “ /enith distance,” or z.n. Suhtraet true 
altitude from fit), and mark remainder of o]>])osito 
name to “sun's hearing ’’—that is, z.o. Now 
find latitude. Below z.n. put corrected deck If 
7.T). ami deck are of .same mime, add, them ; if 
different names, subtract. The .sum or remainder is 
the latitude, which is always of tlic same name as 
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the greater of the Z.D. and declination. Wo give 
below an example of this method for the student h. 
examine. 

Kxample. On September .22nd, 1898, in Long. 115® :i0' 
\V. the observed altitude of sun’s lower limb at noon 
in' 25', bearing N Index error 2' to subtract ; heigjti 
of eye 17 ft. Wanted latitude. 



Parallel Sailing. 4 ’lirec factors enter into 
lirohknns in p.ar.'illpl sailing — namely: (1) The dis- 
tance between two meridians (^i a given parallel of 
latitude, whifdi is Dep. or mnidinti disUince ; (2) tin* 
kititiulc of that parallel, which is latitude; and (3) 
the distance betw^ecn the meridians on the cipialor 
or I), long. Any two of the.se being known, the third 
can be found by the following formul® : 

Example. A sliii* sails due east 20a miles from Sauilv 
Hook l.ight. in latitude 40' 2K' N, Long. 71® .>0' W. Wh.a 
Longitude docs she anive at ? 

Log departure .. 2 :U:1807 

Lou see. Lat 10' 1187:19 

Log I). lamg. .. 2'4:i2tKKl 


D. Long . . 4“ 

Long left 7:V' .')()' VV. 

]>. Long 4 ’ 

Long in is 00 ' 20'\V. 

Log D. long, erumls Log T)c]). added to Log mc 
lat. 

1 og Dep. O'luals l og 1). long, added to Log cos 
lat. 

Log co.-i lat. oqn.al.s Log I), long, snbiraeted from 
Log Dep. 

'I’he log.irilhms of all llu'se factors can bo found 
in the tables, .itid when an answer is found th ' 
number of dogcee.s .ami hour corresponding to thai 
log can also he found in the same t.abh\s. 

Mercator’s Sailing. Mercator’s clmri- 
have the meridians of longitude parallel to oic 
another, and the distance hotweon the parallels <<1 
latitude v.aries i)ro])ortion.illy lo (he opening out i ! 
the meridians, 'riie only ])roblcm in this speci<‘^ '•* 
sailing eommonly used is lo find (he course and di- 
tanee between two places wliose latitude and Ion..' 
tnde are known. 

The rules for working this ])roblem are a.s follow : 

l-’iml I). lat. by subtracting the loss of the t\\' 
latitudes from the greater if of tiio same mime, and iuldiii 
them both if of diH'oront names. ^Multiply the degrees in 
the an-swor by (U) and add in the miles. The result is 1>. Inc 

Find meridional (lilfercnoe of latitude, or M.l). lat. From 
Table a (.Vorio), take out the meridional parts for tl," 
two latitudes. I.atitudcs of the same name subtract : » ; 
ditfereiil names add. Result is the M.l). lat. 

Find the J>. long. Longitudes of same namesubtract ; h ' 
different names add. Bring result into miles and call ! 
I>. long. 

To Find CorasE. From Log D. long., with imle.x it 
creased by 10, suhtract log of M.l). lat. Answer is Log tan 
of f rue course. Tliis must be taken out very exactly. 

To Find .Distance. To Log sec of true course, taken <>'!' 
to seconds, add Log T). lat. llesult, subtracting Id 
index of log, is the log of the distance. CIreat care must » • 
used in naming the course. 
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Example : On September 22nd, 1808, at 6h. Om. p.m. 
apparent time on ship, in lat. 50“ 30' S., long. 100” 24' 3ir W. 
The sun set by compass 8. 75” W. Eeouired tnie amplitude 
and error of compass. If Vtiriation is ‘iO” E., wliat is devia- 
tion for the then position of ship’s liead ? 



£il 0 0 II 


True amnlitudo W. 

0' 

(V 

U'S. 

Observed amplitude W. 

15 

U' 

U'S. 

Compass c(jric('tiou 

1.5* 

U' 

U'lo. 

Variation 

20* 

0' 

(CK. 

Deviation 

5” 

U' 

erw 


To Find the Compass Course. The com- 
pass course is the course shown by the ship’s rom])ass 
when the vessel i.s r(‘ally sailing along a true course. 
Take the true eoursc and below it ])lace the varia- 
tion. If variation is west, allow it to the right ; if 
east, allow it to the left. Result is magnetic course. 
Below magnetic eoursc ])lace deviation, and if it is 
west, allow it to the right; if east, allow it to (he 
left. The result is the (•()m])a.ss eourse, or the course 
to be given to the helmsman. 

Amplitudes, 'j'he ])riiicipal object of taking 
an am])litude is to obtain the error of the compass. 
The exact bearing of a heavenly body either just as 
it is rising or setting is taken by the e()m]>ass and 
written down as the ob.scrvcd amplitude. Now find 
(ireenwicli a])])arcnt time (or O.A.T.) as in the day’s 
work, only, instead of hours, minutes and secomfs 
being PO, 0, 0, they will be the actual time. If 
add 12 hours to the time and take off one 
day of the date. Next find true declination as be- 
fore. To fitid the true amplitude to log sine or sin 
of true Dec., add log sec of lat. ; the sum, rejecting 
10 from index, is log sin of true amplitude. If 
a.m., name it E ; if ]).m., name it W. If Dec. is N, 
name it N ; if S, name it S. 

Having got the true am|)litude, compare it witli 
the aibscrved am])litiide, and then the differeiiet^ 
between them is the error of the eom})as.s. ’I’lio 
variation for the latitude is known from (he chart, 
when the error has hoen corrected for variation, and 
what remains is the deviation. 

Azimuth. To find true azimuth, the navigator 
must be eqni])pod with azimuth tables, and have 
ae(;ess to a good azimutli <a)mp.i.ss. By looking 
through the sight vanes of the azimuth eompas.s, he 
tabes the hearing or the ohje d. be it sun or star, 
and reads on the card the observed azimuth. At 
the sn?ne time he takes the time on ship. Next he 
finds the Greenwich mean time (or G.M.T.) as follows. 
Write down year, month, day, houis, minutes, and 
seconds of ship time, and if it is a.m. at ship add 
12 hours, and take off a day of date. Turn longitude 
into time, and if it is \V., add ; if E., subtract. 
Result is G.M.T. Find the erj nation of time from 
page 11 of the month in Nautical Almanac for the 
Greenwich day of tlie G.M.T., and also the varia- 
tion in one hour of the same day from page 1 of the 
same. Multiply the variation in 1 hour i)y hours ami 
tenths in G.M.T., and add result to the equation if 
it is decreasing. This gives (rue equation. Find the 
true declination as before. 

To the time at ship apply tlie corrected equation 
of time. The result is the apparent time at ship. 

Now take the tables of azimuths and enter them 
with the latitude, and be careful to notice if the 


latitude and Dec. arc of the same or of different 
names. Then opposite apparent titno at ship will be 
found true azimuth. This is named the same as the 
latitude — E in morning and \V in afternoon. This 
com])arcd witn observed azimuth will give the com- 
])ass eonneetion, and thence the deviation, the 
variation being known. 

Longitu<^e by Chronometer. The lati- 
tude is generally taken daily at noon, whenever 
])ra(‘tieablo, and (o gt^l the latitude at the time 
sights are taken for longitude by chronometer. 
'I’lie navigator must find the J). lat. a.s in the day’s 
work, up to th(' time he is going to take sights. 
If a.m. change (he name of the, 1). lat., and if p.m. 
change the name of the dc]>., which he will also have 
to take out. After which get latitude in and T). 
long., as in day’s work. Now lake the altitude of 
the sun, just as if it was noon, but thc^ lower limb 
need only to Ix^ brought to touch the horizon, and 
the index arm elam])e<l. At (hat moment the 
time by the chronometer i.s noted. The are of the 
sextant is rea<l, and the reading notod down as 
ohscTved altitude. The ehronometer time is also 
not(‘d down. The navigator first turns his nften-^ 
lion to the cdironometer time. He turns this Into 
astronomical time and a|>plies tlie error of (he chro- 
nometer, either gaining or losing as the ease may bo. 
Now from observed altitude he obtains true altitude 
as in lat. at noon, and gets polar distance and equa- 
tion of time from the tables. Next w^rite down the 
true altitude, beloW' it ]>lace the lat. and polar dis- 
tance. Add the three together and divide by 2. 
Tlie result is called half ,iU7n. From half sum sub- 
tract true altitude. The result is remainder. From 
d'ahle 25 takeout the following Itigs to seconds: 
Log seir of latitude, log eosec of jiolar distance, log 
cos of half sum and log sine of remainder. Add 
the four logs together and east out the tens in the 
index. I^ook out the log in Table 31, and it 
will be found to be the hour angle, or time from 
the nearest noon. 

Now if it is a.m. on shi]», subtract hour angle 
from 24 and deilnct a day from th(‘ date; if p.m., 
])ut hour angle as time with same date as on ship. 
4’his gives us apparent time on ship. 

Find mean time on ship. Rclf)W apparent time on 
ship place (‘orrcf ted ecpiation of time and apply 
it as imiieated in almanac, page I of month. The 
result is mean time on shi]). 

Now fiml longitude. Below mean time on ship 
place mean time at (Greenwich, putting down days 
as well as hours. Subtrai't the less from the greater. 
The rcmaimler turned into degrees is the longitude of 
the ship at the moment the siglit was taken. If the 
(Greenwich time is less than ship time, longitude is 
E., if larger longitude is \V. 

Longitude by Chronometer and 
Azimuth Combined. This is not a very 
y)opular problem with officers, but is rtMjuired by 
the Board of Trade for examination ])nrposcs, 
so we shall indicate how it is obtained. Proceed 
as in longitude l\v chronometer till the true altitude 
and polar distance Jiave been found. Find half 
sum, and the remainder, which call chronometer 
remainder. Obtain sun’s hour angle from Table 31 
as before, and thus get longitude. Now sub- 
tract the polar distance from half sum, or half 
.sum from polar distance, and call nzirnvth remainder. 
Add togetluT the log .see of altitude, log sec of lati- 
tude, log cos of half sum. and log cos of azimuth 
remainder; east off 20 from the sum of the indices 
and divide (he rest of the sum of the logs by 2. 
Result is the log sine of half the true azimuth, 
which take out from Table 25 to nearest half mile, 
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and by 2. The result is the true aajimuth. 

On the left hand of the azimuth put N. if latitude is 
is and S if latitude is N. On the right hand put E 
if a.m., and W if p.iii. on ship. 

Kxample : On September 1st, 18U8, at about Oh. 30m. 
a.m., mean tim <3 in lat. at. noon 47° 20' N., ami loiiR. by 
accoulit 166“ 1 4' K., the observed altitude of sun’s lower 
limb was B0“ 49' 5", beurlnK by eoinpasa S.E. Hoiglit <»f eye 
17 ft. Time by ehronouicfer lOh. loin. 20 see., which was 
6ni. 50 sec. slow on moan mx>n at Oreenwleh on May tst, 
and losing 3*5 seionds daily, the ship hav ing made 30 miles 
on a true srmth course between time of observation and 
noon. Hequire<l longitude at noon, and sujjposiiig variation 
to be r>'’ K., re<iuircd true azimuth and deviation for direc- 
tion of ship’s head. 

30 miles south course Lat. at noon 47°20'N. 

Diff. of Lat. 30' N. 

Lat. at flights 47° 50' N. 



Charts and their Uses. Chart.s arc of two 

rccogni.8cd kinds — namely true, charts and magnetic 
charts^ the former having the com])ass printed on the 
chart showing “true North,” wliile the latter shows 
magnetic North. To litid the course to he steered 
between two poiiit.s, join them by a faint lin<‘, and 
draw a faint lino jiarallel to this through the eentre 
of the compass. If the chart is a true one, you must 
look on it for tlio variation nearest to tin* marked 
course, and ap]dy this to the eourso shown on the 
compass, W variation to tlie right, and V] to the 
left. 'Phis will give the magnetic course. To this 
a])ply the deviation of the shi])\s eom])ass on that 
particular eourse, and tlu' answer w ill be the compass 
course to bo steered. To olitain tli(3 distance be- 
tween (bo two jioints measure 11 h‘ liii(‘ and transfer 
tJio measurement to the graduated meridian, when it 
can be read oif at vinee. 

Again, with a ship on a compass course, to ol»lain 
the true bearings of obs<*rved objects or ]ioinls on 
the chart the compass bearing must be (‘orreeted 
by applying the devifition and vaiiation in ordia* 
to obtain flieir true bearings. These true bearings 
arc laid off on tlie eh.art compass if a true chart, 
or lUe magnetie bearings !ai<l olf if tin* eliart is 
magnetic., and when' linc'is jiarallei t<» these bearings 
but passing through the observed ])oinls intersect 
will be. the position of the slii]). Tbt; longitude and 
latitude of that ]msitioii can be read oil on the border 
of the chart. 

A third usi' of tlie chart is to find the posit ion of tlic 
ship by two oliservations of tlie bearings of (he same 
object. The c oin])ass bearings must liotli be turned 
into magnetic or true bearings according to the sort 
•of chart and then lay these bearings off from the 
point, and let the fine lines cut the line of course as 
markdd on tho map Take distance shix) covered 


between bearings, and .from point where ^ist bearing 
cut.s line of course measure off ^hat disjtauce. If the 
ship were actually travelling Along that course, 
the distance would correspond with the line of second 
bearing ; but she is not-, so through the point where 
the distance reaches to draw a lino parallel to the 
first line of bearing and where this cuts the second 
line of bearing will be tho position of the ship. 

The small figures ])!aecd on the chart indicati' 
the depth of water at low water of ordinary spring 
tides : the Roman numerals show the time of high 
water at full and change of moon. 

Tides. The time of high water at any place can 
be taken out from tlu‘ Admiralty Tide Tables, but 
if these arc not available, to the time of high water 
at full or change add 49 minutes for every day 
elapsed since full or change. The result is time of p.m. 
high water approximately. 

To Correct Cast of Lead. From Admiralty 
Tide Tables tind times of high wal er on the day at the 
place you are nearing. Take the tide nearest to 
the tiine you are .sounding. Kind the height con- 
stant l)V subtracting the s]a ing rise of the ]>orl 
you select from the Port^ of Reference s]iring rise, 
as given in the .Admiralty tables. Tins yon ad<l to 
the rcf('r<‘nce port rise if tlu^ heiglit at selected jiort 
is more than that of port of riterence, or subtract 
if less. Thus you get height of high water at your 
n<‘arest port, and from this subtract the half spring 
rise there. The result is the lieiglit of high water 
above lialf tid('. Now double the time from liigh 
water, and if over b hours subtract from 12. (An- 
sa lor this a course. Bring height of high water 
above half tide to inches, .ituI consider this a dis- 
taiice. In Norie Table 2 witli this course and dis- 
tance find the (corresponding I). lat. (.Ansider this 
as inches, which must be addend or siditraeted from 
the half sj>ring rise according as the time from 
high water is less or more than three hours, the 
result being tho coiTe<*tioii to he applied to tin*, 
sounding taken with line lead. 

Stellar Navigation. d'lie student vyill 
learn under .Nstronomy bow to distinguish the f>rin- 
ci]»al stars [see page (illfi|, and he may find h(4]» 
from Rosser's ” Jlovv to Mud the Stars,” whieh is 
almost a sailor's classi(c. We shall only deal with 
how to use the stars for navigation. 

4A find mean time at which a given star will he on 
meridian of the observer. Take Norie Table 14. 
or Raper Table 27. Look and see if time of meridian 
passage of star is more or less than 12 hours on 
the day given. If more than 12, count it as the 
■jin’vious (lay for l(^()kiiig in tlie Nautical Alnuinn(‘. 
if less, count in tlu' same chiy. From the Nautical 
Alman;u‘ take out star's right asc.ension, ILA.. 
for tho nearest day, also take out tlie sidereal time, 
from ]»age 1 1 of the month, for the day you are 
•working with. From the star's R.A. subtract the 
siden'.ii linu*, adding 24 to tlm R.A. if nec(\ssarv. 
Result is mean tiiiK' of star's meridian ])assavc. 
From Noric 'fahle IJ7 or Rajior 24 take out. the 
minute and seconds corresponding to the mean 
lime nearly. Subtract them from the mean lime 
nearly, and result is mean time the star will 
the meridian at Creenwich. Find longitude in time, 
and take from Norie or Raper, same tables, tlr 
minufos and seconds corresponding to longitude 
in time. Ap]fiy this correction to time star is on 
meridian of (hwiwich; West longitude subtract. 
Fast longitude add. Result ia mean time star is on 
the meridian of the observer. If result is less than 
12 it is p.m., if more, reject 12 hours and call 
remainder a.m. r , . 




TRANSIT 


The apparent time a star will be on the meridian 
of the ODserver can bo found by inspection in 
Norio Table 44 or Raper Table 27. 

To find the R.A. of the meridian, apparent time 
being known, writ© down .astronomical lime at 
sliii), imdernoath it place sun’s R.A. from Nautical 
Almanac for Greenwich day, and the correction for 
the hours and minutes of Greenwich time calculated 
from the variation in 1 hour of the sun’s R.A. From 
the sum reject 21, if sun is more than 24 hours, if not 
the answer is the R.A. of the meridian. A st.ir is to 
tlio cast of the meridian if its R.A. is more than the 
R.A. of the meridian ; it is to the west if its R.A. is less 
than that of the meridian. A st.ar passes the meridian 
to the north of an observer if its declination is to 
the northward of observer’s latitude; it passe.s 
south if the star’s dec. is southward of the ob.server. 

Longitude by Chronometer and 
Star's Altitude. The altitude of a star is taken 
in the same way as the altitude of the sun. Find 
Greenwich mean time as in longitude by ehrono- 
meter. Correct the star’s observed altitude for 
index error, dip and refraction, as for sun, and thus 
get true alt itudo. J<Vom Naut ieal Almanac taloishir’s 
R.A. and declimition, and get the })olar distanc(‘. 
Take also sidereal time for (Jreenwieh date, correct- 
ing itfoi* the hours and minutes of the Greenwich time 
hy Norie 'fable US. The correction is always to be 
added to the sidereal time, and the sum is mean 
sun’s time. Now find the star’s hour angle in exactly 
tlie same way as for the sun. If the star is to the 
c;ist of the meridian suhtraet the hour angle from 24 
and the remainder will be the westerly hour angle. 

Find mean time at ship. Place stiir s westerly Iiour 
anglq beneath the R.A. and add. 8um is R.A. of 
meridian, from which subtract mean sun’s R.A., 
borrowing 12 hours if necessary. Remainder is 
mean time on ship. Now for longitude. J’lace 
(Greenwich mean time nnilernoath mean time on ship, 
and subtract the less from the greater. Convert 
remainder into degrees, etc., for longitude which 
will ho east or west according as the Greenwich 
time is less or more than ship’s lime. 

To Find True Azimuth of Stars, Find 
the mean time at ship, or a])])arent time, as may he 
most convenient, 'riien find hour angle of star, 
which, if more than 24, reject the 24, and if more 
than 12 but less than 24, subtract it from 24. In 
the time a'/.imuth tables find tlic star's hour angle 
in the right-hand column of the ])agc, under P.M. 
Name the azimuth according to the rules at the foot 
of the page in tm* tables. 

Reduction to the Meridian, 'fbis is 
a very acourab^ method of finding the latitude hy 
tlv' altitude of a star or the sun. In this problrm we 
have to find the ditlerenee between the meridian 
altituvie and the true altitude of the ohsei ved object. 
First find the apparent time at Greenwich, and then 
the eorreeted declination. Then find the true all itude 
as we have aleady learnt how to do. Now to find 
the correction for the meridian altitude. Then take 
out. the following logs from the tables. 

'rime fia>m noon log from Table 21. Log 
eos latitude by account, log cos declination, log 
cosee of estimated zenith distance, which zenith 
distance you get by adding the latitude estimated 
and the declination if of ditferent names, and sub- 
tracting them if of same name. Add the four logs 
together and cast out llie tens from the index. 
The result is the log sine of half the reduction, whiidi 
must be taken out from Norie Table 2.*) and 
multiplied by two. This reduction is always to bo 
added to the true altitude, and will then give the 
meridian altitude. 


Take the meridian altitude and subtract it from 
90; the remainder is the meridian zenith distance, 
which is named of an o])posite name to the bearing, 
8 when lieaiing is N ; N when bearing is 8. 
Below the new /. d. place the eorreeted declination. 
If of the same name add, if of different names sub- 
tract. * 'The resn 1 1 is t he la t i t ude of the same name as 
the greater of tlu^ z. n. and declination. 'I’liis is the 
latitude at the time of taking the observation. 

Sumner's Method tor Finding Lati» 
tude and Longitude. T’his is rather a 
complex method of finding the position of a ship 
when in (hinht, and no moon sight obtainable. 
Two altitudes of the sun's lower limb are taken, 
the fime bctwetai tlunn not<‘(l and also tlie run of 
the slop during that timi*. 'I’wo hHitndes, hrtween’ 
whkdi the ship is fairly captain to Ik‘, are assumed: 
Chronometer times of both observations must also 
be taken. Mere are the rules. 

With the first (Ireenwieh mean time find sun’s 
declination and polar distance and ecpiation of time. 
Correct first observed alt itud»' and obtain true alti- 
tude. With this true altitude, tin* lesser assumed 
latitude, and the polar distance, find hour angle, as 
in longitude hy chronometer, and from hour angle 
dediK'c a louLdtiide, whieli call A. U’ifh same true 
altitude, and greater assumed latitude proceed as 
before and find second longitinle, which cull B. 

With the second observed altitude and Greenwich 
mean time do exactly tin* same, finding longitude E 
with lesser, and longitndi* F with greater assumed 
latitudes. Now take a chart and on ])arallcl of lesser 
latitude lay off the first of flu* longitudes, namely A. 
Call the jioint 1. On the second assumed latitude 
lay off longitude B, and call ]K)int 2. .loin 1 and 2, 
ami that gives line of position for first altitude, 
the direetion of which can he obtain(‘d from the 
eom]>ass on the chart, 'fake any point in the liiu* 
of ])osition and from it lay off the couE.ses and dis- 
tance the shi]) has made in the interval hetw'een 
the two observations. 'I’hrougb the end of this 
distance draw a line pai’aHel to the line 1 2, and call 
this line KL. I..av off the other longitudes E and F 
on their assumed ])arallels of lat itude, naming Uuj 
points 2 and 4. .b)in 2 and 4, which gives ns the 
lino of position for the* second alt if ude. Where the 
line 2 4 erossivs the line KL is the ship’s yiosition 
when tlie second altitmlc was taken. To find the 
sun’s bearing at the time of taking the first altitude, 
draw a line from the ship’s yxisition at right angles 
to tlie line of yiosition, to tlie eastward if the first 
oh.scrvation was taken a.ni., hut to the westward 
if taken yi.iii. 

Latitude by Altitude of Polar Star. 

T’he Polar Star is not situatial at the North Pole, but ■ 
about from it, so certain corrections have to be 
made to the observed altitude aeconling to latitude, 
time, etc. Tlicst* corrections arc known as first, 
second, and third, and can be found in the Nautical 
Almanac, First find Grceinvich time, and thence 
sidereal time of ohs<‘rvalioii of star’s altitude. 
Correct of)scrv<*d alfitiule for index error, dip 
and refraction, and from this altitude deduct 1', 
giving the reduced altitude. With sidereal time of 
observation take out first corrc(;tion from Nautical 
Almanac, w'itli it yiroper sign, and apply it t-o the 
reduced altitude. Result is approximate latitude. 
With true altitude and sidereal time take out second 
correction and add it to tlie approximato latitude. 
With the day of the month ami sidereal time take 
out third correction, which is also added to the result 
from the last addition to the ayiproximate latitude. 
The result is required latitude of ship w^ich is 
always North. 
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Latitude by Meridian Altitude of 
Moon. Find moon’s meridian passas^e. On pac;o 4 
of month of Nantical Almanac, take •nt iip^x^r 
meridian passage for astronomical day, and, if longi- 
tude is west, for day following; but if longitude is 
east, for day previous. Subtract tbo less from the 
greater. The result is daily retardation. Apply this 
io longitude in time, getting pro])ortion of daily 
retardation, or (!orr(M:tion for retardation. This is 
added to meridian passage of astronomical day if 
longitude is west, but subtracted if JoriLuiude is east. 
Result is time moon is on the meridian of ship. 

Moon's Declination. In the Nautical 
Almanac the moon’s declination is giveji for every 
.hour of the day, and the variation in ten minutes. 
J'ake out these rpia nt it ies for the ( { reenwieh day and 
hour, and multiply the variation for one minnto 
by the minutes and Icmths thereof in the (Ireenwich 
time beyond the boms. Divirle by six if necessary. 
The result is the correct ion Io b:; added if I ho de- 
clination is increasing, or subtracted if it is decreas- 
ing. The result is the corrected rleelination. The 
s“nii-diameter and hori/outal parallax arc found as 
follows: From Nauli<‘al Almanac take out both 
for the day, for noon if ijrrcMmwicb tinu^ is l(‘ss than 
12, but for midnight if more. Find I he (li(Teren(;e for 
the day by suhtracting one amount from the next 
and multiply by the hours and tenths <»f an hour 
the (Ireenwich time is ])ast, noon or past midnight; 
divklo answer by 12. This gives the cof‘re<‘tion for 
semi diameter or for horizontal parallax, lhe])rocess 
of correcting both up to this point being identical. 
Look in 1’ablc 0. of Norio’s 'I’ahles, and tiiul the 
augmentation for the semi diameter, and add it to 
the corrected semi diameter, fn Tabh* E (Norit*) 
find the reduction of the horizojital parallax, ami 
subtract it from the corrected horizontal [)arallax. 

T'ako the observed altiUule, which is taken in 
tho same manner as that of the sun, ap])ly iiiflex 
error, siibtra<‘t the di]), subtract tho refraction, add 
tho aiignieuted semi-diameter if altitud*" of lower 
limb was taken, but subtract if up])er limb was 
observed. Then ad<l the parallax, and the result is 
the modn’s true altitude. 

To find tjie latitude, subtract the true altitude from 
90, and name it the o])])osilc way to the bearing of 
the. moon. This is the zenith distance. A]>ply 
declination as in sun’s altitude, and thence obtain 
the latitude. 

Napier's Diagram. 'This is an ingen io«is 
diagram by means of wdiich the deviation of a ship’s 
compass can he found suflieiently accurately for 
practical purposes. The beat iuos of a distant object 
avo taken with the ship's IunuI at eight dillerent 
equklistant points of the (;omi|)ass. The mean of 
the eight healings is held to be tin* correet magnetic 
bearing of the ohjcct. To tiud lie' uunju of the bear- 
ing-; we hav(‘ three ]iossib]c c:)s<‘s to consider. (I) If 
all the bearings are iianied alike. Tn t his rase add the 
bearings together, rlivide by eight, and name the 
result 1 he same as the b('arliigs. (2) If some bearings 
are namcrl N. and some S. Take all tic* north Ix'ar- 
ings separately from ISO or all the south bearings 
from ISO, whichever is easier. .Add the bearings 
together, divide by eight, and name the bearing 
the .same as those you have not altered. Ami (3) 
some bear ings are east and some west. Add all east 
bearings together, and all the west. Subtract less 
from greater*. Divide remainder by eigiit, and name 
result same as gr*eater. 

To Find Deviation. In the first two cases 
the differenee between the correct magnetic bearing 
and ouch of the bearings of tho standard compass 
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is tho deviation for each poj^t of the ship’s* head. 
In tho third case when the cornect magnetic bearing 
and the bearing by the standard, com pass are both 
east or both West, subtract the less from the greater. 
If they arc of different names, add them togetlier*. 
When the correet magnetic bearing is to the right 
hand of the standard bearing, the deviation is 
named cast ; if to tho Iqft, it is west. 

Now take tho diagram, and with dividers take 
from tho centre line of Na])ier’s diagram the miinbei 
of degrees in the deviation for each of the eight 
points. Mark each on its ])ro])er line, and tlirougli 
the poijits thus obtained draw a flowing lino, which 
will be tho curve of the deviation. With this curve 
given a correct magnetic course you can find tli<^ 
compass course as follows ; Place one log of the 
dividers on the given course on the centre lino and 
extend tlic other leg to tho curve on or parallel to 
a plain liiu\ Keep tho leg on the curve, and inovt- 
the dividers round till the otluu* leg cuts the centn* 
lino in another ]>lace. T’lie number of degrees from 
north or south there indicated is the compass course. 
To timl corroert magmdic course from a given eoni- 
pass course is only a reversal of the*above proceedin'^. 
(Jiveii til * dircM^tion of the .ship’s head, and thecom- 
pas.s l>earings of two distant points to find their 
correct magnetic bearings. Place one leg of the 
dividers on the direction of the ship’s head on tin* 
centre line, and cxtc'ud tin* oth<‘r leg to the curve on 
or parallel to a dot(e<l line. Lift divider.s carefully, 
jilace one leg on tlu; first givtm bearing on IIk* 
(*erttre line, and lay the other on the centre line, up- 
wards if deviation for ship’s head is west, and down- 
wards if it is east, d’be number of degn^cs indicated 
will be the correct magnetite bearing from nor4b or 
south towards oast or west for that bearing. The 
other can then he dealt with in the same manner. 

Instruments. shall elo.se this short sot of 
lessons in navigation -all higher problems coming 
into tho region of astronomy or matiiematics — with a 
few brief remarks on the three princijial instruments 
o.ssential to safe navigation in tlieir order of inqiort- 
anec — namely, the compass, the sextant, the cbroiio- 
metei* standard compass. Since iiiion the compa.ss 
chiefly the safety of a ves.scd dejiends, it is not 
important that it sliould be of the best design ;ind 
workmanship. Its ])o.sition .should be sutfieienlly 
distant from any ])articnlar masses of iron, c.s])ecially 
tlio.se of a movable nature, and wlierc jin all-romul 
view of tho. horizon can be obtained. The lublxi 
line must be exactly in the fore-and-aft line, the pivo: 
])in accurately centred, and the card evenly balaiu ed 
in ordrr to ensure satisfactory results. 

In the sextant an ini])ortant point to l> 
observed is that tlu' vt'rnier should fit ])erfe(*.tly tlu'-li 
on the fa<!e of the are, and that the divisions an 
truly and (*leanly cut. The instrument with S-ii. 
radius is j)erha])smost serviceable, and neutral tint'-d 
glass is preferable for all screens. In fine cle.ii 
weather take ob.ser vat ions from the most olevciec. 
platform, and in foggy weather from the lowi i 
point attainable. For stellar observations pro]>ci].v 
fitted binoculars .are a boon. Orefiilly wipe glas.M ^ 
after using. 

For long voyages three chronometors are deemed 
necessary. Select instruments by well-known 
makers, and have them rated for temperaturt* 
They shoidd be seenred in a S))eciany construct cl 
box, having padded side.s and glass top, in a part oi 
vessel free from vibration and as far removed from 
iron structural parts as possible. No compass oi 
magnet should be near them. Wind punctually at 
same hour every day, and compare rates. 


Conlinued 



A SHORT DICTIONAI^Y OF TERMS USED IN NAVIGATION 


'AMPLITMDK — The amplitude of an 
'object is the arc of the horizon be- 
. tween the . east and west 

points and the object z' N 

when rising or setting. J 

In 1, OE and OW are 1 

amplitudes of O rising 
and setting. 1 , 

Apparent Altitude — The 
apparent angular height of the object’s 
centre above the sensible lioriz<jn. 
Apparent Time— The angle at the pole 
between the meridian passing through 
the sun and the meridian of Iho 
observer, reckoned westerly. 

Arc of a Circle — A portion of its 
eircumfereiice. 

Astronomical Time --The time reck- 
oned from noon to noon, and used 
in astronomical calculations. 


Augmentation of Semi-diameter - 
X he apparent increiise in seini-diainoter 
arising from deerejjsed , ^ 
distance of observer fronj 
the object as it rises. 

Or, again, it is the 
(iilferenee in the somi* 
diameter brought about 
by the observer not being 
situated in the very centre 
of the earth. In 2, angle 
C is nautical semi-diameter ; angle at 
R is augmented. 

Azimuth '-Of a celestial body this is the 
are of theliorizon inrliuled 
between the norlli or 
south points and u ver- 
tiralcin’Ie, drawn through 
the object. In 3, NZIi 
is Azimuth of O for ol)- 
server on AR. 
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Equator — ^A great circle supposed to be 
drawn round the earth 90'^ from each 
pole. ^ 

Equinoctial— The plane of the equator 
e.vteruled to (be heavens and making 
a great circle tlierein. In 
8, 1*Q is the equinoctial.’ 

Error of Compass — The 
angle the compass needle 
makes with the true 
meridian. 8. 


FIRST POINT OF ARIES — An 

imaginary spot in the Ii<*avcna wlnire 
the sun’s apparent palh crosses the 
equinoctial, from soutli to 
mjrth. 

GREATER CIRCLES— Those 
whose planes pass through tlie, 
centre of a sphere (91. 9* 

HOUR ANGLE- The angle hour of 
a star or other celestial body is the 
angle its meri<lian makes 
at the pole with the 
meridian of the observer. 

In 10, P is pole, PN 
meridian, O is body, NP.V. 
is hour angle. 

LATITUDE-Thft distanee 
of any place north and south of tin; 
ecpiafor measured on a meridian. 

Leeway — The angle a ship’s track 
makes with her fore-and-aft line. 

Longitude — The haigitu^je of a sp<»t 
is the are of the e(|UHt»»r betwe<‘n the 
first meridian of longitude and I lie 
meridian of the spot. 





CIVIL TIME — From midnight to mid- 
night, the time in common use. 

Compass Course Tim angle a sliip’s 
fore-and-aft lines makes with the 
compass needle; otherwise, the track 
of the sliip as sliown by the com- 
pass. 

Complement of an Angle or Arc— 
The amount by which that angle or 
are differs fr«im 90°. 

DECLINATION — The are 

of a celestial meridian be- 
tween the equinoctial and 
the t.bjeet (4 OR). 

Departure — The distance in 
nautical miles which a ship has made 
good east or w(;,st of tlie nn-ridian 
sailed from. In 5, XY is , 
merit] inn sailed from, AZ is 
ship’s course, and YZ is de- 
parture, XY a meritlian, 

XZ ship’s truck. 

Deviation of Compass- The 
angle the compass needle 
makes with the inagnetitt 
meritlian, and caiLsed by the iron in 
the ship. 

Dtif’erence of Latitude (written T). Uit.) 

-An arc of a. meridian hotween t>\t) 
parallels td latitude. 

Difference of Longitude (writt<Mi 1), 
tong ). — The difference of longilude lie- 
tweenany two spots is the are of the 
equattir between the 
meridians of the two 
places. 

Dip of the Horizon— The 
angle at the observer’s 
tye between the visible 
and sensible horizous 
filOS in 6]. 


ecliptic — The greal 
rile heavens in whicli 
appears to move among 
the stars. In 7, XY is 
the ecliptic. 

Equation of Time — The 
difference between mean 
time and apparent time, jy 
and by its use the one 
can bo converted into the othe 
and vice veraft. 



MAGNETIC COURSE -The angle a 
ship makes with the magnetic meri- 
dian. 

Magnetic Meridian — The direction a 
perfe<‘(. eoi’miass would pciiiit if in 
no way affected by local magnetic 
forces. 

Magnetic Poles— The magnetic poles 
are situated, the T^orth in Jat. 70 X. 
and long. 97 W., and the S<*urii in 
hit. 73 S. and long. 147 E. 

Mean Time— The time which would 
be shown by the sun if he r(*volved 
in the plane of the equator with the 
mean angular velocity with which he 
revolves in the ecliptic. 

Meridian — A great circle X, X 
pa.s.sing through llie jioles ( ,\X ] 
and cutting the e»iua1or ^ ' ' 
at right angles. In 11, X 
X08 is a ineridiaii. 1 1. 


NAUTICAL MILE -The length of n 
minute of are of the nuTidian. It 
varies slightly with the latitude. 


OBLIQUE ANGLE— One greater or 
less than aright angle; if greater, 
it is called obtuse, and if less, it is 
acute. 

Observed Altitude— Tlie angular height 
rcail from the ob.'^erver’s in.strii- 
nient. 

PARALLAX- The angle at the centre of 
a eeie.s(iul body subtended by the 
earth’s radius at tlie ^ 
position of the ob- 
server. In 12, the 
angle at O is ]>arallax. 

Polar Distance The 
are of acHi'stial merid- 
ian iHdw'cen the object 
and the celestial pole, 
it is the coinpiement. of the decli- 
nation r4, OP). 

Prime Meridian or First Meridian — 
The meridian from which longitude is 
reckoned. For Kngl'shnien, this is 
Greenwich. 




Prime Vertical — The vertical circle 
which pa88c.s through east and west 
points of tlie ^ 

horizon. 

RATIONAL HORI- 
ZON — A plane, 
passing through the 
centre of the earth, 
every point of 
which la 0(r from 
the oliserver’s 
zenith. In 13, Z 
is zenith. X('Y is rational horizon. 

Refraction -The bending of a ray of 
light tow^ards the ^ 

lierpeiidicular wdien \ 

passing through the \\ 

air In 14, (> is 
real plac(‘, V is 
apparent place of 
obji-et. 

Rhumb Lin e — A 
curve cutting every 
meridian it meet's 
a t the s a in o 
angle. In 15, RL is a rininib line 

Right Angle— .An angle of 90' . 

Right Ascension— Of a celes- 
tial body this is the arc of 
the (‘clestial eiiuiitor between 
the First Point of Aries and 



the meridian inissing through 


15. 




/ 


16. 


tlie oiijeet. in 16, ARC) is object, 
A, First Jhjint of Aries. 

SEMI - DIAMETER — The 

angle at the observer’s eye, 
sublended by tlie radius of 
a celestial object (R in 2|. 

Sensible Horizon- A plane 
to which a plumb lino at the o!>- 
server’s position is 
periHiUdieular, as 
.\()Z [171. 

Sidereal Time — 

Reckoned from the 
time the First Point 
of Arie.s passe-s the 
m<*ridian. 

Small Circles— 17 . 

Tliose wdiieli do not 
pass llirough the centre of a sphere. 
118. A and Hi. 

Spherical Angle- An angle 
formed by tlie iiiteirseetioii 
of tw'o great circles [191.. 

Supplement of Angle or 
Arc — Tlie amount an, angle 

• tliffers from ISO". 



TRUE ALTITUDE- TIic true height 
above tlie rational horizon. 

True Cour.se - - The angle a 
ship's eoiirso makes witli tlie jg 
true meridian. 

VARIATION OF COMPASS— The 

angle lh»*. inagmdie meridian make.^ 
with the true meridian. It. varies for 
ditfiTcnl jilaei's, and is to 
in; found marked on the 
charts. 

Vertex of a Great Circle— 

’J'hat p*)int on it nearesi to 
tlie jMile. Ill 20, X is tlie 20. 
ver(e\, I’ the pole. 

Vertical Circles (Ireat eirehs pass- 
ing through the zenith or iioiiit 

iiMiiiediati'ly overhead, ami 
jii'.rpeiidieuiar fo the liori- , ^ 

zon. In 21, Z is zenith, -i 

and all lines fiassiiig through ' 
if are vertieal eiri'lis. 21. 

Visible Horizon — The circle 

limiting the observer's view at sea., 
If increases in proiiortioii to thfc* 
observer’s height above 
tlie water. In 22, () 
la tlie observer, XYZ 

tile liorizon. 

ZENITH DISTANCE— 

The zenitli distanee of 
a celestial object is the 
are of a vertieal circle hetw-een 
the object and the zenith of tlie 
observer. 
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ESPERANTO By Harald Clegg 


Suffixes 

Of all the suffixes used to modify 
the meanings of Esperanto words 
there are none whieh are so often 
used, and which possess such re- 
markable power, us the pair i(j and 
They are chiefly emjjloyed in 
the construction of verbs, as is 
shown by the following examj)les. 

TO. The suffix ig signifies to ren- 
der, to cause to bo done, to make. 

It has the power of making an ad- 
jectival root- word a transitive verb: 

Forta, strong ; fortigi, fortify 
(make strong). Jioiui, good ; 
pitftonigft, improve, make bettor. 

From noun roots transitive 
verbs may be formed : 

Nuloy nought (zero) ; nuligi, 
nullify. Stono, stone ; .<tonigiy 
petrify. 

An intransitive verb receiving 
this suffix becomes transitive : 

Stariy stand ; starigiy erect, 
make stand. Ktmy Ho down ; 
kuHgu lay down. Boliy boil ; 
hoUgiy make boil. 

If added to a transitive verb 
the result is another transitive 
verb : 

Presiy print ; presigiy cause to 
be printed.. Kompreni, iind(‘r- 
stand ; hm.prenigi, c.ause to bo 
understood. 

I(t. The suffix i{jy on the other 
hand, signifies to become, to get. 

An adjectival root to which 
this suffix is applied becomes an 
intransitive verb : 

Ruijay red ; ru{ii(liy become red, 
blush. Gramy stout ; grasi<}iy 
get stout. 

l6 added to a noun-root 
makes an intransitive verb : 

Polvoy dust ; polviffiy become 
dust. Aniaaoy crowd ; amasi(jiy 
become amassed. 

An intransitive verb receiving 
iVJ becomes another verb of the 
same class : 

Sidi, sit ; sidigi, become seated. 
Brvliy burn ; hrxdigiy become 
burning. 

Added to transitive verbs, 
i{l makes intransitive verbs : 

Fermiy shut ; fermu^iy become 
shut. Finiy finish ; /Iniiji, be- 
come finished. 
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Mliese two suffixes may also be 
used as separate verbs, when the 
result is nearly the same as 
when affixed. 

Exiimples : Igi lin jelira esto.s 
viia deziroy To make him hap>py 
is my desire ; Paste la vet'ero 
i{fis pli honay Afterwards the 
wekther improved. 

'rhe use of ig and i{)y however, 
is by no means confined to the 
construction of verbs. Adverb.s, 
nouns, adjectives and participles 
(active and passive) may all be' 
produced by the use of the 
characteristic endings of these 
parts of sp<‘ech. The passive 
participles aty ity oty naturally 
cannot follow the suffix ig : 

Examples : Fortigardey in mak- 
ing strong ; pUhonigoy improve- 
ment ; nuligitay having been 
nullified ; itonigUy posses.sing 
power to petrify ; * palvigantCy 
in becoming dust ; amasigotdy 
about to bo crowded together ; 
kredigey in a make-believe man- 
ner ; edzigoy act of becoming a 
husband, w^edding ; sidigMes 
afb^r having become seated. 

The numbers and some of the 
prepositions and fixed adverbs 
alsogivc employment to ig and i{f. 

Examples : Unuigiy unite ; 

dnobliijiy become doubled ; jdiigiy 
make more ; jorigiy become 
absent, leave ; eligiy omit, leave 
out ; kunigardey in coming to- 
gether ; kmronigiy divide by four. 

The remaining suffixes are : 
rjy njy mod, urn. 

CJ denotes an affectionate 
diminutive of a masculine name, 
of which it follows the first two 
or three letters. 

Examples : Patro, father ; 
parjoy papa. VilhehnOy William ; 
Vilrjoy Bill, Billy. 

NJ has the same meaning in 
feminine names as above. 

Examples ; Patrinoy mother ; 
panjoy mamma. Florenco, 
Florence ; Flonjo, Flo. 

MOJ§T denotes titles of all 
kinds. 

Examples : Re^o, king ; Lia 
re/ja motto, His Majesty. Princo, 


prince. Via princa mosto. Your 
Royal Highness. Via motto. 
Your worship. 

UM has no definite meaning 
and is seldom used. The prin- 
cipal words formed by its aid 
are given below : 

Koloy neck ; kolumoy collar. 
Varmay warm ; rnalvarmumoy 
cold in head. PlenOy full ; plen- 
vmiy fulfil. Oroy gold ; orumiy 
gild. Arf/entOy silver ; argen- 
tiimiy plate with silver. Aeroy 
air ; aerumiy air a room, bed or 
( lothcs. Amiy love ; amindumiy 
make love. DaiOy date ; datumiy 
date a letter. Krucoy cross ; 
kruenmiy crucify. VentOy wind ; 
ventHmilOy fan. 

Compound Words 

A large niinibor of new words 
may be formed by suitably con- 
joining (he root-words found in 
the Esperanto dictionary. The 
(pialifying word or root-word is 
placed first, while the last word 
indicates the part of speech of 
the com]>oimded word. 

Examples ; BamideanOy a per- 
son imbued with the same idea 
(i.sed in reference to their 
co-workers by Esperantists) ; 
]X)dkartOy postcard ; lemoUbroy 
instruction book ; dramaiitoroy 
dramatic author ; okulvitrojy eye- 
glasses ; honkoray good-hearted ; 
laitdezirey a(5cording to desire ; 
ra}x>rti'f)Oy steamship. 

Such words are not to l)e found 
in the foregoing vocabularies as 
tli' ir construction is left to the 
ingenuity of the student. 

Abbreviations 

Occasionally, for the sake of 
simplicity, and to avoid undue 
repetition of full words, the 
following abbreviations are used. 

Sro.y Mr. ; Sino.y Mrs. ; Fino.y 
Miss ; Dro.y Doctor ; Prof. Prof. ; 
Kio,y Company ; Fspo., Esperan- 
tisto ; k. t. p. {kaj tiel fiu)y and 
so on ; k. c. {kaj cetcraj)y etcetera ; 
/. e. (tio estas)y that is ; ekz. {ekz- 
€m]de)y for oxanmlo ; Nro.y number ; 
B, E. A . Brita Esperantisia A socifi. 

The sign “ & ” should not be 
u»?d; it is meaningless in Espe- 
ranto, 
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Vocabulary ' - 

an^d\ angel Urn' , 1 uu i t , 

ariS^rch, bow boundary 

keg, bar- lu\ rent, engage 
rol rmjstr\ master 

her\ berry (science, art) 

hind', bind model', model 

(books) naak’y bear, give 

deviz', device, birth 

motto 'palp', touch, feel 

dtog', drug plant', plant 
enn', bo weary procew/', interest 
of prosper', pros- 

fabrik', manu- per, turn out 

facture well 

fand'y cast, melt pntr', putrid, 
flar', smell ( v.a. ) rotten 

sniff rapoft', report, 

jrot', rub recount 

hnf'yhooi ri/i', roll (v.a.) 
incit', provoke, sak', sack, bag 
incite salajr', salary 

jung', couple, scienc', science 
harness seg', saw (v.a.) 
kaldron', kettle sign', sign, token 
karnen', lire- sorb', absorb 
place sufer', bear, cn- 

kanap', sofa d\iro 

kamleV, candle fancel', shake, 
kolon', column, cause to waver 

pillar .srajW, screw 

kompar', com- ted', tedious, 
pare worrying 

kork', cork toler', tolerate 
kramt', cravat, velk', fatle 
tie \H>nk', conquer 

led.', leather vest', clothe 

Exercise XX. 

1. Dro. Zamenhof, la altesti- 
mata autoro do Esperanto, 
naskigis la trian de Decembro, 
mil okcent kvindek naua. La 
hufbatoj do Oevaloj audigis.. La 
fero fandigos. Nc sancoligu, st^d 
tiij hiigu tiun Cambron al la 
fandejestro. En la autuno la 
bninigantaj folioj falas de la 
arboj. Kvankam li estis forte 
vundita, kaj samtcinpe venkita, 
1? lie mortis. La skribajo (.‘stas 
tio ci, sod oni devas sekigi |jin 
per sorba papero. Si toleris ki^j 
suferis multon, Acd si ciam estis 
niodelo de paoienco. (' ii tio cstas 
korktirilo, kio kuPas siir la 
kanapo ? Mi pensas, ke ne. La 
fioroj, kiuj estas phuititaj en 
la plantcjo, odonis dolOe. Al 
malbonfarantoj, neniam pro- 
speras. Mi cstas devigata limigi 
miain elspezojn, car mi nun igis 
malriC'a. La raporto pri la 
kunsido estos sendata senpage. 

. 2. Hero is the sign by which I 
shall be recognised. In the public 
square is to be found a tall 
column, which the mayor orcoted 
U> the honour of a well-known 


townsman. I will have the in- 
struction books bound to-morrow. 
The water has become putj^d, and 
is npl drinkable. He hired an 
office at 1.5a. per week. Becoming 
angry, he put on his overcoat and 
di.sfippeared. What do you mean ? 
I was obliged to put a stop to his 
apoeeh. At daybreak the sun 
rises and at llie fall of cve it goes 
down. Did you inhale the odour 
of those growing flowers ? 

Note. Use the ig and ig 
suffixes where possible. 

Geographical Names 

Continents 

Africa, Ajriko Asia, Azio 
America, Ame- Australia, 
riko {Norda A nstralio . 

kaj suda) Europe, Eiiropo 

Countries 

Algeria, Ahjeno Hungary, 
Arabia, Arabujo Ilungarujo 

Austria, Iceland, /.sYarw/o 

A ustrujo India, Ilindti jo 
Belgium, Ireland, 7r/a7w/o 

Ikhjujo Italy, Italnjo 

Bohemi a, Japan, J a pann jo 
Bohemujo Mexico, Meksiko 
Brazil, New Zealand, 

Brazilujo Nova Zelando 

Bulgaria, Norway, 
Bulgarujo Norvegujo 

CskWfkAa.^anado Persia, Persvjo 
China, H inn jo Po\md, Polujo 
Denmark, Portugal, 

Dana jo Portugaliijo 

Efiypli Bgijdif jo Roumania, 
England, Rumannjo 

Anglujo, Russia, Rnsnjo 
Anglolando Hcoiland, Bko- 
France, FtancU' tujo, Skotlnndo 
jo, Franclando Spain Hispanujo 
Cerrnany, Swt^den, Bvedii jo 
(rermanujo, • Switzerland, 

( f ermti n lando S vis ujo 

C real Britain, Turkey, Turku jo 
Granda Brit ujo United States of 
Ci’ecce, Grelcujo America. 

Holland, Unuigitaj Statoj 

Ilolando A vieri ka j 

CfTlRS AND ToWN.S 
Al nst ci’dain , Edinburgh , 
An}.sterdanto Fdi nhurgo 

Antwerp, Geneva, Genevo 

/I ni verpeiU) Lisbon , Lisabo no 
Algiers, Ahjero London, 

Athens, Ateno Londono 

Berlin, Berlino Madrid, Madrido 
Boulognc-sur- Milan, M ilwno 
mer, Bulonjo Moscow, 
apud Maro Naples, Neapolo 
Buda-Pesth, New York, 
Buda-Pesto NovaJorko 

Constantinople, Odessa, Odeso 
Konstantinoph Paris, Parizo 
Dublin, Duhlino Prague, Prago 


Rome, Romo Viehna, Fieno 
Rotterdam, Warsaw, , 
Roterdamo Varsovio 
Saint Peters- Washington, 
burg, Sankta Va'dngtono 
Peterburgo 

Time 

Various methods are ul^d to 
denote the time : 

3 o’clock, la tria {horo) ; 3.15, 
kvarono dc la kvara {horo) ; 3.35, 
tridek kvin minvtoj de la kvara, 
or dude.k kvin minnioj antait la 
kvara ; .3.30, dufmo de la kvara 
{horo). But the simplest way 
is, perhaps, to use railway 
method, thus : 3 o’clock, la tria 
{horo) ; 3.15, la tria {kaj) kvindek 
{minutoj) ; 3.45, la tria {kaj) 
kvardek kvin {minutoj). 

English Prepositions 

The following sentences and 
])lirasts are for translation: 

At {Ian) your desire I wrote 
the letter. One of (c/) us must be 
wrong. 1 am a faithful servant 
of {al) the King. A book of {pri) 
proverbs. The best way of 
seeing {jjor vidi) the town. Ho is 
a professor of {re) the school. 
My love for {al) children. On 
(<t) my arrival. The smallest ^ 
room of {en) the house. City 
(of) London. Month (of) May 
{prepositions omitted), Mr. N. of 
{el) the city (of) York {Urbo 
Jorko). Ring of {el) gold. The 
love of {al) God. God’s love 
{Amo de Dio). He is a man of 
{kun) taste. A friend of mine 
{IJnu mia amiko). A labour of 
love. Regiment of {da) soldiers. 
He fought with {konlrad) the 
thief. Mute with {pro or de) 
wonder. It is sold at {po) 
tlue(‘penc(5 the (for each) pound. 

1 put- it at {]X)r) bis disposal. 
At {en) London. This bill is pay- 
able at {post) 30 days. Some- 
body shot at {sur) me. They 
cried for {pro or de) joy. For 
{dum) a moment he was silent, 
lie stayed at Pai-is for {dum) a 
^^'eek. 1 cannot carry it for {tra) 

sm-h a great distance, She cried 
for {pro) fear that slie would not 
sec him again. Ho upbraided mo 
for having gone away (pro tio, 
ke mi joriris). Catalogue will bo 
sent on ( la ti ) request. Southend 
on {a pud) Sea. We shall arrive 
by evening (vespere) in (en) 
London. He ran three miles in 
{dum) the hour. 

Key to Exercise XIX. 

Li, neatendito, alvenis^ en 
Londonon lastan nokton. Co la 
6(567 
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mezo de mia gardeno kreskas 
pirujoj, prunujoj kaj grosujetoj. 
Krom tin], vi trovas ciiijn 
specojn de Jogomoj. La sorvis- 
tino jus metis la mangilarojn 
sur la tablon, sed kie cstas la 
supujo, la salujov la piprujo kaj 
la soifbrilo V Vekite, la tajloro 
malfennis la okulojn, kaj vidis 
la seiuriston starania apud li. 
Estanie nature timema, li iom 
balbutas, kiam ajn oni ripioias 
lin. Kurinte rapide al la staci- 
domo, li gusto t rafts la vago- 
naron, kiam gi (jus) ekiris. La 
leteroj cstas senditaj afrankitc. 
Kia stranga svelajo cstas sur via 
vizago ! Till ci vorko cstas dedi- 
cita al mia ploj amata amiko. 
Jen estas la monujo kaj la 
juvelujo, kiujn mi trovis sur la 
Attiparo apud mia oficejo. 
Multajn dankojn ! Tin oi 
dgaringo tre similas mian. 
Transpasante la straton, la 
infano subite^falis sub la radojn 
de kaloso. Bargito de la ^ar- 
gistoj, la sipo eliris el la liaveno. 
La tajloro garantiis, ke ci-tiu 


surtuto estas f arita el la pie j bona 
drapo. Remante, mi rompis unu 
el la rwniloj. La fabelo, pri kiu 
li estis traktanta^ no cstas entute 
vera. Turnante la okulojn al la 
vasta maro, mi vidis la Aipon 
malrapido f ormovantan, gis kiam 
gi malaperis. Eelico la terura 
mulitado inter Rusujo kaj 
Japanujo nun ccsis, sed ni ciam 
pripensos tiujn mortintafn mili- 
tistojn, kiuj vane oferis siajn 
vivojn pro siaj landoj. 

Kky to Exercise XX. 

1. Dr. Zainenhof, the highly 
esteemed author of Esperanto, 
was born on the 3rd Deeemher, one 
thousand eight hundred and lifty- 
n i ne. The hoof- bea < s of horses were 
heard. The iron will become melted. 
Do not hesitate, but at once let 
that room to the foundry master. 
Jn the autumn the brown-becom- 
ing leaves fall from the trees. 
Though he was badly wounded, 
and at the same time became de- 
feated, he did not die. The writing 
is here, hut it must be dried witli 
bIotting-pa))er. She tolerated and 
suffered much, hut she always was 

Esperanto concluded 


a model of patience. Is it a cork- 
screw that lies on the sofa ? I think 
not. The flowers, which were 
planted in the plantation, smell 
sweet. Evildoers never succeed. 
I am obliged to limit my expenses, 
as I have now become poor. Tho 
re]iort of tho meeting will be sent 
free of payment. 

2. Jen cstas la signo, per kiu 
mi rekonigos. En la placo, 
trovigas alta kolono, kiun * la 
urbestro starigis jc la honoro de 
tre konata urbano. Mi bindigos 
la lornolibrojn morgau. akvo 
putrigis, kaj ne estas trinkinda. 
Li luis oftcejon po 15 silingoj por 
(ill semajno. Kolcriginto, li 
surmetis sian surtuton kaj mala- 
peris. Kion vi volas diri ? Mi 
estis devigata cosigi liaii parola- 
don. Je tagigo la suno Icvi^as, 
kaj je vesperigo gi subeniras. 
Cm vi flaris la odoron do tiuj 
kreskantaj floroj ? 

Note. The student is advised 
to got Enulish-Esjieranto and 
Esperanto ■ English Dictionaries, 
(British Esperanto Association, 
13. Arundel St., W. C. ; 1/8 each.) 


GREEK 

SECTION II. SYNTAX 
The Dative Case 

As we have seen, the Greek dative stands for 
three distinct cases : 1. Locative, 2. Instru- 

mental, 3. The Dative Proper. Wc will now 
deal with these more fully. 

1. The Locative, 'i'he locative survives 
in a few forms as a distinct case, the ending 
being t short ; but, generally, the • locative 
coincides in form with the dative. It denotes 
{a) placo where, (b) time at which. 

Place Where. With names of towns — as : 
llXarataeri, at Platiea (locative form) ; or IlXaratafr 
'dative form). With names of countries — as : 
KXXddi, in Greece. It often denotes the sphere 
of action, whether in a locative form (as olVot, 
at home) or in a dative form (as in the 

liouse ; ovpapi^, in licaven). From the locative, 
denoting “jdace where,” is derived tho use of 
the ](^cative to denote direction, or the place of 
cirrivalf after a verb of motion — as : Trejele 

{from Trt'TTTw), to fall to the grouml ; 777 
He lay on the cartli ; ide^aro /ciVeXXov, He 
look a cu}) in his hand. 

Time at Which. This is found in Greek only 
in dative forms ; there are no locative forms for 
time — cgr., rplnp ijfian, on the third day ; 
in old age ; vovp.y}via, at the new moon, on tho 
first of the month ; vcrripip after time. 

2. The Instrumental. This case pri- 
marily denotes “association with,” and hence 
“attendant circumstances” and “relation.” 
The name “instrumental” is misleading, as 
the idea of instrument is suiiordinate. 
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( a ) The Associative Instrumental denotes 
association with a person, . common after 
^TTOyttat, follow ; /xlyw/xif mix ; ofxiK^ci}, consort 
with ; fiaxofMOLiy light ; SiaX^yopaty converse ; 
KoivdSf common ; tcrosy ecpial ; o^iotoy, like ; 6 ai/rd?, 
the same —as : ofro? eanv 6 ai/roj iKelvtpj This man 
is the same as that. 

(b) Of Circumstances Attending the 

Action — as : 'f)\0ov TrXrjOeL ovk dXlytp, They came 
with no small crowd ; ^TrXtoe de^lip K^p(;ii iiyovfiietp, 
They sailed with the right wing leading ; piav 
vaifv avToh dvdpd<riv tlXovy They took one ship men 
and all (lit. with the men 'themselves). This 
has three special uses : 1. To denote tho agent 

of a person - as : Oeoh (re<ru)(rp.iposy saved by the 
gods (lit with the help of the gods) ; w0cX7;rta 
aoi 7} ttuXls eVrtv, The city must bo benefited by 
you (verbal adjective) ; TrapeffKevaaTo rols Kop' 
ivdiois. Preparations had been made by the 
Corinthians (usually after a verb in the perfect, 
or the verbal adjective ; this is generally ren- 
dered by uir6 and the genitive). 2. To denote 
the means or instrument — as : opup-fp roi^ 
6(f>ffaXp.oU, We see with tho eyes ; and after 
XprjcrBaiy to Use (which always takes the dative), 
meaning literally to serve oneself with — as : xpv^r 
0ai ifiarltpy to use (or wear) a garment. 3. To 
deimte reason, cause, or ground — as : rots ircwpay- 
fi4pois <l>oj^odfi€Po^y fearing oil account of what had 
been done ; oiVe irepLif. oDre d<rd€P€l(;f, Terlfirtrai ovbelsy 
No one is honoured on account of poverty or 
weakness ; dTro0pi)<TK€i vlxripy Ho dies of disease. 

(c) Of Relation, defining the action of a 
verb or the application of a noun. Of this there 



are two special uses to denote Manner and 
Spaed. 1. Maum^ : as, <riyif in silence, silently ; 

forcibly; Tfm, in reality; rajirp, thus; 
fiayldii \f^ai)b)P, tempting (the god) in his madness. 
Under this head may be classed the Instru- 
mental of Measure,” denoting ditferenco of 
extent — as : iroWi ixtTS^ov, much greater (lit. 
greater by much); ttJ Ke^aXT? dUaawv, a head 
shorter; roffotjri^ Afictpov, .ro much the better. 
2. Space: either of space over which motion 
takes place, or of time through which anything 
lasts — as: ry course of lime; ay^ptf) 

Xp^v<^ dvvdffTTfSy ruler through endless (lit. age- 
less) time. 

Note on the Instrumental Case: llomcr 
has many archaic forms in -<pi or which are 
properly instrumental— as : by force, but 

are also used as locatives — e,g, : 6p€<rf/)i^ on the 
mounttiins. More loosely still, they are used as 
genitives or datives, as Kard.' L\i6<pi reixea, for ’IX/oe. 

3. The Dative Proper. This is used in 
Greek only of a person, the person allecte^l by 
the action j although in Tiatinit is used of a thing 
as well. It may either depend on a verb or not. 
1. Depending on a verb : The verb may be cither 
transitive — as : dldivfii^ roOro, 

Give me this ; or intransitive— as: dpc<rKO}, please ; 
etKCjy yield ; Tt(rrci''w, trust ; ireiOofiai^ obey ; 
6p€i61^w, reproach ; f-iorjOC}, help ; irpewety it is 
becoming ; 5ovct, it seems, etc., all of wliich are 
followed by th(^ dative — e.gr., TTKrrtvij toU <i>l\ois, 

1 trust my friends ; vp^irei ij.ol Uyeiu^ It befits me 
to speak. This dativ<^ is especially used of the 
possessor after the verb to he and similar verbs — 
as : Tp€L5 5^ pLoi elffL 6t!iyaT€p€Sf I hfive three 
daughters. 2. Not depending on a verb : 
(d) Dative of Interest — as : wa? dpijp avT(p wovet^ 
Every man labours for himself; K€<t>a\p 
7rept5d5ta, 1 fear for my head. (6) Dative of 
Respect — as : d€oh rlSp'qKtv, His de<vth is the 
gods’ concern. This dative is sometimes 
indistinguishable from the possessive genitive, 
except by some slight idea of the person being 
concerned in the situation- - as : rjpxov toO vavTisoO 
roii 'Ll! pa.Ko<r Lois, They commanded (governs geni- 
tive) the navy of the Syracusans, (r) Participial 
Dative, either limiting the action — as: iv 
^(TwXt^oPTi, On the right as one sails in (lit. With 
respect to one sidling in) ; {rweXovTi, or, ws (rui/e- 
X6pti eiircip (participle of avpaipcct)), to speak con- 
cisely (lit. for one making it concise) ; ws t/xo/, 
in my opiiiion ; paKpdp ydp wy ylpoin TrpovffrdXijs 
dSov, Thou didst umlcrtake a long journey for 
ar old man; or predicatively after a verb like 
(o he — as: aimp (iovXopcpip iariv. Ho wishes it (lit. 
It is to him wishing it), [d) Ethic Dativ^, 
of the person sym])athising or alfocted (per- 
sonal pronouns only)- as : Trwy ijpip ; How 
are you (we wish to know) dvdfiaiv4 pot, r^p 
nXipaKd^ Climb the ladder, I pray ; r/s rldvrjK^. <roi; 
Who of your friends is dead 
Notes. There is a pecular use of tlio dative 
found in statements of time — €.<7., ^p^pai fjaav Trj 
MvTtXiJviy iaXtaKvlq. (perfect participle Otf dXia-Kopai) 
^vrd, There were seven days since Mytilene Iiad 
been captured. ‘ The dative follows many verbs 
compounded with prepositions-r-as : MKeirai rb 
The plain lies below the temple. 
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Attraction of the Relative 

The relative pronoun in Greek is especially 
marked by attraction of case— ».c., it either 
attracts its antecedent to its own case (Inverse 
Attraction), or is itself attracted to the case of 
its antecedent (Attic Attraction, as being in 
Attic the normal construction). The latter is 
by far the more fiH?quent. 

Inverse Ati’Kac^iiox — as, otxcvai ipebywp hv 
'Tjycs pdprvpa^ ^J’lic witness whom you brought ha.s 
gone dccing away (for 6 pdprv^ 6 p 7 ) 705 ). This 
is especially frequent when the principal sentence 
is completed subsequently — as : SijKai iftrau 
tQp TtffpeuTuyp trdaas dvtiXoVj They removed 
(dpatptu}) all the sepulchres ()f those who had 
died (O^KaL for OrjKa^). Another instance of this 
attraction, common in prose, is the phrase 
oi/Sfty 6 <TTii oi‘. There is no one who not — t.c., 
everybody (^<rrt being understood). In the 
nominative tluue is no attraction, but in the 
oblique cases, whenever borrif is governed by a 
verb or some other word, oi’5ei's is attracted info 
the case of tVns — as : ovbCpa kIpSvpop dPTiua obx 
vvipuvcLv^ There was no danger that they did 
not endure (for oi'Scis kLp 8 \jpo^ 9jp bpriua, k.t.X.) ; 
oi'depb^ 6 tov ovk Slv naT^p etrjv^ There is no ono 
who.so father I might not be (for ovdeU k.t.X, ). 

Arrre Attraction. Tliis usually occurs only 
when tlic relative would naturally have been 
accusative — as : d 7 r 6 tup irbXecjp c&x ^rreicre, From 
the cities which he persuaded {Cop being for ds) ; 
rots dyaOoU oU With the good things which 

we have (oh for d). E 8 i)ecially when the ante- 
cedent is oinitted — as : tjpkti) 08 duvoeho^ Half of 
what he intended (oC for tKeirov d, Of that thing 
which) ; edp oh rd dKpa KaraX-Zlyf^opaiy I will 
s-eize the heights with the men whom I have (oh 
for rots dpdpddi oi/s) ; tt/jos oh eKti^crapro, In addition 
to wliat they gained (oh for rovroi^ d). More 
rarely, and always with antecedent omitted, a 
relative is attracted from genitive to accii.sative, 
or from dative to genitive — as : dtp' ys upba-are 
vpepaT, From the day on which you swore (for 
drd rijs ijpepds rj tbpocrarc ) ; and hardly ever from 
nominative to genitive — as : Cop 8 lp dd^y x 4 pi (for 
vfpl tKilpup A At' 56i:j7), (’oncerning those things 
which may seem good to us. [Note the diflerence 
ill accent when a pre])ositiou jollow^ its noun : 
■nipi and refA.] 

A similar construct ion is found with relative 
adverbs as : dieKopii'ovTO 6&fP inrct^Oevro Tra/Sas Kal 
yvpaiKas. They brought over their wives and 
eliildieii from the places in which they had 
deposited them for safet}^ (67hj', from which, 
.standing for fKflOeu ovov, from there w^ere, or 
from ‘the places in M’hieh). 

Note, a peculiar attraction takes place in 
certain phrases with oios, such as : Ticrrcdw 
oLtp att diopi, 1 trust such a man as you (for 
Toiovroo oio^ <tv) ; roh oiot^ ijpip x^XeTox Ccrri, It is 
hard for people like us (for rotoi/rois oloi i)p€ii, 
for such as wo arc). 

Negatives 

There are two negatives in Greek, oi5 and pifi. 

It is rather hard to understand thoroughly the 
difference between them ; only by noticing their 
usage ciirefully, whenever they occur will the 
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st/Udent become quite conversant with their use. 
The following remarks give the brojvd outlines. 

01 *; is specific, fiiff is general ; ov denies, /ijj for- 
bids or deprecates. In other word<, ov is used 
in negative statements (including interrogative 
sentences), fii) in negative conce'j^ions (including 
purpose, conse()uence, prohibition and condi- 
tion). What is said of od and fi/i api)lies also to 
their compounds, ovdtLsy jULTjdds, ov64 (not even), 
oOre (nor), oOTrore (never), /t^irore, etc. 

In principal clauses ot) is used in assei tions, 
fo) in commands and wishes. In subordinate 
clauses ov is used in causal and tem[)oral sen- 
tences, ij.rj in final (t.e., expressing purpose) and 
conditional sentences. In indirect or reported 
speech — Oratio Obliqua — the regular nega- 
tive is 01 /, though some excc[)tions occur. (The 
Oratio Obliqua will bo dealt with sul)se(iuently.) 

Examples : rrvpb^ ckup ovx airrofjLaL, I do not 
willingly touch tire ; ei iK^iae dirTjXOop, ovK d.p €bpop 
avTTiv, If 1 had gone there, I should not have 
found her ; oi) ^oOXeade 4\9 €ip ; Don’t you wish 
to go ? oidfiepoi TT]p fiovX^p ou xl/r)<f)ifiaOaif Thinking 
that the senate would not vote ; direidi} ovx 

As they could not take it, they 
went away. dirrjXdop Xpo. fii] tdoipL avrdify I went 
away in order that I might not see him ; toOto 
Spaarji, Do not do this ; julijk&i ^<prjp iyeb, ( ) that 
I may live no longer ! ei pLj] tovto SptptjPf /jiaiPoLfirjp 
dPj If I were not to do this, I should bo mad ; 
■pTTiaa dpd”, .1 asked him not to do it. 

When used with single words, oi/ is definite, 
/iij indefinite. Thus : oi ovk dyaOoi voXlrai, Certain 
definite citizens who are not good ; ol dyaOoi 
TToXirai, Any citizens who arc not geiod ; ot ov 
t o(ro0pr€9, Oerbiin special not diseased persons ; 
cl jnij po<rovPT€s, Those who are not ill, the class 
of not diseased persona ; rb fiij naXo, Whatever 
is dislionourable ; r6 ju,Tf ddyaadai, ina])ility ; rb fii} 
6v, non-existence ; oi/ 0 t;au, I say not, I deny. 
In direct (piestions oi/ expects the answer Yes 
(Latin 7ionne), firj expects No (Latin num). 
Sometimes the fuller form dpa ov or dpa p.ri is 
found. Thus, dpa (or simply fiij) ^ovX€(r0c 
iXOeip; You don’t wisli to go, do you ? 

There seems very little ditlerence between the 
use of ovb^p and p-nbip as nouns (— nothing), but 
after the article the forms beginning with /ui) are 
alone used — as : ov ydp rj^lov tovs fiyjd^pasj For he 
used not to value men that were nohodics. 

In Greek, as a rule, tw(» negatives do not 
nullify each other and make a ])ositive ; they 
rather strengthen the negation. Thus, “ I never 
heard Jinytliing anywhere from anybody ” would 
be oi^T^re ijKovffa ovbep ovbaixov ovbfvb^, “1 never 
lieai^d nothing nowhere from nobody.” didov 
fATjdiu /xridcpi, Do not give anything to anybody. 
So with oiWy not even — as : ovdefxla yvp^ ovdb 
iretparat, No woman even tries. 

After a word of neg.ative meaning, Greek often 
has a negative expression where other languages 
would have an aftinnative. 1. After a cotiqiara- 
tive — as : toXi.v bXrjp 5ia<l>d€ipai /jloLXXov ^ ov tovs 
airlovs^ to destroy the whole city rather than 
the guilty ; the idea being that in all comparisons 
the very notion of preference also implies 
rejection or denial. 2. After a verb of negative 
mining {e g,, deny, dispute, hinder, distrust), 
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where /ui) with the infinitive is used for the 
infinitive alone — ^as : They hindered mo* from 
coming, iKibXvcdp fxe iXOeip ; I deny that 
ho did it, dirappovixai fiT) iKcXpop dpdffai ; and even 
after a noun — as : 17 dtropia rov fii] ija-vxdii'eip, the 
impo.ssibilily of keeping <iuiet. 

fjL^ ov. When such a verb of negative meaning 
as we have just considered is itself negatived 
by 017 , Greek requires the negative ov to be put 
in the subordinate clause as w'oll, so that in the 
latter clause we got the combination /x^ ou — as : 
OVK iKUjXvcrdp jxe fi^ obK cXOeiv, They did not hinder 
me from coming ; ovk d-jrapvovpai oik iKeipbp 
dpdffai, I do not deny, etc. ; tL fxiXXci p.^ ou 
■aapovffiap ^x^iv ; What, hinders him from being 
jnesent ? (i.e., nothing hinders). 

ou pri. This is u.sed (1) interrogatively with 
tlie future indicative to express a strong prohi- 
bition — as : ou pi] i^eytptr. Will you not iiot-rouse^ 
— i.e.f do not rouse ; ou pi] (pXvapi^aeis; Will you not 
stop talking nonsense ? — i.c., stop talking non- 
sense. (2) With the subjunctive, mostly with 
the aorlst — as : ou pi] iXOrj, There is no chance 
of his coming ; ou pi] Xrj^Oiby There is no chance 
of my being caught. This expression is probably 
the negative of pi] X'prpBC) in its Platonic scn.so of 
“I shall probably he caught,” which was a 
revival of the Homeric use of the construction as 
meaning “I fear I shall be (;aught.” The original 
meaning of pi] \r]<p6u> was “May I not be caught ! ” 
whereas in Plato the same construction be- 
comes a cautious assertion (pi] (pavXop It will 
probably ])rovo bad) ; hence 01 ; pi]'Xr]<p0iby 
There is no reason to suspect I sliall be caught. 

Oratio Obliqua (Tmiihkct Discxiirrtsi:) 

^Students of Latin have the advaiiUige oi 
understanding this construction ; they liave the 
disadvantage, however, of bringing to the study 
of the Greek construction certain pieeoncoived 
ideas which, though excellent from the point of 
view of Latin, are inconsistent with the Greek 
idiom. Everyone knows what direct speech is : 
“1 am well,” “Who are you ? ” “ Do this ! ” — 
the.se are examples respectively of direct state- 
ment, diicct question, and direct command. 
Now if we wish to quote someone as using the.si; 
expressions, we may either (| note them directly — 
as: He said, “I am well”; He asks, “Who 
are you?”; He commands, “Do this!”; or 
indirectly — as: “He said that ho was well”; 
“He asks who you are”; “He orders you to 
do this.” With this latter indirect use wo art* 
now concerned. 

I. Indirect Statement. In Latin the 
natural w^'iy of expre.ssing this is by means of 
Che accusative with the infinitive ; in Greek 
this is only one of the natural way.s. 

I. Accusative and Infinitive. This is used 
after verbs of sayiruj and thinking to express 

the English “that ” — as: He said that 

the law^s were unjust, robs pbpovs tlvat 

ddlKovs ; Thinkest thou that I am unhappy ^ 
popXl^us dvffTvx^ip ipi ; Al'O after impersonal 
verbs — as : “it was agreed that,” “ it happental 
that,” “it was proposed that,” etc. The iiega 
tive used liere is ov, not pi]. 

In the following two points the accusative 



UINQUAOKS-QIIEBK 


and infinitire constrjucfeioh in Greek differs 
from Liitin— • 

Accusative with Participle. After verbs 
of feeling and knowing (perception as opposed to 
statement proper) the accusative with the par- 
ticiple, and not with the infinitive, is the rule — 
as : oT5a avThv \vwyipbv iJvra, I know that he is 
troublesome ; rvpdwov^ iKir^abuTM TpaOdfiriv, I per- 
ceived that the tyrants had been expelled ; 
rbv M^dop tfffiiv iK T€pdrci}v yrjs iXOdvra^ We know 
that the Mede came from the ends of the earth ; 
oUd <rc dyaObv bvra^ I know that you are j^ood. 

Infinitive Attraitton. If the subject of 
the Infinitive (or participle) is the same as the 
subject of the principal veil), it is put in the 
nominativet instead of in the accusjitive, by a 
kind of attraction — as : 'AX^^apSpos ^(ftaaKfp dpai 
Albs vl6sj Alexander used to assert that he was 
the son of Zeus ; irXoimoi oidfieOa ^a-ca-Oai, We 
think that we shall be rich ; alffOapSpieda yeXoioi 
6pt€S, Wo perceive that we are ridiculous ; oTSa 
dyadbs (bp, I know that I am good. Notice that 
in these examples the pronouns “that he” 
“that we,” etc., are not expressed. There is 
110 need to express them, unle.^s there is an 
especial emphasis laid on the pronoun, as, for 
example, ovk avrbs dx\’ iKtiPOP (TTparriycip^ 

He sjlid “Not I, but you, aregeneial’' (lit., He 
said that not himself but that man was general ; 
here we have the two constructions, nominative 
with infinitive, and accusative with infinitive) ; 
iKelvrjP fibv KaX^P ^<prj eZi/at, abrbs Sb alcrxpbs. He said 
that she was beautiful, but that he liimself was 
ugly. This construction makes Greek beauti- 
fully clear ; it avoids all the clumsiness of the 
English reported speech, in which it is often 
difficult to make out the persons to whom the 
various pronouns refer — as: “ He said that he 
would soon teach him better manners, and if 
he did not take ciire he would have to look to 
himself, for he was determined to put a stop to 
his impudence.” 

2. Instead of the accusative with the infinitive 
it is e(]ually good Greek to translate the English 
“that” by bn or ws followed by the verb in a 
finite mood. The negative here too is ov. 
Examples : Xbyci lin ypa<t> t, He says that ho is 
writing ; direp bn ypd^ot, He said that he was 
writing ; bn b ^acnXei'/s (r^ds bwijjixf/ePf They 

say that the king sent them ; bn 6 

fiaffiXebs <T<l>ds They said that the king 

had sent them. 

Frcm these examples it wdll be noticed that 
after a main verb in a Primary tense {i.e„ 
Ihesoiit, Future, Perfect), the verb in the 
bn clause remains in the same mood and tense 
as in the corresponding direct statement ; but 
after a Historic main verb (f.e,, Aorist, Imperfect, 
Plupeifect) the verb in the bn clause becomes 
optative. This is the strict rule, but frecpieiitly, 
for the sake of vividness, the rule is relaxed, 
and instead of the optative in the latt or case, 
the indicative is found, the actual tense and 
mood used by the speaker })eing thus preserved 
in the reported speech. Examples ; bXeyop bn 
^‘irli’ovai <ri' kal fijp rrbXiv f^eip Jicot Tlioy said 

that they hoped you and the state would be 
grateful to (the original mood and tense 


‘‘they hope” instead of optativtf by strict 
sequence) ; ^k€ 8 dyyiXXDp ns <vs ’EXdreta Karel^ 
Xrjjrraiy Some one was come reporting that 
Elatoa had been taken (“Elatoa has been 
taken,” perfect indicative passive of KaraXap-^ 
(idpc^f instead of optative) ; et7r<5i-Tes bn rrpiir ^€is 
Tr4fj,\povcriPj dwTjX&op^ They went away, saying that 
they would send ambassfwlors (“they will send,” 
instead of TbjUL\l/oup, as sti icily required). Hero 
arc two examples showing the strictly regular 
use W'ith optative : bimpibix'^p avnp 8eiKPbpai bn 
otoiTo [xIp dpai <ro<f)bSy etrf 8' ob, I tried to show him 
that he thought ho was wise, but was not so; 
VTTCiTTWP bn avrbs raKci {ra ihci) irpd^ot, 

Hinting tliat he would himself manage things 
there, he dejiarted. 

Ik After verbs expressing emotion — e.g.t 
6avfidto>, wonder ; fibfi^opai, blame ; dyapaKrib, 
be indignant ; alaxvpopai. be ashamed ; the 
Greeks used d (if) instead of ws or bn — as : 
Oavpi^uid dapLipoLs vfiip dipiypai^ I am astonished 
that my arrival should be unwelcome to you. 
The negative here is always /at). 

So far wo have been dojiliiig only with the 
principal clause in Indirect stiitement. Wo 
must HOW' see what happens in a dependent or 
subordinate clause. Here again the Latin 
student must beware ; for whereas in Latin the 
verb in a dependent clause in oratio obliciua is 
subjunctive, in Greek the subjunctive is never 
due to oratio obliqua. In Greek the rule is 
much simpler : if the principal verb is primary 
the dependent clauses stand exactly as they 
w^ould if the statement were direct ; if the prin- 
cipal verb is historic, all dependent verbs in the 
indicative or subjunctive sliould strictly become 
opbitive, though for the sake of vividness they 
are freipiently retained in tlie indicative or sub- 
junctive unchanged. Examples : ToiTjo-eiP <f>rialp 
6 fi'br aio’xvPTjP /xifir dbobiap avnp <t>^pti. He says 
he will do whatever brings neither shame nor 
discredit to him (ft>(pn is exactly what it would 
be in direct siJeech) ; direKplparo bn fiapOdpoiep d 
OVK iirlaraivTOy He replied that they were learning 
what they did not understand (whore irnffTaeBey 
indicative, you do not understand, becomes 
o[)tativo, though it might have remained indica- 
tive) ; ^(f>aaap robs &p8pas diroKrtpdp oOs 
^wpras, Tlioy said they would kill the men whom 
they had living (txovcri, indicative, retained, 
rather than changed into ^xpup ; their actual 
words were d7roKr€Povp.cp ovs f!xo/x€p). 

Note 1. The word “saying” or “thinking” 
need not be actually expressed in Greek in order 
to throw what follows into the accusatiie and 
infinitive coiistriietion. It is enougli if the idea 
of saying or thinking is suggestetl only — as : 
(Odf avp^ T€ Kai ovk da np ytyeprjp-^pip (pSiddpai- ttjp 

jLixp yap ypibfJLTfP avrCoP oi'x ijiraiiaOai (Thuc. \ I., 72), 
lie encouraged them and would not allow them 
to yield in face of what had happened ; for (he 
said) it was not their spirit that was broken 
(the idea of “8;iyirig” is suggested by tffdpa-vpe). 

Note 2, The accusative and infinitive is often 
employed after the article t6, making the sen- 
tence into a kind of substantive — as : rb dfidp- 
rapeip dvOpihrrovs ob8{p {ian) OavjiLaarbPf The [fact] 
that mortals err is not surprising ; bid rb ^^pos 
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elwit oiJic Slp otei dSiKrf$ijyai; Do you think you 
%ould not be wronged on account of your being 
a stranger ? (Note the nominative ; see 
Infinitive Attraction above. ) 

II. Indirect Question. This is very 

simple, the usage following the rule of the 
indirect statement with Sn — the verb in the 
indirect question being indicative or optative 
according as the main verb is primary or historic. 
And here, as there, the indicative may remain 
after a historic main verb for vividness. 
Examples : ipoiiai ri dpdaci, 1 ask what he will 
do ; T)Tr6povv ri ttotc I was at a loss to know 

what he meant should strictly be optative, 
but the words of the actual direct question are 
allowed to remain, tL What docs he say ?). 

Similarly if the direct question is a deliberative 
subjunctive, the subjunctive can remain after 
a historic main verb, instead of becoming opta- 
tive — as : i^ovXe^oPTO ctre KaTaKa{><ro)(Tiv drt ri dXXo 
Xp'^(ru)PTai, They were deliberating whether they 
should burn them or dispose of them in some 
other way. 

III. Indirect Command or Petition. 

The same rules apply here. Examples : fceXeikt 

5poi<rai rSSe. He orders you to do this (nega- 
tive /LtiJ) ; ^KiXevffcp 6 tl Si'tpaLPro Xa^dpras fJLcraduoKfiPy 
He ordered them, taking what they could, to 
pursue (his actual wox'ds were “take what you 
can,” 6 Tt dp 8vpr)<T0€y aud the subjunctive 
ddpcjPTai might have been retained here for 
vividness instead of ojitative) ; Trpoeiirop auroU piij 

pavfiax^ip KopipOloiSf ‘^p ^iri K^pKvpap 7rX^w<rt, 

They instructed tlicm not to fight the Corin- 
thians at sea, unless these should be sailing 
against Corcyra (subjunctive tX^wvi here retained 
instead of optative TrX^otei'), 

Middle Voice 

The Middle Voice, though reflexive in 
meaning, is not simply reflexive. Arising out of 
the reflexive use, there are many extended 
applications. The action is directed towards 
the agent, and hence we get three main appli- 
cations of the middle, to denote action (1) upon, 
(2) for, and (3) within oneself. 

1. Action uroN Oneself. Tlie agent is 
the indirect object of the action — as : 

I take to myself ; ^ppvpLai, T put clothes on my- 
self ; ^^pojULai, I carry off for myself, I win 
{<l>dpu), simply I carry) ; Tiinopov/naif I redress 
my own wrongs, I take vengeance on (rt^wpJ), 
I redress another’s wrongs). The strictly re- 
flexive use of the middle is not common in 
Greek ; it is found with a few verbs like Xovofiai, 
I w^fdi myself ; rp^Trofxai, 1 turn myself, etc. 
But, while tuittoj means / strike, TvirrofiaL does 
not mean “I strike myself.” In other words 
the object is almost always indirect, not direct. 

2. Action for Oneself, the Causative u.sc 
of the middle ; getting something done for one- 
self — e,g., Sai'etfw, I lend, ffo/xat, I get money 
lent me, I borrow ; /xterOdu}, I let, /xurOovfxaL, I get 
something let to me, I hire ; ypdtfxa, I write, 
ypd<l>ofiaL, I get a man’s name written down, 
I accuse ; xoieip, to do, irouTcBai, to get done ; 
Bdta, I sacrifice ; Bdofiai, I ^et a sacrifice offered ; 
raparlBifiai ddiTPOP, I have dinner served me. 


3. Action within Oneself. The action 
is centred in the agent, and the reflexive 
sense is often very faint. This is found (a) in 
verbs of motion — as ; Itpxofiai, go ; niroiiot^i, fly ; 
oUxofiai, depart ; <j>aLpoiiiai, appear (as opposed t<» 
the active ^a/vw, I show) ; (6) in verbs of 

feeling or thinking — as: aia-Bdpofiai, perceive; 
otofxat, think ; iirUiTanai, know. Of the same 
kind is the reciprocal middle, used only in tin- 
plural — as : bLaXtydfx^Ba, we converse with one 
another ; dutL^dfxtBa, wc interchange ; 5ta/ceXe«/oy- 
rat, they cheer one another on. 

Peculiar Uses of the Middle 
IN Certain Verbs 


Actit)e Middle 

dirodidufjLi, I give back . . I sell 

Xeu>, I release I ransom 

airhdo), I pour a libation T mako a truce 

TToiw, I value I estimate 

riOyjfu, I put I consider 

aKOTTih, I look at . . . . I reflect on 

iiriTlBriixL, T put oil . . . . I attack 

kOLfxdu), I lull I sleep 

Travo), I stop some one . . 1 cease 


In all these it is easy to see liow the different 
shades of meaning arise, if we bear in mind the 
essential idea of the middle voice. But in 
many cases there seems for all practical purposes 
to be very little difference in the use of the 
middle and of the active — as : Ibelp and lUaOdi, 
to see. 

SECTION III. TRANSLATION 

Vo(‘ABULARY 

gnat, KujviAj'p (6) face, 7r/j6(ra>7ra (rd) 

I came, ’?)X$op round, yrtpl, governs 

neither. . . nor, oure . . . accuwitive 
ovTt own, idios, a, op 

I fear, ^oliovfiai until, fwy oC 

I scratch, ^via J am angry, dyapaKrita 

I bite, daKPU) thus, ovrm 

husband, dp7)p (6) I conquer, viKatj) 

I like, wish, snare, deafidi (6) 

hairless, drpixo^ (from spider, dpdxvr} (17) 

Opi^, Tpixds, hair, and paltry, eurtXi7s, cs 
& denoting negation, animal, ICjop {t6) 
a very common pi efix strong, lax^'P^^ 
in Greek) power, ddpapus (^) 

A gnat came to a lion and said; “I neither 
fear tliee, nor art thou stronger than I. Fm 
what is thy power ? (say. For what to thee is 
the power ?) Dost thou scratch with thy (tluO 
claws and bite with thy (the) txjeth ? This oven 
{kaL) a woman does, fighting (/^axo/A^i'^?, participle) 
with her (the) husband (dative). But I am much 
stronger than thou, and if thou wisliest, lei 
us go {^XBcjfiep, subjunctive mood) even to war. 
And the gnat bit the hairless face of the lion 
round the nostrils. The lion scratched himself 
with his own claws, until he was angry. Thus 
the gnat coiupiered the lion and went away 
(dTr7jXB€). But he fell into the snare of a spider, 
and lamented (dirMp^ro) that lie (had) conquered 
a lion, the strongest wild -beast, but was 
destroyed (dTreuXero) by a palti^ . animal, the 
spider. 
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Group 1 

PROFITABLE VEGETABLES AND FRUITS 

GARDENING 

Successful Cultivation of the Principal Vegetables. Market Packages. Why 

5 

English Fruit-growing is not Profitable. Fruit Trees and Bushes. Packing Fruit 

. 

from pajje 


By H. H. HAVART 


A OOTiDKN rule for sucw^ss in profitable voire- an asparafrus bod will eont iniie to yield a paying 
table-growing, both in the private ganleu crop for upwards of twenty yea i s. 

and for inarkid purposes, is nevt'r to let the same Beans and Root Crops. The three chief 
crop grow on the same ])ieee of ground two years varieties of lieans are Vreneli. runner, and broad, 

in succession. When first the land or garden Tlie met Inxls of growing are very similar ; they may 

is taken in hand it should be divided into three either be sown under glass in boxes in early spring 

ucctiona : on one of these the root crops, such and ])lan1eil out, or sown in the opi'ii ground during 

as carrots, ]»arsnips, })otato<‘s, etc., should l)e Mareli or A])ril, followed by successive sowings at 

])lantod ; on the second, the cabbagi's, peas, and intervals of a fortnight to get continuous supply, 

beans ; and on the Ihinl, the light salad crop, such Any loamy soil suits beaus, liut it should not be too 

as lettuces and radishes. In the second year lli<‘ crowded. Peans should be planteil h in. apart, in 

contents should b<‘ changed : the root ero]>s sliould rows, witli o ft. between eacli ro'v. Where grown in 

go where the salads have been ; the salails to the largi* (piantities they are generally trained tip sticks, 

cabbage patch ; and the cabbages to where the root but in small gardens they will thrive admirably 

crops were the jirevious year. Jn the third season against a wall or fence on horizontal strings or 

vet another change round should be made, eacli piece w ires. 

of land raising the crop it has not hitherto borne. Hoot crops include the beetroot, carrot, leek, 
'^Idicse remarks do not, of course, a]>ply to onion, parsnip, and turnip. Tlie bulk of the seed 

asparagus, while muslirooms, tomatoes, (‘ucuimbers, of these, vegetables is sown in s})ring, though later 

and seakale are generally most })rofitably grown sowings are made for suecessional crops. The best 

under glass. soil is a loamy one that is not too rich, and 

Artichoke and Asparagus. There are the presem*e of sand in it is usually found to be 

two kinds of artichoke, the globe and the Jem- benelicial. Fresh manure is not desirable, as, in the 

Salem. O*" the former the leaves are eaten, and of the ease of tlie carrot and parsnip, it lias a tendency to 

latter the roots. The globe artichoke is raised from ]>roduce forked roots. The manuring should be done 

seed sown in early s])rmg, and planted out 2 ft. immediately the previous crop has been lifted. The 

apart every way. *Deei», rich loam is the best soil, usual inetliod of sowing is in rows about 9 in. apart, 

and coal ashes and seaweed arc valuable as manures. and the young ]>]ants are aftei^varda thinned to 

'rhese artichoke beds must havi* a dee]) covering Of about a foot betw'oen each. The lioe sliould be used 

litter during the winter months. The Jerusalem liberally betw'cen the rows during tho growing 

artichoke is misnamed, as it is a native of North season, to kee]» the surface soil stirred. Where grown 

America. This artichoke should be planted in early on a large scale for market purposes about 5 Ib. of 

spring about 18 in. apart, and in any weil-drainetl seed of either variety is sutHt'icnt to sow ]U‘Oporly 

soil, ft requires little or no nttenfion after ]>lant- an acre of land — to use more than tin’s is to be 

iug, (hough, if the soil is very poor, a little sulphate \\as(<*fu!. Wlieii the. ])lants are about tw^o months 

of ammonia may be a])])lie{r old a dressing of nitrate of soda should be applied, 

.Asparagus is a very })rofitablo crop, but the ami the onion berl will henelit by a sprinkling of 

reason that it is so exjK'nsive is because the capital soot. It may bo mentioned liere, as a solitary 

and labour bestowed u])oii exception to the rotation 

of ero])s that, onions and 
lec'ks will thrive in the 
.same ground year after 
year. 

The Brasslcas. 

Broecoli, Brussels sprouts, 
cabbage, cauliflower 1301, 
and kohl rabi an^ all mem- 
bers of the great Brassica 
family, juid though ro- 
(piiring to be sown at 
different times of the year 
are very similar in their 
rtapiiremonts for snccess- 

montlis of March orA])riI, 30. walciieren cafi.iflower ful eultivation. The soil 

according to the season. The lianlivst ‘•auliHowei’ must bo W'cll dug, and 

Three yinirs elapse before deeqily, before they are 

a main crop is ready to cut, tliougb n few stalks may ])lanfed, and tho most ecoriwmie.d plan is to sow 
be obtained the second year. Tlie as])aragus bed the seed first in a small bed, or even in bo.xes, and 

f^hould have a liberal dose of manure each autumn, ]»lant the young plants out about 2 ft, a))art every 

and sprinklings of salt about once a montli during way. This is better than sowing the seed on the 
the growing period. Tlie roots should l)C in rows land itself in the first ^place, and thinning out after- 

ubout 2 ft, apart, and 4 in. to (> in. deep. If well wards, us by the latter method a large number of 

looked after in the matter of autumn manuring. «plants have to be wasted. Where cabbage-s, or 


it must be locked up fur 
at least four years before 
any return is sliown. A 
rich, moist loam is neces- 
sary for the successful 
cultivation of asiiaragus, 
arid it should be deeply 
<lug. (•!' even ploughed 
if a large area, several 
mouths before planting. 
Tn making a start it is 
best tn procure one- 
year-old plants and [lut 
them in diiriiur the 
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similar crops, are grown in large quantities for 
market it is, of course, necessary to devote a con- 
siderable area of land to their cultivation. Those 
large plantations are usually broken up by means 
of the plough, and at the same time a generous 
dressing of horse manure is applied, as this en- 
courages a full, rich growth. 

Celery. To get celery at its best, seed should 
bo sown as early in the year as possible in boxes, 
either in the hothouse or in a 
eold frame, according to the 
time at which it is desired to 
mature the crop. When j)Uintod 
out in the late S])ring, a deep, 
rich, heavily-manured soil is 
essential, and the plants should 
bo placed in ditci]C‘S or trenolms 
at least 1 ft. in depth, theq)lants 
themselves being about 0 in. 
apart. These trenches must bo 
gradually tilled in with soil as 
the j)lants make growth, for it 
is only by this means that the 
stalks ean be k(‘pt white and 
crisp. Tin’s process is known as 
“earthing u]),” and is carried 
out three or four times at inter- 
vals before the celery is fully 
growm. Plenty of water shoukl 
bo given every other day until 
the celery is earthed iq) for tlio 
last time, when all water should 
be withheld. • 

Salad Vegetables. Unless 
grown largely for market y)ur- 
posos it is doubtful if CKciimlhrs 
are worth growing at all. 

Certainly they should be dis- 
pensed with where the space 
under glass is limited. Seed 
can be sown at any time during 
the first half of the year, accord- 
ing to the time at which the 
cucumbers are wanted. They 
must be y)1anted in ])Ots or ])aiis 
of rich soil, and grown on in 
heat until the middle of IVTay, 
when they sliould bo ])lanted 
out in a frame, or a heated bed, 
if an early crop is desired. The 
cucumber likes much moisture 
at tho root, and a rich, loamy 
soil. 

Lettuce may be had praciically 
all tho year round by growing in 
a gentle heat in the winter, and 
making successive sowings out 
of doors in the s))ring and 
summer. The seed aliould be 
sown §bout 1 in. deep in good, 
rich soil, and tho seedlings 
thinned out to about 8 in. apart 
every way. When grown in 
large quantities for market, 1 lb. 
of seed is sufficient to sow an . acre of land. 
When lettuces are being forced in frames, or heat, 
the temperature should never be allowed to fall 
below 05° F. 

Mushrooms. The best material of which to 
form a mushroom-bed oonsists of stable manure, 
half droppings and half litter, which should be first 
of all well turned over every day for about three 
weeks. The following method of culture, recom- 
;mended by Messes. Carter, is an excellent one : Th# 


material should be put into a heap, the measurements 
of which should be, when made up, 2 ft. 0 in. at 
bottom, 2 ft. (5 in. high, and G in. wide at tho top, 
and any Icngtli required, the whole to be firmly p\ii 
together. After making tho bed, put stakes down 
tho centre, by which to gauge the heat, and cover 
all with long litter ; after three or four days, pull 
out the stakes, and w'lion the temperature is at aboin 
80° the bed is ready for s])awning. Break the bri<;ks 
of spawn into pieces about tin* 
size of a hen’s egg, and put into 
the bed about 8 in. apart. 
Cover the whole with fresh, 
fibrous loam, and beat it wtII. 
making the surface (piitc firm ; 
lighlly w'ater, and smooth tlio 
surface witJi the back of a sjuide: 
iMially cover up with long litter 
and Russian mats to keep away 
light, and excessive inoistiue. 
Alushrooms may also bo growm in 
any shed or cellar where the 
temjicraturo does not fall below 
4.5° ; the best site for a bed is a 
hard, flry door. A moderate size 
bed would measure 5 ft. G in. b\ 

\ ft, (5 in. by J ft. When made 
lip and wtII pressed down, in 
about six weeks mushrooms 
sliould show, and the bed should 
then hav^c a liglit watering with 
tepid water about every ten days, 
as success depends iqion main- 
taining an even toinpcratiire.” 

Peas, Potatoes, Radish, 
and Rhubarb. Rich soil 
and plenty of water are the two 
chief requisites for successful 
])oa-gfowing, and w'here syste- 
matic sowing is practised it is 
possible to gather this vegetable 
from May to November. A 
little lime in the ground is an 
advantage, and tho peas should 
be ])ut ill, about 3 in. apart, in 
rows 2 ft. from each other, 
lettu(;es and radishes being 
sometimes planted in between. 
Peas may, with advantage, he 
forced under glass in a vinery 
after the grapo.s are cut, and 
before new growth commences. 
Wlien sowdng peas, in May or 
Juno for late crops it is best to 
soak them in water for an hoiu 
or two before putting into t)i • 
ground 132j. 

’Fhe ideal soil for potato eiiltun' 
is a wxdl-drained, light, sandy 
loam. Wet soils must he 
avoided, as they have a tendenc\ 
to spread potato disease. 
Potatoes planted by the mkldlc 
of October in pots in a rich soil 
and a heated greenhouse will be fit for consumption 
at the end of tho year, though they will not, o1 
course, attain to any great size. They occasionally 
fetch very high prices in the market but caiinol 
be looked upon as a paying crop, as the demand is 
very uncertain. Main crop potatoes may be planted 
early in April, about 12 in. apart, in rows 2 ft. away 
from each other. The use of the hoe is beneficial, 
and tho potatoes should not be dug until the 
foliage has commenced to wither. 
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JRadish is a cto|) which may be had oil the year 
round by sowing in frames during the autumn and 
winter, and in the o])en air in spring and summer. 
Radishes do best in a rich soil, as the growth is 
quicker under such circumstances, lladislu's in a 
poor soil are apt to be stringy, and hot and rank in 
flavour. 

JRhuharh should be planted in tlie late autumn or 
early winter, in mild weather, in good, well-drained 
soil. The best way to increase it is by division of 
the roots, and an early cro]) may ho obtained by 
covering portions of a ])hintation with boxes or 
barrels. Much, indccal, of the so-called forced 
rhubarb is raised in this way : but it may be liad 
at almost any time during th<‘ year by forcing it 
id a tempera ture of 
about 70® F. 

Seakale and 
Spinach. The 
best method of cul- 
ture for .smtcale [311 
is that rceoni mended 
by the author of 
“Vegetables for 
[*roHt ” : “A good 
sandy loam is best 
suited for this cro]). 

Richness is essen- 
tial, and the area 
m u s t bo w 1 1 
fl r a i n e d , for, 
although a moisture- 
loving plant, no 
stagnant water must 
he a 1 1 o w cd to 
accnnuilate. For this 
]uir])()se the land 
must, be . deeply 
worked. An open 
situation is desirabje 
in order to bring the 
eiovnis on in a 
vigorous in {inner ; 
at the same time it 
should bo as sunny 
as ]»ossil)le. After 
lu {inuring, the area 
should be dee])ly 
])longhed in the 
early {luliinm, iind 
the furrows left 
open throughout the 
winter, fn the early 
s|)ring harrow down 
an l level. All weeds 
must he rigidly siqi- 
prossi'd, and the 
ground made quite 
el(*an and friable 
b'^fore planting. Jf the soil be ]);irtieul.arly hglil, 
roll .after levelling, so as to make it lirm. Al.ark 
out in rows lA ft. apart." 

Sfinach is of very rajiid growth, hence a sowing 
of it may be made at almost ;iny time on ground 
th{*t W'ould otherwise lie iille for i\ few weeks, and a 
profitable crop obtained. Small ])atehes of ground, 
however, should be employed in this way, as the 
demand for spinach is somewhat limited. A deep, 
nioist soil is tlie be.st, and tlie seed should be soaked 
in water for a day before planting. iS])inach should 
be .sown in rows about 1 ft. apart, and very thinly. 

Tomatoes and Herbs. To grow tomntocK 
to any extent, especially if for market, it is necessary 
to cultivate them under glass. In a few favoured 


s])ots against a sunny wall or fence they will ripen 
out of doors ; hut in our uncertain climate outdoor 
tomato culture, except as a hobby, is a risky and 
costly experiment. Seed should be sown in 
spring, 'and the boxes or pans containing it given 
a sunny fiosilion in the greenhouse. As soon as 
the .seedlings tire Itirge enough to h.indlo they should 
be planted out in the very smtill ]>ots known as 
“thuinb" pols, tind subsiujuently into others of 
5 in, in difimeter. Tin* toimito does not want a 
rich soil — old potting mould is quitt* good enough 
for it : neither is it wise to use ;inimal manure. 
When the fruit is Ijeginning to swell, ii little chemical 
fertiliser m.iy be used with iidvautagi'. 

Mint, thyme. s;ig(*, p.irsk'v, lavender, rosemary, 
;md tarnigon :ir(‘ the 
herbs most generally 
ill diMuand at the 
])resiMit diiy. For 
h o u s e h o Id us (* 
patches of them 
iiuiy 1)0 sown }it 
any time during the 
sprin.g in ordinary 
g;irden soil, whcTe 
s p n (• (- (• a u b e 

found in the kitchen 
garden. (bowing 
limbs, drying them, 
Sind doing them up 
in neat packets or 
bottles for sale, is a 
brsineh of gardening 
that m;iy w'oll Iks 
takmi up by ladies, 
as it is }i clean and 
not unprofitable 
occupation when 
once a connection 
is established. By 
making oiu* sowing 
of herb's, .say, in 
April, .lud another 
towards the end of 
.June, a eoii'^lJint 
siqqily {ill till; year 
rouml is ensured. 

Packing for 
Market. As in 

the ease of fruit, it 
is ;i gre.it mistake 
to mix veget.ihle.s 
of dilTereul qmilit ies 
together iu one 
receptacle. It ])ays 
far better in tli(‘ 
end to taki* the 
trouble of sorting 
till* goods out into 
first and second qii.ililies, ami notify thg s.iles- 
man of this .it the time of dispatch. .Much is 
gaim'd. too, from :i eommereial ])olnt of view, 
by clearing tlie earth from root crops, as far as 
possible, before smuling them aw;\y. A purchaser 
will alwiiys lie inclined to give a higher price for 
vegetables so treated than he would for others 
iq)oii \Oiieh be would have to spend a lot of time in 
removing flriisl earth before ho could expose them 
in his shop window-. The majority of ])aekages for 
the London and ]irovineial markets are provided 
by tlie .salesm.in who handles the goods. The nature 
of these packages necessarily varies a good deal 
according to what they -are destined to hold. 

•I..ocal custom also determines their form to some 
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34. DWARF ESPALIUR AVVhV. TREKS 


extent, but Ibe following are those in most general 


Bushkl. a round basket 15 in. in diameter by 
8 in. in dc])ih, and holding J cwt. of potatoe.s or 
plunjs, or about 5 pecks of peas, or about 48 lb. of 
soft fruit. 

Flat. An oblong, shallow basket, used for pack- 
ing cucumbers, and holding from two to three dozen. 

HAt.F-Bi:sHEii. A basket of the same sha])e as a 
bushel, luit 12.1 in. in diameter by 5 in. in depth. 

Haxdle-b ASK ET. A basket chiefly us(‘d for packing 
graT)es or tomatoes, and holding from 10 lb. to 12 11). 
of the bitter. It is somewhat oval in shape, and, as 
its name implies, has a handle over the centre. 

Pad. An oval basket larger 
at the. to]> than tin* liottom, 
and usually met witli in oiu* 
of two sizes, holding I cwt. 
or J cwt. of potatoes r(‘- 
8 pcetivel 3 ^ Cabbage and l<4tuce 
are often marketed in ])ads. 

PrNNKT.s. These ai-e the 
familiar baskets made of 
shavings, and arc of the follow’- 
ing regulation sizes : .Mustard 
and cross: diameter, 5 in.; 
depth, 2 in. Mushroom : dia* 
meter, 7 in. ; depth, 1 in., 
holding about 1 lb. Radish : 
diameter, 8 in. ; ilcpth, 1 in. 

Seakalo ; diameter at to]i, 

8 in. ; bottom, 75 in- ; di'ptli 
2 in. 

Sieve, Another name for a 
bushel. 

Many vegetables are sold by 34. dwarf espai 
the bunch. A bunch of lu'i bs 
is a handful ; a bunch of 
carrots about 3 do’z. ; turnips, 

2 doz. : locks, 1 doz. Rimdles 
of such things as rliubarb and 
asparagus vary according 1o 
the season. What is generally 
known ns a bundle of radishes 
is teclmically called a “ hand,” 
and 0 “ hands ” go to a bunch 
in the wholesale trade. A roll 
of celery is either 8 or 12 
heads, according to wIioMier it 
is washed or unwashed. A 
score of lettuce or cabbage is 
22, and a tally GO. 

Fruit agrowing. Profitable 
fruit-growing may be divided 
into two sections- -grow ing for 
Xirivato use, and for tlie ])ul)li<! j-, 

market. In the former case t lu* . 

profi t is arrived a 1 1 ly the sa v ing 
which is effeded in fruiterers' 

bills. A well-managed private oe . .. 

garden of any dimensions ' ' Rack.Htf, 

should be able to produce all 
the fruit required for the household, exceyit such 
tropical things as oranges and bananas, and 
though such a feat may tax the resources of the 
establishment where the ta.stc.s of the household 
run largely in the direction of nectarines and 
apricots, it should not be difficult of attainment 
where the hardier fruits are favoured. 

Competition in the Fruit Market. Tt 
is frequently stated that fruit-growing for market 
cannot be carried on profitably in thi.s country, 
owing to coni|ietition from the Channel Islands, 
the United States, and our o>v»i colonic^ 
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Under pro.sent conditions tl^is may be true to some 
extent, but it is for the British fruit-grower to alter 
these conditions. The foreign fruit growers sen<l 
good, up-to-date sorf.s, carefully picked and packed, 
to comyM'lc with home-grown fruit. The majority ul 
our own growers are content to meet this com- 
petition with fruit from worn-out trees and bushes, 
which ought to have been grubbed up and biirni 
years ago, and suchfruit is generally Ihrow’ii higglcdy- 
yiiggledy into dirty bushel baskets. 

Improving England’s Wasted Or:= 
chards. The author of “ The Wasted Orchards 
of Plnglantl” admirably sums up tlie situation 
as var as fruit-growing for profit is concerned. 

in his little book; “It is un- 
doubtedly to the improvement 
of existing orchards Ih.ii 
attention should first b<‘ 
directi'd, for even with a 
moderate change the value ol 
the Fnglish orchards could be 
increased very largely. . . . 

“ 'Frees that have become .so 
old and decTcjiit as to bo past, 
rccov<‘rv should be swcpl, 
away, for tliey servo no useful 
])iirj)os(*, but sim])ly become a 
harbour for insect pests ot 
various kinds. 

“ All trees that possess a 
moderate degree of vigour 
might. 1)0 greatly improveil 
by having tiicir lieads moder- 
ately and judieioiJsly thinned, 
and their roots dressed 
ER APPLE TREES with either natural or artificial 
fertilisers, good farmyanl 
manure Ixdng the best of the 
former, and su])er-phos)>hrite of 
- lime, muriate of potash, kaiiiit ', 

^ nitrate of soda the best, of 

« the art ilicials. If the varieties 
arc w’orl bless, as in the majority 
of eases they are, and tlie. trees 
are healthy, th(* orchards can 
be converted into a jirotitable 
.state at a small outlay by 
grafting them with the finer 
cooking or* dessert varieties 
suitable for the country. . . 

“ No apple or pear tree in a 
tlirilty state should be cut dow ti 
because the variety is iiid iff'ei en l , 
but should be grafted, as sudi 
trees, when grafted rather high 
iqi to admit of a score of sucK 
grafts being put in, form Iarg<' 
and fruitful heads much mon^ 
quickly than do newly-jilanted 

BL\(^K HAMBlJRUll GRArES ^ . 

Pa. k.Hl for mark , ^riut trees arc gro^u 
in different forms, accord ucj 
to their position, and the (piantity of fruit desired. 
In a large market garden the apple, i>ear and 
plum are best grown in the large form of tr<'t‘ 
known as a standard, as this enables bush fruils, 
such as gooseberries and currants, to bo grown 
underneath them, and thus oft’cets an economy ol 
space. Apjiles, etc., arc themselves grown in husli 
form [36] in gardens of limited area where a good dca 1 
of fruit is required, while another form in which these 
trees may be trained is with their branches stretching 
out horizontally from the main stem (known as 
espaliers), radiating upwards in a fan shape, or 
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trained to a sort of combination of tbo two, ealb'd 
the pyramid. Tlic fan and yiyramid shaped trees 
are generally used against walls, with bird netting 
[33 1, while the es})alier is most useful where the 
fruit and kitchen garden have to be eonibincHl, ms 
the low-growing, horizontal habit of the trees 
renders them suitable for planting at the edges of 
beds filled with vegetables 1341. 

The Apple and Apricot. The ajjple may 
be planted in practically any soil that is not too 
heavy or clayey. A good ridi loatu is the best for 
7nost sorts, and a heavy soil may be improved by 
digging it out to a cle])th of 2] ft,, and ))ulting in a 
layer of sand or road sweepings. The end of 
October or tlie beginning of Nov’emb(‘r is the 
host time to plaiil, and the holes wliich are to 
leeeivc the trees sfiould be dug out a week or two 
before th(‘y are yuit in. After planting, the ground 
around the main stem of the tree should ))e eo\ered 
with a layer of horse manure to prevent the wint<‘r 
frost reaching tlio roots, rruning, which .slioiild l>e 
earried out tlie following 
autumn, should not he 
too severely dond, only 
suflicient shoots being 
cut away to allow light 
and air to g<‘t to tl^ose 
wh'eh remain. Ihish |36| 
and y>yramid trees will 
require, pruning e.very 
year, but tiu' l;irg(i 
standard trees not more 
than once in thre<‘ years. 

The ])reseneo of lime in 
ail otherwise loamy soil 
is nn advantage when 
])lanting a])rieols. M'hey 
need the shelter of a wall 
when grown in tlie open 
in our el i mate, and are 
bi'st planted in late 
autumn, the sanu^ time 
as other fruit trees. A 
south, or sou<l»-east(‘ru, 
as‘j)eet is best for tlu'iu, 
and they do not refjiiire 
too mueh in the avmv of 
artificial stimulaul. 'I’Ik* 

Howers musi be ])rotected 
from Into frosts in the 
s]a'iiig — a layer of <(M 
fishing-net being usually 
siifficient for this ])ur])(>se. 

When grown und<‘r glass tlie culture is the same as 
that of the peach. 

Cherries and Figs. ^I'he most t'conoma al 
way. of growing cherries is as standards, though, 
where space is available, a few of the choicest 
eating varieties maybe given a position as bins or 
t^yramids against a south wall, '^the sihl most 
suii.ible for them is a deep, vv<*ll-dr;iined loam, 
Willi a dry subsoil, and pruning should not be 
overdbne. 

The tig is a mueh nogleeted fruit. A well-drained 
«oil and a wall in a sunny situation are its chief 
roquiroinent.s, but the soil must not be too rich, or 
otherwise leave.s, and not fruit, will lx* |;rodiieed. 
Figs need amjilc .space, as they grow rapidly, 
and the fruit should be thinned a.s soon as it attains 
the size of a nut, otherwise a lot of hard, immaturo 
figs will be obtained instead of properly developed 
fruit. They may be grown in pot.s under glass in 
the ordinary way, starting them in February in a 
temperature of about 50^ F. . 


Grapes and Melons. Profitable grape 
culture is impossible out of doors in this eountry. 
In favourable situations during e.veeptionally iim^ 
summers the fruit will often ripen, but it must 
not. be looked ujiori as a profitable crop, and i.s 
be.st grf)wn in the open air merely for it-i ornamental 
value. I'lider glass, vines may he plantt'd in the late 
autumn, if dormant ; or in the late sjiring if in a 
growing condition. A well-drained soil of loam 
mixed witli lime,, and a sprinkling of hone meal, is 
the l)est mixture to em]iloy, shading vines for 
the first few wis'ks from tlu‘ full eths ts of the sun. 
A temperature of from 4.">’ F, to oo ’ F. is sullieieiit 
at. first, in<-rea‘>iim» gradually to 70’ or even S0\ a.s 
the siimiiuT comes, 'riiinuing grapes is a v'crv neee.s* 
sary operaiiou, and consists of sni])piug off small, 
badly-fonncd individu.d fruit wlien they are in an 
early stage of development, .so as to allow those 
remaining on the buneh to swell properly. While the 
gra]»es are rlevelojung. give freqtient doses of weak 
liquid manure, (irajies are sent to inarkiM. in 
shallow Iriskels, each 
III )If ling from six to ten 
bunehe.s according to 
si^'c ('351. 

To grow melons as a pay- 
ing ero|> th(‘v should have 
a house to themselves. The 
seeds should bo sown in 
lH>ts at the beginning of 
the year, and kejit in a 
(em])eratiire of at least 
b.')^ F. \Vhen they are 
about a month old they 
may he ])lanted out in 
llieir permanent quarterfl, 
a hot bed, wiiieh consists 
of stable manure over 
which good rich loam ha.s 
been spread and firmly 
pressed down. Thi* tem- 
perature should then l)0 
gradually raised to 75’ F. 
as the fruits develo]), and 
they should he liberally 
s u p p) 1 ed w i 1 li wa t er. To 
ol ) 1 . 1 i 11 { )ro )K‘r]y-d e veloped 
fruit, melons must bo 
arlitieially fertilised by 
taking iiolleii from tho 
ni;ilt‘ flower and placing 
it u]X)n the stigma of the 
female. Melons fruit from 
five to six months aftoi planting, and a succession 
lu.iy be oblaiiied by later .sowings. 

The Peach and 'Other Trees. Wliere tho 
]K'ach call he grown out of doors, as it is ]K)ssil)le to 
do ill warm spots, its culture is the same as that of 
the apricot : iiMially speaking, liovvevcr, it must 
he grown under glass. IVaelies should be ])lanted in 
Se])t(‘Uiber against (lie wall of the liouse, or trellis, 
at a distance of about 10 ft. to 12 ft. a]).irt. A good, 
dce]>, ric’b. loamy soil is its favourite, but whoro 
this is not availaiile ordinary gartleii soil with lime 
nibble added to it. .iirl a few woo I ashe.s, form an 
etheient substitule. Tho tree sliould eommoueo at 
a minimum temperature of 4.V\ rising gradually to 
8.7 a.s the fruit sw<*lls. At this ])eriod copious 
watering i.s necessary. To get the best fruit, tho 
tree should be thinned freely — in fact, a space of 9 in. 
every way should be left between individual fruits. 

The pear thrives under practically the same con- 
ditions as tho apple, and is usually grafted on to 
the quince stock, though sometimes on to another 
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pear. Where the latter is the case a greater depth of 
soil is required for successful cultivation, as the 
roots of tile jiear reach further than those of the 
quince. Early pears should be gathered and eaten 
almost immediately; but late, or what are known 
as winter, pears should not be left on the tree after 
the middle of November. At about this iieriod 
they should be ])icked, and stored in a cool room. 

The ])lum, damson, and greengage are most ac- 
commodating fruit trees as legards soil. The plum 
nourishes, indeed, as far as fruit bearing is concerned, 
better in a light soil of moderate depth than in a 
deep, rich one. Plums are gen('rally increased by 
budding or grafting, but greengages and damsons 
may be grown direct froiri the stone, planted late in 
the autumn. To get dessert plums to the highest 
pitch of perfection they should have the shelter 
of a wall, and. preferably, a southern as]MH*t. When 
grown as standards they should be, ])!;ni(<‘d about 
is ft. apart every way. (lin* must be taken to keep 
the roots cool in hot weather by means of mulches. 

The Strawberry and Bush Fruits. 
To have a supply of straw b(‘rries over the longest 
jiossible })oriod it is best to hav<^ at least two 
plan tation.s --one facing south or south-west for tli(‘. 
early crops ; and anotlier in any sunny quarter for 
the later kind. Any ordinary loam will suit this, 
fruit: but, as “The Strawberry Manual” says, 
“ In the preparation of beds tliat are intended 
to be occupied for some years, tliorougli cultivation 

desirable, and in the case of soil that is not in 
satisfactory condition it is c.sscntial. Bastard 
trenching is then the safest proceeding, turning the 
soil to the depth of two s])its (20 in.), kce}>ing the 
bottom spit down, and breaking the subsoil if it is 
at all hard or ‘ panned.’ A heavy dressing of 
farmyard or stable manure (20 to 110 tou.s per acre) 
should be well ineor])oratcd in the soil as tlie wmrk 
proceeds, and if a bed is (;arefully prepared in tliis 
way it will, with annual supplies of manure, give 
good results over as long a period as strawberries can 
be profitably kept upon the same land.” The best 
time tt> plant is in the late summer or early autumn, 
when the danger of drought is })raetically ov<‘r, 
and a. distance of 2 ft. apart every way is the safest 
one for the plants. Wh<‘n the flowvrs are formed, a 
layer of straw should be placed upon the surface 
of the ground, upon which the fruit can rest and 
ri])en, and al.so to protect it from being mud-splashcd 
by heavy rains. All gathering of fruit should bo 
done in the early morning. 

For forced strawberries the soil in the pots should 
consist of loam witli a little sand, and tli<' addition of 
some bone meal. The pots must be w'cll drained, 
and should be started in November in a temperature 
of 45'^ advancing gradually to 70". When the 
fruit begins to swell, nitrate of soda, or nitrate of 
potash, in the proportion of one ounce to two 
gallons of water, may bo used as a stimulant. 

The Bush Fruits. The currant, gooseberry 
and raspberry flourish under very similar con- 
ditions — the black currant preferring a spot which 
is more moist and shady than the others. To obtain 
tho best results, bushes should not be planted too 
closely together, as, if this is done, it is impossible 
for them to develop properly and yield a good 
crop of fruit. About 5 ft. apart every way is a 
safe rule to remember, and from 2 ft. to 3 ft. for 
raspberries. Planting- and pruning should bo done in 
the autumn, and, for the reasons of light and air 
just mentioned, tho latter operation should bo per- 
fqrtned so that the centre or the bush is left open, 
tijiw orthodox garden loam, o.sijecially if a trifle sandy. 


suits all these fruits well. The profltable life of a 
fruit- bush is rarely more than si.x years, and at the 
end of this time it should be replaced with young ones. 
Storing and Packing Fruit. Fot use 

during the winter and early spring months it is 
necessary to store quantities of apples and pears. 
Tho common practice of doing this, by relegating 
the fruit in heaps to the floor of an outhouse, aiul 
covering it with straw, is wrong and waste! ul, and 
generally leads to the bidk of the siipjdy beoomiiuf 
rotten and wortliless. 'riie proper way to ston* 
siudi fruit is upon tiers of wooden shelves in a 
biiil ling erected, or ada])ted, for the pnrpo.se, so 
that a current of air can circulate freely through all 
parts of it. The middle of November is <piite late 
enough to gather fruit for store purtioses, find all 
that is unsounfl should be rejected. Tt should also 
be gone over at intiTvals of, say, a fortnight, and 
any that sliow .signs of decay ]u'eked out and 
thrown away, ns otlierwise there is danger of tin* 
whole stock becoming infect rd. For the same 
reason the apt)lcs and ])ears should not be allowed 
lo touch each other if possible. 

Appl(‘S and jicars are ns»i ally* packed for market 
in busUol baskets, (ir, in the case of a})ples, barrels 
which hold about three buslielse.ieb. ’Die fruit should 
be earcfiilly sorted into ditferent qnalites before 
packing, and tlie omission to do this is one of the 
reasons which has led the English gi ower to suffer so 
much at the hands of his foreign competitors. 

The bulk of the bush fruits are also sent to market 
in bushel baskets, except in the (‘.>so of a few of tho 
choicest dessert varieties, which come in small siraw- 


herry haskels called ” punnets.” The punnets are 
pa(‘ked in shallow trays each holding six or a dozcui 
l)oxcs, and these trays are again fitted into a larger 
box. The m.ain eroy) of stra wberri'es ist marketed in 
“pecks,” baskets holding about 12 lb. of fruit. 

Packing Nectarines and Peaches. 
The utmo.st care must be used in handling and 
yvicking peacli(‘s and nectarines, as tho slightest 
bruise, often indetsltlie mere* pressure of a tingcr, is 
sutbeient to set u]) decay. The orthodox market 
y)cach box i.s 2 ft. long, 14 in. wide, and 4 in. dee]). 
Tlie author of “ The Book of the Peach,” Mr. Tl. \V^ 
Wanl, F.R.H.S., gives the following excellent 
dire<*tions on the subject of y)ackiiig y)ea<4ics : “ ’riie 
wood-w'ool should be y)laced inside tli(‘ individual 
boxes to the thickness of 2 in. or 3 in. Then (the 
fruits having been previously wray)ped in squares of 
tissue yiay)cr sufficiently large to admit of the ends 
being twisted together immediately over the crowi»s 
of the individual fruits) makean oy)ening inthewood 
wool with the lingers at the eml left-hand sid(^ of 
box .sufficiently largo to deywsit a fruit therein, 
rcy>eating the oyjcration until the box is filled with 
fruit, being careful to leave a ywtition of wooil- 
wool between each row of fruit every way inyiacking, 
in order lo ensure the fruit reaching its destination 
in y>erfcct condition. Put a .sprinkling of tlic 
wood-wool over the fruit thus packed before fast(ui- 
ing down tho lid of the box. Sliallowcr bo.\<'s 


may bo used for yxieking iicetarines in, as the fruits 
are smaller than peatdics. Jn packing y)caohcs ha’ 
market, strips of tissue about three inches wide 
are used instead of scpiare pieces. These, being 
doubled, are wrap])ed two or three time.s round the 
individual fruits half W'ay up, and then dej)ositcil 
that depth in the wood-wool in tho manner indicated 
above. A double sheet of tissue is then placed 
over the packed fruit, followed by a layer of wo()d- 
wool of tho proper thickness to admit of the hd 
shutting down closely on the box.” 
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should bogin with a camera that is simple to 
manipulate and cheap to work. The older 
books recommeiKl us to start with a stand camera. 
Th’s may be all right if we start y)liotograpliy in 
winter, when most of our exposures have to be taken 
indoors or in dull weather. Ihit summer is the best 
season to begin ])hotogra])hy, and for summer the 
hand camera is the thing. \Ve start, therefore, with 
a hand camera of the box form. We can use this 
as a stand camera quite easily, as even the cheapest 
makes have now an arrangement for time exposures 
as well as snapshots. Some of these cameras can 
be had as cheap as 5s. But if \vc reckon up the 
cost, we find that it is cheaper in the end to 
begin with a quarter-jilatc camera, giving j)ietures 
•t} in. by in., and using glass plates, not celluloid 
or similar films. Plates of this size cost very little 
more than the smaller sizes, and are only half the 
]>rico of films. I'ho worst of a roll of films is that 
we have to wait till the whole set of six or twelve 
has been comi)lefcd before we can devt lop, and in 
our impatience to complete the roll we are tempted 
to take sna])shots that we do not really want. This 
is a most insidious way of running u]) the extumse. 
Again, ilat films are more extamsive than glass 
])latcs. 

The Modern Hand Camera. A number 
of e.xeellent hand cameras of qiiarlcr-jdate 
size, with tw'elvc' sheaths for plates, e.Mn be had for 
a guinea eaeli. If we look about, ue can get one 
of last year’s make for still l(‘ss. By the time 
these words a])pear in ]irint, it will be easy to get 
eameras of the lOOti make at a rediielion, as dealers 
desire to clear their stocks for 11107. Secondhand 
cameras can begot st ill ebea])er, but it is Inadvi.sable 
to buy a guinea camera of a make (' n lier than J0t)5, 
as the tierce competition has made many im- 
provements in small hand cameras during the last 
two years, '^Phe giiinea hand camei a has now, as .a 
rule, dia])hragins for “ stopping down, ' an excellent 
shutter, focussing glasses (usually called magnifying 
glasses), and even a colour scrtsai for lands<;»])e 
pliotogr.aphy. The lenses also are greatly imj)roved. 
One make (the No. I (’lito) has eveji a rack and 
pinion focussing arrangement, the h(>x form covering 
a bellows beneath. 'I’his is, perhaps, best of all, 
as it is better to foc\is with a single lens than by 
ph'.cmg tiie so-called magnifying glasses in front. 

must, however, get onr dealer to gnarante:* onr 
camera as light-tight, so that if we find any ]>in holes 
or cracks which let in the light and s])oil onr nega- 
tives, wc can get another camera in exchange. 
This the dealer W'ill do in the iuqie of retaining our 
custom for photogra])hic materials. 

What will photography cost us, and what 
materials shall we require ? Provided we have, to 
start with, a camera, a ruby lamp (from Is. 
upwards), and three dishes (which may be bad at 
5a. each in xylonite), it should work out, allowing 
for failures, at about l^d. per print. 

The Nature of the Camera. But before 
we go on to the practice of photography we ought 
to understand the meaning of the terms in eoninum 
use among photographers, some of which we have 


already u^ed, and wc onglit to know how it is 
that the (‘.iuiera enabh's us to t.ike [ihotographs 
at all. 

'^I’ake our guinea box-form c.uuera and examine it. 
In the front imd there is a hole in which a curved 
glass is inserted. 'Phis curved glass is the lenf^. 
At the back end is an arr.ingement for holding the 
])lates. When the eaniera is closed, the only light 
that can reardi the front of these plates must come 
through this lens, and the ri*ason why the glass of 
the lens is eiirved is that tliis curvature coneeii- 
trates the light on the ]>h()tographio plate. The 
lens is covered up with a metal dia/ called the 
shutter. We ])ress a knob and the “shutter” 
moves aside for a moment to let in the light and to 
make our " exposure." 

Now the eoncentratcti light ('oming through the 
lens forms an image on the ])hotograi)hie plate 
eorre.sponding to (he imagi* which we receive through 
the eye. For the eve itself is only a kind of h*ns, and 
scientists hav(‘ actually been able to take photo- 
grajiliH through the (‘Vc.s of animals placed in speci- 
ally prepared cameras. 

All the colours of Xature are reiirodiieed in this 
imag<* which comes through the lens. We can see 
this for ourselves in cameras which liave a ground 
glass at (lu‘ back end, or in tlie vieir-fituicr oi our 
guinea camera, which shows a similar image to 
that throw’ll on the photograiihic ])late. 

How a Negative is Made. Now, to 
understand how a negative is made, W’cmust iinder- 
.stand how liglit and colour aifeet tlu* photograjihie 
image. ll(*re is a rough description which will 
serva* our pur])o.se, Jaght is rell(‘cted fi'om objects 
in Nature as diffcKait colours, according to the 
p.artieular ray" iitxorlicd and rctlectcd |sec ])age 
:{72.S1. Now (he ordinary iihotographic ]date is 
more rapidly alfected by — is more “sensitive” to 
-- some colours than others. Sujqioso W'o are 
]>hologra]»hing a laiuUcapi' made u]> of a blue sky, 
a yellow' liousc. and a girl w ith a red dress. The 
photographic ])late is most sensitive to the blue. 
Then comes the yidlow' and. last of all, the red. Of 
course, (he (piantity of light conveyed by any of 
these colours may vary according to the strength 
W'ilhwhieh these objects an* lighbal — for instance, 
l>v a simbc' im — and so modify tliis gi*neral truth. 

Now the sensitive slutf (itsidf of a vellow’ish-whitc 
colour) fixed on the glass plate has been atT(*-eted 
by being c'xposed to the colours, hiit so slightly 
dial (he affection is not \ isibic* to the eye. This is 
where the “ development ' comes in, 'Phe sensitive 
])I.ite, after exposure, is (akeii into a dark-room 
and treated with cert tin ehemirals. These chemicals 
darken the ])iHts that lia\e been atfeeted, and clear 
away the rest, d’he result is that where the bine 
sky hit the sensitive plate w'<* have (he darkest 
marks ; where the yellow house, we have medium 
darkness ; and where the red dress, w’C have it much 
lighter. Where there was hardly any colour at all, 
as ill dec]) shadows, we have the ]date quite trans- 
parent. Tin's, then, is the nogntive, in which the 
co'oured image is reduced to a reversed and trans- 
liarent image in black and white. 
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The Print. Now we have to make the print 
A piece of s])oeially-prepared pajx'r is laid close 
against llu negative, so that the light can reach it 
onlj' through the negative. The light naturally 
passes most (piickly through the most transparent 

S arts of the negative and most .slowly through the 
arkest parts. The result is that the ]>a{>er is 
darkened most at thj most traus]>areiit parts of 
the negative (wh'^re the shadows and the retl 
dre.ss w<'re), (hen at lh(‘ ])<irt <orre.sponding to 
the yellow hou.se, and, lea.st of all, at the p.irt 
corresponding t(» the blue sky, wliicli remains 
almost wliite. In this uay we get the jaint of 
our fdiotograph. lii tabular form we may ex'])ress 
it thus : 


Naiiirr N((j(iiUr Flint 

Bluti Dark White 

Yellow Darkish Daikish 

Red Light Dark 

Deep .shadow Tr.insparenl Rl.ick 


The DarRaroom. Don't im.igim* that the 
“ dark-room ” is merely the drawmg-room with tl»e 
blinds drawn down. It is a room from which e\cry 
chink of daylight or gasliglit is cNclvided. Nearly 
every house has some little room or pantry or bath- 
room wdiich ean be used as a dark-room. Any 
room, of course, cmu be used as sm h at night. 
But a dark-room ean be made for use by day })y 
covering the windows witli tw'o coatings ol the 
specially pre]»ared red cloth sold by photogr.ipbie 
dealers at from lOd. to Is. ]K*r yard, and then 
by sto]i()ing up the ehiuks and the keyhole in 
the door. 

Some ■|)lates are more susce])t:ble to light than 
others. These are <Mlle»l Wc sliouhl use 

fast ])lates from the very beginning. They cost 
no more, and they are so well made nowadays 
that they arc just as easy to manipulat<‘. 'riiere 
is less chance of und(‘r-(‘\}K)sur<‘ with a good 
fast plate, and tlie beginner is inclined to under- 
exjioso. If the light is too strong, we can easily 
ftfop doivH. Ouf guinc.i earner.! has )H'obably 
tlirce “ stops ” or boles in metal di.scs in front of 
the* Ions, which “ sloi) out ” superfluous light. 
The .smallc.st hole - -])robably marked “ / 22 
— should be used on tlic brightest of bright 
Bummer day.s, but for ,iii ordin.iry .sunny d.ay 
the middle si/ed hole — proliably marked “/II ” — • 
will do. 

If fast plates arc used, ji.irticiil.ar care must be 
taken that the d.irk-room in wdiidi the camera i.s 
loaded and the ])l.ites are dcvcIo]>ecl is .ibsolutely 
free from any light e.xeept that of the ruhy lamp, 
or the red light that comes through the windows 
covered with the special cloth ahe.uly dc.scrihed. 
Tho least tr.ice of other light would ])robahlv ruin* 
the ])Iates. (iood fast ]}latcs by most makers ean 
be h.id at Is. a dozen, 'fhese are usually wrap^M* I 
inside (he box in three jiaiccls of four each, an(l in 
tho packets of four are two ]),nirs of negatives, 
arranged so that in each ])air the sensitiv’^c sides 
of tho negatives lie against each other. In this 
Way wc can tell in a dark-room, even without (he 
/lid of a lamp, which is the sensitive side of (he 
negative. Tho sensitive side must, of course, 
face outward.s and towards the leii-* in the sheath 
and in the cainer«a. 

The lirst miij s we should take n sunlight only. 
Leave tho gioy days for tho man with a sixtecn- 
guinca camera. Nine-tenths of the best photo- 
graphs are made out of sunlight and sparkle, and 
the nunny photograph is the e asiest to develop and 
to niaotpumte. 


Cleanliness. Here arc four rules that we 
should write and paste up on our door ; 

Keep your hands clean. 

Keep your dishes clean. 

Kec]) your lamp (^ean. 

Keej) your camera clean. 

Sup])osf' we have made one or two expo.snres, 
anti wdsli to develop our negatives. What de- 
velojier art* we to use t There are dozens available, 
bill we (If) not ncf'd to know of more than one or 
fw'o. Dy'dioi|uinoii(* is usually reeomniended for 
beginners, because it does not stain tho fingers 
and the s.ime dish w^ill develop many negatives 
Pvio-.'-oda IS, liowevcr, .1 far better developer, and 
i( wc rub our fingers w'idi laiiolmc before devedopinj, 
.iiid wash our liaiuls aft(‘rw'artls, th(‘y will not be 
stained. .\nother tleveloper which combines the 
briirhfiiC'HS ot pyro-soda witli the cleanliness and 
dur.ibility of hydroipiinone is ortol ; but country 
chemists do not alvv.iy.s .stock this. It is rather 
more c\])ensivc Ih.in pyro soda, but as it can lu' 
iiscfl botli tor gaslight ]».ipers as well as for nega- 
ti\(‘s, it has its ,idvanlagc*s. 

It is f.ir chc.iper to make up ouf own solutions. 
If we look up (lie price-lists of the* average London 
deal(‘r, we w ill find that h\dio(piiiione and pyi’o-soda 
are sf)ld in solution in bottle^ .it Is. Ikl. for 20 oz. 
If we buy these developers even in made-u]> powdci 
form, and m.ike up our own solutions, we can get 
4S ozs. for Is. If w^e buy the elimineals se])arntely 
by th(‘ ])omid we e.in sa\ (‘ still more. \Ye e.in buy 
Hi-oz. medicine l)ottle^ from our cliemist for Iwo- 
])eii •(• each, and .is these medicine bottles an* 
marked oiT on the back into e pial ])arts eorre- 
sjMinding to “ tabl«‘sj)()onfuls," we c.m measure the 
ijiiantity of our solntious with e.ise and o onomy. 

If we do not wish to go to the exjicnse of buying 
scales, we can get our developia* in tabloid form, 
.lecurately nuMsiired for us and m.ide u]). 'Pht' 
Tabloid Hr.ind }>yr()-soda gives us 40 oz. for Is., 
and so too, witli the hydroipimone. A point to 
rememlier in connection witli our liome-maih* 
solutions is tJiat there must be no grains of ])Owdcr 
lloating about. 'Plie ]K)wder iiui.st bi‘ perfectly 
di'-solvcd, otlicrwisc wc sli.ill hav(‘ spots on our 
iK'galivcs. 

An Economical Developer, Here is ,i 
siuij)le formuJi for a devclo])or : 

Pv Ko-s(>i>A. — No. 1: Sulphitf^ of soda, (> o/. 
(sold at 8d. piT lb.) ; W’ab'r, ,42 oz. ; ])yrog.illi( 
acid, 1 <>/. (.sold at I()d. ]»cr oz.) ; citric acid, addc I 
after tin* solution of the sulphite of .spd;i, in suth 
cieut (juantity to turn blue litmus pajier red (.'^ol'l 
at 2d. per o/.). 

No. 2: ('.irbonate of soda, 4 oz. (sold at ~nl 
per lb.); larboiiato of ])Otas'OUiii, I oz. (sold .<< 
7<1. per 11). ) ; water, 42 oz. 

Keef) these solutions S(‘pariite till just liefui.* 
development. An ounce of each combined in ‘ 
disli with another two ounees of water w'ill develop 
two or three ((uarter-pla((*s in rapid .succi'ssion 
When the developer begins to got very brown, 
throw it out of the dish and mix some more. In 
hot w'eatlier more water may have to bo added, 
otherwise the developer acts too ipiiekly. In cold 
weather less water should be added. Tho No. 2 
solution is the accelerator, and may be increased 
when tho image is slow in appearing. Any number 
of variations on this formula - and, indeed, almost 
every formula for almost every developer— may be 
found in the “ British Journal Photographic 
Almanac ” (price Is. Gd.), the moat useful of all 
annuals. If wo calculate, wo find that by making 
up our own solutions wo get 144 oz. of pyro-soda 
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for Is. 4Jd., instead of the 20 oz. for Is. :kl. sold 
in bottles by the rct^iil chemist. Of course, it 
is not necess:iry to make up such large (piaiititics 
at once, but those ])roi)ortions should bo ke])t 
approximately. 

The Process of Development. How, 
now, is the developing carried out, and what do wo 
see ? The platr is immersed, sensitive side up- 
wards, in th<^ dcvelo])ing solution, and the dish is 
gently rocked, euro being takcui that the whole 
surface is covered. We <‘au tell which is the sensitive 
side of the glass, as it has a “ matt ” (rlull) surface, 
whereas the glass side is glossy. Very soon we 
see dark spots ai.])ea’ ing on the light surface, and 
then a reverse image of the ])ict,nre we have 
taken builds itself up. This gradually darkens all 
over till the image is lost, again in darkness. The 
negative is fullv developed when wo can see a 
suggestion of the image on turning the negative 
over carefully and looking at the glass side. 
Experience witli a. few m'gatives will soon show' 
the depth to w'lik h it should be dcvelo^wd. 

Fixing the Negative. Wlien the nega- 
tive has been sulhciontly developal, it should he 
rinsed in a basin of cKmi- water, and tlien “ fixed ” 
by immersion in a dish lill(*d witli a solution of 
“ hypo,” still in the dark-room. A pound of hypo 
(sodium tbiosuljdiate) eo.sts 2d., and when dissolved 
in 00 oz. of water — or proportionately —makes the 
fixing solution, 'riie negative is left in the lixiiig 
solution till it is perfectly clear and traus])areiit, all 
trace of white on the back being cleared away. 
Leave it fiva; minutes longer still, for safety’s sake. 
In hot weather, when the sensitis d surface of th(‘ 
glass is apt to frill, the ])lates should be immersed 
in a 20 ] er (ent. solution of alum, ami rinsed, before 
fixing. Never use w'arm water. The dcvclo]uiig 
dish must ho used for develo])ing only, and a 
separate dish used for fixing. 

Now that the negative, is developed ami fixed, it 
must be washed, as the hypo has to be removed. Put 
it in a liasin of water, which is slightly tilted under a 
tap. and kei*]) the water running for at least thirty- 
five minutes. Don’t turn on the ta]> too har<l. 
Theie are S[M‘cially-made dishes for w'ashing, hut a 
basin does (piite well. The negative may be taken 
out of the dark-room for examination after it is 
fixed and before "washing, but it should be washed as 
soon as possible, othcrw'iso crystals will form on tlio 
surface. Hemcmber that the sensitised surface is 
very easily scratched and s]K)ilt by lingcr-marks. 
Hold the negative gingerly. 

When the negative is washed, we lean it on a shelf 
against the wmII to dry. At the end of live minutes 
.ve shift it slightly, as we lind a small poo! forming 
iiL the base of the negative. VV’c must not print 
Iron' the negative till it is (juite dry. As a. rule, a 
negative left over-night will be dry in the morning. 
!i’ wo wish to dry our negative (piickly, we immerse 
it in methylated spirit for ten minutes, ami if will be 
dry in half an hour. 

Printing. In ])iinling it is usual to i)egin 
witli the paper called P.O.P.” There are dozens 
of good makes, and that with matt surface is more 
artistic and .stands more knoeddng about than the 
glossy kind. The negative is ]»laced in a printing- 
frame (costing about 5d.), glass side downwards. 
The prepared side of the pajK'r (it curls inwards) is 
placed in contact against the up]K>r (sensitised) side 
of the negative. An insertion at the back holds 
everything in position, and the frame is j>laced in 
the window-sill or open air to print. Wo follow the 
^directions on the back of the paper we buy for iho 
depth to which wo must print. If we are to use the 


“ combined toning and fixing ” bath, we mu.st 
]>robably print <a little dce]>cr than the jiicfure 
which we uiliuately expect, as a certain amount 
is cleared away in the solution. 

The combined (oiling and living bath is sinijiler 
than tlic two sctiaratc baths, and, witli care, can be 
made to produce almost as jicrmanont results. Hut 
if wc want really j)ermaiient rcsiills, we had much 
ra’lier choose the nmn^ artistic ]»rocess of carbon 
pr nt ng, dt‘scribcd latia* on in this course. 

If the eombiiicil bath is usetl, no jirclim inary 
washing, as a rule, is necessary. If wc use the two 
separate lialhs, the ]uinls musl he imrm‘rsed in 
w.iter till it liecouu's milky. Formula' for making uj) 
the solutions for the soparale baths arc supplied 
with the various kinds of ]).ipcr. As eacii maker 
has his own formula, we do not ri'ju'at any here, so 
as lo avoirl confusion. After tlie bath, or baths, 
the ])rinls must be w'ashed for about an liour in 
running water, and always kept moving, as they 
will not wash ])ropcrJy if allowed to lie on the to]> 
of each otlici-. 

Wc lind il much i hcapcst to buy our combined 
toning . 111(1 lixing bath in ])owder form. 1’he retail 
chemist will sell us this bath in bottle.; containing 
about in oz. fer Is., buf, we can make .‘12 oz., for 
instance, from the l.s. tin of the Agfa “neutral 
toiling and fixing salts.” If wc wdsh to make up 
the whole of our own solid ion, a. formula follow\s. 

Combined Toning and Fixing Bath. 

(’hloride of gold, 2 gr. (usually sold in tubes 
eonlaining enough for live or six such baths, and 
costing about Is. Pd. each); nitrate of lead, 10 gr. ; 
chalk, I oz. ; hyjio, 4 oz. : water, 20 oz. Shako 
the solution, and use tlic clear portion when it has 
sett 1(3(1. 

If we have only ('-venings to spare for ]a-inting wo 
may try the gasliglit papers. Here the exposure is 
made by holding the ])rinting fr.ame at a short dis- 
t.iiK'e from an artilieial light, for some time, 
which varies according to the make of tlio paper. 
Follow’ the directions always attached to the cover 
of llie ]),icket, ^I’lie paper is then developed as 
if it were a lu'gative, in a de\eIo]K'r such as orlol, 
which is (amvcnieriily made ii]) from the tabloid 
brand of chemicals. 'Pliis is clieajx'r than tho 
gaslight (lcv('lo])('rs sold by th(' maktTS of the 
various papers, and (piite as good. After dovelop- 
ing, the ]>ai)er is llxi^d in a liypo solution and 
wa.shed, just like a negative'. 

'Phe self-toning ])apers should also ht' tried for tho 
sake of variety. 'Phes(\ as a rule, re(iuiro (Uily to 
be lived in a hypo solution, and often give artistic 
results. 

Taking Portraits. Nothing is more difficult 
than to take a good portrait, dtlicr indoors or out 
of doors. Hut at the same tiiiu' nothing gives us 
mon‘ ])Ioasurc when W(‘ have, really sue(‘eed('d. 
V<;ry often the out-of-door siia]».‘^hot gives iJic 
moat, living jm]>ressi(jn. Hut at tlii3 same time 
(his is a])l to lack djgni(y, and (ho portraits tint 
give the most lasting pleasure have repose. The 
exposure for an interior portrait dejicnds on the 
lighting of the room, and can he gauged only by 
exyx'rjencc. Try tliree seconds to begin with. In 
liorlraiture, cs])ecially with a eh(;ap camera, the 
great danger Ik'.s in tJic perspective. The hand.s 
or the feet eoiiie out too large, and big feet are 
apt to end in bad tempers. The reason why tho 
ordinary lens distorts is too elaborate to explain 
here. But it exists. The safest way of avoiding this 
distortion is to keep the sitter as nearly as possible 
in a plane parallel to the front of tho camera. For 
instance, if we have a fascinating young lady in a 
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deck-chair, wo do not ])lant her facing ns, with her 
face towards iis and her head leaning back, unless 
we wish her No. 3 shoes to a]}pear in the photogra])h 
as larger oven than her inatinoo hat. Rather jdaee 
the chair sideways. A standing pose, as a rule, 
avoids distortion, '.riio nearer the earuera is to the 
sitter the niorc danger there is of a freak ])hotograph. 
On the other hand, if we are too far awa}', wo are apt 
to have the portrait too small. The llond Street 
photographer gets over this difticulty by having 
an expensive “ long-focus*’ lens. With our guinea 
camera We must selecd our 3 K)ses to suit our sho't- 
focus lens. A maxim to keep in mind is : “ Not too 
near, yet not too far.’’ 

The choice of background is very im]>ortant. It 
must bo remembered that the camera is a])t to pick 
out more detail than the eye noti(M\s. So far as ]>os- 
sible, it is Jidvisable to look out for backgrounds that 
arc quite simple, and do not interfere with the in- 
terest in faeo or figure. I’he eolour of the back- 
ground is also important. (Jiccns and reds and 
yellows come out darker than we should expect. 
A background of green leaves in a garden ]>ieture is 
often disappointing for this reason. A little experi- 
ence and observation will soon teach us what to avoid 
in this direction. In interiors, greys come out more 
as wc should expect than do pure or vivid colours. 

A Natural Pose. As to the attitude of the 
sitter, a natural altitude is far the most interesting 
even though it may not be found in any ]>icture by 
Reynolds. Far too many “ posey ” portraits are 
made nowadays. We ar<‘ ai>t to forget that the 
poses found in the great [loi traits of a hundred years 
ago were natural to the costume of the day. -Modern 
dress sugge-sls new graees. If we must st udy ])iet iires 
for poses, wc sliouhl rather go to a modern jriititer 
such as George Henry, A. R.A., whose portraits 
may be seen at the Academy or New fiallery, and 
{ire ofteti reproduced. But, best of all is to do what 
the great ])ortrait painters themsidves lia\<* dom*. 
study Natun^ and the natural ]H)se. 

In portraiture, l)oth indoors and out of doors, the 
value of bjickcd plates (costing ;jd. per dozen extra) 
is incaleulal)le. The baclu'd ])late un<loubted!y 
retains more d<*tail and more sul)tlety of gradation 
than the unbacked, d’lie cost is very little more, 
and anyone who once begins lo use. backed ]»la+''s w ill 
very soon use no other. .V camera in which baokt'd 
plates arc used requires most careful d listing, as the 
material used in many hinds of backing is apt to 
rub oir, and ultimately ju'oduco spots, unless the 
camera is kept rigidly clean. 

As already e\]»lained, the iqi-to-dato eheaj) hand 
camera of to-day can l)e used with success tor 
interiors as well as sna]>shots, as there are arrangi*- 
ment^ for time exposures and for the accurate 
focussing of near olqects. Where the object is lo 
show ])art of the room in wliicli a. ]K‘rson is sitting 
or working, the lens must be sto])pcd down to at 
least “/ 11,” otherwise ])art of the ])icturc will he 
out of locus. If) a small room, or wiiero tliere 
are near objects, still smaller sto]) must be used. 
The value of the backed ])late will bo appreciated 
if a window' or highly lighted article, such na a 
silver ornament, comes into the picture. 

Hints for Development. If the picture 
flashes 'up too readily in the dcvolo])ing dish, and 
wo su'ipect ovcr-cxjiosnre. we can slow down the 
development by rapidly .and gently wiping the 
surface with a piece of cotton wool di])])cd in a 
10 per cent, solution of ])ota.‘>siiim bromkle. In 
developing negatives of interiors, w c should always 
have this handy. Even in the case of backed 
plates, a window is nearly always over-exposed 
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and shows hallation — a blurred a])pearance round 
the edge of a light object. With the cotton-wool 
and potassium l)romide, wc can arrest develo])- 
ment locally. Our knowledge of negatives can be 
acquired only by ex]>erieiice, but the more wo 
know, the more we value this power of local treat- 
ment in the earlier stages. 

-As the modelling of a hice depends so much on 
inlinitely slight gradations, the more detail we can 
kee|) in the negative the better. We can simplify 
afterwiircls, if we like, by the use of special papers in 
printing. But a negative is never the worse for 
detail. To secure this detail, slower development 
is advisable in the case of portraits and interiors. 
The developer may be w'eakenod lo half strength. 

Our guinea cauiera has probably a “eolour 
scri'en,’* a ]>iece of yellow glass w'hich may be i:i- 
.serted in front of the lens. 'J’his greatly imjiroves a, 
landscape ])hotogiapl», and is esjiecially useful for 
dull days. The. ex[)osiire. however, must be 
inenvised tlu'ce or four tiiues in length, and isoehro- 
matic plates should be used. 

Flashlight. take ])ortraits in the 

evenings by Hasidiglit, For these the ready-made 
Hash light (‘andles may more safely be recom- 
mended than magnesium rihhoii or powder. Tliesc 
require no apj*aratiis, and are easy and safe to use. 
The tendency is to under-exi>ose in tlic shadows, 
so that as mu< h retlcction a.s possible may he 
thrown on lh(‘ sitter from ncwsjiajiers or light 
w'nll])apcrs. d'lu* farther away from the sitter, the 
weaker is the light ; but at the same time the 
light should he placed in a ])ositi()ii so {is not 
lo fall dirc'dly either on the lens or on the i^ycs 
of the sitter. 

In the case of portraits, vignetting can often be 
used with ailv.udage. M'e can easily nuiko vignet- 
ting cards for oiirstdves. We cut an ovjil or circle 
of a little less than the desired si/o out of a ])ieee 
of dark coloured pa]*er— for instance, the black 
p.ipiM* in whii'h P.G.P. is w'rap])cd — then wo sni]) 
round the inside edge of this circle or oval, and 
]iu.sh uj) the cilge marie in this way into a sort of 
frill. \Vr‘ ])rint with this frilled oval or circle in 
front of the frame. The frill softens the edges ol 
the resulting vignetted jiieture. 

Intensification and Reduction. By 
the time we have taken a few' dozen negatives we 
realise that some are ovra’-developed and too d(?nse, 
.and some an* too thin. Tlu‘se can bo remedied by 

reduction ” and intensification,” processes 
which aie really very easy, though they entail the 
use of poisons. 

For intensiticalion, the solution most commonly 
stored liy the chemist is the uranium inteiisifiei’. 
-A better intensilier, which, however, must he 
handled with great care, as it is very jioisonous. 
is the mercury .and ammonia intensiHcr. This 
is used hy most profr'ssional photographers, hut 
will not 1)0 sold readily hy chemists to young 
])eo])le. The negative is immer.sed in a saturate 1 
solution of bichloride of mercury — four jumny- 
worth will go a long way, and it can be used over 
and over again —until it is bleached. It is theu 
washed for at least thirty-five minutes in running 
wafer. Wc then iinmersc it in a very w'eak solution 
of ammonia — 10 minims of strong ammonia to 
10 oz. of water — till it is quite hlackcnod jigain. 
All negatives must be thoroughly clear of hypo 
before intensifieation. 

The cheapest, and in many resj)e.cts the best of 
reducers is ferricyanide of potassium, a poison 
that must be handled with care. A pennyworth 
will go a long way. It is usually sold in small* 
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crystals. One small rrystal suffices for a quarter- 
plate dish of water, llie negative need not be 
cleared of hypo before reduction, and a little hypo 
should bo added to the solution. Watch the 
negative carefully. As soon as it is rerlueed to the 
recpiired density, wc wash it at once under a tap 
for half an hour and leave it to dry. A negative 
that is already dry must bo soaked in water till the 
film is soft again before intonsitication or reduc- 
tion. Negatives that have been cl rietl with methylated 
spirit do not reduce or intensify so well as those 
dried in the ordinary way. 

Enlargements by Daylight. When wc 
have made some successful pictures with our guinea 
camera we are sure to bccomo more ambitious, 
and anxious to make larger pictures. To do this 
it is not necessary to get a larger camera, but wo 
can supplement o«(r quarter- plate with an enlarging, 
canrera. There arc two kinds of cameras for en- 
larging, one for daylight and the other for artilirial 
liglit.. A daylight ennera, which will enlarge fr«)m 
quarter-plate, siz.e (!!} in. by 4{- in.) to whole-plate 
((3J in. by 8J in.) can be. bought for 7s., so the initial 
expense is not very groat. We must, however, 
buy larger dishes for the larger size of paper. Two 
whole-plate dishes will be required, costing about 
1 Id. each. A ])aoket of twelve sluads of luomidc 
paper, whole plate size, costs 2s. Wc can therefore 
roughly estimate tlm cost of each ])rint at 4d, to 
cover the cost of the enlarger and the waste. In 
the daylight enlarger of fixed foeu.s, enlarging from 
quarter-plate to wholc-jdate, the light passes 
through the negative and then throiigli a lens, so 
that the image is projected upon the ])rinting ])apcr 
fixed at the other end. 

Enlarging bromide paper is, as a rule, veiy sensi- 
tive to light, so that (he i)aeket should be opened 
and the enlarging camera loaded only in the dark- 
room. Those wlio have already mastered gas- 
light printing hy contact will make successful 
enlargements at once, ns the same kind of pa})cr is 
used. The length of exfiosure depends on the 
strength of the light and the speed of the paper. 
Owing to the expense of waste, it is well to make 
test ex])0,snrcs in the camera, with small ])iee(‘s of 
paper before risking a whoh' sheet. The makers 
of paper now recognise this hy enclosing an extra 
piece, (juarler- plate size, which may i>e use<l for 
preliminary test. If wc are used to llu' ortol 
dovelo]>cr, wc may use it for our enlargements. If 
not, w’e may try amidol. 

Eormnla for amidol : aiiiulol, SO grains (sold 
at 2s. per oz.) ; sulphile of s ala, 2 oz. ; watta*, 12 
oz. ; bromide of ])otnssium, !’» grains. 

This has to be ma<le u]) fVesli for each ])riuting, 
and deteriorates in abemt two hours. The brouiido 
of potassium makes the developer a. little ,slower, 
but brightens the ]Mir»(s. .A negative tliat may 
nrint rather thin and Hat with F.O.P. may give 
bright prints Iti an enlargement if wc undcr-exj)oso 
and use a strong solution. 

Artificial Light Enlarging. But by far 
Iho most satisfactory method of enlargement is 
by artificial light. Here our light is always of the 
same strength, whereas daylight is constantly 
changing. Another great advantage is that we 
can control the printing. For instance, wc may 
have a negative of an interior lit u]) by a window 
or flashlight on one side. By pi /icing a piece of 
cardboard in front of the thinner portions of the 
negative, we can to a large extent rectify this un- 
efvenness of lighting, and make a presentable i)rint. 

, Another advantage about the artificial enlarging 
laittem is that it may be used na a magic- lantern, 


and w'c can amuse our friends by throwing our 
jiicture.s on the screen. 

The cost, how^ever, of the artificial lantern en- 
larger is greater than the other, since a “condenser'’ 
or large lens for concentrating the light has to bo 
used. This in itself is so expensive tliafc a reliable 
enlarger can h/irdly l)e bought new for le^s than 
three guineas. We (isn, however, often ])ick one 
n)> secondhand for rather less. The photo- 
griqiher wdio wishes to go in foi- Press or j>rofe.ssiona.l 
portrait work laltu* on will find this artificial light 
enlarger absolutely necessary. • 

In the enlarger for use with artificial light the 
light, which is usually an incandescent or electric 
bght, preferably the former, is behind the con- 
d<‘nser, an<l the, cond/uisiu- eom‘eutrat<‘s the light 
on the negative. Through the negative the 
light pa.sscs on to th/' lens, and the image is thrown 
into to/uis on bromide pa])cr (‘ith/u* lixcil on a 
slide or ])inn('d on a board fixed upright at the 
r••(^uisite distance. We rc<juire no elaborate stand 
tor our cnlarg(‘r, l)ut can ])rop the spare h'af of our 
dining-room tabh* against the wall of the dark-room 
ami set the ciilargiT on two wooden chairs of eipial 
height. An /irrangement for focussing enables U3 
to enlarge to any size or in any proportion wo 
desire. If hy any clianc(‘ wa* have tilt<‘d our camera 
by mistake, /ind so got tln' lines in the wall of a 
house s'auting, wo can stop down the lens in the 
enhirging camcr/i and lilt the support of the pa|30P. 
slightly so as to corna l this awkward mistake. W<^' 
can v(‘ry often im])rov(‘ our negativ(‘ by enlarging 
only the interesting j/ortion of it. A sharp nega- 
tiv(‘ will enlarge many diameters without showing 
any trace of enlargement. Experienced tourists 
know^ this, and often jiri fcr to take W'ith them 
only a (jinuier-platc camerji, knowing that they 
can enhirgi’ their good negatives to any size at 
home. 

Hints for Enlarging. 'I’hc lens in the 
enlarging camera sliould always be s(o])ped <lown 
a little as this tends to giv<‘ a brighfer print. The 
utmost car/J shotdd be f/ikcn to kce[» the hamis 
])erfectly clo/m in printing. oth/Twise the pa])er will 
show stains. It is always advisable to “clear” 
an enlarged ]trint, as the ))ap(M‘, especially if of 
glossy sur(a(M‘, is incliiUMl to show' markings, duo 
in no way to tlic 0]>cralor. This clearing solution 
is the same as the redu ing solution (ferrieyanide of 
]»otas^ium), menlionetl /dready. Di]) a piece of 
<‘()t ton-woo! in this, and gently riih the surface of 
the pa]>:.'r w'hih', still dau*q). Tin’s will clear the 
whites wonderfully, and will evtui remove slight 
yellow stains due to previous carelessness. 

We can focus jiccurately on the paper by ydacing 
in front of tlio hais a yellow j^lass cap W'bioh is 
riunovcd for the I'xposun'. These ea])s /iro stored 
by any d<5iiler who has enlarging cam/'ras. All 
whiti* light, however, sliould he excluded from 
tlie. roo.m, /is the bromide jripcr tised for enlarging 
is sensitive to t Inflight, tar more so than is generally 
siqUiosed. If wo want to he suie of good prints, 
we must run no risks. Do not ex])Ose the print 
after development to any otlier than the light showm 
through this 3'cllow' glass till the yirint has been at 
least five minutes in the hypo (fixing) solution, or 
we risk getting it fogged. 

Lantern Slides. Lantern slides are very 
easily made without Sfieeial apparatus by cont/ict 
printing. They are really positive prints made on 
glass instead of a paper support. • Wo will prob- 
ably find among our negatives a number in which 
a square of 3J- in. makes a good picture. This is 
the size of the lantern-slide. Prepared plates for 
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lantern-glides are sold at Is. per dozen, and the 
positive is made by contaet in the same way as in 
the case of /raslight i^rqxirs. Tt is, however, well 
to clear the* slides for the sake of improved trans- 
]>aren(;y afler dev^elopment and fixing, and before 
washing. Here is a well-known formula for 
clearing solution : 

Protosulphate of iron, ,*l oz. (sold at 3(1. per lb.) : 
alum, 1 oz. (sold at 2d. ])er lb.) ; citric acid, 1 oz. 
(sold at 2d. per oz.) ; water, 20 oz., or in proportion. 
The depth 1o whicdi a lantern-slide should be de- 
veloped can be gauged only by cxjicrienee. If, 
however, wc study a good iantcrii-slide such as 
we often sc'c in an optician's window, or such as 
arc sold for educational ])urposcs. we can save our- 
selves much trouble and waste'. 

If W'C wish to secure' the wlude of our negative 
on onr lantern slid^ W'e can still do so without 
gpcoial ap))aratus. We* must ble3ck u]> the whoh^ ejf 
n window lighting a room witli el ark- brown ])aper, 
leaving only a hole the size of our ne'gative. Into 
this hole the negative is fixed, say, by means of 
sticking-plaster over the corners. \Vc must iiow'^ 
photograjdi this neg.aiive on a prepared lanlern- 
])late, focussing ac ‘urately and getting the image as 
near 3} in. at its widest p.art as ]>ossi))lc. We should 
stop down our lens to at least / 22, and back our 
plates with backing-])aper, which maybe bought at 
tkl. a box. The lantern-slide plate's will fit into the 
she?aths of our came'ra, but must, of course, bo 
tixed in the middle of the sheath, otherwise the 
picture may overlap the plate. 

Tlio positive jdate has to be mounted before it is 
a eomplete slide, otherw ise the film would be epiickly 
de.stroy(3d by the heat of the lante'rn. (’over- 
glasses, made of 
very thin glass, and 
of the same size 
(3J in. by 31- in.) 
arc ))laccd so as to 
cover the sensitive 
side of tlie positive, 
and the tw'o glas.scs 
are bound togetlier 
by binding strips 
round the; edges. 

This binding is 
epiito easy to do. 

More Advan» 
ced WorK. Ah 
though a great deal 
may bo elono with 
a (jiiarte^r - plate 
combined with an 
enlarging c.uuera, 
wo may be ])ar- 
doned if wc gfow' 
still more ambitious. 

The average* h’lis, 
even in ex})ensivo 
epiarter-platc cam- 
e*ras has so short a 
focus that- distor- 
tion is difficult to 
avoid. Jly “ foems ” 
we mean the dis- 
tance in the caiuern 
between the centre 
of the lens and the* 
photographic -plate. 

The human eye is 
said to have a lens 
corresponding to 
one of 16 in. focus, 
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but the fpiarter-plate camera is satisfied with 4.1 in. 
or 5 in. , It is, of course, possible with a focassing 
camera to adapt a telephoto lens, such as tln^ 
“ Adon,” to overcome this objection, but for many 
reasons w'c should do better still with a good 
half-])late came’ a. It is a good plan to get a oanu'iM 
with a double anastigmat lens, in which the front 
and back portions of the lens (eaedi of differe'iit 
few'uses) can lx*- usetl separately or in combination, 
giving us Hie* clioice of using short or long focus leuis 
at will. Thus, a combined lens whiedi has a focus of 
0[ in. may consist of a front portion with focus of 
34 in. ntul a back ]>ortion with focus of 1) in. Tin* 
camera tliat is to hold such a lens must, of course, 
liave a bellows e*a]»able of exte'iiding to 14 in. 

Tn the case of ])ortraits, the longer the focus the 
better. A curious fact also is that a large h'lis 
se'cins tn give more modelling and to get round the 
obje'cts more than a small lens of the same focal 
length. 

(’arbon printing and the* subsidiary prooe'sscs so 
mucli alTected by artistic workers are hardly worth 
attenipling in less than lialf-plato cize. It is, of 
cour.se. ])o.ssible to make enlarged negatives, and to 
print from these : but, afte'r .all, the be'st method of 
making enlarged negatives is by the carbon i)roccsH 
itself. 

Carbon Printing. The chief makers of car- 
bon tissue — fhe .\utotypc (’o., and Klliotl & Sons 
.sup})Iy such elaborate diirctions that it is unnoccs 
sjiry here to give more than a brief outline of the 
])ro(M*ss. A good ]>Ian is to experiment wdth the* 
Trial Set su]>]>lie‘el by the Autoty))e C^o., or the* 
Sam]>le Set .su})pli(‘(l by Kllioit Sons. 

The princii)le and method of carbon printing are 
so simyde and the 
re'-sults so artisiie 
that we - can well 
iinder.stand wdiy it 
has t.aken the fore- 
most ])laee both in 
amateur and in j>ro- 
fessional y)hoto 
graphy. We may 
begin by explaining 
how the image is 
made in the carbon 
tissue. It lias Ixm'ii 
discovered that 
gelatin combined 
with hichromate (tf 
yiotassium becom''s 
more or less in 
soluble according to 
the amount of light 
to which it is ex- 
)}OSed. Wlien a pr<‘- 
yxared gelatin fisstie 
is exymsed to the 
light under a nega- 
tives it becoint's 
insoluble in depths 
which vary accord- 
ing to the strength 
of the light wdiioh 
the negative allows 
to pass through its 
parts. A snudl 
amount of light 
passe's tl trough the* 
whole of the nega- 
tive, and therefore^ 
tie whole of the 
surface of the tissue 
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ENLAHtJEMENT OF SNAPSHOT ON OPPOSETE PACI E 


(<)l)s<‘rve the elearnes:;' of dotuil after cnliiryeinerit.) 


affected and bcconieH insoluble. The problem is, 
how are wo to got to tho lower layers of the tissue, 
so that w'e can dissolve away that whieh has not 
et been affected by tho light ? This is done 
y transferring the tissue froth tho paper on which 
it is originally mounted to a now support, face 
dowrnward. When this transfer is made, the 
soluble portions now exposed can be cleared o‘f by 
, the application of warm water, and the positive image 
'—made of insoluble gelatin-brought to view. 


The Single Transfer. In the single-trans- 
for method of carbon printing -the simjilest, and 
therefore tho best to b gin with —the image is re- 
vt^rsed from loft to right, but very often this docs not 
matter. The sensitive tissue is usually made up twice 
a week by the companies that supjdy it, and should 
,be used within nine days, ns it does not kce|). 
Prints should be made in dry weather only. The safe 
edge mask — supplied in tho Trial Set — must always 
be applied round the edges, otherwise the transfer 
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is apt to be imsatisfactory. No imago i.s seen at 
iirst in the printing, so that an aolinometer for 
measuring exposures Iris to be used. A simple 
actinoineter is supplied with th<* Trial Set. The 
time required for printing is eonsiderably less than 
that for P.O.P., and the aolion of the light eontinues 
— at a rcduoed rate — after the tissue has been 
taken out of the frame. We may turn this eon- 
tiniiing action to advantage in the case of prints 
which arc sus})eetx‘xl of under-exposure. If these 
are ke])t for twenty-four hours before develo))ment 
they may turn out all right. 

'riie single-transfer paper is slightly larger than 
the mounUxl carbon tissue. It is ])laced face u)>wards 
in a tray of cold water at about F., and all 
air bubbles nuist be carefully removed. We should 
have a depth of at least 1.V in. of water in the tray. 
Then the exposed tissue is ]>laeed face downwards 
in the water, and the fingers gently slid along the 
surface underneath to remove air hubbies, '^riio 
tissue will Hattcn out, and then begin to turn up at (he 
edges. The tissue and the transfer paper are now 
brought into contact under water and taken out 
(ogetluT, and tluui squeegeed into perfect contact 
with a scraper s<pieegee, su(‘h as is sup[)'ied with the 
Trial Set. The two sheets are now put betwi'cn 
b'otting paper and laid under a heavy weight, such 
as a largo book. This secures uniform pressure. 
All the prints are treated thus, and left under 
])res.sure for about half an hour, or till the back of 
the transfer ])ai)er is turned yellow. 

Developing with Water. For develop- 
ment, two baking tins, costing almut a shilling 
each, will do. But we must not use these tins 
afterw.'irds for baking, as bichromate of potas- 
sium is a strong poison, and the smress of our 
printing should make us desire to live a little longer. 
Fill this tray with water heated to 1)0 ’ F. to HK)’’ F. 
The gelatin soon b.‘gins to ooze out at- the edges. 
Tlu'u transfer the sheets to a tray of slightl3’^ hotter 
water, KH)^ F. to 1 1(T F., about 1 J in. deep. Holding 
th(! combined sheets under water, lift u]) a corner of 
the tissue sheet and gently strip it off. If it does not 
strip otf readily, leave it a little longer and try 
again. The gelatin is now transferred to the new 
snj)port, and tlie lower soluble la^vrs arc cx]»osed and 
can bo treated. The transfer j)aper, to which the 
tissue now adheres, is ))lace(l on a slab or Hat dish 
at an imdined angle, and laved with water at 
100'^ F. to 1 10 ’ F. by means of a teaspoon. (Gradually 
the image will ap])ear as the solufdc part is washed 
away. We lave it till it is a little light<*r than \m' 
desire the finished print to be. 'riie water can be kept 
at an oven temperature by ])lafing the tray on a 
gas stove with the gas jet at the proper height. If 
the t issue has been ov^er-exy)osed it does not easily 
dissolve, and still hotter water must be used. 'This, 
however, must he used with (;are, as it is a])t to oaiisc 
blisters. 

The groat charm of carbon printing is that local 
development can be carried out so easily. A sky 
that would otherwise be lost can he save 1 by de- 
veloping the upper ijortion of the picture in cooler 
water than the lower, and over-exposed portions can 
ho rcduoed by careful laving with hot water, or the 
local application of sulphoeyaiiide of ammonia — 
sold at 3d. per oz. 

When the print has been sufficiently develoy)cd, 
it must be cleared and lirirdencd, A iillcretl 5 per 
cent, solution of powdered alum ih< water is the hath. 
This clears away the yellow stain^nd hardens the 
film, after which the prints shoufi be washed for 
half an hour in running water, and then hung up 
with clips to dry. 
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Double Transfer and Modifications. 

In the doable-transfer method, a temporary sup- 
port is used instead of the .single-transfer paper, ami 
from this temporary support the image is transferred 
to a final sup^jort. This double transfer restore < the 
image to its natural position. For making enlarged 
ru'ga fives, a s}>*eial transparency tissue is made, 
which requires h ilf more exposure than the ordinary 
kind. This is transferred by the single-transfer 
]iro(ess fo a glass su])}>ort, and printed througli 
an enlarging camera on to a negative of the sizi; 
required. The image is reversed to its natural 
position by kce])ing the tissue side of the glass 
towanls the soun’o of light. 

Moditieations of the carbon process avoid 
transfer, hut usually require us to sensitise our own 
solution. On the whole the old method is the most 
satisfactory’ of all pi'inting processes, and wo do not 
grudge the slight extra trouble. 

The Press and the Editor. Thoiograph y 
for the pre<<s contains more of the element of 
uncertainty than any other branch of the cruft. 
If we are actually' on the staff of a paper, this 
uncertainty is, of course, diminished, but between 
the freelaiiee and success a thousand chances inter- 
veuf‘. Still, it is one of the most interesting, and 
often one of th(‘ most proti table forms of using the 
camera. A very' skilful and sueccssful photographer 
for the press acknowledges that after paying all 
e.vjHuises, he dears about £500 a year. It- musl- 
be rcineiM bored, however, that he is at the lop 
of Hie tn'c. and lias tifteen years of hard work 
hehinrl him. 

'I’h(‘ main ])oint to remember is that W'e cater 
not so much for the piihlici as for our editor. We 
mu>t give him the kind of jirint and subject he 
wants, not vvliat is intrinsically best. N'ory often 
W'e shall tind our best work thrown on onr hands, 
owing to his personal tastes, or the space he may 
have at his disposal. Ihdter luck next time,” we 
must say, and tiy again. 

In the. tirst place, it is advisable to make our 
prints not less than half-]>late si'zo, and with a 
glo.ssy surface, wliidi may even he stpieegi^ed. 'I'lie 
r(‘producl ion th(' editor may make may be only 
3 in. by I in., but he ])ersoualIy likes to see the 
]>riuts large. For this reason, most Press ]>ho1o 
griqiliers use a ha If- plate eamera, so that they eaii 
readily run off eontaet jniiits, and in many etises 
thev i»rint through the* enlarging camera on glossy 
bromid<‘ ]»aper, submitting pictures whole-]»late size, 
'riic glossy surface* is not really iieecs.sar‘y for repro 
duetion, and some engravers actually darn]) the 
pap«*r to get rkl of the gloss before making their 
block ; but few editors know' this, )ind prefer th'* 
jH'iut wliich ap|)arcntly' shows most detail. 'Then' 
are, of course, exceptions, and “ (^onntry Life,” f<»i 
instanee, lakes .artist ic jdiotographs even on rough 
surfai'es. 'I’his extreme, how'ever, is only jrossihle 
in the ea.se of a magazine w'ith exee})tionaIly fiu ' 
ju’iiitiiig. 

Camera for Press Work. The n.os< 

convenient all-i’oimd camera to use is a light, 
folding half-])lale eanu?ra w'ith focal plane shutter', 
giving exposures down to l,000t-h part of a second, 
and either slides or a magazine containing 12 ])late.s. 
Our outfit will cost us about £20. The lens shoitid 
be able iow'orkwcll at /(>*3, or if possible, / 5, arid 
(he finer the lens the more likely we are to achi<‘vc 
success under all eonditions of weather. Wo imr.sf 
be prepared to make bright, contrasty pictures at 
seven in the morning on a rainy day. One of th»‘ 
most successful nress photographers uses a len > 
with 10 in. focus, but this requires more ex])cnenrc 



in accurate^’ focussing than, say, a Ooertz-Anschutz 
with lens of 7 in. focus. Some got over the difficulty 
hy having both a long and a short focus lens. This, 
of course, requires a camera that can be adapted to 
different lenses. It must be reniemberod tlmt, 
especially in sporting ]diotography, we have to snap 
at a distance 
from the obj(‘ct 
required, and 
yet our figures 
jnust be as large 
as possible. Wo 
do not recom- 
mend the redt'x 
type of camera 
for general work. 

Many of tlio 

most skilful 

, I'I'Ot 

graphers do n* 
even use a 
finder, but gangt* 
hy experience' 
tlie view taken 
l)y the angle of 
their lejis, and 
point llieeainc'ra 
hreast - higli at 
the person or 
object recjuirod. 

Tn snapshotting elehritif's, tlii^ is often the only 
practical method. Wo have to keep our eve glued 
to our victim, and at tlie same time have the whole 
field in view, otlierwise we may miss tin* eliaraeter- 
istic atti'ude, or sojueone will' step in front at the 
( ritical moment. In a erowd wc may even have to 
hold our eamera above our bead. 

Tn addition to the smapshottiiig of news events. 


PHOTOQRAI»HV 

there is also the vast field of magazine work. Skill 
in portraiture is also a great advantage, as the 
ilhistratcil new.spa})er of to-dav becomes more and 
more tK'rsonal in its interests. One successful 
photographer has made a speciality of doing for the 
press artistic portraits of celebrities at home or in 

their natural 
s u r r o u n d - 
ings. The chief 
London photo- 
gr:»j)hers natu- 
lally acjpiire 
numlx'i's of j)or- 
trails U'hifh are 
iti demand witli 
I'flitors, So much 
is this the ease 
that I hey somc- 
tiuH's have to 
retain a spc'cial 
staff for running 
(/ff ])rinfs for the 
prt'ss. 

Celebrities. 

So much are 
(' e 1 e I) r i t i e s 
plio 1 ogra ])hed 
nowadays, that 
few copyciglits 
are worth more 
than (<‘11 guineas at the )utsid(‘. 'flu' UH\ial fee 
for reproductions of pholograjdis of any sort- by 
an illustrated jiapcr is lOs. (id. per ])rint for rejiro- 
<luetions u]) to 0 in. by 4 in., and a guinea beyond 
that size. Hedtietion in ])ric('i is fnapiently asked 
and granted for a series or M<'t of ])holographs, hut 
the. half guinea is a useful standard, fair alike to 
editors and ])hotogra pliers. Occasionally an editor 
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will olTcr to buy exclusive rights in a photograph 
for a definite period, when we may get from one 
guinea to ton guineas. Such occasions and such 
f*rlitoi-.s are rare. 

Chance, of course, may turn a portrait into a gold- 
mine. Thus, the photograph made by Elliott & 
Ery of General Badeh-Powell, a few days before he 
started for the war, was reproduced in millions ; 
but in these days of peace a new ])hotogra])h of 
tills hero w'ould not get much more than five 
guineas in copyright fees, if so min h. 

Advanced Flashlight. 'I’hc Press jdioto- 
grapher must be master of flaslilight work, as the 
subjects reipiired — especially in magazine work — 
have often to bo taken under difficult lighting. A 
small room may be lit up sufficiently by magnesium 
]»owder, or a flashlight candle, but it is advisable to 
know how to manipulate more jiowcrful flashlights. 
There are several kinds of explosive powders used in 
advanced flashlight work, but the safest, and at the 
same time one of the most brilliant, is argevforat 
{price /)s. for 4 oz.), which has the merit of not being 
set alight by ])ercjiasion. It is so highly inflam- 
mable that it must be handled with great care, 
and must not be lighted with a match held in tiu* 
hand. Also, it must not be used in a closed lani]), 
such as is used with magnesium powder, but in an 
o])en metal tray. A handy portable lamp for use 
with these special flashlight powders is tin* Weiss 
lamp (price 30s.), in which a niatcli, close to the 
pow'der, is ignited by j)ulling a string. Amdber 
lamp ignites the ])o\vder by means of an electric 
spark. 

So vivid is the light of a powder such as argeii- 
torat that jx'ople jump out of tlieir seats, and tlicy 
should therefore bo cautioned in advance that then* 
is no danger. The flash is so rapid that the photo- 
graph is taken before the movement ue<*urs. The 
smoke is, unfortunately, a great nuisance, and our 
flashlight may occasionally bring up the tire brigade 
on a false alarm. Scrape the ash earefidly olT the 
tray after each flash, otherwise your late.* flashes 
will be accompanied by loud (?x|)losions. 

Enlarging is jairtieularly valuable in tlie case of 
snapshot work, wIkmc w'c are often eompelled by 
circumstances to stand too far from tlie desired 
object. can amend this by enlarging only tlie 
important part of the negative. 

Sale and Speed. Gomitry ])hotogra| fliers 
often find it convenient to sell ]>i'iiits through the 
jMCss pliofogra|flii(; agencies. 'J’li<*se send repre- 
sentatives round the eliief editorial otlices, charging 
15 per cent, to 25 per cent, commission, fn tin* oa.se 
of news ]fliotogiai)hs, wdiere there is no time to rnn 
off many ]>rints, these agents arc very handy, as 
one editor may ha ve special reasons for refusing good 
)»rmts, for which another lias space. 

Jn the ease of news pictures, speed is lialf the 
battle. Pictures of an event that ha])pcris on a 
JMonday morning sliould be sulimitted, if }>o.«sible. 
the same afternoon. Methylated sjiirit of good 
quality enables one to dry prints and negatives 
rapidly. P.O.P. jaints can be made ra])idly by the 
dcvelojflng process. Jii this the paper — which should 
be juit in tlie frame in a dark-room — should lie 
jirinted only till the detail in the high liglits is faintly 
shown, an'i then developed in th(‘ dark-room W'itii 
a black developer such as hydroquinoiie (not pyro), 
treated all the time with tlio same care as a negative. 

Mr, r. F. Howden, of Eowxlen, Bros., perhaps the 
most rkilful sporting photographer in this country, 
ha.s kindly sent us the following hints for thbso 
who intend going in for such work. 


1. Get your ^figures as large as possible. Avoid 
having a heavy background of trees wdicn taking 
fast exposures. They look artistic in the finder, 
but don’t reproduce well owing to imdor-oxjiosurc. 

2. Don’t keep changing yoiir brand of plates. 
Start with a good make, /ind use only the fastest 
for extreme exposures. It docs not do to use llw^ 
slower, and cheaper make, as the results caniiof 
be obtained with those. 

.3. When developing, avoid using too mucli ruby 
light. The less the belter. 

4. Don't be impatient with very fast exposures 
when develojiiiig. Anybody can luess the bultou 
and take a jfleture in a l,()()()th part of a second; 
but it is not everybody who has the patience to 
dcvelo]) a jflate for an hour or two, as is often the 
eas»‘ in winter. 

5. A lens woiking at a large aperture, say / 5'(>. 
is essonli.d. 

(). Don't press the shutter release on camera 
with a jerk, 

7. Rehearse in your mind what yon ace going to 
do ; and w hen the moment arrives, do it. 

Professional Portraiture. The host 
guide to those who intend to take up professional 
]>ortraiture is naturally one who has liimseir sia;- 
(‘ceded. Mr. E. C. Elliott, of the firm of Elliott 
& Fry. gives some practical advice on the subject. 

Don’t try at first to get into a big Dondon 
house,” he says. “ Get into a good moderate-sized 
jH'ovineial iiousi' where evervtliing is done under 
one roof. At Elliott it Fry's, for instance, every 
de])arlmcnt is spei'ialised, and it would be difficult 
for one to get that general grasp of a business wdiich 
is essential for a man who intends eventually to 
set uj) for himself. After one has realised wbat 
one is best fitted for, one may decide to s]>(‘ei}dise, 
lor instance, as an operator or a ])rinter, a retoucher, 
or finisher. The Professional PiiotograpluTs 
Association has started an excellent system of eerti- 
ficate.s of uierit for assistants, aw’ardcd after examina- 
tion. If you decide to set up for yourself, you must 
be up-to-dat<‘ and a lilllc bit before it. I don’t 
know that it is advisable to start w’ith a partner. 
Partnerships are very uneortairi things, and 1 thiidc 
that, at any rate to begin w ith, a elf'ver man with a 
capalile staff can manage by himself. V^fllerever y«»u 
are, you must adapt yourself to your locality 
A seaside or suburban ])hotogra]flier has qinli* 
a difFereiit clientele from that of Jllliott & f’ry. 
and yet may do excellent business. The thiugs lo 
remember are, that wdiatever your kind of j>liou» 
gra]fliy juay be, you shoidd try to be good of your 
kind, and that you should not cut prices. You mud. 
be up-to-date* in the getting up of mounts, in your 
printing metluuls, framing and disjflaying, whil- 
such small details as price-li.sts. ])ackingof pietnri v 
labels and nofepajier should bo studied, with i 
view to making the:n as attractive as possible 
Every young professional ]fliotr)gra])her — in f-'‘ t, 
every }fliotograplnT young or old — would <!■» 
w.‘!! to become a member of and support the Pro 
fe.ssional Photograifliors Association, and so have 
at his disposal in all matters of difficulty which may 
arise the help and advice of a committee of the mos! 
ex]»erien(!ed men in the profession. Much friifliou 
and litigation is avoided through the good offi'f > 
and advice of this committee in the many delicai< 
an 1 sometimes ( omplex matters that are brouvh 
b'fore them by members. If you obtain a standiuii 
wdiich enables yon to obtain celebrities as sitters, you 
must be absolutely scrupulous as regards copyri.^li^ 
both towards your sitters and towards the editors. 
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By JUSTIN McCarthy 


of Victoria began on tlic morning 

of .j line 20th, ls;}7. The young (luccii, horn on May 
24th, IS 10. was, at the time of her succession, little 
more tlianeighteen. 'rhe (^ueen s first Prime .Minister, 
LonI ^h'lhonnic, was a man of great- ]KMsonal kind- 
ness, hut- witli slight gift of slatesmanshi]), and 
Qfua'n \’ictoria was obliged from the first to exer- 
ei,s(‘ h(‘r own good s<'nsc in the dire<‘tion of alfairs. 

.Among the J(‘ading nuMi in ])oJitical life were 
Lon] P>i()ugh-nn and L«)rd Lyndhurst in llie- Hoiist*. 
of and Sir Kohtal T*e<‘], Lord .lolin Russell, 

and Daniel O't’omudl in the House of Commons. 
.\mong thv‘ earliest events of th(‘. reign w(‘re tim 
<h'veloj>immt of the railway system throughout the 
fountiy, the application of the eh'ctric current to 
<onveying messages along the wire.s, and the use 
of steam for oee.an navigation. 'riH‘ .Melbourne 
Administration did fiot last long, and was suct-eeded 
by that of J^ir Robert Peel. 'I'lie Qina n, in opening- 
parliament, on .lannary Kith, 1S40, had announ<*ed 
h(‘r intention of marrying hereousin, Piinee Albert 
of Sa\(‘-( 'oburg-( lotlia, and the marriage, whieh took 
place* on Kebruary Kith, proved a most happy union. 

The Rebellion in Canada. 'I'he opening 
of the reign saw the great rebellion in Canada. 

'I'be Canadiati Colonies had b(‘en di\ided by an 
.Art eall(‘d tlu* Constitution of l7tH into Cp|»<‘'‘ 
Lower Canada. I'pper (’amnia was inhabited ehielly 
by a Rritislj population and Lower Canada by a 
po])nlation of Prenelt or Freneli descent. Raeh of the 
provinces had a gov(‘rnor and an Kxeeiitive (’ouiiril 
appointed by ilic (’rown, a Legislative Council, 
also appointed by tin* Crown for life, and a ]K‘pre- 
-senlative Assemljly, the members of wliicb were 
elected almost altogetiu'r throutih (he inllueiK’c of 
1 he ruling authorit ies. 

’Pile two provinces, ;i1 lu'art hostile to each other, 
agreeil only in hatred of the absolute rule of a 
li?'iti-s]i sovereign and Covemmejit in far-off West- 
minster. The memory of the .American Revolution 
W’as still fresh in Canada, and it stimulated French 
Canadians especially i/ito an etfort af armed rebel- 
lion. The arbitrary measures <‘niployerl by (tu* 
Canadian authorities to subdue the rebels only made 
their resistance more* .serious, and won llu* support 
of CpjH'r Canada. 'I’he r<*bellion probably might 
bav(‘ be(‘n eruslu'd by (be Canadian authorities, but 
such a result would only have .sown the .seeds of 
further risings. Fortunately there were slatesinen 
then in the British Parliaujcnt able to .see that 
(’anada conhl not be made loyal by military for«*e. 
Lord John Russell introduced a measure t-o.'^uspeml 
for a time the <'onsl itution of Lower Canada, and to 
send out from Fngland a Covernor-tleneral and 
High Commissioner empow'ered to deal with the 
rebellion and t() remodel the const itulion of Cp))er 
\ind Lower Canada. 

Lord Durham, who had been in more than one 
Administration and was knoAvn as an a<lvaneed 
refoiiner. was entrusted with this office. He in- 
vited the two provinces to join him in forming a new 
system of government, and framed a <*oiistitiition 
which united the twm ])roviuees into one colonial 
system, rejireseutative and self-governing in colonial 


affairs, thus founding tliat princi])le on which all 
of Kng land's grciit colonics have since been con- 
dneled. Lord Durham n*turned to Kngland. and 
flu* inoasure, in substance, was passed in I84K. 

The Opium Traffic in China. Tn the 
opening of the Queen’s reign there were disturbances 
in China between the government of that country 
and some of the Rritisli trading com))anies, whicli 
led to (he. ()|)iuni Wai-. The.s(; troubles bad been 
going on before \detoria came to the throne, and 
w<‘re c.insed by the ])oli('y of ])reeoding sovereign.s. 
Briti.sli tiiulers, uii(ler the old F>ast India (Mm- 
pany in the iirst instance, liad insisted on importing 
o])iuin into ('hina and .soiling it to (he (4iine.se in 
<ieHanee of the laws of the Chinese- Rmpiix*, which 
made its .s.de a piiiiisliable offence. 'I’lio (^liiecti's 
•Ministers were* endeavouring to (‘iid this odious 
(raflie, w'heii the dis}Mites belw'een the C’hinese 
authorities and tlie opium dealers led to the niit- 
brc'akof war, eansing much loss of life on both sides. 

The British shit»H of war, and tin* British soldieis 
soon gaiiusl the ascendency, and t lu* ( 4ijn<‘s<* goycni- 
nu'ut liad to give w ay. Peace* was made on t he condi- 
tions (hat the. Island of Hong- Kong .should be eeri(*d 
to Britain, and that five ports, of whieh (‘anton was 
the most ienportant, shouhl Ixi thrown open to British 
tia<i(*r,s. and that an indemnity should be paid to 
Kngland for losses ine»irr(‘d, 44u* (Jovernmeiit 
t‘\plained that Kngland could not- interfere* for tlio 
pui*])Ose of enabling British subjects le> violate 
the* laws of (4iina, ami tb:U any loss sii<‘b pt*rs(ms 
might Hiitfer from tin* e.\i*cution of (In* (’hiiu'se- 
laws must be borne by those wine hrought that 
lo.ss uj)on thein.selvcs. 44iis announee'iiient had beeai 
maele before tlu* actual outbreak of the war, and 
(he war was carried on to its end. 

The Afghan War. 'I’he Afghan War t'ast 
a gloom over the ojeeiiing of the leign. .Afghanistan 
is inhabited by various tribes each ruh“d by its own 
chief, and all in freejuent l ivairy and eonllict among 
themselves. 'I’ho Coverninent of (^u(*en Victoria 
was bronglit into Afghan trouble through the medium 
of the East India (’ompany, which bee-ame- involved 
in one of the disputes among Afghan stales and 
unwisely sustained the claims of one of the rivals 
who were eonlesting for sovereignty over the state 
of (Mbid, and for somctliing like supremacy over tlie 
t)tber divisions of the country. 

'I’lie greatest liguro in the struggle was that of 
Dost AlaJjomed, a man of remarkable ability both 
ill war and in })eaee, and w ho )nofessed to be, and 
indeed appears to have been, a friend to England. 
'J’hc (Joveriior-ttcncral of India, however, resolved 
to treat Dost Mahomed i\H an enemy, and the English 
(iovernmeiit w'as tluis drawn into a policy whicli 
brought about his eomtuest and dethronement. 
His rival, 8hah Soojali. entered Cabul, the capital 
city of the .state, by the help of British oflicers. 
He was regarded there as a iisurjier, and when the 
British army afterward.s w'ithdrcw, leaving only a 
small force behind it, Dost Mahomed renewed his 
efforts, and in November, 1840, opened a brilliant 
campaign. Know ing, however, that he could not 
withstand tlie )>ower of England, he gave himself nj) 
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to the English commander, by whom he was treated 
with courtesy and honour and was sent to India 
under British protection. There was an immediate 
outbreak in Cabul, and in the tumult that arose 
a brilliant English soldier and traveller. 8ir Alex- 
ander Burnes, was murdered. Akbar Khan, the 
favourite son of Dost Mahomed, beciuiie a leader of 
a movement against Shah Soojah. The English 
general, seeing that the situation was hopeless 
with the small force at his command, entered into a 
treaty, the effect of wdiich was that the British troops 
should (piit Afghanistan at once, and that Dost 
Mahomed should be brought back from India. 

The Retreat from Cabul. During negotia- 
tions a fierce controversy broke out between the 
Jiritish commander. Sir \V. iMacnagliten, and 
Akbcar Khan, in which the latter, who afterwards 
ileelarcd that he believed he was about to be 
ca])tiired by the British troops, shot Macnaghlen 
flead. It was agreed that the British should leave 
the Afghan territory. Th<*n begun the disastr*jus 
retreat of the English through the mountain 
jmsses between Cal)ul and the Indian frontier, 
during which they were constantly assailed by 
fanatical native tribes, and the wives and chil- 
dren of the ofiicors and soldiers sulfered terrible 
jaivations. Few of the military force rea<*r.(‘d the 
Indian frontier aliva*. Under the rule of Lord 

lien borough, the new Uovernor-( Jeiieral of India, 
the losses which had been iindtagoue by England 
were repaired, and on Se])teinbcT loth, l<S42, 
Uabul was again oeeu))ied by 1 he British troops. (.)n 
Oetolxir 1st, Lord Elleiiborough issued a proclama- 
tion, revoking the ))oli( y of his predecessor, and 
declaring tliat to force a. sovereign upon a reluctant 
])co])lo would be inconsistent with the ])rinci))h‘ 
of the British (jovcrnuient, and tluit the British 
arms would be withdrawn from Afghanistan. 
Dost Mahomed was soon after released from exile, 
and became once again the ruler of Cabul, and Shah 
Soojah, wliofii the policy of England, as directed 
by the East India (\uni)any, had set on the throne, 
WMS i)ut to death shortly after the departure of the 
British trooi)s by orders of the Afghan chiefs. 

Sir Robert Peel’s Government. The 

Administration of Sir Robert Peel was made re- 
markable by many reforms in social legislation. 
An Aet of Parliament ])rohibil ing theem])loyment of 
women and girls in mines and collieries was curried, 
ehiefiy through the inflnenee of T,ord .Ashley, 
afterwards the Earl of Shaftesbury. iMany reforms 
were made in the conditions of factory labour, in 
which Lord Shaftesbury also bore a ]jromi!u*nt 
part. Sir Robert Peel also ])asscd the measure for 
removing the test by moans of which .Jews were 
excluded from some inuiiieii)al and other ])nbli<' 
ot!i<*es. The most famous of Peel's reforms was the 
Abolition of the ( orn laws, wliich im])osod heavy 
and indeed prohibitive duties on the imi)ortation of 
foreign grain into England. A great movement 
against these restrictive laws had been got up by 
the Free Trade party, which became very strong 
in Manchester and throughout the North of England. 

The movement was for many years led l>y Charles 
A'illiers, but its most powerful promoters were 
Richard Cobden and John Bright. Richard Cobden 
was one of the most convincing debaters the 
House of Commons has ever known, and John 
Bright must be ranked among the greatest of Eng- 
land’s parliamentary orators. Sir Robert Peel had 
not yet become a convert to the prinei])les of Free 
Trade. The Whig party, led by Lord John Russell, 
did not at the 0 ]>ening of the anti-corn law move- 
ment give it their full adherence, but they soon 


accepted the principle and Sir Robert Peel was 
gradually brought round to the same position. Tin*, 
outbreak of a ])otato famine in Ireland forced Peel’s 
hand, as it became evident that without the mosl 
liberal introduction of foreign grain the peasantry 
of Ireland must die off. Potd <*ould not force some 
of his colleagues to accept a Free 'Pradc priiK!i])le, 
and he resigned. Lord John Russell was sent for 
by tin* Queen to form a ministry, but even amongst 
his Wing frH‘n<ls he could not obtain sufficient 
sii])port, and the Queen urged Sir Robert. Peel 
to withdraw his resignation. The Free Trade move- 
ment had the full .siii)port of Daniel O'Connell, 
beeau.se of its bearing on the condition of Ireland. 

Peel formed a new ministry, and Parliament met on 
January 22nd, IHRi. On the 27th Peel brouglit in his 
measure for the gradual abolition of the ju’oteetivo 
duties on grain, which were to be abandoned alio- 
gelher after three year.s. The Bill went through 
the House of (‘ommons, ])as.sed its third reading on 
May loth, and was then carried through the House 
of Lords mainly by tin? earnest advice of the D^dvc 
of Wellington, who saw that the change to Free T’rade 
was inevitable. 

The Irish Famine. A vast number of deaths 
from st.irvation greatly rciluet‘d the ])oj)ulation of 
Ireland, and the dn‘ad of another famine jind the 
unjustifiable {‘iiaetmeiits wlik'h secured to the land- 
lords absolute power over their tenantry caused 
a rush of emigration to the United States, toC^inada, 
and to other Britisli colonies, which rednei'd the 
population still more. When the famine bioke 
out the ])opulation of Ireland nnmber(‘d some 
H,(MK1,0()0, but Ix-tweeii that time and our own it 
became little more than 2,()0(),()00. 

Ireland was inevitably iniieli disturbed by the 
famine, and the tardy movement of remedial 
iiieusures eauscal much trouble among the Irish 
]>easantry. Peel w.is prevailed u])on by some of his 
colleagues and su])port<‘] s to introduce a Coercion 
Bill, with the object of restoring order in lr(‘land. 
'I’lie Prinu* .Mini.ster thus jmt his (i!overnment into a 
most critical situation. The Coercion Bill would be 
met with unyielding opposition by O’Connell and 
his followers ; the VV’higs, when out of office, usu- 
ally opposed coercion iinles.s when aecom}>anied by 
promises of eoueession and reform. The lOnglish 
Radical members, under the leadershij) of Coi)den 
and Jh-ight, would be sure to oppose coercion 
even more strongly : while the disappointed i*ro- 
tectionists were willing to vote for once with the 
Radicals, llic Whigs, and the Irish (Aatholics, becau.se 
the (iovernmeiit had turned against them on the 
Free Trade question. The division on the second 
reading of the Coercion Bill on Thursday, Juno 
2r>tli, 184(), l(‘ft tlu' Peel Ministry in a minority of 7J. 
\\4thin three days Peel resigned, and was succeeded 
by Lord John Russell as First Lord of the Treasury, 
with Lord PalimTslon a.s Se<*rctary for Foreign 
Affair.s. Peel's career as a statesman ended with his 
great triumph in the repeal of the Corn Laws. He 
did not return tf> office, and on .June 29tli, LSJO 
he met with injuries which caused his death. 

Famous English Statesmen. Lord.fohn 
Russell, Lord Palmerston, and Mr. Disraeli W(‘"e the 
most ]»rominent among English statesmeu dun.'.g 
the immediate following years. Lord Palmerston 
devoted his attention mainly to foreign polities, 
and was a moderate Liberal in his views on home 
affairs. He was an admirable debater, althongli 
hardly an orator. Lord John Russell held more 
advanced views on home politics and was more 
cautious in his dealings with revolutionary and anti- 
revolutionary movements abroad. Disraeli was one 

fifilH 
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of Uio most brilliant li^iircs in the House of Coininons 
and was famous as llic author of political novels 
before lie entcTctl Parliament. During sonic early 
attempts to obtain a scat in the House of Commons 
ho declared liimself a, Radical and a supporter of 
O'Conneirs Irish ])olic,y. When ho su(*<*(}eded in the 
object of his ambition and fouml a const itueney to 
elect him he had become a. strong Conservative. 

Lord lolin Piussell's Titles Rill was introduced in 
February, ISol, because of a P}i])al Hull authorising 
the establishment in Fngland of a Hierarchy of 
Bishops deriving (heir title's from their own secy. 
The Pope had divided England iiito several districts, 
to wliiedi lie a})poiiited archbislio])S or l)isho])S, willi 
Cardinal Wise'inan as Ardihisho]) of Westminster. 
Lord .[olin Russell denouneed the action taken by 
tlio Po])e as a jn’Ctension of supremacy over the 
realm of England, and brought in his Eeelesiaslieal 
'Pities Hill accordingly. Parliament opened on 
February 4th, ISoI, and soon after Russell intro- 
diiceel his measure to jiroliibit the use of all such 
titles hv (.’atliolies under penalty, and to jcnder 
null and void all be(juests Jiiade to or acts done by 
jicrsons under sneli titles. The Hill passed through all 
its stages with some modifications, buttho Roman 
Catholic archbishops and bishops still took their 
titles as before, and the Act was never ])ut into 
force. 

The Crimean War. The Crimean War 
was mainly the result of Russia’s growing ])ower 
in Euro])o and in tlio East, which was Ix'lieved by 
many Huropom statesmen to be a danger to 
Powers which, like England, had interests to 
guard in Asia as well as in Euro])c. The growth 
and the political ambition of Russia Ixsame 
a. menace to Turkey especially, and, inde<‘d, 
threatened the Ottoman Empire with ultimate 
destruction. The immediate cause of <1isj)ute between 
llnssiii and Turkey hiid to do with the manner in 
which Christians from Russia, (Jreece, and from 
ulhcr countries were treated hy the iMohammedan 
ruler of 'Purkey. An alliance was formed Ix'tween 
England and France, then under the rule of Na])o- 
leoii 111., with the object of e()iu])('lling Russia to 
modify her ])olicy of aggression against Turkey. 

Austria and Prussia took a ])nrt at first witli 
England in forming this alliance, but Prussia witfi- 
dr(‘w at an (‘arly stage of the arrangements, and 
Austria never heca?no an active partner, although 
she eon tinned to exert some influence. Sarilinia, 
one of the small s<>])arate Italian state.s, eag<Tly 
gri\s])ed the opportunity of taking a part in Euro- 
pean affairs by becoming a member of the Alliance. 
'Ptirkey declared war against Russia, and then Eng- 
land, France, and Sardinia, took tlie field, 'f’herewas 
splendid fighting on both sides, many great battles 
like that of tlie Alma and of Balaclava, and the pro- 
longed siege of Sc'hastopol. 'I’here was a want of 
generalship among English and French alike; no 
s(ddiors ever fought lielter than tliose of England and 
France, hut there was a sudden and almost com- 
])lete breakdown in the arrangements made for the 
food and clothing of the English trooj)s. The ser- 
vices of the news))a])er war correspondent created 
during this campaign an era in the Jiistory of war- 
lare. They kef)t the world informed day by clay of 
the events of (he war, and cxmipelled the attention 
of the authorilies in England and France' to tho 
want of needfid ])reparations for the healtli of tho 
troops. 

Another mc'inorahle event of the (Viinean War 
was tli(^ splendid movement originated by Floreiieo 
Nightingale in organising a little army eff nursc« to 
attend to the wonndc'd in the field. 
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Sebastopol. The war came to an end by the 
capluro of Sebastopol, which tho Russians had set 
on fire before abandoning. The Eniiicror Najioloon 
was anxious to get out of the whole entei jirise, and 
a congress was held at Paris on February 2()t]i, ISot;, 
and on Alareli 30fh the ficaty of peace was signed. 
By this freaty Sebastopol and all other places taken 
by the Allies in the ivar were given back to Russia. 
'Pile Sultan issued a decree to improve the condition 
of his (,'hrislian subjects, the Black Sea was neu- 
tralised, and tho navigation of the Danube was 
tlirown open. 'Pwo of the Sultan’s Christian pro- 
vinces, Afoldavia and Wallaehia, ivliilc eoiit inning 
under the nominal rule of the Porte, Avere to Ix^ 
guaranteed tlu' rights of eitizenshi]), and out of 
tliese. two jirovinces gnnv the kingdom of Roii- 
luania. 'Phe results of the war were hardly W'orth 
to England the blood and treasure it had cost. 
Sardinia gained the most, because the position she 
had taken as an ally enabled her to put herself 
fonvard as the re])rescntative of the whole Italian 
])eopk‘. Tho Crimean War was stiff fresh in the 
memories of Eiiglislimen everywhere when the 
great Indian Ariiliny broke out, the story of wliich 
has been told in another ])laee. 

The close of 1861 brought with it the death of 
the Prince Consort, and after his death the Quci'ti 
withdrew' almost altogether from social life. 

'Phe year 1S6S saw the eonelusion of the eek*- 
brated Hritisli expedition into .Vbyssinia. 'Phis (*x- 
peditiun W'as organised because of great alaians fell 
in this country as to the fate of a large number of 
Brilisli subjects held in eajdivity by 4’h('odore, 
King of Abyssinia, wdio to consider that, 

England had become unfriendly to him. All (‘fforts 
failed to imbiee 'Pheodorc to surrender liis prisoneis, 
and at lasi the British (lovernment made })re])nra- 
tions for w’ar. An expedition organised under the 
command of Sir Robert Napier was admii'ably 
planned and carried out from first to last. It had 
lift k; danger to meet in the way of armed ()])])osition, 
foi (lu'io was no Abyssinian force which could hold 
out against the British troo])s. Tin' expedition w'as a 
eom])lete success, and reached the front of jMagdala 
ill the beginning of A])ril, 1868. 'Pheixlore was nlli- 
mately e()m])elied to restore all (lie ]u isoners in the 
hojM? of saving his ca])ifal and himself; hut lu* would 
not surrender, and Sir Robert Naj>ier felt that he 
could not leave other British residents at iJie mercy 
of such a monarch. Despite the immense diffieulties 
of its position, Magdala w'as ea])tured, and w'lu'n tlie 
gate was forced ojien the dead body of 'Pheodorc 
was found inside. Napier destroyed the fortress of 
.Magdala. and no attem])t wuis made to iiiti'ifen* 
further with the interiicil affairs of Abyssinia. 

Trouble in Egypt. The winter of 1881 saw 
the o^xjuing of new' troubles for England in Egypt. 
At that time Egypt was under what was called 
the dual control of England and France, each uf 
which states had done niueh fighting to secure its 
interests there, while tho Ottoman Sultan still 
held a nominal eontrol over the nominal sovereign 
or Kliedive. Egypt. W'as governed almost altogether 
by English and Freiieh officials, and the result 
was the formation of an Egyptian national iiarty 
under the leadership of Arnbi Pasha, a brilliant 
Egyptian officer. 

lie had lieen appointed War Alinistcr under the 
Khedive, but soon became really master of the 
Egyptian Administration. It was evident that aii 
Egyptian rebellion against the dual control was 
s]>ringing up, and the ironclads of England and Franco 
were ordered to Alcxamlria. 'Phe Khedive (wlea- 
vourod to dismiss Arabi Pasha, but the leaders of the 
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army refused to obey his order. Arabi Pasha seemed 
as if he were already beginning preparations for war. 
Disturbances broke out in Alexandria, and sonu' 
English and French subjects were killed, for which 
Arabi Pasha was undoubtedly indirectly respons- 
ible. As France did not seem disposed to interfere, 
the English authorities deterjuined to act. An 
attack was made upon Alexandria by the British 
Fleet, and a bombardment begcan. Then Arabi 
Pasha hoisted a flag of truce, and without waiting 
for any negotiations withdreA^ his soldiers from the 
fortifications, and Alexaitdria was occupied by 
the British. There w^as still some lighting to be 
done, and Sir (Garnet Wolcsley was sent to command 
the operations. Arahi entrenched liimsolf at 
Tel cl Kebir, but the British advance Avas made so 
rapidly that the struggle was over almost as soon 
as it began. Arabi Avas made a prisoner and 
sentenced to death, hut the scutence Avas commuted 
by the Khedive to a sentence of hanishinent. The 
dual control soon vanished after this, and England 
has since occupied Egypt. 

The bombardment of Alexandria by the British 
forces led to the retirement of John Bright from the 
Gladstone Cabinet, bceanse lie could not agree Avith 
the policy of using force for the coercion of Egypt. 

The Boxer Movement. Great troubles 
broke out in China in 1808 Avliieh compelled 
the actiA'O intervention of England. The inerea.sing 
immigration of foreigners into China aroused a 
passionate clamour amongst the Cliineso against 
the modern policy Avhieli alloAA'ed foreigners to 
hold property there. A poAAorful party of re- 
actionary Chiiiose, called the Boxers, sprang up 
all over the country, Avhich made it a first obje<*t 
to bcanish .all foreigners from China. Many out- 
rages were committed by the Boxers on Christian 
missionaries, and the American missionary buildings 
near Pekin were burned. The foreigners formed nn 
allied squadron of vessels— English, German, French, 
Russian and Japanese — and these were comjielleil 
in self-defence to tire on the Chinese forts, which 
had opened fire on them, and to capture and hold 
the forts. Actual war had .set in by this time 
between the Chinese and the foreign PoAvers, and 
its outbreak Avas iirecipitaled by the murder of 
the German Minister, Baron von Ketteler, in thco^icn 
street, by a civil officer of the (’hincse Government. 
The foreign Powers were compelled to enter into 
an alliance, and an expedition aams got under AA'ay 
from Tientsin on August 4th, 1000. Tlic eombined 
forces w'ere British. French, (Hermans, Russians, 
Americans, Italians, and Japanese, numbering 
little more than 20,000 men. Tlie allied troops had 
to fight their AA'ay to Pekin, the Chinese troops, 
Avho were w'dl siii)plied Avitli artillery, fighting from 
behind entrenchments. They reached Pekin, 
forced an entrance, and on August 20th the city 
was surrendered, and a detachment of the Allies 
m.arched tlu'ough the capital to ])roclaiiii their 
victory. The Chinese (HoAernment were compelled 
to make peace A\ith the Allie.*^, and amongst the 
conditions was the infliction of severe punishment 
on Chinese even of high rank, convicted of having 
encouraged the attacks upon foreigners. It was 
also stipulated that some reform should be made 
in the methods of Chinese government concerning 
the admission and pr( Section of foreign residents. 

War With South Africa. The struggle 
for the suzerainty of the Transvaal Republic 
•spread over more than tAvonty years of Queen 
Victoria’s reign, and AA'as only brought to a head in 
the reign of King Edward \'ll. The Transvaal 
Republic had been founded by Dutch Boers, or 


farmers, in 1848, and thus became a slate in the 
neighhourliood of the great British settlement 
in South Africa extending to the Cape of Good 
Ho])e. The ])olicy of the English Colonial governors 
in South Africa was directed towards the forming 
of a federation of all the states and of the Orange 
Free State, another colony also founded by Boers, 
to be held under the protection, and, in fact, the 
.sOA'creignly of England. The Transvaal Republa^ 
resisted these ]>ro]K)sals, and was afterwards joiii<*d 
by the Orange Free Stale, ami Avar broke out, m 
which the Boers fought pertinaciously, and with 
many advantages on their side. 

The Struggle in the Transvaal. The 

English had to conduct the invasion of the Trans- 
vaal. a region of vast, extent, broken l>y great 
mountain ridges and vast sw'am]>s. in Avlneh the 
Boers could always choose their oaau ])oints of 
defence and compel their adversaries to folloAv them. 
The English had an incalculable advantage in the 
number of their force, and in all the means of 
carrving on tlie war; but the difficulties in their 
Avay wtTc so many and ])er])lcxing that at one time 
it seemed ns if nothing less than the extij])ation 
of tlie Avhol(‘ fighting population of (he Boers 
could end the stnigule. In December, ISSO, the 
Boers proclaimed the Re|)iil)lic of South Africa 
with Paul Kniger as its Presideid. During the 
night of February 2(>lh. 1881. look place the engag(‘- 
meiit at Majuha Hill, in wliich the English troops, 
under General Colley. Avere defeateil and their 
giUUTal killed, (hmeral Sir E. Bolicrts was then 
sent out to South .Vfrica, but in the meaiAtime the 
Boers had, Avith eharaettnistie prudence, jaoposed 
an nnnistict*, and afterAvards ex]>rcssed a willing- 
ness to enter into terms of ])eace. A treaty of )H.*ace 
AA'as agreed upon early in August, the terms of Avhieh 
were that the Transvaal territory should he assigned 
to the Trans A’aal state, but that that Mate should 
he subject to the suzerainty of Queen Vieforia-, 
Avho was to be re]>rescnted by a British Besidenf. 
This arrangement met with extreme disfavour 
among largo numbers of inllueutial Englishmen at 
home, Avho argued that England never should have 
consented to enter into terms of peace AAith an 
enemy after a defeat had been inflicted on the mms 
of England. 

The Jameson Raid. I’he South Afiicin 
question AA'as d(‘stined to he yet a source of 
(rouble. The discovery of gold and diamorul 
mines in the Transvaal region had brought a ru.sh 
of settlors from all parts of the Avorld, and from 
England in ]mrtieular, and a large ])opul:>tiori 
had soon established itself in the Transvaal to 
Avhom Avas gi\'en the exjnessive name of Uitlanders, 
or Out landers, Avho claimed votes and recognised 
eitizeiishij) in the Transvaal. Presideiil Kruger 
and his (Hovernmont insisted on obtaining condi- 
tions of residence Avhich, though not very sevens 
in them.selves, led to much agitation among the 
Outlanders. An invasion of the Transvaal by a 
number of the Outlanders was actually undertaken, 
under tiu' leadership of Dr. Jam(‘son, in 1805, hut 
the invaders AAcre met by a large force of Boers and 
compelled to surrender. Events now drifted rapidly 
towards a renewal of the war betw'ccn England 
and the vSouth African Boors, and in December, 
1800, Lord Boberts, one of England’s most famous 
generals, Avas sent out to take command. The war 
lasted for three years. The difficulties in the way 
of any rapid rompieat were just the same as timse 
whicli met the British commander and troops in flic 
former Transvaal AA'ar. 

The relief of l^lafeking by the English troops 
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oxcited n tioinondoiis cntlnisiaRin through Knghnul. 
'riio Oiaiigr Fr<a* Stato was ooiUjiiered and aiinoxod, 
and Ihoii Prosid(Mit Knigor. realising that all ho]>o 
for the 'fransvaal was gone, tied from Pretoria, tlie 
ea])ital, whi(^li was entered hy fiOrd Roberts on 
dune dth, IIKH). 'Fhere were some further struggles 
and a long jjeriod of negotiations. ddie Dutch 
oHered concessions from time to time whieh the 
Rritisli (Jovernment refused to aeeei)t, but it had 
becoim^ api)arent to cveiyone that the aetnal war 
was over. A ])eaee eonferenee was hold in May, 
ltK)2, in Pretoria. Tlie Rritish t('rms were nneon- 
dilional surrender and the aniiexalion of the 
Transvaal and the Oraiig(‘ Free Slate, to the British 
Fmpire, but witli the right of these states to lo(tal 
Kelf-government, and the undertaking that no 
death penalty was to he inflieted on any of thosi'; 
who had fought in defenee of the South Afrieaii 
States. Fngland has siir e allowc'd to the Transvaal 
its full ]Kiwer of lo'-al scl(‘-gov(Mn?nenl, and it holds 
now a ])ositioij like tliat of (\anada or one of the 
A n s t ra 1 a s ia n c:ol on ies. 

Some Great Reforms- The reign of 
Queen Victoria was essentially a pcrio<l of refoim. 
The system of transportation for conviels founrl 
guilty of any crime making them lial)lc to a ])enalty 
short of ca])ital jmnisliment was aholislmd in 1S.'>7. 
and the system of penal servitiule and tiekets ol 
leave, whicli had been extending its apjdieation 
became definitely set np in its ])lace. 

'rbi‘ reign Wiis distinguished by reforms of all 
kinds — in eonstitntional and political arrangements, 
in jmisprndenee and ils workiigj^', in the a])])liea- 
tioii of medical sciene(% in linamial systems, in 
universities and college's and. scluads, in art and 
lett^ers. Wc havti alre.uly described ibe movcnuMil 
for the introduction of Free Trade iii corn, and there 
liad been more lately a (‘ommenia} treaty with 
Franco aoeomplisbed mainly by the intelhg<‘ne<‘ and 
the persuasive ])owers of Richard Col.xh'n <luring th<‘ 
reign of j\a])oleon III. 

])rincij)le of religions c(pialify was dev(‘Iopcd 
during the reign of Qu<‘en \'ictoria in a manner 
vvliieli makes the reign an era in Fnglaiid's history. 
Flogging in the army was a))olishcd after years of 
agitation by a small and enliglitcmed niiiu»ril\ 
in the House of ('ominous. The Divorce Court has 
been set up and the »)ld-fasliioncHl, enormously 
expensive procedma' through tlie llonso of Lords 
has become onci of the cniiosities of past liistory. 
Ill the ])olilical world wc liave had many great 
reforms, some of wliicli have almost ent indy eleare<l 
the air from the foul almos])here of bribery and cor- 
ruption Avhicb for many generations sutViised our 
narrowly limited electoral system. Cheat ])olitieal 
<diang(‘s during (iiieen Victoria’s reign were made 
by ( !onservative as well as by Liberal adminislra- 
t ions. Disraeli having, as the leader of tlie CoiisiTva- 
tives, defeated a v<’ry moderate Liberal measure 
of f*arliamentary reform, introdneed, when he 
beeanu' * Priim^ .Minister, another mcasma* going 
mu<di farth<*r. (dadstone, at the Iiead of a Liberal 
Ministry, introduced more lately the measure whieh 
set u]) (be polit ieal system we have now in existence, 
practically establishing manhood suffrage. 

Gladstone’s Home Rule Bill. Tn ISSG 
(Jladstom*, once again in power, became convinced 
that the Irish Nationalist Party, (he large majority 
of the Irish members of Parliament, were really liio 
s}>okesmen of Ireland’s ihanand for Home Rule. He. 
brought in a measure for tlie creation of a statutory 
Parliament in Ireland, whirh was defeated on its 
second reading by thi' (Jonservativc Opposition, with 
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the hel]) of many dissentient Liberals, and Mr. Olad- 
slone, having njipealed to the eountry, was defeated 
also at the (Icneral Flection. Rut at the Oeneral 
Flection of lSb2 the Liberals, with (he Irish 
Nalamalists, secured a majority over the Unionists, 
and in 189^1 (Jladst one’s second Home Rule measure 
jiassed through the ('ominous, but was thrown out 
by the House of Lords. Since that time the Irisli 
National movement has been growing steadily in 
strength an<l in iiopular aeceptation. 

On January 22n(l, HHM, ()ueen Victoria breatlied 
her la.-it. W ith her death the longest reign re- 
corded in Fngland’s history came to an end. Sin* 
was the first really eonstitntional sovereign who had 
ever oeeu])k‘d the Fnglish throne, and was sne- 
eeedcfl hv her eldest son, Albert Edward, known as 
Fdwanl Vri. 

CHINA AND JAPAN 

('bina and Ja^ian were, in (^nemi \’ieforia’s reign, 
b(‘ginning to br(*ak out ipion the world in quite a 
newdight. Furojif w as during many eeuturii^shrought 
into oeeasional intereonrse ivith I'hina, and Fngland 
liaii especially been brought during many siiecci'ding 
generations intoeonllici w ith the rulers of tin* ('him‘S(‘ 
Fmpire. Hut Japan had remained a state* in ahso- 
liit e scelusion from the Furopean world, just as she 
had been from the o])ening of her history. Suddenly, 
in I8(i7, a revolution broke out against the feudal 
system, whieli had hitherto ruled .lapan, and witli 
tile success of tliat revolution tlie ]>rogressivo jiarly 
wliie-li came into power reverseel all llit^ traditional 
ways of tlie .lajiaiK'.se people. Jajian seemed to have 
undergone a new' liirlh. The passion of thoJapane.se 
now was for everyth i.ug new', for everything belong- 
ing to modern Europe and to the United vStates; 
for the newest methods of ^lolitii al government, the 
nevv(“st (h*velo}>ments of seiencr and letters and art, 
the new(‘sl fashions and fantasies. The first railway 
ill Jayian wa.s o^ieiied in Ji!ij(‘, 1872. 'relegraph 
wires were sofui coin eying tJieir llight of messages 
over the whoh* eoiiiit rv and from tiu* eountry abroad, 
'file tlri(‘ arts and tin* letters of ICnropc were studied 
every when^ with aviility. 

A New Power in the Far East. Hut 

it was not only in the arts of jieaee that tin* 
Japanese began to lake a sudden interest, .lapan 
appeaixul to la* inspired by a desire to Ikmoiiu* 
prolieient in tlie knowledge and tlie jiractici* of 
tin* modern warfare, and in these the Jajianesi* 
showed (licm.selv os marvellously succe.ssful. .I.ipan 
bcc.um* ciitniiglcd in a, war wdtii ('hina for the 
oviM-iulcrship of ('ohm, and the .lajianese iin- 
qucslionably had tlic host, of the stniggk*. From 
tliat lime it began to ho a]q>aroiit to the whole world 
tliat Ja])an was determined to emerge once for all 
from her long seclusion and to become a conquering 
pow(*r. She adopted the princi])le of constitutional 
repre.sentat ion, and on .Inly 1st, I8!)(), she opened 
her first national Parliament. Rut Russia, at this 
time began to prove lierself a determined op])oneiit 
t<» the, spread of .la])anesi‘ influence in the Far Fkist. 
Russia, although, strictly speaking, one of the Eiiro- 
])ean Powers, w as, because of her vast Siberian terri- 
tory, growing civilisation, and rapidly developing 
railways, making li(‘r influence widely felt through- 
out Asia. A power determined to rise like .Japan 
w'as sure to come sooner or later into antagonism 
with Russia, '^fliis is what liappened, and the result 
was a war whieh the whole world watched w'itli 
keen anxiety, ’riie. outcome was a complete victory 
for Ja]ian, and it then heeame evident that a new’ 
pow'er liad arisen in the Far East. 
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vvith that of a coiiu't whicli hjul hoop ohsorv«‘«l in 
Soon aftorwards tiio orbit of tlio Ijt'onids or 
Nov(‘Pihor jnolooriU's was also oalovilalod. and it 
also1nrn<‘d out to ho idontioal with that assi<j;nod 

10 a coinot whioh had boon disi'ovorcd by 'rom]>ol 
in ISbb. Noxt lh(' Andioinoda inotcorites, whioh 
moot tho oarlh in tho latter ])art of Novoinbor, 
wore buind to move in tho Iraok of Biola's (‘oiiiot. 
Siiu‘0 llion at least live other inotooritio swanns 
l)avo b('on founti moving in orluts ooinoidemt with 
I host' of ooinols. 

It is in> possible to »n])])osc that all those ooin(?i- 
tloiK os are noeid{‘ntal. It is Jiow bt'lioved that a 
roniot is simply a me.toorith' swarm, and tlud whim 

11 disinlofjratos— as mor(‘ than one oomot has boon 
‘>0011 to do - it breaks up into a orowd of motems, 
which lend to bu scattered gradually more and 
more thinly along its orbit, until in the lapse of time 
there results an orbit eovered from end to end with 
a tin'll ring of Hying meteorites, 'riu'sc meteorites 
are mostly (piiti' tiny bodies — mere specks of co^,mic 
dust — though some are sutliciently large*, as wc have 
vcon, to endure tlie intense heat which they undergo 
in passing through the atmosphere and still reach 
thi^ earth as a solid mass. I’lierc is good (‘vudence 
tliat at least once or twice many tons of solid iron 
have> thus hec.ri ])recipitated to thi* earth ; fortu- 
nately for oni comfort, such evidences are rare, and 
an* not known to liave oecurred in historic times. 

The Fixed Stars. We liavo n(*xt to study 
the nature and roust itiition of tho so-eall(*d lixed 
Our sun is a body of the same kind as the 
stars, of which alamt 3,000 arc visible to the naked 
eye in our hemisphere, and many of which are, in 
reality, far larger and brighter than our luminary. 
Yet tht*ir vast distances make tlicm app(‘ar only 
s]»aikling iioints of light—for no leleseopc that 
man is ('ver likely to make can he c.xpi'cted to lev'cal 
• he jiliysieal features of any of the lived stars. 
The spi'ctroseopo, how’ever*, has (old us nearly as 
mill'll about, their chi'inical eonslruetion as about 
(hat of the sun, while the telescope and sjx'ctroscope, 
with the gravitational th(*ory, have revealed the 
mo.st wonderful facts about their movements. 

'riie lixod stars are aimiigi'd for eonvenienec in 
'rrtaiii groups or eon.'.tellaiions, of whieh aliout 
ci<jljty-si\ an* j-ecognised. Most of tliosc constella- 
( ions (late from times when (he heroes and totems 
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of early l ivilisations were placed in the sky hy a 
race living in the Euphrates \"alley; many of them 
were afterwards moditied to suit (Jreek mythology. 
Tin* particular stars of each constellation aro 
denoted by tlic ({reek letters of the alphabet. 
Alpha, Beta, (.'amma, etc., beginning with tho 
brighte.st. W’Jiere it iiercssary in tcleseopic* work 
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to deal w ith a greater variety of stars, they are 
given numbers or indicated by their place in some 
eatalogne of stars. The brightest of the stars have 
also names of their owm, like 8irius and Aldebaran. 

'rhi* stars are elassilicd according to their bright- 
ness in a series of magnitudes. On the original and 
lather rough scale, a star of any given magnitude is 
about two and a half limes brighter than the average 
star of the magnitude immediately below it. There 
are twenty stars of the Hrst magnitude, wdiich dilfer 
greatly in brightness, Siiius is more than fourteen 
times as bright as Ri*gulns, hut both stars arc called 
of the tirst magnit lule. Stars of the sixth magnitude 
are the faintest normally visible to the naked 
L'ye. 'Phe more exact photometric methods of 
modern astronomers have led to more exact classi- 
Ill ation by tenths, and oven hundredths of magni- 
tudes, ami in the ease of the brightest star a negative 
magnitude has bet*n introduced : thus Sirius, the 
mo>t brilliant of the fixed stars, is said to ho of 
magnitude — 1 'oH, A tyjiieal first magnitude star 
is i?oti*lgcux, in (Irion. Tho stellar magnitude of 
tho sun, on this scale, w^ould he about — 2f>. 

Parallax of the Stars. The prime fact 
about the fixed stars is that they aro all situated at 
gigantu* ilistaneos from tlie sun and from one 
another. For a long time flio strongest obji‘etion 
to the theory of ('o])erniciis was that if tho earlli 
really cliangod its place by an annual translation of 
more than IHO.OOO.OOO mill's, tho stars would have 
an altogether ditToront a|jpearane(* in ])erspeetiM‘ 
when tho earth was at ojiposite ends of its orbit, 
3'l)o tnilli is that some of thi'in do look dilToreutly 
to us at intervals of half a yeai', but the diameter 
of till* oarlh's orliit is so tiny in eomparison with (lie 
distance of the nearest star that, any cliaiigo in the 
appari'iit configuration of the stars caused hy our 
motion from end to end of it is ijuite im])erceplihlc 
to (he naked eye, and (‘an only he measured by the 
most accurate ol)ser\ a (ions with ])ow'erful telescope*-. 

Some of the stars thus display an annual pandlax. 
or show a 'flight difference in direction, according to 
which end of the earth’s orbit we are looking from. 
'I’he annual |)aralla.\ of a star is, as already ex])laiiiefl, 
eipial to (he angle w'hich would be sulitencled at that 
.star hy twice (lie distance between the earth and 
the sini. But there is no star in wJio.se case this 
par.illax would amount to as niueh as a single .second 
of are. As .Mi.ss (lerke ])Hts it, tho annual shift of 
no Known star amounts to as imieli as the width of a 
sivpenci* held up at (’liaring (Voss and seen hy an 
observer at Stanhope ({ati* or Millbank. The 
dinieulty of measuring ipiantities of this nature i*^ 
obvious. The most delieate inslrument.s and the 
most ri'lined handling are necessary for taekliug the 
problem. \'et it has been sueee.ssfully solved in 
the ease of a fair niimbi'r of stars. 

The Unthinkable Distances of the 
Stars. Stellar distanee.s, as will now bo .seen, 
aro .so gigaiilie that we are forced to measure 
them in terms of some different unit from 
that ordinarily used in computing distances. 'J'lic 
nearest star is 270,000 times as far aw^ay as the 
earth is from the sun. Even tin's distance, if Hct 
fortli in miles, would be ijuito unreali.sable. To 
me.isurc the distance, of .a star in terms of its parallax, 
though ]ierfectly convenient for astronomer.s, has 
two objections for jiopular u.se, .since the distance 
varies iiiver.sely as the ])arallax, and the latter lias 
always to he expressed in small fractions of a .second. 
C'<)ii.se(iucutly, the unit which has been generally 
ado])ted for ex])ressing the distances of the fixed 
.stars is that known as the light-ymr. This is the 
distance over which light would travel in a year. 



This diistanco can l)o ooinputcd in )nil<'(a l)y miilti- 
})lying miinber of seconds in a yisir l)y the speed 
of li^lit — ]S<),:i30 miles ])er s(‘eoiid. It is more ns«‘fiil 
to know that tlie licrht.year is ();k24:i times the mean 
distance of the earth from the snn,over which lii^ht 
passes in *140 seconds. Tims the light-year is to 
the distance of the earth from the sun almost <‘xactly 
,is a mile is to an in(;h. A star with a parallax 
of on(‘ second is at a distance of 3'2t> liglit-years 
from the earth. To lind the distance of any star 
from its i)arallax we can us(^ the simple formula 
where d is the distance in light-years 
and p is the ])arallax in seconds. TIh^ nearest of 
all stars is the brightest star of the eonshdlatipn of 
ihe (Vntaur, Al])ha CVntanri, which has a parallax 
of 0*70 seconds, ami is conseipiently at a distance of 
T3 light-years from the snn. 

The Scale of the Universe. Ut ns fry 
to get a rough practical idea of what tin’s means. 
Siip])ose we are juaking a model of the solar system 
and tlie stars. JjCt us start hy taking a swan shot |!^ in. 
Ill diameter to re])res(‘nt the snn. 'Pho oarth will 
he represented hy a. tiny s])eck of dust 1 ft. <listant 
Irom this central gh)]>e. The superior plamds eomc 
at distances varying from d ft. in the case of dnpiter 
lo 30 ft. in the case of Ncptum‘, the outermost planet. 
Some of the ])eriodical eomets travel out a good deal 
Inrther into spac'c — perhaps as much as 200ft. or 
300 ft. Hut in oidcr to g(*t the nearest of the iixcd 
stars into our model, we have to travel out for dt) 
miles before we reach its place on the same scale. 

13iis will give the student sonu' idea of the amazing 
isolation of onr system. There is good reason to 
snp]iose that the average distance of the stars from 
one anotluM' is (ui ]ir('tty much the saim‘ scale. 
Some of tlu' most conspicuous ami brilliant/ stars, 
such as Canopus, .\rcturus, and the bright star 
l?ige! in Orion, have yielded no ])crooptiblo parallax, 
which means that tlu'ir distance can ho in no ease 
less than 110 light-years. Among the nearest 
stars to the earth are Sirius (S'tl lighl-vears), Procyon 
(lO'il), Komalhant (23*3), and the Kile Star (44). 
The determination of stellar ^larallaxes is one 
ol' the most dilhcidt tasks an astronomer can 
undertaki'. Photogra])hy has greatly helped in it. 
hut as yet tlu're arc little more than 70 stars whose 
parallaxes ai(^ well determined. 4’hese, however, 
alVord a scale for jiidgiiig the. size of the universe, 
and it has been estimated that the smallest ^lars 
visible in tlu^ most powerful nuKhan teU'seope may 
some of them be at such a distance that their light 
would take more than 30,000 years I o reaeh the earth 
—that is, in the model already described tlmy would 
have to he placed farther a way than the moon ! 
How History might be Lived Again. 

We may just remind the reader that this means, 
among other thtugs, that if sueli a star were lo he 
destroyed to-day l'\ lome catastrophe its light would 
coutinne to shine upon us for 30,000 years, and only 
at the end of tlnit ]}erio(l would astronomers notiee 
its disappearance. When we look at the star-strewn 
heavens, we an* really gazing not only into the 
depths of space, hut also into the <lark backward 
abysm of time. Wo sci* the moon not as it is now', 
hut as it was a little more than a second ago ; 
the brilliant Dog Star shines on ns with the radianee 
which lit it more than eight years before to-niglit. 

Some of the other stars, and those among tlu^ 
brightest, we sec not as they are now, but as they 
^^ere at the time of the Spanish Armada or the Nor- 
man Conquest. A French astronoiner has made a. 
very interesting and perfectly sound deduction that 
a disembodied spirit which wa.s able to move in- 
stantaneously through sp;u*e to any <listanee from 
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the earth, and w.is also able* to see things (*lcaily 
through any ili.stancc, could at. will actually se<^ 
any event wliich has taken place on the earth 
Nince the beginning of its history — at least, in the 
opmi air mu\ under a (*lear sky — hy sim])ly travelling 
out to th(‘ distance to wliich tin* light rays carrying 
tin* picture of that scene have now advanced. 

The Real Magnitude of the Stars. 

Having graspiul the conception of tin* immense 
distances wliich si'parate us from the tixed stars, 
we are now in a ]>osiiion to s('e that thcsi* stars must 
in r<*ality la* gigantic suns. Wherever w'c can 
im‘asure the distance* of a bright star, we can make 
a rough calculation of its size* hy comparing its light 
with that given hy the sun. We sen* at once that 
many stars must in n'ality he very niueli larger 
and hrighter than onr sun. Sirius, for instance, is at 
a distance of rather more* than (*ight light-years; 
if the sun wen* remov(*d to this distance*, it woukl 
euily give e)ne‘-thirty-sixlli as much light as Sirius 
gives, and we*conseepie‘nlly infer that Sirius is ihirty- 
.''ix t ime‘s as jiovverfiil a light giver as the* snn. 'fhere* 
are*, of <*ourse', two laeteirs in such a re'^ult. Sirius 
may either he vcryiiiue'li bigger oi’ very miieli brighter 
than the sun. \\'c shall see* eiire'ctly that in many 
cases we* are* able to measure imt only the bright ne*ss, 
hut the mass eif a star. 

Seiiiic e.)f the* oth(*r stars are far larger still. 
xVreturus, wlii(*li is about 12t> light-years aw'ay, 
must he at le*a.st a tlieiusand times as luniinons 
as the siiii. (’anopns, the second brightest star in 
the* sky- ucviT visible in euir latitneh's — has shown 
ne) jiarallax at all, wherefon* it must he well over 
lot) light-years aw'ay. .At that. elistaiK'O our sun 
wenilel shrink to a star of the tenth magnitude*, 
ah.se)lntely invisible to the nakeel t^ye, and it can lx* 
eale-iilated that ranopn*-’ is cepial to at l«‘ast 22,000 
suns lum]uel te^gcthcr. No elonht many tiny 
le‘le*.se*e)pie* stars, sunk in inlinite sj)ae;e’, are* re'ally 
still inejre brilliant anel gigantie* stars. Om* own sun, 
III short, must he regarele'd as epiite a .se*cond-rulc 
me'Jiihcr of the starry host. 

The Motions of the Stars. .Many sta 's 
ueM onlj^ show' the annual shift eif ji fraction of ei 
si*conel w'liie*}) iselue* to )>arallax, hut also etiaiigei their 
position Ne*ry slightly fremi year to y(>ar in conso- 
e[uenee of their proper tnoHitn. Tlmrc are two 
ways in whie*h this motion can he measured. 
One is hy the aetnal displfie*ememt of a star on the 
cele‘.stial sphere\ About a hundred stars are now* 
know'll which thus move a second or nmre ])e*r 
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annum. Such a displacement is perfectly measur- 
able by modern instrir.rients, though it only means 
that ill about 2,000 years such a star would move 
over a distance eipial to the diameter of the full 
moon. The star which has the greatest proper 
motion yet known moves over about cught seconds 
in tlie year. It is, unfortunately, invisible to the 
naked eye. 1 f we know the a pproximate distance of 
such a star from the earth, wc can, of course, 
ealculate its actual velocity. 

Runaway Stars* 1'luis, the extraordinary 
discovery has been made that the gigantic Arcturus 
is flying through space with a velocity of 257 miles 
per second — about 14 times that of the earth. What 
makes this so extraordinary is that the gravitational 
theory tells us that a star flying at such a speed 
cannot possibly be checked by the united gravitation 
of the whole known universe. It cannot bo moving 
in an orbit, as almost all the heavenly lioclies do, 
but seems to be engaged in a headlong rush through 
space, traversing the universe as an express train 
dashes through a wayside station. There arc a 
few other stars of which the same thing has to be 
said. But, as a rule, the motion of the stars turns 
out to be similar in kind to fliat of I he c\irlli itself. 
Where their paths have been noted for a series 
of years, they generally prove to be not straight, 
hut curved — parts of 
some vast orbit, which, 
in many civses, we are 
aide to calculate, as 
will l>e shown iihen wc 
(’omc to speak of double 
stars. 

I'liere is a more modern 
way in which motions of 
the stars can be measured 
with even more accu- 
racy. Of course it is 
not the case that all (he 
stars whicli we sec mov- 
ing on the face of the 
heavens travel at right 
angles to our line of 
sight. I’heir jiatlis lie in 
all possible directions. 


The principle is exactly the same as that by which, 
when an express train dashes tlirougli a station, 
whistling all the time, the note of its whistle changes 
in pitch as it passes the observer. When the engine is 
approaching, a greater number of sounds reach the 
ear in every second, and the pitch of the whistle 
seems higher than it would be if the engine were at 
rest. AV^hen (he engine has passed, the luuriber of 
sound impulses in a second is diminished, and the 
pit<‘h of the whistle drops noticeably. In the same 
way, the lines in the spectrum of any star shift 
towards one end or other, according as the star is 
travelling towards us or from us, and the amount of 
shift is proportional to the star’s velocity in the line 
of sight. In this way, the speed of many stars 
towards or from the earth has been measured, an<l 
the combination of these tw^o methods of measure- 
ment in many cases, gives us, by composition, the 
actual speed and direction of the star’s motion. 

The chief result of such invt'siigation is to show 
that tliere is no such thing as rest in the universe ; 
every star that we can examiu'' is in motion, and 
this, of course, is perfectly in accordance with 
the teaching of dynamics, which tells us that no 
.such thing as a state of absolute rest can exist. 
All the stars which mutually attract one anothci 
are moving in vast orbits, with llic exception ot 
the few runaway stars 
like Arcturus, which 
seem tr> have come 
from the outer void of 
space and to be hasten- 
ing back to it again. 

Multiple Stars. 
One of the first disco- 
veries of the telescope 
was that many of tlie 
stars which seem single 
to the naked eye really 
consist of two or more, 
very clo,se together. The 
first double star disco- 
vered was the middle 
star in the tail of the 
(Ire at Bear, wiiich 
shows to great advan- 



and all that we see of 

them is their fore-shortened projeetion on the imagi- 
nary sphere of the heavens. It will be apparent 
that Si star which hapf)en.s to be travelling .straight 
(oward.s the earth would not seem to be moving jit all. 
But the s pec t ro.se o])e, among it.s numerous aids to 
a.stronomers, enables ns to measure a .star’s motion 
in the line of sight with remarkable accuracy. This 
is in virtue of what Is known as D6p)isle.r' s principle 
[sec page 3200], which may be briefly explained here. 

Measuring the Stars* Velocities. Wc 
have already seen that the s})ectroscope breaks up 
the light given by any star into a serie.s of lines, 
each of which has a defined ])laee corre.si)oiiding 
to the gas which gives birth to it. 'I’his i.s due 
to the fact that light of any ])articulai* wave-length 
i.s refracted to a definite extent. But sup]iose 
that the luminous object is travelling toward the 
siX'ctroscope. The rc.sult will be that the light 
which it emits vvill reach the speetroscopc with its 
own .speed phis that of the moving body. CVmse- 
(piently, a greater number of light- ivaves will reach 
the prism in a second than ivould be the case if the 
luminous object were at rest. '^I'liis causes a .sliift 
of all the lines in the spectrum through a distance 
which, though very minute, is ca])able of lieing 
measured with suffe ient accuracy to reveal the 
stellar velocity in question. 


tago, even in a sm.fll 
telescopic. Another very fine double star, easily 
visible, is Castor, in the Twins. More than 12,0tKl 
of such pairs are now known. It is, of course, 
po.ssible that a pair of stars, apijiarently so clo,s<‘ 
together that they blend into one to the naked 
eye, may really be scjiarated by a distance of 
many light-years, since they happien to lie in the 
same line of sight but at very diffcreiit distance.H 
from the earth. But by far the greater number of 
double stars are ])hysically connected pmirs, which 
revolve in an orbit round a common centre of 
gravity. 

Measurements made with the s]>cctro.sco])e show a 
double shift of the lines, which can only be due to the 
existence of two stars moving in opipiosite directions. 
In many cases this shifting of the line.s has been 
observed to change periodically, so that the actual 
period in which the two stars complete their orbit 
can be accurately measured, though neither of them 
is ever visible .sepmrately. As an example of a 
typical double star, we may take Alpiha Ontaiiri, 
wdiich consists of two stars nearly equal to our siiii, 
which complete a very elliptical orbit about their 
common centre of gravity in about 81 years. 
Birins, again, is the visible member of a double star, 
and has a comjianion of half its own mass, but 
4,000 times less luminous, the pair completing their 
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orlut in about half a (•v.‘nt\irv. Xot only double 
stars, but tri])U\ and oven lii^her, foiulnnations 
in the heavens. In many cases these asso- 
ciated suns have strouj^ly contrasting colours, whicli 
make them very beautiful objects in the teh‘seo])(‘, 
and must create extraordinary conditions of vision 
for the ])Ossible inhabitants _ 

of a planet which happens 
to circle round one of them. 

Blue, green, red, and yel- 
low stars are sometimes 
found, all associated to- 
gether in a single system. 

Colours of the 
Stars. Kven with the 
naked eye we can s(‘e that 
the stai's vary in colour. 

Sonic, like Aldeharan, An- 
tarcs, a ml Betelgeux, are 
liery red ; others, like 
\ ega, lU'ar the Poll*, shim' 
with a bluish lustre. 

Others, again, like Sirins, 
are vvhit<‘ with a hhiish 
tinge, while tlu' majority 
sliim' with a yellowish- 
white light, like that of 
om* snn. '.riien' is good 
n'ason to supj)Os<* that 
lhes(‘ (litferenl colours in- 
ilii^ate a <litrerent stage 43 ^ FH.TlSErE 

of stellar evohition, the 

blnish-whitc stars being tli hottest, the red stars 
Ix'ing comparatively old and cool, while t lie yellow 
stars, like our sun, hold a middle place. Teleseo]nc 
stars often show mueh mon^ brilliant colours than 
any which are visil»le to tlu' naked eye, shining 
with s(‘a -green and lilac, gold and azure, orange 
and emerald. These eoiour.s are usually found in 
emnpound stars, and not infreipiently are foiiml to 
\ ary from tiim^ to lime. 

Variable Stars. A gn'at number of stars 
''hine with a fluctuating or vai iablo liglil. Observa- 
tion has divided them into many classes, 'riierc are 
.'•ome in which tin* change is , 
r(‘gulai' and recurrent. The j 
b('st exam])le of this type is 
Algol, tlic i.)enion ISlar, which 
falls from the second to the 
fourth magnitude once every 
tliiee days, and is now know n 
to be jiartially eclipsed by 
a \a 8 t dark satellite whieli 
revolves round it in that 
period. Another tyjie is tliat 
of Mira, tlic Wonderful Star, 
whose' light vark" in a cycle 
of .‘1.33 days from below the 
nintli to nearly the second 
magnitude. At its weakest, 
it is vp’ile invisible to the 
naki'd eja*, while at its maxi- 
mum it is (piite a conspicuous 
star. V’^arinbility of this type 
is shown to be due to a ]ieri- 
odieal eonllagrat ie>n in the 
star. What causes tin's we 
do not know% hut it is 
possible that this remark- 44 . A 

able behaviour is soine- 
'\hat analogous to the belnuioiir of the spots on 
onr own s\in, w hieh is itself a very slightly variable 
star w'ith an eleven -year period. 'Pherc are several 
other classes o*' ])criodieally variable stars which 
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need not be di'scribed liere. 'PIk'io aie other stars 
which vary without regularity or warning, such as 
Eta Carime, which is normally in\ isible to the 
naked eye, but has la'cn know n <)u several oeeasions 
to hurst out w'ith a l»laz(i w hich mad(' it, one of tJie 
most brilliant stars in the heavens. 

Temporary Stars. 

'riiere is no real distinc- 
tion bi'tween irregularly 
varia))le and Intipornni 
stars. 'I’he lattej*, whi<‘h 
create great interest 
among tlir* public as well 
as aimmg astronomers. 
ai‘(‘ stars which once in 
history burst nut into a 
siidHt'ii blaze, and tlu'ii 
again shrink down to tlu'ir 
)rmer insignilieanet'. Tlw' 
earli('sl reeordc'd of these 
w'as s(‘(‘n by 'lyeho Bralu', 
in jr>72, when a star which 
outslione even N'enus ami 
.Ju]»it{‘r suddenly blazed 
out in ( 'as‘i()peia. W'ithin 
the last few' yt'ars tlu'n' 
have been w’ell-km)wn out- 
bursts of the sanu' kind in 
th(' eonsU'llat ions of Auriga 
and B(‘rseiis. Spei'l roseopie 
PAR CLUSTER analysis has mad(' it <(uit(' 

elf'ar that in all these eases 
what we see is a vc'ritable eoiitlagrat ion. Vast 
outbursts of ineandes('ent gases suddenly well up 
from the interior of a <piit'se('nt and <-om}>aratively 
faint star, and raise it to a degns' of luminosity 
W'hu’li may rival that of \ast au<l steady globes like 
Sirins or \’ega. But siieli a star lacks tlu* ('uergy 
to ke(‘)) up 111 is ()ut))ut of light, and Ix'fore very 
long dit's away to its fonm'r faintness. 

How the Earth might be Burnt Out. 

It has been supposed that the eollisioii of tw(» 
stars, or the falling of a vast planet into a liny sun, 
might account for some of t hese siiddc'ii outbursts (»f 

light. Such an oeeurrence 

would certainly produce a 
)ilaz(^ viMble all ov(‘r tlie 
heav (‘US, but the collision ()f 
1 wo stars is so improbal)le an 
event, in view' of their vast 
distam es a])art, that we may 
eliminate it, and the failmg 
of a planet, into a sun ha^ 
not as yet been known to 
occur. Ih'obably it is bound 
to happen as syslt'ius grow 
okl ami (h'eayed ; it will 
certainly happen one day in 
onr own system. But the 
behaviour of our (jvvu sun 
shows that the evolution ol 
ineandese.cnl gas from a star’s 
interior is (piite a normal in- 
cident in stellar life. If the 
vast eruptions of glowing- 
hydrogen w'liieh are daily 
emitted from the sun’s sur- 
face w ('!'(' increased tenfold 
EBULA h.V some* interior eonvnil- 

sion, the sun itself would 
blaze out ns a temporary star — and, incidentally, life 
would be burnt olT our planet. \V(' (am only say that 
the great majority of stars shine w ith fair regularity, 
and hope that th(^ sun Avill eonlinue to do the same. 
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Cluaters of Stars. A number of stars To the naked eye it usually seems to be a luminous 
arc arranged in clusters of groups, whilst others, cloud, though on a very clear night it is possible 

like our own sun, are at vast distances from their for keen eyesight to make out here and there the 

uoarost neighbours. Some of these clusters, of brightest of the individual stars which compose 

which the IMciades afford the best example to the it. The telescope and spectroscope agree in show- 

naked eye, can be resolved by a keen eye into ing the Milky Way to be composed of innumerable 

separate stars ; some, like Praesepe in Cancer [43], stars, mostly of the eighth magnitude or smaller, and 

which only show to the naked eye as a hazy spot set so closely together that the whole l>elt of sky 

of light, break up in a good field-glass into clusters w hich they inhabit seems to be luminous [46 and 47 j. 
of stars ; but the majority of stellar clusters require The Milky Way contains very numerous 
a powerful telescope for their resolution. clusters of stars, but very few gaseous nebula?. 

It was long ago noticed that the more pow^erful a The rest of the sky nowhere contair.s any such 

telc.scopc was. the greater was the number of these crowding of stars as is found in the Milky Way, 

hazy spots of light which it would resolve into clus- though here and there we find a bright cluster, 

ters of stars. Consequently the opinion w^as formed like Prjesepe. where several thousands are con- 

Ihat all the hazy little clouds or nfhulm (44 and 45J densed within a spare much smaller than the full 

which are so prevalent throughout a large part of the moon. The stars frequently seem to run into 

sky were simply elustcrs of stars, so far away that streams and grou])s, hut on the whole their distri- 

their light merged into a single impression on the e\a\ bution is irregular and their number small in eoin- 

A great number of these nebulaa were only resolved j)arison wqth those of the ^filky Way. 

by large telescopes, such as Lord Ro.sse’.s b-foot The Milky Way an Illusion. There is only 
reflector. But a great ‘ many of the.se nebuhe one hypothesis which at present gives any reason^ 

were found to be irresolvable by any telescope. able explanation of this distribution of the stars. 

It was simply concluded from this that tlioy were We cannot believe that the stars wdiich form the 

still more distant than the clusters which had Milky Way are really crowded together so closely 

yielded to the resolving powers of the telescope, as they look. The ^lilky Way is purely an effect 

and it was further supposed that each of these of perspcclive. If we suppose the stellar universe 

clusters of stars might be a separate universe or to have the form of a vast flat disc, something like 

galaxy, comparable in extent and importance a erowm piece, of which the diameter is much 

with our own universe, bounded by the vast girdle greater than tU<‘ thickness, and our own sun to be 

of the Milky Way. situated somewhere near the centre of this disc. 

This grandiose conception of innumerable uni- a little thought will show that we should get 

verses scattered throughout space was 
speedily destroyed by ihc spectroscope. 

As we have seen, the spectroscope dis- 
tinguishes with entire certainty between 
the light sent to us from a solid star and 
that emitted by a gas. When it was 
turned upon the nebuhe which had been 
supposed in reality to be star clusters so 
distant that no tolosooiK? could resolve 
them, it showed unmistakably that those 
nebulae were not star-groups, but si’iiply 
masses of incandescent ga.s. 

The Structure of the Uni« 
verse. At the same time improvements 
in the methods of measuring parallax 
caused astronomers to revise their some- 
what exaggerated notions as to the dis- 
tance of the faintest vi.sible stars. They 
have, in consequence, mostly given up 
the theory of innumerable universes in 
which the fancy of an earlier generation 
was pleased to run riot, and have formed 
a fairly coherent though still somewhat 
vague idea of the actual structure of the 
universe, of which a short account must 
now be given in conclusion. 

The most casual inspection of the starry 
heavens shows that the visible stars are 
very irregularly distributed. Some regions 
are crowded with stars, whilst others show 
a very .sparse distribution of orbs visible 
to the naked eye. The telescope, whilst 
vastly increasing the number of stars up 
to about 30,000,000 visible to the most 
powerful instruments, still emphasises the 
irregularity of their distribution. 

The Galaxy. There is one region 
of the sky which is far more thickly 

strewn with stars than any other. This 

is the luminous belt wbi?h surrounds the 45 GREAT NEBULA IN ANDROMEDA 

whole sky nearly m a great circle, which “ Knowledge,” reprodneed, by permission f Mrs. Roberts, from a 

IS /mown as the Milky VV ay, or the Galaxy. photograph by the late Dr. Isaac Roberh»> F.R.A.8.) 
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Mibsslaiitially the same apjieaianee as has been 
described. When we look alonix the ])]ane of this 
disc the line of sight travels through thirty or 
forty times as many stars as when we look up or 
down at right angles to the plane of the disc, 
provided that the stars arc distributed in all 
diroetions with fair equality. Consecjiiently to an 
observer near the centre of the disci there will 
a])poar to be a nearly circular belt thickly strewn 
with stars, whilst the rest of the sjdierc is much 
l(‘ss thickly set with stellar orbs. 

Jt is now generally held that this is roughly the. 
arrangement of our stellar universe, "rhere are many 
inodiHcations in detail, based on the distribution of 
variou.s kinds of stars and on the details which form 
the Milky Way, but these' m\ist be studied in more 
elaborate works, such as Miss Clerke's ‘'System 
of the Stars.” Jt is enough to say her# that the 
probability is that our sun is neai- the centre of 
the stellar universe : that this universe consists of 
at least 100,000,000 stars comparable to our 
sun, but many of them vastly brighter and more 
massive ; that these stars are arranged roughly in 
the shape of a circular disc of which the diameter 
is many times greater than the thickness; that 
the central part of this disc, near which our sun 
is situated, is much h'ss thickly set with stars than 
the outer parts; and that its diameter is at least 
so great that it would take light 30,000 years to 
tu’oss it. 

The Nebular Theory of the Universe. 

Jt remains to add a few words as to the theory now 


accepted of the development of this universe and 
of systems like our own. We have .soon tliat bright 
stars are divided into various tyjios, according to 
their dilTerent syiectra and colours. Some of tliom 
are undoubtedly hotter, and therefore yonnger. 
than others, and it is juactically certain that there 
are many stars in the void of space which liave 
grown cold and dark, so that we can never see them, 
thongh in some eases we are able to infer tlu'ir 
existence from tlu'ir gravitational inlliu'iicc on the, 
neighbouring bright stars, l^^irthcr, the universe 
contains a great iinmher of nchulw [44 an 1 45], which 
ifle merely clouds of incandescent gas. It was lirst 
siiggc.-stcd, by the great philosopher Kant, that these 
nebula* might be tlie raw material of suns with their 
attendant planets. 'J'hc physical conditions domi- 
nating the liistory of such uchuhe have been fully 
worked out by several gciu'rations of mathema- 
ticians. 

The Birth of a Solar System. Suppose 
that we have a uehula or cloud of incand<*sccut gas 
some r>,00(),000,()00 or r),()0( ),()()().()()() mih's in 
diameter. This uehula mu<( he suhj(‘eted to two 
distinct causes of change, in tlie first place, all its 
material particles must altract om* another by the 
law of gravitation, so that the nebvda tends to 
coiuleiiH* towards the centre; and simultaneously, 
the incandescent ])articlcs whiidi conqiosc the nebula 
are constantly radiating lu'al out into s])ace, so that 
the nebula must always l>e losing heat. On the.'<c 
two facts I..a])lace and his followers erected a 
complete theory of st(‘llar cvolut ion. Such a nebula 
cannot for a moment remain at rest, 
even if, whicli is exceedingly impro- 
bable, it was originally in such a con- 
dition. It woidd necessarily acquire a 
rotation about an a.xis, in addition to 
the movement through space which It 
would have under the influence ol 
external gravitating bodies. 

It has been sliovMi mathematically 
that such a rotating nebula, losing he. it 
at th(‘ same time and condensing in- 
wards, would at regular intt'i vals shed 
rings from its sulistancc, and that tlie.st* 
rings wouM lend to break up and 
coalesce into roughly splu'iical bodice 
or ]ilanets, which would revolve round 
the centre of the whole nebula and a! 
the same' time rotate on their own 
axes. l^]aeli of these* rotating ma.sscs. 
if still hot enough to preserve the' 
nebulous condition, weudd repeat tlie 
liistory of the original iK'bul.i, in turn 
shedding rings, which would coah'scc 
into secondary sjeheres oi’ s.atellites, 
Kaeh of th(‘s(* (h'rivative or seeomlary 
uebuhe, being much smaller than the 
parent nebula, would cool miu*h more* 
rapidly, and might hecome a soliel 
body whilst the original ne'bula was 
still in the* state' of fiery gas. 

This is believed to lie tlu' general 
history of the origin of the solar sy!=’- 
teni, altliough further r(^search has 
tliiown doubt on some of J,/a place’s 
ide'as. Once it was a vast chmd of 
fiery gas stretehing beyenid out the 
orbit of the farthest planet. As il 
contracted, it shed rings, which broke 
uf) into planet after planet, each witli 
its own satellites. Neptune and 
Ui anus came first ; then Saturn, 
where the first anomaly appeared, 
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for one or more of the rings which Saturn shed 
in cooling did not coalesce into a spherical satellite, 
but remained as the w'onderful arrangement called 
Saturn’s Rings, which consist of a su^arm of tiny 
meteorites or cosmic dust. Jupiter, the largest of 
the planets, was next formed. 1’he next ring 
thrown off by the original nebula behaved like 
the rings shed by Saturn, and gave birth to the 
swarm of minor planets. Mars, Karth, \>nus, and 
Mercury, were next born in the same order. 

The vast luminous orb which we call the sun, and 
W'hich we have seen to be still in an intensely hot 
gaseous condition, is merely tlie shrunk and dwindled 
remainder of this vast original nebula. This is a 
brief sketch of what 
is known as the 
Nebular Theory of 
planetary evolu- 
tion. 

The Begin- 
ning and End. 

It is highly probable 
that the ga.Meoiis 
nebula) which exist 
in great numbers in 
the heavens are all 
in an e.arly stage of 
such evolution, and 
that all the stars 
which bedeck the 
sky are the product 
of earlier nebulas 
and are surrounded 
by planets like the 
sun. But we are 
now approaching a 
region which bor- 
ders on the realms 
of imagination rather than research. 'Hie span 
of our lives is so tiny in comparison with the 
vast ages that m\ist go to the growth of even an 
inconsiderable system lik<‘ our own. that man has 
as yet had no opportunity for verifying snch a 
hypotheses. It may well he that the vast drama, 
of stellar evolution pas.so.s through an unending and 
recurrent cycle. \Ve can mathematically foresee 
the time when the inexorable operation of physi<*al 
laws will bring back planet after planet to crash 
into the sun, and the result of sucli a .scries of 
( ollisions should be to reproduce the fiery nebula 
stretching far out beyond our own orbit, ft cannot, 
indeed, be as vast ns the nebula from which we were 


born, since the whole system is constantly losing 
energy in the form of light and heat radiated into 
space, from which (so far as we know) ii never 
returns. From such a nebula there would be pro- 
duced a new' system with a smaller sun and fewer 
planets, again in the vast lapse of time to clash 
together, and to bo expanded into yet another 
new nebula, still smaller and less potent. 

A Cosmic Eternity. Thus wo can dimly 
foresee the cosmic future as a kind of switch- 
back, ever making smaller and smaller rustics 
up opposing hills, till ultimately the machine is 
brought to rest and the whole mas.s of material 
which now' compo.ses the solar system voyages 

through space in 
the form of one 
dark, solid, and 
lifele.ss globe. Pos- 
sihly, tw'O Kueli 
globes may dasii 
together after mil- 
lions of a?ons, and 
again break up into 
one vast nebula, 
g instinct with that, 
energy which co-i- 
tains the possi- 
bilities of living 
worlds. All this is 
pure speculation, 
and yet (as far as 
we know) it is the 
only course which 
the history of our 
system ('an take. 
That liistory is 
probably typical of 
w'hat is going on 
throughout the universe. Kverywhere there is ,i 
vast recurrent cycle in operation. Tlie energy 
derived from some unimaginable catacly.sm, con- 
verted into heat and light, and gravitational forces, 
gives birth to a nebula, which in turn evolves 
a solar system, and perhaps yiroduccs some race of 
sentient bcing.s such as man, as a casual and tempo 
rary accident in this evolution. Wo are, not un- 
naturally, apt to exaggerate the importance of this 
detail, but one of the advantages of even such a, 
hasty survey of astronomical history as has been 
taken here is that it teaches us to estimate the place 
of man in the universe with a somewhat truer .sen^c 
of projHJi’tion. 
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AEROLITE — A meteor which falls to 
the earth’s surface. 

Albirco — \ double star in Cygmis. 

Alcor — Star in ITrsa Major. 

Aldebaran — Urlghtest star in Taurus. 

Algol — A variable star in I’erscus. 

Alphard — Brightest star in Hydra. 

Altair -Brightest star in Aquila. 

Altazimuth — Simplest telescope stand. 

Altitude-Height of heavenly body from 
liorizon in angular measurement. 

Andromeda— A northern constellation. 

Annular Eclipse— Wlien eclipsed sun 
appears ns a ring of light. 

Ansa— The apace between the ring anti 
globe of Saturn. 

Antares — Brightest star in Seorpio. 

Aperture — Breadth of a telestMipe’a 
object-glass, or principal mirror. 

Aphelion — A planet’s furtheat distance 
from the sun. 

Apogee — A planet’s furtheat dis- 
tance from the earth. 

Arc — A portion of a eireumference. 

Arcturus— Brightest star in Bootes. 

Argo A aouthern constellation. 

Asteroid -See planetoid. 

Auriga-A northern constellation. 

Axis — The imaginary line on which a 
iieavenly body rotates. 

Azimuth — Angular distance of a 
jjeavenly body measured horizontally. 

BELLATRIX — A star in Orion. 

Betelgeuse— A variable star in Orion. 

Bodo’s Law — An em])irical arrange- 
ineiit of the planetary distances. 

Bolide — A species of shooting star. 

Bootes— A uortherii coiiatellation. 

CANI8 MAJOR AND MINOR Two 

southern constellations. 

Canopus — Brightest star in Arg(». 

Capella— Brightest star in Auriga. 

Cassiopeia- -A nortliern const dial ion. 

Castor- A bright binary star in (teinini. 

Cepheus— A northern constellation. 

Charles’s Wain— Portion of Ursa 
.Major. 

Colure — Imaginary circle of the 
celestial sphere. 

Comes (C'nineez)— The small oom- 
paiiLoii in a double i lar. 

Comets— (taseoiis bodies moving 
through the .solar system. 

Conjunction 'I’wo or more heavenly 
bodies apparently near one anollier. 

Constellation — An artillcial grouping 
of stars by mup-inaUers. 

Co-ordinate — Klements which deter- 
mine the position of a body. 

Cor Carol! — Briglitest star in Canes 
Venal iei. 

Corona The sun's atiuospliere. 

Culmination -The meridian passage 
of a body. 

Cusps — The extremilies of a crcsetMit, 
a.s the moon. 

Cygnus — A northern constellation. 

degree C)— A celestial measure, the 
:.dlOth pari of a circle. 

Demos -One of the satellites of Mars. 

Deneb- The briglitest star in t'ygmis. 

Digit — The twelfth par; of the sun or 
moon’s diameter. 

Draco — \ northern constellation. 

EARTHSHINE — I’aint glow on iin- 
illumined part of ereseent moon. 

Eccentricity— The distance of a focus 
from the centre of an ellipse. 

Eclipse— Obscuration of om; heavenly 
body by another, or by its sha<low. 

Ecliptic —Sun’s apparent annual patli. 

Egress — The passing of one body 
off the disc of another. 

Ellipse— Shape of a planetary orbit. 

Elongation — The angular distance of 
Mercury or Venus from the sun. 

Emersion — 'riie reappearance of a 
body after eclipse or occultation. 

Enceladus — One of Saturn’s satellites. 

Epoch— Time to which calculations 
regarding heavenly bodies are re- 
ferred. 


Equation of Time — The difference 
between true and mean solar time. 

Equator — Imaginary line running 
round the. celestial sphere midway 
between the Poles. 

Equinoxes -Those portions of the year 
\Nheii day ami night are eipial. 

Eros — A minor planet, between the 
earth and Mars. 

FACU LAE —Bright, markings on the 
solar disc. 

Finder — Small telescope attached to 
larger to facilitate object finding. 

Fomalhaut — The brightest star in tlie 
constellation Piscis .Australis. 

Fraunhofer Lines— Dark lines in the 
spectrum discovered by Fraunhofer. 

GALAXY— The Milky Way. 

Gegenschein — A luminous apiM*arance 
“resehibling the Zodiaegl light. 

Gjbboqs — A phase nearly approacliing 
" full.” 

GravitS^V-M^utual attraetibii of bodies. 

Gyroscope — An iiistnimentior deinoil- 
stratiqg the earth’s rota^if^L ' 

HELIACAL— Rising tapie time as tlie 
sun. 

Heliometer— All instrument for 
ineasuriiig small angular distances. 

Heliostat --Instrunieut for coimtera cl- 
ing apparent motion of the sun. 

Hercules- -A northern eonstellation’. 

Hour Angle— Distance of heavenly 
body from meridian in hours, etc. 

Hyperbola — Forin of eometary orbit . 

IAPETU8-— One of Saturn’s satellites. 

Immersion --Disapiie/irapci* of an ob- 
ject during eclipse or occultation. 

Inclination -’The angle made by an 
orbit to the ecliptic. 

Inferior Conjunction— When an 

inferior idanet approaches nearest 
to the sun on earth’s side. 

Inferior Planets— Mercury and Venus. 

Ingress — The beginning of transit of 
one heavenly body across another. 

JUNO— A minor planet. 

Jupiter — The largest planet of the 
solar system. 

KEPLER>8 LAWS— The laws of 
planetary motions, emineiated by 
Kepler. 

LATITUDE — The angular distance of 
a body from the ecliptic. 

Leonids — Annual shower of .shooting 
st.ars occurring about November 14. 

Libration— An apparent oscillation 
of the moon. 

Limb -Apparent edge of aheavenly body 

Longitude— Angular distance of a 
body from the tlrst point of .Vries. 

Lyra — A northern constellation. 

MAGELLANIC CLOUDS — Two 
nelmlous objects in soutli hemisi)liere. 

Markab — ^Brighte-ststar in i*ega.sus. 

Mars — Planet betw'een tlie caitb and 
.Jupiter. 

Mercury — The iiinerm»)8t planet of 
the solar system. 

Meridian — A line drawn througli the 
heavens from north to south. 

Meteor — \ shooting star. 

Micrometer — An instrument for mak- 
ing I'elestial measurements. 

Milky Way — A belt of minute stars 
spanning the heavens. 

Mira — A variable star in (‘etus. 

Mizar — A star iu Ursa Major. 

Motion Direct — Advancing in the 
order of the zodiacal signs. 

Motion Retrograde - Aiivaneing con- 
trary to order of zodiacal signs. 

NADIR— The i>oint oi)iio.site the zenith. 

Nebula— A gaseous mass in the heaviuis. 

Neptune — The outermost planet of 
the -solar systenri. 

Nodes - -Points where an orbit crosses 
the ecliptic. 

Nutation — An oscillation of the 
earth’s axis. 

OCCULTATION -The liiding of a star 
or planet by the moon. 


Opposition — When a planet cro.sses 
the meridian at midnight. 

Orion — A well-known constellation. 

PALLAS— A minor planet. 

Parabola --Form of coim*! ary orbit. 

Parallax — An apparent sliift in tlie 
place of an (►bject. 

Penumbra — The dull edge of a shadow. 

Pegasus -A northern constellation. 

Perigee — Nearest iln‘ earth. 

Perihelion— Nearest the sun, 

Perseus — A northern constellation. 

Perturbation — Tlic influence of one 
body on the path of another. 

Phobos —A satellite of Mars. 

Photosphere —The sun’s visible sur- 
face. 

Planetoid -~A minor plaiu't revolving 
between Mars and .lupiter. 

Pleiades — .star group in Taurus. 

Pollux — Bright star in (lemini, 

Praesepc — Ktur group in Cancer. 

Precession- -A slight ndrograde 
motion of the eipiino.xes. 

Procyon — Bright star in Cauls Minor. 

Prominences — Outbursts of inean- 
dese.en1 vapour seen at the solar limb. 

REGULU8 -Brightest star in Leo. 

Refractor -A telescope with an 
object-glass. 

Reflector -A b'lescope with a mirror 
in lieu of object-glass. 

Rigel — Bright star in Orion. 

Rill — A cleft on the nnsm’s siirfaci*. 

Rotatlon--l’eri(>d an ohjeet lakes to 
turn on its axis. 

8ATELLITE - Attendant body: a 
moon. 

Saturn -A planet between .lupiter 
and C’ranus. 

Selenography Tlie .study of the 
moon’s surface. 

Sickle— The front portion of Leo. 

Sirius The hriglilest star in tlie sky, 
in Caiiis Major. 

Solstices — Points where the sun is 
nortliernmost or southernmost. 

Southern Cross— A brilliant star 
group near the South Pole. 

Southing— Crossing the meridian. 

Spectroscope— Instrument for analys- 
ing liglit. 

Spectrum — .\na lysed light. 

Spica brightest star in Virgo. 

Sun — The centre of the solar system. 

Superior Conjunction -When a body 
approaches nean'st to the sun on 
()p])osite side from the earth. 

Superior Planet— A planet, remoter 
IToiii th(^ SUM lliaii the earth. 

Synodic — The time wliieli a planet 
takes to return to the same |>osition 
with respect to tlie. sun and eartli. 

TELE8COPE -An instrnnient for bring- 
ing distant objects apparently nearer. 

Terminator —The line separating day 
and night on the moon or a planet. 

Titan — Saturn’s largest moon. 

'Transit — Passage of a body across 
the meridian or a larger body. 

UMBRA— Earth’s shad»)W in a lunar 
eclipse ; (ten t re of a sun-spot. 

Uranus— .-V t>lanet of t.lx’ solar system 
b«‘tween Saturn and Nei)tune. 

Ursa Major— A noitliern (Constellation. 

VARIABLE STARS Stars witose 
light varies in inteii.sity. 

Vega — Briglit star in f^yra. 

Venus— Planet l>etw(‘en Mercury and 
the earth. 

Vesta— t)iu^ of the luiiKtr planets. 

ZENITH — The point exactly overhead. 

Zodiac — That jiortion of the sky 
through which the sun and otluT 
bodies of tlu; solar system movt'. 
The Signs of the Zodiac (not iden- 
tical with the C(m8tellati()n8 of the 
same name) are Ari('H, Taurus, 
(iCmini, Caiieer, Leo, Virgo, Libra, 
Scorpio, Sagittarius, Capricornus, 
A(|uariu8, Pisces. 
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By J. P. LORD 


STRINGED INSTRUMENTS 

The making of stringed instruments can best be 
learnt by studying the process of manufacture of 
the violin; iirstly, because the violin is the only 
instrument wbicli is generally the work of one man 
only (we speak of real violins, and not of the 
disgraceful articles which are turned out in factories 
by the hundred) ; and secondly, hecaiise the four 
most important stringed instruments — the violin, 
viola, violoncello, and double-bass — are all made 
in the same manner, ^riie making of guitars and 
mandolines will be a simple matter to one who 
has mastered the method of building a. violin, ho 
with few alterations the one description will servo 
to give an insight into this branch of the trade. 
Moreover, we might point out that violin-making 
on a high-class scale is very fre(|uently undertaken 
by amateurs, many of whom rank with the best of 
our English makers. 

Selection of the Wood. Tf trio selection 
of wood for the fashioning of a wind in‘<trument 
is important, for the making of a violin it is doubly 
so. The wood of the violin makes or mars the lone. 
Fashion your instrument how you may, let it be 
the most scrujrulously exact copy of a Strad, and 
if the wood is bad you will never get a good tone. 
Now, the essential in wood for violin making is 
that it should of itself possess a musical tone. If 
you hold up a piece of wood and ra]) it smartly 
with the fingers, it gives out a note, of a kind. If 
it is to be used for violin-making — and tliese remarks 
apply also to all other instruments of this class — 
the note must be a distinctly musical one, clear and 
ringing, although not necessarily jrowerful. Any- 
thing like a “ woolly ” sound indicates faulty wood. 

The woods generally used are jrine, sycamore, 
maple, and pear, the first being almost universally 
ein])loycd for the tO]) ))late or belly of the instru- 
ment, and one of the other three for the back. 

I’ho wood should be old, well seasoned, and 
free from all artificial seasoning agents. The 
beginner had better ymrehnsc from a dealer of 
repute, lest he waste his time making a worthless 
instrument. 

As a further test of the musical rpiality of the 
wood, one corner of tlie slab may be grip])ed in a 
vice and tlie edge ]>layed on with a well rcsinetl 
bow, when a distinctly musical tone should be 
forthcoming. 

How to Test Wood. The soundness and 
freedom from resin of a sonorous wood may be 
shown by tlie manner in wliich it bums. If it flames 
uj) rapidly, sjnirting out jets of fire, it is not properly 
seasoned, and contains resin : but if it burns clearly 
and smoothly and evenly, leaving a consistent ash, 
then it is sound and well dried. 

For the back a handsome figured wood adds to 
tho apjiearnnco of the violin, but not necessarily 
to its tone, and tone should never be sacrificed to 
beauty. As a word of warning to the beginno/, 
wo may add that wood with curly markings is 
difficult to work, and should only be used by 
experienced hands. 
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Violin wood comes into the market in t^'o forms, 
known as “ cut on the quarter ” and “ cut on the 
slab.” Wood cut on the quarter is divided in 
w'edges from the centre of the log to the baik; 
wofxl cut on the slab is sawn parallel with the 
diameter of the trunk. 

The Age of the Wood. Much is said 
about wood being 250 years old, but in the opinion 
of competent makers great age is not necessary : 
if the wood is only well seasoned and matured, 
it will make as good a violin as wood which has lain 
in store for a century. Wood, however, should be 
cut from a well growm tree in its prime, before old 
age has begun to cause the cells to decay, and 
should be stored for at least seven years before 
being used for violin-making. 

Wood for Ihc belly of a violin slioiild always be cut 
on the quarter, but for the back it docs not maticr 
wdicther it he on the quarter or on t ho slab. The belly 
is almost invariably made in two pieces, the portions 
joined lieing those nearest the bark of the two 
slabs cut on the (luarter, lx‘caiisc tho wood th^re is 
stronger than that in the centre of the tree, and 
tho centre line of the belly lias to bear the greatest 
strain from the bridge. The hack is made indis- 
criminately from one or two pieces. 

ffaving carefully selected your wood, if it is 
in one jn’ece and cut on the slab or quarter, 
you can at once cramp it to the bench, ready for 
outlining. If it be in two pieces cut on the quarter, 
you must first of all shoot the tliii'k edges perfijctly 
true and jdace tlicm together, so that wdion the wood 
is lying wdtii its flat surface on a true level there 
may be no ga]) at all between the thick edges, 
but the two pieces will lie together and form a 
ridge like the roof of a low-])itehed house. When 
in this position and held up to the light, no ray 
should be seen between them. Witli some of tlm 
very jnircst and finest white glue these two edges 
arc now' joined firmly together and erarnpod in 
position till they are well set. Both pieces, now 
joined, are heneeforth treated as one slab of wood, 
wdicther for making baek or belly. 

Having cramped your wood to your beneli, 
3'ou next plane tlie ridge, if of joined wood, siifli- 
ciently to enable you to rest tho wood on wlien you 
turn it over, as you now do to plane the flat side 
|X'rfectly level. In doing all planing, you will 
have to watch the w'ood very carefully, so as not 
to tear pieces out of it. 

Drawing the Outline. AVlion this sur- 
face i.s quite level, you proceed to draw your outline 
u]>on it, using a templet of veneer or stiff card, 
made exactly to represent one half of the outline 
of the violin you propose to make. This templet 
you must make yourself from any good pattern of 
violin, or you can construct one by means of 
compasses and ruler by following the method 
Imre given, which was originally devised by 
VVettengel, a German writer on violin construction. 
w'bicU has since been frequently followed by 
first-class makers. 
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On a large piece of paper, or thin wood, draw a 
por])endk:iiIar lino down the centre of the exact 
l(‘ngtli of the body, which is generally in the neigh- 
bourhood of 14i in. to 14 J in. Divide this into 
72 equal parts [see Drawing, page 472]. Inter- 
sect this perpendicular line by twenty horizontal 
lines, exactly at right-angles to the centre line, 
at the points marked as follows, naming the lines 
as below [sec also page 4()23]. 


Line 

A at point 

8 

Line 

L at point 33 


B „ 

14 


M „ 

34 

9) 

c „ „ 

IG 


•» j» 

37 

99 

D „ „ 

20 

>> 

G „ 

30 

99 

„ 

21:1 


F „ 

40 

99 

F „ ., 

22 


Q 

44! 

99 

0 „ „ 

23 

M 

K „ 

4.S 

ff 

H „ „ 

27 


s „ „ 

55 

99 

1 ,, „ 

28 


T „ „ 

50 

99 

K „ „ 

31 


V „ „ 

G5 

Take 

your conipj 

isses and o])en 

them to an extent 

equal to 0 parts 

of the 

peryicndicular, a 

nd from 

]ioiut h 

describe an arc 

aa on 

eacli skk 

of the 


t^iitre line, h being the top end of the ])er])endicular. 
\Vith j)oint 24 as centre, and radius wr to h draw 
curve itha., meeting aa at those two points [ 1 J. Mark 
off points 2 parts distant from })er])endicular, and 
on each side of it, on lineC; call these re. With 
centre cr. and distance ca draw curves ad on each 
side, meeting line A at d and d. On 11 mark two 
points, c, c, one part distant on each side of centre 
line. With these as centres, and cd as distance, 
draw curves d/, meeting line D at /. This practi- 
cally finishes the upper portion of (he violin body. 

For the middle, or narrow portion, start by setting 
off on L two points gg 111, X)art8 distant on each side 
of perpendicular, and then eleven points further 
distant from g mark two more points hit, and with 
ft as centre and hg distance draw curve gi, meeting 
\j and P at g and i respectively. 

On lino K set off 23J parts from iKTjiendicular, 
on each side, to kkj and with k as centre and 
(listance from there to point whore curve gi cuts 
line M as distance, describe curve from that point 
to 1, meeting lino H at 1. 'i'his gives the main 
curves of middle of body. Wlierc (here are tiny 
angularities between curves, they must be worked 
down by hand to a flowing sweep. 

The lower part of the curves of the lower portion 
arc^ obtained in this way: Take lower ]>oint of 
(eiitrc line, and call it rr. Oj)Cii com])asses qq 
]>artM, and with rr as centre describe arc vv on oa<‘h 
side of middle line. With 35 as centre, and 35 
to rr as distance, describe curve rr, r, cutting 
Hrst arc at v and r. On line S mark two points .r.c 
ti parts distant from centre line. With .r as centre, 
aud :rv as distance, draw' curves ry, meeting lino 
aty. 

Sot off two points at T, 4 parts distant from rrh. 
Call them zZy and with z as centre, and cy as radius 
draw curve y, aa, meeting K at aa. Tliis completes 
llic main curves of the lower body. 

The Corners. For the u])per corners, set off 
241 parts on line G from pcr])cndicular to oo on 
each side, and with o as centre, and of as distance, 
draw curve /p, meeting E at p. On line I set oft 
two points mm on each side of rr, h, and distant 
from it 145 parts. With m as centre and distance 
lo /, draw curve Is, above H. On line E sot off 22 
T>arts, giving q, and with q as centre and distance 
9P draw curve ps, determining point s. With 20 
iis centre, and 16J parts as radius, describe a short 
arc cutting ps, Is at s, giving two angles of corner. 


For the lower corners, set off 24 parts on line O, 
from perpendicular to bb, and ])lacing compasses on 
this point, open them to cc and draw curve cedd. 
On line N set off parts, from perpendicular to t, 
and with t as centre and ii as distance, draw curve 
determining j>oint dd of corner, as in the up]>er 
corners. With compasses on ])oint40, and distance 
etpial to IDJ j^arts, draw' arc meeting iiidd, and amid 
at dd, giving angles of corner. The entire pattern 
is tlius coin])leted. 

Tlie corner, as indicated, w ill have to ho roumled 
off, and* the points .at the angles of the corners 
neatly joined. To obtain the ])ropor rise for the 
height of the back and belly, take a ])iece of har<l 
wood and mark a point half way along it, and 
one quarter from its further edge. The wood must 
be slightly longer than the centre line of the body. 
With a piece of string, or very large comj)assf*s, 
with a radius etpial to 21 G parts of former scale, 
<lescribe an arc mooting line peri>pndieular to edge 
of w'ood through A at A. Tiiis will give the curve 
of the rise, and if sawn out neatly will give a useful 
trying plate. 

Of course, this pattern is not to be taken as .a 
sam])lc of the best man can devise — each maker 
constructs, to a great extent, liis own pattern — 
but it w'ill serve as a general guide for the beginner 
to w'ork upon. 

Having lakl your tem])let, or pattern, flat on the 
planed side of the wood, mark carefully all round it 
with a t>tnK*il, and afterw'.ards touch up your plan 
by hand. If your templet is a half one, having 
draw'll one side, you must reverse the pattern ami 
eom])letc the other. 

Cutting out the Pattern. That done, take 
a how saw', or coarse fret saw, and cut out the 
marked pattern, keeping w'oll outside the marking, 
lest a slip should ruin your work. Having done 
this, a very flat knife, es])oeially made for violin- 
makers, is taken, .and the w'ood pared dow'ii exactly 
to the outline. 

Having got your outline right, with a gouge 
reduce the edges on the outer, or convex, side of 
the plank to about in. in thickness. 4’hat done, 
the wood must be further reduced by filing and 
rasping, or by gouging and planing, till it is about 
the right thickness at centre and edges, when 
measured with your pattern cut out of wood, 
keoyiing your work ns smooth and even as possible. 

Remember the shape of the outline of a violin 
and its general figure is its ]),atlern ; its model 
is the curvature of its bark and belly. 'J'he body 
is divided roughly into three — the u]>per third to 
the upper corners is called the U|)])er Bout, from 
there to the lower eorners is the Middle Bout, and 
thence to the tailpiece is the l^ower Bout. 

The reduction being right, and even all round, 
at this stage some makers advocate inserting the 
pnrfling, those strijis of black-and-w'liitc w'oo<l 
wliich form tlie ornamental border round viol in'*. 
This plan has much to recommend it, because if a 
sli]) be made it is not so injurious at this ]>oiut 
as it would be later; wliile if the entire hack he 
ruined, surely it is better to spoil an unlinished 
bac^k than one on which you have spout days of 
labour. 

A yuirfling tool is an arrangement for marking 
two or more fine lines at a regular distance 
from the edge of an object.' This instrument 
is run round the edge, and when the lines arc 
cleariy scratched in, they must be deepened witli 
a knife, and then the wood bctw'ceii removed with 
a fine, sharp gouge. The jniifling instrument will 
mark a space of about an inch, w'herc the but tun 
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ci* the violin eoincs at the to]) of the iipj)er 
>out, tUid Ihis ])iece must be traced by hand. 

Wluiii the j^roove has been cait out, the |jur(ling, 
which consists of fine stri])s of black-and-white 
veneer, must be cut to ap])roxiin}ite lengths, and 
then bent by ])assing it over a purlling iroii—a. 
hollow tube, heated l)y nicans of an iron which 
goes inside it. 

Th(' ])ur(ling must bo gently handled, and passed 
ovei‘ and round the iron till it assumes the proper 
cMirve, more by coaxing than by force. It is then 
ready for insertion. With a Hat stick, or with the 
blade of an old knif(‘, very hot glue is laid along 
in the grooves, and thtui the |mrlling gently forced 
into its place, some ingenuity being n.sed to make 
I he pieces join neatly, especially at tlie corners, 
where they should meet at an acute angle. The 
])urfling being in ils place, a little very hot glue is 
run in all round it to niake all secure, and then the 
back is put away to dry. 

While the laick is <byiiig the belly, or body of 
the instrument, can 1 m“ got on uith, its outline 
being traced and cut out exactly iilv(‘ the back, Jf 
you wish, you can al.so 


Hollowing Out the F r ame . The table 
is laid on a hollowed bed, protected by paper 
80 as not to injure the smoothed surface of 
the outside, and on the inside is drawn the curved 
outline, which is like a guitar, the corners being 
only indicated by broad curv^cs. This is drawn 
at a distance from tlie edge sutheient to leave a 
good Hat rim for the ribs, or sides, to be eventually 
glued to. 

A shallow out is made along this line, and from 
that as a starting point the hollowing is worked. 
To graduate the hollowing nicely three grooves 
arc cut across tlic inner side of the tabic of such a 
de]>th that the middle groove calli])crs a good 
in. in thickness of wood, the ii])])er and lower 
ealli])cring ’ in. These fall away very little towards 
the edges at the outset. 'J’lipse grooves are best 
cut at lh(‘ thn*c nodal ])oiuts, wliich correspond 
roughly to points IH, 37, and 55 on our centre line. 
From these the back can be hollowed all over 
gradually, the callipers being frc(pK*ntly employed 
to gauge the thickness all over, the taper being made' 
very even and legidar. 'ITieii with sandpaDci, 
or spokeshaves, the rcdiic- 


rcduce it- on the upper 
face at (his stage, and 
juirtlc it, thus avoiding the 
use of much hot glue when 
you arc nearly ready to 
]»i»iisli it later on. 

Cutting the Groove 
When the ])urHing is dry, 
if it has been done, or 
when the outliiu* is cleai*, 
if the jmrlling is ]iost pomsi, 
(ho next thing to <lo is to 
cut a groove to the depth 
of an inch, and aland '/ in, 
broad, all round tli(‘ bai k 
or belly, the edge of it 
being about in. fiami 
tlic inside edge of tlic 
piuHing. This is best cut 
purely oii (li(‘ curve, 
avoiding the. •orners at 
liist, ami afterwards Huisli- 
ing lliem iij) witli :\ goug<*. 
Down to til is groove the 
morlel is worked, using 



tion must be gradually 
carried on till the labh* 
vaiios from in. at t]ii‘ 
centre to between in. 
and in. at the edges, 
Thi ‘S(‘ nu'asuremcnts liav(‘ 
been found to give au 
excelleul tone for the back. 
'I'he belly reap i ires to be 
made only 1 in. in thick- 
ness at the centn!! male, or 
breast, and to be reduced 
from that to a in. The 
reduction varies a littl' 
ai'cording to tne l•csonanc(‘ 
of (he wood, very “ ac(iv(‘" 
pin(‘ requiring less to bi* 
lakiMi off than wa^uld a 

The Sound Holes. 

When the belly has btaai 
pro]a‘r1y thinned down tla* 
lime lias .irrivod for cut- 
ting th(^ four sound liolc^ 
These air‘ of various 


cither jilane or saiid])a])er I yJOLlN UATTEltN patterns, some distinctivt* 

folded over a eork rubher, ' of certain seb(a)ls of 


()|)iiiion.s dilfor as to the advisabilily of employing 
sand|)a])cr, its opjajiients saying that it damages 
th(‘ tibre of the wood and injures llu‘. tom‘, while 
advaaailes of ils use declare that planing is worse, 
'riic beginner will lind sandpa])cr easier to work 
with, bei-aus».' it docs its work more gradually, and 
I here is less risk id' catchingon a fibre ami ripping 
up a valuable jiiece of wood. 

Finishing the BacK. W^aking. then, wdth 
sandpa])cr or plane, tlie curvature of the back 
must b(‘ brought to Ht exactly the model made, 
aiul the whole back must be tini.'^hcd olT smooth. 
Uetweou courses of papering or planing it will be 
found necessary to dam]) the wood, for that makes 
tlie soft [Mils sw'ell up above the level, and f»roves 
that what a]»]M*ar<'d a ])erfectly level surface would 
have become rough on varnishing. 'ITio rai.sed 
portions ('an easily f)o removed with ])a]>er or tool, 
and a ])erfoctly smooth surface which will last thu.s 
produced. 

The outsides of llu' back and belly being Hnisiiod, 
and the model made eorreetly to pattern, the inside 
of the tw'o tables, as they are called, are hollowed out. 


niaker.s. Select gootl ])aUt'rn, suitable for your 
violin, and tr.ue it on tlu^ wood, or stencil it it 
you ])refcr to do so. Then, with a tine fret saw, 
cut it out, keeping well inside the line, linishing 
afterwards with a shar]) knife. The F should lie 
on the bi'lly from point 32.1 to ])oiiit TH/,, and the 
centre of the iifipcr round hole.'J should be opposite 
|)oint 31, and th.it of the lower opposite point 4M. 
'I'he outer notches fall o])]»osite ])oint 3HJ. 

The Batss Bar. 43ic bass bar is a stri]) of w'ood 
glued to the inside of the belly under the G siring 
of the violin. In length it shonhl be 3t) j)arts long, 
one part and one iifth in breadth, ami 2 ])aits lliick 
in the centre, slo])ing down to twa)-thirds of a ])art at 
theemls. IVrhajis the best ])osit ion for it is jairalk l 
to the centre line. It is one-third of a part from 
the u])|)t'r round of the left F liole, and has its 
centre op])osito 40. 

The centre line of tho belly may reipiire strengtli- 
oning, and if this is so small siiuares of veneer 
may bo glued along it, the grain of the veneer running 
across the grain of the belly diagonally. 
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The Ribs. The ribs or sides arc formed of 
strips of wood carefully bent by beat, in much 
the same manner ns the purfling was done, till 
they assume the exact shape of the various sections 
of the outline. The pieces are six in number, 
corresponding to the right and left sides of the 
three bouts. In thickness tliey should be about 
,',v in. and in depth they vary acoordiriuf to the pro- 
portions of the outline. The main i)oint to be borne 
in mind is that the “ box ” of the body should 
contain a mass of air which when set in vibration 
will give a fixexl note, and violin makers generally 
select C with 512 vibrations per second as their 
standard. A fairly general depth is Ij in. at the 
broad end and IJ in. at the narrow end of the violin, 
which corresponds to a body 14^ in. long constructed 
on the plan given. 

At the same time as the ribs are ])repared the 
linings, which arc thin tapering slijis of pine wood, 
must be cut. There are two linings to each j^iece of 
t he ribs, glued on the inside of the curve. The corner 
blocks should also be made ready. The.sc are of 
such a sha|)o as entirely to fill ii[> the corners, 
reducing the inside contour of the violin to the 
guitar shape. 

Tlio ribs and linings having boon carefully bent 
to the proper curves, the ribs are cramped in a 
beechwood mould exactly resembling the outline 
of half the violin, and when there the corner blocks 
arc glued in, and the linings fastened on, the whole 
being cramped up to make all firm. When .set the 
edges must be pared ab.soliitely level and all is 
ready for attachment to the hack, on which the 
end and the bottom blocks have been glued. The 
ribs arc kept in place by a series of cramps, and 
extend up to the edge of the button, where the 
neck groove will be cut for the fixing of that por- 
tion of the instrument. 

Wlien projierly dry and set, tlic groove is gouged 
oiil, and the belly glued on. Many makers drive 
two .small pegs through the ciids of tlie belly into 
the end blocks, just as they are about to cramp up 
tlie body. 

The NecK. The neck of the instrument should 
be 20 parts in length, measuring from the body of the 
instrument to the nut, which is the little raised 
I'ar of ebony over which the strings pass on their 
way for the pegs. Tlie neck and head is cut out of a 
))loek of wood, and rc.ally is a matter of wood- 
carving. Examination of tlie neck of a violin will 
show the shape to be aimed at bolter than pages 
of de.scription. The fingerboard must be firmly 
attached to the neck by glue, and the neck must 
be set on the body in such a manner that the end 
of the fingerboard near the bridge i.s Iji in. 
above the wood of the belly. Careful joinery is all 
that is n'^eded to rtfoct this. The })eg for the, 
attachment of the tailpiece is glued info a hole 
bored in the bottom block, and the tailpiece 
attached by means of loops of gut. 

The Soundpost* The soundpost is the bug- 
hoar of beginners. It has to bo cut so accurately 
that every portion of its upper and lower surfaces 
is in close contact with the wood of the Mly and 
back respectively. It also must bo of such a length 
lhat it just fits perpendicularly between the two 
'vlien placed with its edge nearest the neck, just in a 
line with the back of the foot of the bridge under tlie 
E string. It must fit tight enough not to slip when 
the strings are slack, and yet not so tight as to 
strain or exert any appreciable pressure on the 
belly or back. Only patient chipping and scraping 
'vill en.sure this rcsidt being attained. The post is 


inserted tlwough the F hole nearest to it, and it h 
adjusted in position by means of a special iron 
instrument, known as a setter. The diameter of 
the soundpost and the breadth of each foot of the 
bridge must coincide with the breadtli of the bas.s 
bar. 

The Bridge* Tlie bridge, which is mad? of 
maple or beech, must be set up so that exactly 
half of its thickness is on each side of a line drawn 
between the inner notches on tlie F holes, and 
passing through 40. The thickness of the upjier 
edge of the bridge must be i of a ])art, and of tlie 
soles of its feet t of a jiart. Its extreme heiglit 
depends on the length of the iiistniment, and is 
reckoned at iV\ of Uie body length of violins and 
violas, and of length of 'cellos and basses. 

The soundpost being fitted, it is removed till the 
instrument is completed. If the purlling has not 
been done it is now added, and a piece of ebony 
let in where the tailpiece will re d. 

Varnishing* A final polish is givTii to the 
violin, and then comes the varni>hing. After the final 
jiolish has been given to the jdain wood it is just; 
run over with a damyi sponge and allowed to dry. 
'J'liis (lirow's up a miero.seopie roughness which holds 
the varnish well. The selected varnish, at first well 
diliilerl, is then applied in successive coats. Eacli 
coat must be permitted to dry thoroughly without 
artificial aid before its successor is a])])lied. Each 
maker has his own recijie for varnish, and it is 
im])os.siblc to recommend one more tlian another, 
nlw'ay.s provided tliat oil varnishes are better than 
s])irit if j)rop?rly applied, and have a more lasting 
elTeet. 

The final varnishing and rubbing with the palm 
•of the hand being completed, the pegs can be \)ui 
in, the soimd])ost readjusted, the tailpiece looped 
on, and the strings attached. The seiweless wood 
has become .an instrument— whether musical or not 
depends upon tlie care which lias been ex]>cndc(l 
upon it. 

The above instructions ap])ly to the making of 
all instruments of tlic violin class, ])rovided that the 
ribs of ’cellos and bassos are made double as deep in 
jwoportion as those of violins and violas. Tliis is 
done to obtain the proper volume of air inside the 
box, because the length of tlie body, if the rilis 
were of the former proyiortions, would be too long 
to be wieldy, so defective area in tlie base of tlic box 
has to be comjiensated for by increased height. For 
comparison we give these ])roportioiis foi ribs : 

Violin and viola, (ij parts at tail, tapering to 
6 parts at neck. 

Tello and bass, 12 j»arts at tail, tapering to 
J parts at neck. 

Miscellaneous Stringed Instruments. 

The making of guitars and mandolines is rarely 
undertaken in this country. Should, iiowevor, oiir 
readers wish to make cither, the foregoing directions 
for violin-making will be of assistance. 'J’he wood 
of the belly of guitar or mandoline should Ihj the 
best violin pine, old, and free from Haws, and should 
of itself be musical. It will not have to bo hollowed 
out. A bass- bar may be jilaced under the lowest 
string, but a soundpost is not generally employed, 
though its use is commendable. The back of a 
guitar may be .slightly liollowcd, and w illi a model 
resembling rather a flat violin. The back of a 
mandoline is usually built u]) on a w’oodcn frame, 
of strips of wood glued together. Harp-making is a 
“ close trade,” being in the hand.s of a few families 
who have mado a speciality of this beautiful, b\it 
unfortunately almost forgotten, instrument. 
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Repairs* n i?* geiieially said tluil. he wlio 
made ean mend, but in the case of high-class 
stringed instrumenls this is not so. Strange as 
it may appear, the calling of a repairer of 
stringed instruments ranks higher than that of 
manufacturer of the same. The reason is not far to 
seek. The maker knows the exact iwoportions of 
the pattern lie is engaged upon, has all the calcula- 
tions before him, and, given good technical ability, 
produces a very even series of instruments. 'I'hc 
r(‘pairer, on ibe other hand, has instruments of 
every eoneeivable ])attorn and model passing 
through l\is hands, lie knows nothing about the 
defective instruimml when it is sent to him, but. be 
has to disc.ovM'r its normal and theoictical qualiti<‘s 
for himself before endeavouring to restore the lost 
lone, lie lias to be scientist, artist, and eraftsman 
in one. 

Naturally the commonest form of repair to be 
executed is the mending of a crack. This is generally 
to be efferded by careful gluing with elean glue, the 
liijuid being woi'ked into the crack by a very genth^ 
bending backwards and forwards of tlie ])art. wliieli 
is craeked. I’sually it is m'cessarv to o])en the 
instrument to do this. The lielly is easily removed 
with a tiat-bladed knife, if great care is exercised 
and no undue forcing attempted. W'orm-caten 
])ioees and badly smashed portions have often to be 
excised entirely, and a fresh bit of wood, matching 
the original as nearly as possifile, in.sertial. (diied 
p«)rtions are separated b}' ov(»rlaying them for 
a time with wads of linen soaked in lukewarm 
water. Warped backs or bellies are brought into 
line again by (lam[»ing, .steaming, and drying in 
specially-cut cramps. The actual work is that of 
llio most expert, ciibinet-m.ikcr and iulayer: the 
knowledge* of what is to be dom* is only acipiirofl 
by great experience, and a natural gift for the 
occupation must lie ]»resenl. 

THE PIANOFORTE 

One thing is bound to strike everyone \s Iio tirst 
makes an ac(juaintancc with the manuf.ichiro of 
pianos— namely, the extraordinarily small amount 
of skilled labour re<piisil(‘ for their production. 
'Pruc, when once the ju'ano has been put together, 
llic gre.atcsl skill and the utmost retinemeut aie 
ncce.ssary foi- tin* projier n’gulation and tuning of 
the tinislied instrument ; but, ]»rior to that slagi? 
being reached, oidy at one or two points in its pro- 
gress docs the piano in the making call for llic 
exercise of great skill and ex})(‘rienee. We speak of 
the daily work in the factory ; the designing ami 
calcnlating of im|)r«)vcmcnt'* is (juib* anoth er matter, 
and calls forth thi* powers of the engineer, mnsieian, 
and draughtsman. 

For purjiosos of con\«*ni ik c, li t us divide the 
|>iaiio itself into tiirce dislinci jiarls. First there 
is the ca.'^c, then wo linv'* the .‘•oiind board, with its 
frame and strings attached to it, .and lastly we have 
the action, or mechanism, whicli hainsmits the blow 
from the Unger to llu* string. 

Making the Case. ( asc-m.\Uing i.s a. branch 
of high-class eabinct-maUing pure and siin])lc. 
v'ertainly, tlic m.aker has to urulrrstand the condi- 
tions to wliich the ca.scs are to be. exposed, but for 
.all that it is really a liraneb of (airpeiitry. As sueh, 
we need not discuss it. bere, .save to say it is 
es.sential that the w'ooi.1 bo seasoned to perfection, 
and that, tlic mirved sidi's of grand piano, s are 
formed of a great number of strips of thin wood, 
bent and glued together, huge moulds and cramps 
being cm))loyed in the process. A close study of 
tho articles on Carpentry and Cabinet- making 
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[page f5570] xvill put the student on the right road 
to learning his calling. 

1'he <*aso being made, it has to be polished, and 
again, the section on Frenc*h Poli.shino [page 1)591 ] 
w'ill give all needful instruction. We have, there- 
fore, two main ])rocesse.s to study here, the tirst 
dealing with the material from which the sound is 
produced, and the other w itli Iho mean.s by xvhicli 
that sound is evolved. 

The Sound Mechanism. We will now 
take the portion of a ])iano devoted to the making 
of the sound. Fir.st there is th^ back, which must 
be strong, to support .sll tho material which lies on 
it, or which is atlaebed to it. At the same time it 
nm.st be of sneli a form as not to .s])oil the re.sonanci? 
in any way, for on it lies tlie soundboard, which 
forms the .second division of this part of the piano. 
On the soundboard in modern pianos we find the 
iix)ii frame, which (ak(‘s u]) the .strain of the strings, 
over which we have the strings, attached to pegs, 
l)assing over eerf ain bridges and between .small pins, 
'riiere we have the entire sound-making portion of 
our instrument. 

'I lie back, or underside, in a gi aiid piano is built 
of well-seasoned wood, sometimes of best Fnglisli 
oak, and (jeeasionally, in cheaper in.strunients, of 
beech. 1 1 consists of a. stout framework, carefully 
mortised together, with bars across at difTerent 
points. In English ui>riglit pianos these bars arc 
usually vortical, and scvi'ii in nuiiilier ; in (leriiian 
]M.iiios the b.irs run diagonally, as ^thej’ do in most 
grand pianos. Tlie obli«{ue bars arc said to give a 
smootlu*!' singing tone to the instrument, but they 
arc not eondiieive. to great durabilit y. 'lUc making 
of these bars is, it will be admit l(‘(j, merely ea.r- 
p('ntry. Tli.* ealenlat ion of their 1 hicknes,ses, .and 
1lic .s(*.|c‘et.ion of their iiositions w'ith a view' to the 
ipiality of sound desired, is tlie work of :i practical 
and tlieorelieal ac.onstieian. To tliis back, or under- 
side, is attached tlie soiindbo.ard. 

'riu* sonndlioard is ron.sl i iicled of lengths of I lie 
tin<‘st sprnci' lir, .similar to that of whi(‘h the bellies 
of violins are made. These lengths gliK'd 

together witli the greatest ('.in’, just as the helly of 
the violin is joined, and tlu* dii-eetiou of the wood 
is so aiT.anged that, w here possihh*, the entire Icng^th 
of both tlie bridges over* which the strings p.ass 
sh.all lie on .1 .single jdank. 'riie selection of the wood 
for the soundboard is a matter of much judgment, 
bar (> 1 ) its r(*sonaiicc depends the greatc'r ])art of the 
tone of tin* piano. Need we say tliat. tho wood, like 
that of the violin, must have a lone of its own ? 

A moment's thouglit will .sliow' ns that the strings 
must exert an enormous downward ])r('ssure on the 
l)ri(lg(‘s, and tlu'rc'fore wo must fasten tlie helly-bars 
acro.ss the underside of the soundboard to resist 
this pressure. Tin* grain of these bars must run in an 
o[»posite direction to that of the wood of the sound- 
board it.self. The bars ;ire also necc.ssary from :ni 
acoustic as well as a mechanical ])olnt/ of vi(*w. 
Anything like [>roper viliratioiis in tlie soundboard 
ilstdf windd he ext^cedingly undesirable, and tlicse 
bars serve to ])rcvcnt. such being established other 
than by the vibration of the string. 

Modelling the Soundboard. 
soundboard, wdien the longth.9 of pine have been 
glued together, is tlie object of the most serupiiJou"* 
care of, |)orhap.s, t he most higlily-trained man in the 
entire piano factory. Kemembcr lv)w we had to 
give a. “model” to the belly of the violin. The 
soundboard of a good piano has to bo modelled just 
as carefully. It is of n more or less convex Rlia]>(‘, 
the rise being towards the strings, and it tapeis 
gradually away in various directions, the thickncs.s 
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boing suited to the string which will lie over it. 
No tixcd rule can be laid down for this tapering, nor 
for the thickness of the soundboard at any one part, 
each maker having his own private formula, 
preserved as a secret, which gives to his instruments 
their individuality. 

After the soundboard adjuster has done his work, 
scraping, chiselling, and planing hero and there till 
the wood gives out the right ring when he taps it, 
and till his callipers tell him his thickness all over is 
right, it is covered with several layers of varnish to 
prevent cracking and warping. The varnish used 
affects the ultimate tone, just like the varnish 
of the violin-maker, and differs witli each firm of 
111 rtkojTS* 

The ‘‘Wrest Plank.” Above the lop of 

the soundboard in cottage pianos, forming, as 
it were, a border to it, and at the lowest end of that 
of grands, separated from it by a small space, is a 
massive log of hard wood, generally made of layers 
of beech or oak, the grain of each successive layer 
running across those of the previous one to prevent 
splitting. This block is also very frecpicntly further 
strengthened by a metal jdate. 

When we mention that the function of this ])lank 
is to hold the l)r?gs by means of which the strings 
are tightened, the necessity for this care becomes 
evident. It is known as the wrest pfank, and the 
j)Og.s are called ivrcst pins. 

The Bridges. Across the face of the sound- 
board are two bridges made of hard wood. It is 
through these that the vibrations of the strings are 
transmitted to the soundboard. The distance 
between them varies with the length of the string. 
The one furthest from the wrest plank is called the 
belly bridge, and is made in two parts, that taking 
the covered baas strings being separated from the 
bridge for the smaller strings. If the detached 
portion of the belly bridge is so placed that the bass 
strings have to lie over certain of the other .strings, 
then the piano is spoken of as “ overstrung.” The 
second bridge, or wrest plank bridge, is placed close 
to the wrest plank, and in grand pianos the wires are 
])inned down to it, to prevent their being in any way 
shifted by the impact of the hammer, which in this 
class beats the string away from the soundboard, 
but in upright.s drives it towards the belly. These 
bridges are firmly glued and screwed on to the 
soundboard. 

The Iron Frame. Above all this is placed 
the massive iron frame, w'hich has to withstand the 
enormous strain of the strings, a strain which, in 
large concert grands, approaches ,*10 tons. The iron 
frame is cast of the best hard metal, carefully finished 
by mechanics. It is attached to the wrest plank, 
soundboard, and back. At one end it bears the 
pins to which the fixed ends of the .strings arc 
attached. 

Across the iron frame are bars, the direction of 
which differs in almost every make of ])iano. Tlicse 
are simply mechanical contrivances for enabling the 
frame to withstand the pressure upon it. The iron 
frame is bolted into its place by massive bolts and 
screws. 

Stringing. When the piano has reached this 
stage it is taken to the stringer, who is often a youth 
destined later to become a tuner or regulator. Ho 
begins to put on the strings, placing the loop over 
the end pin and the free end through the hole in the 
'^^ est pin, which he then hammers into its hole and 
tightens up slightly. 

The strings being all in place, the body of the 
piano passes to the “ chipper up,” who is an elemen- 
tary tuner. This workman, or artist in embryo — 


for he is in the first stage of skilled work — starts to 
tighten up the string.s into some sort of tune. To 
get the sound, he chips the atring.s w'ith a piece of 
ivory, twanging them like the ' ^ rings of a mandoline. 
He dwa not start at one end ot the piano and work 
right through, but, “ setting ” a scale in the centre, 
tunes roughly from that, a.s if tuning a ])roper 
piano. This ])re vents the strain from being put 
on one end suddenly, leaving the other loose, a 
proceeding which would damage the piano. (For 
Piano Ti ninc, see page G442i. ' 

Stretching the Strings. The instrument 
having been brought into some resemblance of 
tune, a piece of board, covered willi hiather, i.s 
taken and pressed with great force up and down 
the strings to stretch them and, as far as possible, 
remove all s])ring in them. 

After this operation it will be found that the tune 
has vanished, and so the ])iano juiist ])e rc-timerl, 
being brought almost up to ])iteh. it is then left for 
a few days, and then again tuned to pitch. Four 
or five .such tunings will he ncces.sary before the 
tune will stand, and only tlien is the jiiano ready to 
be tried with the action. Thi.s chipping up is 
generally done after the back, s>undboard, and 
so forth, have been firmly screwed into the case 
which is to contain them. 

The Action. Very few piano-makers in this 
country make their own actions; mifortimately, 
most of them (le])end on the Continent for the 
supply of very .second-rate mechanism. A few 
firms, however — not half a do'mi, alas ! — i>rcfcr to 
manufacture their own, and the result is that their 
])iaiios contain sounder and better actioii.s than any 
mad<‘ abroad. 

The bulk of the action for the best English 
makes of pianos is cut out of the lincst and hardest 
French hornbeam, a wood with very little grain, 
and one which works ns cleanly as metal. It 
is little affected by moisture, and oon.se(iuently 
actions made of this material rarely stick, provided 
they have been ])roperly made. Fonu'gri actions, 
))roduced in a violent hurry and badly finishcfl, 
mati.ige to stick, even when made of hornbeam. 
H<*eeh is jisod for a few’ parts, and English oak is 
used for the action rails running right across the 
pi.ano, against which various jmrtions rest, or to 
wliicli portions are .screwed. 

Of actioms there arc many, but as examples we will 
take tw’o typical actions for upriglit pianos — namely, 
the over-damper cheek action and the under-damper 
check action, with a tape. These are named 
according as the damper is over or under the 
hammer. Of actions for grands we shall not treat, 
because, until the beginner has mastered the fitting 
and regulating of U])right pianos, ho will not bo 
entrii.sted with the more costly action of a grand. 
We will, however, indicate the ])rinoij)lc upon W'hich 
the grand action wwks. 

The actual making of tlic com])onent parts of an 
action i.s HCCom])lished by machinery, the work being 
so subdivided that unskilled labour can be em- 
ployed to an enormous extent. Thus, one operative 
will do nothing but jmss wood into the sawmill ; 
another will be solely engaged in boring holes in one 
particular part of the action ; a third will give the 
correct bend to the various w ires used, and so fortl\, 
each operation being j^erformed on machines fixed 
to an exact gauge, so that error cannot possibly 
creep in. Only when all the individual parts are 
ready to be assembled does the skilled man step in. 

Where, then, does the .superiority of the English 
action come in ? In attention to detail, and in the 
quality of the accessories which are indispensable 
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to the pro]>or making of actions. We will indicate 
one siiimII ]);n I icular. The holes through which the 
tiny wires which act as hinges for the moving parts 
of (he action should l)o lined, or ‘‘ hushed” with 
»'!oth. In C'onlincntal actions tliis is never done so 
ctUcicntly as in Knglish action.^ with the result that, 
after a time, the mechanism rattles, and rebushing 
becomes necessary if the ])iano is to work properly. 

Over-damper Actions. 'Jdic portions of an 
over-dam]>er ehcek aetion arc best understood by 
lefereuct^ to tlie aecom]>aiiying diagram |2|. It will 
be seen that there are in reality two distinct motions, 
to be accom])lishcd bv two sc'ts of 1( \ ers o])erated 
initially l)y tli<‘ }>rimarv a( tion of the end of tlu‘ key 
lever. 'I^he lirst motion is the withdrawal of the 
damper A from the string 15, by tlie combined actions 
of the dannar lever (’, which is hinged on to the 
dumper tlange I), and c]ie( kcal in its tiini by the 
damper rail JC, to which also the (langc is s(“re\ved. 
All flan ges and ])arts screwed to fixed 
rails are f.ispMU'd hy one scrrwv oiily, 
but, to ])rev(‘nl them from shifting, arc 
jirovidetl wilh a gioove across them, 
into which tils a raised b(‘ad on tlu; rail. 

'rhedamp<‘r lever is lifted by th(‘ (lani])er 
lifter F, moved by the dam|)(‘r wire (J, 
which ))ass(‘s through the hase of the 
end of tli(‘ jack rocker If. Tli,e wire is 
free in its hole, and has its Initton 
screwed upon it, on whieli the jack 
rocker ]ii‘csses to lift ii. W'luMi tin* 
sustaining or loud pedal is pressed, 
by an arrangiMiient not shown in the 
diagi’am, (’is lifted, and so thedamiM'rs 
are moved away from the strings. Tlu‘ 

(“nd of (1, being loose in II, en.ibles tlu* 
jack rocker to movi‘, when the' k(‘v is 
struck, without affts-tiug the clammier at 
all. At the knob sliowu ou tlx* lower 
])art of tlie jack rockc!-, a rod is fixed, 
wdiieh is pushed u|i or down liy the 
dirv'i't act ion of the kt'V. 

'riu^ jack r(M ker may then be eori- 
sidengl as tlu' junction of lh(' two 
systems of lev(‘rs. It is hinged by 
means of the jack rocker flange I to the 
hammcM- flange rail d. Almost above 
I he lowej’ ]jr()tubcrance in the diagram 
is lixed the jack flange K. carrying 
the ja< k L, the upper end of which iiresses on the 
hammer butt M. 'riie bamim*r butt is fixed to 
the hammer Hauge rail .1 by the hammer tlange X, 
and ou l)eiug push(*d upwards by the jack, tilts the 
hammer (). carried by tlie sluudc P, against tin* 
string 15. 'I'lie little hpriiig under foot of the 
jack is to k(‘ej> that part (dose against the 
hamnuM* bull, and th(‘ jack is prevented from 
(‘omiiig too far foiwvard by tin* jack elmek rail (^, 
seen in S('etion. 1’he felt ofi this rail is adjustalile 
by means of a screw. P, S, T, V, and V' form the 
check system, and are named ivspeetively the back 
check sliank, th(‘ back check. th(‘ back catch on 
which the back check hitches wlicn llu; hammer is 
far enough forward, and which rcgulatis tin* 
icbound after a stroke— (he slirrii]) w'iie, and the 
<api‘. 'The tap(‘ keeps the hammer from going too 
far forward, or from sticking close to Ihc string after 
the key has been raised. W is (lu‘ ('S(‘apemcnt rail, 
with screws and Imitons for regulating, and X is 
the hammer rest, covered with ])adding against 
which the hammers lie. 

Each of these distimH parts is made se])arately, 
and only assembled at the last minute. The curved 
and sha])ed jiieces of hornbeam are iirst of all planed 
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to shape with moulding ]danes, a wdiolc strip some 
6 ft. long l)eing dealt with at a time. This is then 
cut iiji ink) scelions by means of a revolving saw 
driven at very high speed, 'rhe sunk grooves, 
w'hei’c the joints work, arc then cut to a r(‘guli\r 
dc.j)th by another machine eutter, the depth being 
regulated by gauge. After this, th(^ holes for the 
pins are borc(J, and then the holes are lined or 
i)ushed. 

Lining the Holes. The bushing is done in 
this way. A strip of su])erline cloth, known as 
“ Mechanics’ Cloth,” and costing about 2 ()h, a yard, 
is prepared of such a width that if forced into the 
Imle its edges will just uu'ot. These strii)S are 
cut by machines. The strip is rolled u)) spill- wise 
and the ])oint drawn through a hole, and then 
ihrough a second, and so on, till the strip of cloth is 
threa(l(‘d through as many i)ieces of bored wood 
as w ill go U))0U it easily, dust as the cloth is drawn 
througli the outside is slightly smeared 
with paste, to lujld the* bushing in the 
hole. When the strij) is full, the various 
sections of wood are Hej)arated from 
one another by cutting the cloth with a 
sharp chisel, and when the edges ar(‘ 
trimmed the holes arc all neatly bushed. 
1’he bushing is tluai just o}K'ii(m 1 for the 
j)in by means of a iiccalh*. d’hc shanks 
arc Jiiado' by drawing strij)s of W'ood 
tbrougli a revolving series of cutters, 
(be strip oiiu'rgiiig as a, round stick, 
whicli is subse(|U(u\lly saw'ii up* into 
lengths. 

'riie bas«.‘ of the hammer butt, whore 
lilt' jack impinges, and the face of the 
back cIkm Iv are faced with very fiiu* 
doe skin. This skin is far better than 
she(‘i) skin, wbicli is commonly used 
abroad. It must b(^ shaved down to 
one regulation "thickness before being 
cut into strij)s for the purpt^sc of being 
gliK'd into ])laee. It is often advisable 
to fasten a ])i(.‘eo of thick fedt or clotli 
ludiind corners covered wdth this leather, 
as 11 h“ shock is ther(‘by softened, (lx* 
and (lx‘ life of tlx* 
The felt for 

(he hammer head is woven specially to 
a ta})er, and only reiju ires bending and 
gluing into position, being ]»ressed down with 
heated cuivecl irons. 

Fitting the Action into Position. 

AVhen suflieient sections have been collected to 
make u]) an aetion a fittt'r builds them into ])ositi()ii, 
hy screwing the various llanges on (o the raik 
attached to the action franx', wdiieli is madt' to lit 
(he ))arti(3ular piano (o be (Ximpleted. Tlmn lx* 
sees that each individual action works smoothly, 
and by means of (lie regulating screw's gets all the 
levers (o have about the right amount of })lay, 
leaving the linal regulating to the expert later on. 

Ill another part of the shop the keys have been 
saw'n out. and the ivory or celluloid attached. 
Ivory, of course, cannot be bent, but celluloid can 
be bent by heat, and thus made to cover the toj) 
and ends of the keys. The hohxs for the pins and 
pivots are bored by nniehinei’y and the portions 
of the keys which play on the rod of the jack 
rocker burnished witli black lead, or covered witli 
felt oi' lea tiler, according to the method employed 
hy the particular maker. Then the keys liavc 
holes bored in them and lead w(‘ights inserted, of 
Huflicient size, to nearly balance the entire key at 
the fiivnt when in contact with the action and the 
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luimmcrs lying back. The damper lever of over- 
damper pianos is also generally weighted, to ensure 
the dami)er falling forward on to the string as 
required. These weights are cast so as exactly to 
tit- holes bored in the wood for their reception. The 
litting must be done very neatly, lest a rattle should 
be set up. 

All these adjustments having been made, and the 
keys placed on the key bed, and brought to a 
|)roper level by means of washers, or punches as 
they are sometimes called, placed under tlie keys 
round the pins, the action can be placed in ])osition 
in the piano, and the instrument handecl over to 
the regulator. At this stage the rail which is to 
lift the damjKJrs is connected to the pedal levers 
which have been fitted inside the case, and the 
damping felt can be attached to the action, if the 
soft pedal is to be operated in that manner. 

Under«damper Actions. The imder- 
damper action, which we illustrate 1 3), is ver}^ similar 
<o the over dam])cr, save for the acdual damiung 
arrangements. The lettering of the hammer aiul 
( heck mechanism will, therefore, remain the same 
as ill the previous illustration. Tlie damper alone 
will claim our attention, together with the means 
of operating it. 

In this action it will bo noti<‘ed that the damper 
is inside the hammer mechanism, and the damper 
l(‘ver, which is in one ])iece, and marked A. is 
operated by a portion of the jack rocker on the 
Opposite siffe of its hinge to the hammer mechanism. 
Did the end of the jack rocker touch the end of tlie 
damper lever, then, when the key was dcjiresscd. 
the end of the rocker would fall away from the 
lever. This would not work the daiiiiier. Tlui 
rlampor lever is attached to the hammer tlaiige rail 
hy the damper llaiigc C, and the lover has a small 
spring bearing against it, just sufficiently hard to 
]>ress the damper firmly against the spring. The 
cud of the lever, near the rocker, is covered with 
fiiK^ leather, and sticking ujiright in the end of the 
locker, lying close to the end of tlu' lever, is a small 
metal rod, flattened out into the slia])e of a spoon. 
This is marked Y. 

By means of a screw passing through the bottom 
of the lever the leather facing can be made 
cvactly to graze the smooth surface of the spoon 
vhen the lia miner is at rest. If, now, the jack 
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rocker be lifted by the depressing of a key, the 
end of the rocker beneath the lever will fall, but in 
fio doing will thrust ihe spoon a little forward. 
I he forward movement is not very great, but it is 
sufficient to enable the spoon to press against the 
leather-faced end of the lover, and so to lift the 
damper off the strings. On the key being released 
the spring returns the damper to the string. In 
this class of notion the loud pedal mechanism may 
he of any kind whicli wdll press the entire set of 


dampers back from the strings a fraction, and may 
operate either above or below the damper flange. 

Actions for Use in, the Tropics. There 
is a new pattern action, which has recently 
been invented, for fitting to instruments intended 
for use in hot climates, w'hich is excessively 
simple, wdiilo at the same time it is most efficient. 
In it the key acts directly on the jack rocker: 
the jack is very long indeed, and carries tw'o ])ro- 
jections on it. at an interval of about l.l in. distant. 

^ The lowTr one opc- 

rates an over-damper 
^ action of the jiattcrn 

shown in our former 
^ ! I diagram. The inner 

' j p’ _ I (^ \ 

n ! a /jii K the back catch, which 

// in this case has the 

// ^ -I felt facing outwanls. 

Q // The hammer butt 

\\ Jf carries the hack 

I / A chock, W'liich is on a 

o / 7 ) back catch, and with 

l|~n L ! leather facing 

I 1 L y turned inw'ard.s. The 

top of the jack acts 
11 r \ (\ u ^ direct on the liainiuer 
^31, \ \ V ..-1 II butt. By this means 

.11 Hi d w'ill be seen that 

k; ‘iJC" . the friction, and 

' 1' I ' consequent sticking 

points, are brought 
3. UNDER-DAMPER ACTION minimum, and 

IFov cx]>lanation, see textl there is much less 
padding for insects 
to destroy. The touch of these frietionless pianos 
is very delicaite and they arc fast bei.'oming jmpiilar. 
In place of a tape, a small loop is attached to the 
liainmer butt, and this hooks into a curved spring 
fixed in the upjicr part of the jack, the sjiring 
sci ving the double })urpose of pulling th(‘ hammer 
hack, and kec])ing the jack close up against tiie 
butt. 


Grand Piano Actions. The actions of 
grand pianos, ns we have already said, are ex- 
ceedingly complicated, but- the ]>rinciple which 
underlies their construction can be gathered from 
our diagram [ 4 ], which rc])resents the action of 
an old s(|uare ])ifino. It will he noticed that the 
key itself carries the back chock, and the back 
catch is a prolongation of the hammer head in a 
downward direction. The jack rocker rests directly 
on the key lever, and the oscapement lever, with 
its button and screw, also acts on the key, and, as 
well, on the set-off button attached to the escajic- 
ment rail. The dam])er, which is above the string, 
may Ixi raised by a wire fixed into the key lever at 
any ])oint between the rocker and the back check. 
The ]iarts are the.se : 

A is key lever ; B is back check ; C is back catch ; 
D is hammer head, and K hammer shank ; F is 
hammer butt ; C is hammer flange ; IT is hammer 
rail ; I is jack, with spring and silk loop passing 
through jack or round it and attached to hammer 
butt ; K is jack rocker ; L is escapement lever and 
regulating button ; and M is escapement rail with 
regulating button, or set-off button. 

Regulating a Piano. The first thing the 
regulator docs on having a piano handed over to 
him for adjustment, be it old or new, is to see that all 
the keys are perfectly level. If they are not, he 
places paper or cloth punchings, or wads on to the 
centre pin till all are exactly level. This will not, 
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as a rule, be necessary with a new piano, but it is 
mentioned because it ficfjuontly has to bo done to 
old instnitnents. Xf the keys arc too loose on the 
front holes the oval guide jiins can be turned a 
litlJe till they have free play, but are not able to 
shake. The depth of the touch is then tested. It 
should be about y in. deei) in the middle registers 
and about in. deeper or shallower in the bass 
and treble respectively. The correct de])th can be 
arrived at by j)lacing cloth or punchings under the 
middle rail to make the touch dce|)cr, and under 
the back or front rail to make it shallower. 

The Position of the Hammers. The 
regulator next sees that all the hammers are level 
and properly spaced, so that they .strike the strings 
fairly. In a new ]»iaiio, made with an Kriglish 
action, he >vi)l not find alteration necessary ; but 
w hen a foreign aetion is lit ted, he may have to .shift 
one or two hammers a little, '.riie jacks must next 
bo adjusted close under the notch in the hammer 
butts, and this i.s done by turning the regulating 
screw's: but the jack must not be raised loo niueli 
or the note will fail to repeat in rapid ])assages. 
The proper position is immediately under the notch, 
just touching it lightly, so that the slightest touch 
on the key raises tlie hammer. 

Next, the “ set-olf ” must he .seen to. 'riie set-otf 
of a note is the distance to which the hammer is 
laised by pressing down a key. In a pro])erly 
regulaletl ]>iano the liammer .should advance to 
within a (piarter of an inch from the .string in the 
centre notes. In llie bass it should he rather farther 
away, and in the extreme treble a little oloser. Only 
experience can t<‘aeh the exact ideal ])Ositions. 
'l?ho set-ott is regulated by turning the regulating 
screw with a small hook till the hammer advances 
the proper (lislance. 

That (lone, the hack cheek and catch must be 
arranged I>v l)eiiding the wires till the cheek just 
catchc.s the hammer and holds it for a Hecon<l wdien 
the hammer rebounds from the string: this is to 
eiiahh; tlie jack to recover itself and get into the 
notch hene/ith the hntt again. At the same time the 
chock and catchc.s must he adjusted sons to prevent 
the hammer froju falling hack loo far from 
string. About twice tlie distance of the .set-olf is 
correct, though .some make the hammer.s fall back 
to .5 in. all ov(*f the register, 'Hiis must be ])ropeilv 
adjusted or else the ])iajio will not rcjieal with 
accuracy. 

The <l;im per action must next be seen to, and in 
an over-damper the. wires should he ndjustc*! by 
iurning the buttons so tliat there is a play of 
about in. between the button and the end of tlie 
jack rocker. In under-dam^ier actiinis the dampers 
do not often te<juire touching, being adjusted in the 
.shop. If. liow'ever, the dampers do not lift readily, 
or if they lift too much, the screw which pa.sscs 
through the lever end and jiresses the felt or 
leather out towards the spoon can bo turned till 
the (l.un]>er is correctly moved by the depression of 
a note. There should lu; a littl(! space between the 
spoon and the lev(‘i’ tail wdieii the action is at rest. 

Next, the action of the ])(xlals must be seen to, 
and any friction overcome by the use of a little 
hlaeklead. When all works smoothly, it is time to 
sot about tuning the ]u'ano, be it old or new% in 
real eainost. 

THE ORGAN 

Organ building is a brancXi of the trade by itself, 
ft is sometimes held to he the highest hranoh, but 
only on the gi*oun\lvS that the organ i.s the largest of 
instruments, for though the wont in organ building 
must bo accurate, the same exactitude in measure- 
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ments is not nccossary as that essential in making, 
.say, a violin or an oboe. The organ builder, how - 
ever, must add to his other qualifications that of 
an engineer and architect, for he has, as a rule, 
to build his instrument to fit some selected spot, 
and cannot make his instruments t^o any icgiilatiou 
.sha|)o or pattern. The trade is of such magnitude 
that we shall not attempt to do more than indicate 
the general principles followed., and we shall have 
to assume tlmt the reader is a tirst-elass caiqumter 
to start with. Such he can become by studying 
the articles on that subject in this work (see 
C.\rpknthyJ. 

The organ builder, let us assume, ha.s received a 
sj)ecifieation for an instrument to be eonstriicted. 
The specification is a list of stops required, of 
imx'hanical accessories, and of metliods of blowing, 
and so forth. 'Phe first thing to do is to plan out 
liis organ, after taking mea.siirement.s of the spac(' 
which is at lii.s dispo.sal. Let us suppose that tlui 
.'il)ace to contain the instrument is am])le, so that he 
can build to suit himself to a large extent. 

Now’, an organ consists of ])ellows, a w'indchest, a 
soundboard, action for letting the wood into any 
particular pi])e when the key is dcjircsscd, and 
mechanism for bringing various sets of pipes into 
use, and, lastly, the pipes themselves which give 
the notes. 

The Question of Size. The size of the 
organ de])ends on the number of pipes to be used 
that is, on the .stops witli wliieh it i.s to be provided, 
and, if pro])fT space is ])ermit(ed, to avoid any mak(‘- 
shift arrangements, the general .size of (he organ will 
be regulated by the size of the soimd))oard, or sound- 
boards, for the ])i]>es stand on the souudhoard. 'I’Ik* 
organ maybe entirely built on one very large sound- 
board, th(5 great organ pi]>e.s being at the back and 
sides, the swell in the middle, covered by the swell 
l)Ox, and the choir, if there is one, in the c(‘ntre aiul 
front.; or each of these mannals, wdiieharc in reality 
.separate (organs, may have its own soundboard, as 
do the ])edal pi])es in most organs. So I lie organ 
builder, knowing the dimensions of the pi])e.s of 
each stop, sets to work to niakc! careful drawings of 
his soundboard, and .so to arrive at the nee('.s.sary 
measurements for it. Around this .soundboard, or 
number of .soundboards, the organ is built u]». 

The Pipes. The pipes of an organ are of two 
main classes — namely, wood and metal. The latter 
are divided into flue ])i])es and reeds, accord iug as 
their tone is jiroduced by a whistle-like moiitb piece 
or by a vibrating reed. The metal ])j])es are made 
by a special class of workmen, and are to be bought, 
or the organ builder makes his own from the sheet. 
They all have, the familiar form, and differ only in 
Nogth and voicing. Tlu? wooden pijies arc also of 
two classes — namely, stoiiped and o])en. A stopped 
pi]»c gives the same note as an open jiqic of double* 
the length, and, as a rule, the stopped diapason is the 
mo.st bulky of the slops placed on the main sound- 
boards. Tliis set of i)ipes, then, i.s first of all aranged 
for, and tlien tlie rest of the board divided up to 
suit the remainder of the instrument. 

How a Wooden Pipe is Made. Makin;^ 
a wooden ))i])c is sinqily a matter of g(3od carpentry, 
llio ])arts are these : A foot, which is a conical, 
wooden tube, turned in a lathe and bored rigid 
through; a block, which clo.ses the lower end of (lie 
jiipe, and into which the foot conveys the wind («• 
a channel cut across it; and a. tube, formed of tluee 
pieces of board fastened to the back and tw’o sides 
of the bloc^k, and a fourth with a bevelled edge 
attached to the edges of the two sides and coming 
just down to the top front edge of the block; and a 
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cap, which is a block of wood the size of the block, 
only broader by the thickness of the two boarils. 
This has a wedge-shaped depression cut in it in such 
a manner that when applied with the hollow side 
inwards to the face of the block the thick en< I of the 
wedge may receive the wind from the channel and 
distribute it across the bevelled lip of the front inpe, 
producing a note. These arc glued (ogclher, save in 
very largo pipes, when the sides may b(‘ screwed to 
the block, and also the cap screwed on. In stopped 
pipes there is also a stopper wiiieli, wdien covere<l 
w’ith leather, exactly fits the interior of the tube. 
This stopX)cr has a handle which enables the tuner 
to pull it in or out at his pleasure. 

With minute variations, all w'ooden pi])es are 
constructed like this, though some have sides like 
inverted pyramids, and one or two rare stops have 
actual pyramidal pipes. 

The Soundboard. The soundboard consists 
of a shallow box, divided internally into as many 
transverse grooves as there arc notes on the key- 
board, or pedal board, as the ease may be. The 
T)ipes stand upon holes bored through the top of the 
box into these channels. The top of the box is 
made of two layers between which lie long stri]»s 
of wood at right angles to the channels beneath, 
and directly under each set of pipes. The holes aie 
bored right through tho two layers and the strip.s, 
and thus it is clear that any wind in tho channels 
can pass into the pijios above and make all sound. 
But if one or more of the la 3 a^rs be pulled out, or 
pushed in for an inch, a plain portion of the wood will 
inlorvcne between tho two bored layers, and th(‘ 
entire range of pipes standing above the layers thus 
shifted will be silenced. The drawing out or pushing 
in of those slips is controlled by (he stops; when the 
stop is Y)ullcd tho valves are opened, and closed 
w’hcn the stop is pushed back. In making this 
arrangement, tho joinery must bo perfect and the 
intoreopting sliding parts accurately fitted lest (he 
wind escape, and the tone of tlio organ .sufVer. 

Tho upper table of the soui\d-l)Ox is eonvcnientlv 
made from sound boxwood, and the bars forming 
the sides of tho grooves of good pine, 'I’lio .slips of 
wood which govern the admission of air to the 
ranges of pipes are cut from good ])earwood, or oilier 
similar hard wood. They are termed sliders. Between 
each ])air of sliders are strips of wood to ]>rcvent the 
air passing to a neighbouring set of pipes. These 
are termed benrrr.<i, and are glued between the two 
upper boards. It is needless to say that the u])]>er 
boards need not be of tho entire size of the sound- 
board proper, but ma 3 r consist of a sci ies of shallow 
boxes on tho itO]) of tho soundboard, w ith the sliders 
»niul bearers enclosed within. This is a saving of wood. 
Also wo need not point out that the u])]»er ])oard 
and sliders for small stojis need not be as large as for 
heavy bass sto])s, such as those of lb ft. ]>itch. The 
holes are bored through the boards, sliders, and 
soundboard with good een ire- bits or augers. 

'I'o su])port the pi]:)es a cei taiii number of rack 
boards have to bo prO))are(]. These take the strain 
oft’ tho soundboard, and serve to maintain 
pipe in an upriglit position. 'The holes in the rack 
hoai’ds have to be very much larger than those in 
^he upper board, because they are eventually 
fixed on legs 5 in. above the upjier boards, and so 
have to sustain the pipe, gras])ing it by the thick 
end of the conical mouth. Only the extreme tip 
enters the upper board. All holes are best scorehwl 
with a hot iron after being bored. 

When tho holes are bored, the interior.s of the 
channels are well araenrod with tJiiii glue to close any 
haw which may have been started in the process of 


boring. Tlio sliders and boxes in which they work 
arc best buniisJicd with blaekload, and pins should 
be sot in the slider cases to ensure the slider only 
moving its proper amount. 

The Wind Chest. The wind chest is a 
shallow box, about 4 in. deep, or more, according to 
the size of the organ, attaeherl to the under side of 
tho soundboard. It is directly eomicctcd with the 
bellows b^Miieans of the wind trunk, a largo wooden 
tube. This box contains the mechanism by which 
the wind is admitted to any of tho chamiejs in llic 
.soundboard, and Ihcncc to any ])ipe, for it will b(‘ 
remcmbcjed that tlu're is one channel to caih of 
the fifty-four notes of the keyboard, as well as 
one channel in the [)cdal soundboard for each of 
the pedal notes. 

'riie width of the wind chest is governed bv' the 
length of the pallets which are to cover a groat 
portion of the soundboard channels cruilost'd 
therein. The pallets are tlie wooden doons, with 
leather hinges which close the channels normally, 
and which are pulled downwards when a note is 
pressed. The back of the wind chest is usually 
made of a very stout bar of timber, called tho wind 
bar. which helps to support the soundboard and 
enables it to bear tho woiglit of the pipes. 

The Pallets. To each channel is fitted a 
pallet, freely movable, but capable of fiunly closing 
the portion it is destined to cover. It is ko])i 
elos(‘d normally by a w ire spring, one eml of which 
bears on a bar rimuing the whole length of the 
wind chest, and the other on the surface of th's 
pallet. The face of each pallet is covered with 
leather to ensure better closing of the aperture, and 
a ring or hook is attached to each which eventually 
is eonneeted wdth the action of the organ. These 
rings arc ]>laeed 14 in. from the end of each pallet. 

The bottom of tlie wind chest has to be bored at 
a number of spots exactly under tho pallet rings 
and through the holes wires, known as puU-doivus, 
have to pass to open the pallets, but at the sauu' 
time the wind must not be allowed to escaja* 
tlirough these borings. 'I'liis is eft'eeted by fastening 
a ])ie<M‘ of brass on the inside of tie* bottom board 
of the w ind chest, with holes in it exactly of the size 
to t/Tk(‘ the ])ull-down wires; and along tlie edges 
of this brass slips of wood ai'(‘ glued to prevent 
any wiiul escaping ben(*ath it. I'lie ])ull-dow'n 
wires are then })assed through tlu^ board and the 
lirass ])late, and the ends attached to tho pallet 
rings. 'The pull-dowms must work very smoothl,y 
and never stick. All this being arranged, the open 
))orlions of the channels on the soundboard 
wliicli are not covered by the pallets are covered 
iu bx*^ gluing sheepskin or parchment over them, 
making an air-tight joint. T'he front board of 
the wind chest is made removable, to enable the 
]>allets to be got at if necessary, but its joints must 
be made ])erfeetly air-tight. 

'riie bellows are not difticult to nuakc. The form 
consists of thn'o main boards for (‘ach bcllow's — 
the middle, to]> and feedt'r, as they are termed. 
There are also a number of thin ])latcs of w'ood, 
known as ribs, to strengthen the sides. The whole 
are united by gussets of skin, and by leather 
hinges. The feeder must have ample room for 
play, according to the size of the organ, varying 
from 10 in. to nearly 2 ft. 'I'hc upper pari of 
the bellows, or reservoir, muiit also have the same 
ainoimt of ]>la 3 % or ]K)ssib]y a little more. The 
middle board must bo a little longer than the 
other two, so that its ends may rest upon the 
frame of the organ. It is the immovable base 
upon which the bellows w'ork. 
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The middle board has a shallow box, some 4 iii. 
deep, or more, affixed to its upper surface, or the 
same size as the top board. This is to enable the 
wind trunk to be attached to the reservoir, and is 
called the trunk band. In the reservoir there are 
sixteen ribs, and in the feeder only six, and of these 
last the long ribs are triangular in shape. The 
reservoir is made in two stages, the ribs being 
carried on a light frame the same size as the top 
board, and the folds are therefore double. 

Valves. An opening is cut in the feeder 
board for the admission of external air, and in the 
middle board for the transfer of this air to the 
reservoir. Little bars arc fixed across these 
openings, converting them into gratings, and valves, 
or “ clacks ” of white leather are attached thereto. 
The valves are best made of two thicknesses of 
leather glued together, and fastened at the edge 
by a slip of wood and a few brads, thus being 
firmly held down to the boards. They should 
fly open at the slightest pressure, and close quite 
flat. A valve 4 in, square should be made in the 
top board, opening inwards, and held closed by a 
stout spring to jirovcnt over-blowing. This is 
ojiened by coming in contact 
with an iron rod when the 
reservoir is over-distended. 

The wind trunks arc reet- 
aiigular wooden tubes, with the 
joints covered with leather to 
stop all leaks. 

The Action. The essentials 
of an organ action can best be 
learnt from the accompanying 
diagram [5]; but it must be 
remembered that in nearly every 
organ various additions have to 
be made to these plain essentials 
on account of distance of sound- 
board from keys, and so forlli, 
for it must be remembered that in an organ with 
more than one manual, howev(*r the pipes may be 
arranged, each manual must have its own })erfoct 
action mechanism, 

AB is the keyboard, balanced on a pin rail 
near its centre, and has a pin, C, passing through a 
little mortise. Another pin keeps it in its place. 
E is a sticker, or light rod, which pushes, having 
wires at each end by which it is connected to AB 
at one end and to F, a backfall, or lever, at the 
other. F works on C3, a backfall bridge. The 
other end of F, opposite to the sticker, is attachwl 
to H, the pull down, which is seen passing into the 
wind chest, and fixed to the pallet. This is the 
bare outline of the simplest jiossible action. 

The necessary transference of motion in organ 
actions often necessitates the employment of reals 
which pull, which are then called trackers^ and 
also of levers of angular form, turning between 
j»ins. These in their simplest form consist of 
rollers with arms projecting from them, and are 
called rollers^ the frame in which they arc fixed 
being known as the roller board. 

The mechanism of the stops varies as much as 
that of the keys, and depends upon the position of 
the slider which has to be drawn. It resolves itself 
into a series of expedients for transferring the 


5. ORGAN ACTION 
(For exi)laiiation,sce to\t| 


case may be, at any given spot, and in this trans- 
ference use is made of roller boards, trackers, and 
stickers. Only a little ingenuity is necessary to 
work out a scheme for any particular stop in any 
given position. 

The i>cdal action is only a strong copy of the 
manual action and calls for no si)ecial comment. 

Voicing and Tuning the Pipes. The 

voicing of pipes is the highest branch of the organ 
builder’s craft, and cannot be taught save by 
practical instruction and by experience born of 
B})oiling many valuable pipes. The slightest touch 
on the lips of a pipe may entirely alter its character. 
The tuning of organ pipes is difficult, but not so 
difficult as voicing. The tops of open pipes are cut 
down, a strip being taken out of the side till the 
right ])itch is arrived at. Stopped pipes have their 
stop]KTS ])uslicd in or pulled out till the desired 
result i.s attained, while leeds have the steel or 
brass rod which controls the reed knocked in or 
out to flatten or raise the ])itch. It may be meu- 
tioiicd that two persons at least are necessary to 
tune an organ, one to manage the keys and tlie 
other the acdual alteration of the pipes. 

Reed Organs. Reed organs have 
bellows of two classes. In American 
organs the wind is drawn through the 
tonguod reeds into the bellows and so 
discharged into the air; in harmoniums 
the wind is forced through the reeds from 
a wind tdiosi filled by the bellows from a 
,.eviorvoir, as in the case of an organ, 
’riie nuiking of the bellows in both only 
differs in the position of tin* 
^ valves, the one having the feeder 

- jj with its valve to lake air from 

the reservoir and deliver it 

outside, while tlie other has its 

valves in the reverse position. 

Tlie sjiring which governs tlie 
reservoir is also reversed. 

The reeds themselves in an American organ 
are in a frame from which they can be drawn 
by means of a hook. They artis tuned by scraping 
them, at the point to raise the pitch and at 
the base to flatten it. Their voicing is accom* 
})lishod by giving them a slight curvature. Har- 
monium reeds are fixed at the bottom of wind 
tubes leading from the w^ind chest, which rests on 
the toj> of the reservoir, to the j^allets. They are 
screwed down. Their tuning is accomplished in the 
same manner as that of American organs, but they 
do not lend themselves to such varieties of voicing, 
the ])Ociiliar qualities of tone being obtained bv 
variations in the wind tubes, which receive tlic 
vibrating column of air. 

Miscellaneous Instruments 

The accessories of the great family of orchestral 
instruments form a very small branch of the calling 
of musical instrument maker. The kettle-drums, 
which arc really musical instruments, arc built 
up from co])per, or sometimes silver, sheets, into 
u form nearly hemispherical. The cubic capacity 
is accurately calculated for the note which the 
norma] kettle-drum is to emit. Cymbals are beaten 
out of hard brass, and require much skill in timing. 
The size of the central depression has to be accu- 
rately gauged or a pure tone will not result. 


pull at the organ bench to a jiull or push, as the 

Musical Instrument-Making concluded; followed hy The Business Side of Amusement 
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Making Mattresses and Bedding. Hangings, Carpets, and Linoleum 
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T he work of upholstery may ho tlivklcd into two 
classes — that wliicli comprises the stuffing of 
(diairs, sofas, and other articles of furniture, and 
that which concerns the arrangement of hangings. 
The former class demands chietly the exercise of 
manual skill ; the latter affords greater scot)e for the 
artistic faculties. We shall consider first the former 
class — that of furniture stuffing. 

Upholsterer's Tools. The tools of the 
upholsterer are not numerous, 'rhe hammer used 
is light and of j)eculiar shape fl]. It usually has 
a claw at one end of the long head. A claw 
h a m m or of 
American oi 
Canterbury 
shape I see page 
:}38S1 is also 
11 s e (1. T Ii e n 
there is a 
siiccial form of 
pincers used for stretching cloth (2] and sundry 
accessories such as ujiholsterer's nooilles, scissors, 
light or heavy according to the work in jirogress, a 
mallet, a bradawl, a ripjiing chisel, a screw driver, 
a ])air of compasses, a rule, and perhaps a tape 
measure. The needles used by upholsterers are of 
special forms. The ordinary straight or bent pack- 
ing ncodlo is used for rough sewing. The proper 
upfiolstercrs’ needle is an instrument from 8 in. 
to 10 in. long, iiointed at both ends, and with an 
eye near one end. For stitching up and mattress 
work a sjieeial needle bent to the shape of a semi- 
circle or crescent shape is used, ft has one sharp 
(Nul only, the other end containing the head. 

'rhe stud gauge is a small hand tool somewhat 
resembling a miniature daisy fork. 'Phe ])rongs, 
winch are three in number and cuiuidistant, airc used 
to mark the ifiaccs for the brass chair n.ails or studs 
|)ut in round the edges. F'or ordiiuvry studs - say 
il ill. in ‘<izc — the prongs arc usiudly J in. apart. 
WVb stniiners, whicb are used to stretch the webbing 
tight Iiefore tacking it into place, are made in several I 
forms, aind one or other must used if good work 
is to be done. The iijiholsterer’s regulator is a pointed 
instrument slightly curved at one end and hafted 
ait, the other ; it is iiseel for working the stuffing 
into the corner'=J during the stitching u]). The 
stuffing stick, which is used for nnittress making, 
niaiy be made from a piece of hardwood about 
30 in, long. One end is made fish-tail shajar, aind 
tile remainder is rounded to make it convenient to 
hold in the hand. 

A hair te .sor is a matihine which inaiy he instadled 
hy the \ipholsterer. Its chief vaduc is in repaiir and 
cleaming work, but it U used also to o|)en out 
haiir-stuffing from the rope in which it is bought. 
Flock and Imir may adso be teased by the use of haiui 
carding combs, two fiat boards thickly set with teeth 
•■•nd caused to move backwards aiiid forwards with 
the material between, thereby teasing it out. 

Upholsterer’s Material. The materials 
Used by the upholsterer are limited in numbiii*. 
Epholstercr’s springs are used for the interior of 
chairs, etc. Their manufacture has been described on 
jingo 5173, but the upholsterer never makes them 
himself. The usual sizes used are 5 in. for the scrolls 


of couches, t) in. for small chair seats. 7 in., 8 in., and 
10 in. for couch and .sofa seats and backs, and for 
easy-chairs. Chair webbing, or girtli webbing as it 
is sound imes called, is u.sed extensively. It is from 
1 \ in. to 3 in. wide, and is an inextensible band of 
strong, closely- woven canvas, 'riicii there is thick 
canvas for covering the springs, twine and .s(‘rim 
for covering tlic hair for first stuffing. Tacks lunl 
gimp pins — a small variety of tacks — are also used. 
.•\)»art from these there are only the stuffing material 
and the covering material. 

Stuffing Materials. Tlio several materials 
used by the upholsterer for stulling we shall de.^eribo 
brielly in catalogue order. 

Horsehair is still an important tilling matiwial 
used by the u])holsterer. It is supreme from the 
point of view of elasticity. The best ipialitii's are used 
for filling mattres.se.s, medium fpialities for general 
work, and the rfieapest varieties for rolls, or tor 
inferior wank. Jt is usual to lay belwTcn the hair 
and the covering material a layer of wadding, w'itli 
its soft side towards the hair. This takes away the 
liarsli feeling of the hair, and it also ])revents the 
liair from working through the covering material. 
Hair is sold in rope form, and it must he. teased out 
before being used as stulling. Sometimes this is 
done by hand, as the imu him^s used for the pur])ose 
are alleged to break the. hairs, hut niaehines are 
generally ein)>loy(‘{l. The maehiiie used hy uj). 
Iiolsterers in this country is a rotary machine 
consisting of a roller covered with spikes tliat tear 
the hair from the rope form. 'Pho niachine (un- 
ployed on llu^ Continent eonsist.s of a swinging 
<|iiadranf i’urnislied al.so with teetii, tlie tlinisl 
and ]mll working of the ojierator separating the 
hair as it is jias.sed through. 

Feathers an^ used as a tilling material ehielly 
for maltre.sse.s. It is a mistake to use too cheap 
feathers, as they are not relit ivi'ly so idieap as 
price w'ouhl indu'ate; the better feathers are mon^ 
<‘Ia.stio and fill more 
space, hence a smaller 
Huantity suftices, 
Habbit down is 
2, STUAININCJ i’lNC’ER.s sometimes used as 

stuffing for very 
(•help work, but it is freipauitly verminous, and it 
is now s(‘l(lom demauded. Flocks are eomiiKm 

sfulfing mati'rials, aud may be had in a wide range 
of ijualities, and at juices from Ud to lOd. per 
pound. 'Phey are tlii^ w’astc of the weaving factory, 
the best being waste from line wool, and the lowest 
grades coming from Hie sert‘ening of cotton-cleaning 
maehine.s, 'Phe best sfulfing wool is white w'ool, 
which li'is a good curl, aiul is very clast ie. It do^ s 
not mat easily, an<l this is the factor of jiriine 
imjiortaneo. 

Flocks arc .sold in hags usually of 50 lb. or 50 lb. 
'Pheir lield is eliitdiy for cheaj) work, and only the. 
washed varieties ('’iglit to be used. The iijiholsterer 
may save, money by introducing chcaji materials 
as .stiifiing, for (ho work is not ojien to inspeelion, hut 
this is fatal to a good reputation and a permanenf 
eonneetion. Among lb' vegetable fibres used for 
filling — chiefly for cheaji work — are cocoa fibre, 
Arexioan fibn', Algerian fibre or Crin Vegetal, and 
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alva, or alfa, a variety of seaweed which moths avoid. 
A superior material has recently come into use in 
kapok, a short-stapled vegetable wool which is of no 
use for wearing, but makes an excellent soft filling 
material. It comes from Java and India ; its market 
price is about 7d. a pound, but under the name of 
“vegetable down” some dealers have made a little 
mystery about it and sold it at very much higher 
prices.* The twine generally used for upholstery 
work arc specially made. Stitching twine is thin 
and tufting twine is thicker. They are sold in 
} lb. and ^ lb. balls. 

Covering Materials. Important among the 
covering materials used by the upholsterer comes 
leather in several varieties. Morocco leather, or 
levant, as it is sometimes called, is the be.st, and owes 
its acceptance to its durability and its retention of 
its colour. It is the skin of the goat, and the sizes 
of the skins run from 25 in. to 35 in. wide. Roan, 
wliicli is sheep skin, is much cheaper, and usually 
measures 30 in. to 38 in. wide. In appearance it is 
not distinguished from morocco leather, 

but it soon becomes shabby, and its chief sphere 
is for backs of chairs when the fronts are covered 
with morocco. Roan is elastic, and much easier to 
work than the more expensive morocco. Hair- 
cloth. the use of which is less common than for- 
merly, is possible only for plain scats, as it cannot 
be plaited. The chair, or other article, is finished in 
lioJland or black canvas before the hair cloth is put 
on. Hair cloth is procurable in scv'oral widths 
from 10 in. to 30 in., but the price per siiiierlicial 
unit is much higher as the width increases, hence 
cloth work is commonly welted, .thus making nar- 
rower widths workable. Hair cloth is generally black, 
and is made by weaving a horsehair weft — already 
dyed black — with a blarik linen warp. As a material 
it is very durable, and is not given to fade, but il is 
liable to retain a good deal of dust in its ojien 
texture. 

American leather cloth, or Crockett's leather, can 
be had in a wide variety of shades and surface 
markings. It has extended use in chcaj) work, and is 
valuable in being waterproof. The body is calico, and 
the surface is a waterproof composition. The usual 
w idth is 45 in. 

Velvets — both genuine and imitation — are used 
in upholstery. The standard width is 24 in. A'aiia- 
tion of the surface gives different kinds that are sold 
under specific names. Thus stamped velvet is passed 
through a rotary press and given a surface design. 
Utrecht velvet is made from mohair, and is heavy in 
pile and texture. Frieze velvet has a surface with 
small loops left uncut. Velveteen is a short-pile 
cotton velvet. 

Flush is a variety of silk- pile velvet, and used to 
be much more frequently used in upholstery than 
it is to-day ; plushette is a cotton imitation. 

The covering materials used in upholstery arc 
very numerous, and are constantly being added to. 
Fashion changes rapidly ; one variety of expensive 
material maybe adopted extensively’’ by the highest- 
class trade, and will reign until manufacturing 
enterprise puts on the market an inferior and cheap 
imitation, and then fashion elects another fiuoen. 

A Stuffed Chair. A chair is at once the 
most common and the easiest article of furniture to 
stuff, and it is therefore proper to consider it first. 
Wo shall take a small chair to be stuffed with hair 
and covered with leather. First take a roll of chair 
webbing, and having doubled over one end half 
an inch, drive some tacks through the doubled over 
part, thus tacking the end to the under side of the 
chair frame. Strain the webbing well and put two 
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tacks into the other side of the chair frame, thus 
making a piece of webbing go right across the 
frame. Cut the webbing about 1 in. beyond the 
second tacks, then doubte this 1 in. over, and put 
some tacks through the double part. Use n-in. 
tacks. Proceed until you have three lengths of 
w’cbbing from front to back, and three '\’om side to 
aide [3]. Interlace the front to back pieces with the 
side to side pieces— 
that is, pass them over 
and iimfer, as is done 
WM'th the latlis of a 
metallic bedstead. The 
spaces between ought to 
be of about equal size 
Next, take five chaii 
springs (G-in. size), and 
fix them with tw'ino to 
the webbing. I^et them 
be about ecpiidisfant 
from each other, and 
w’cll towards the middle 

3 . WEBBINO OF CHAIR scat, not U)) to 

BOTTOM chair 

frame. Then, to the to}> 
of each sxuing attach a piece of lashing twine, 
and tie the s}>rings down so that they arc not. 
extended fully, but are coini)res.sed to, say, 
about 4| in. high. In doing this, take care that 
the sj)rings are (juite upright. Take a piece of 
canvas and stretch it tightly across the toj) of the 
springs, securing it to the chair frame wdth ^-iii. 
tacks. Then, using the bent needle, sew the top of 
each spring to the canvas, so that in use the s^irings 
will not be dislodged from their uj)right positions. 
In sewing, use about five or six stitches to each 
spring, and knot securely each stitch separately, so 
tliat if one stitch should come undone, it will not 
affect the others. So far, the w’ork has been pre- 
paratory to stuffing. We now^ come to the stuffing 
jaojKT. This is a double process, consisting of tlie 
first stuffing and the second stuffing. 

The First Stuffing. For the first stuffing, 
run a string round, in long stitches, about 2 in. 
from the edge of the scat [ 4 ], and string on 

a fair quantity of 
hair. Avoid put- 
ting too mucli ill 
the middle of th<‘ 
seat, especially if 
the seat has to lx* 
buttoned. Now, 
scrim — a variety 
of coarse muslin- - 
is put over the 
4 . CHAIR READY FOR STUFFING hair and tacked 

into place tcinxio- 
rarily. Stitch the scrim to the canvas, stretche I 
over the springs and below the hair, using a 
double-pointed upholstery needle, and making the 
stitches about 3 in. long and about 4 in. from the 
edge of the chair all round. This loaves an outer 
edge right round, separated from the middle portion 
by the stitches. The temporary tacking round the 
edge must now be undone— a little bit at a time foi’ 
preference — and the edge must be tightly i>aekcd 
with hair, using the regulator as an aid. Thou 
having doubled over the edge of the scrim, tack it 
firmly all round. 

W 0 now stitch the edges of the seat. The purpose 
of the first stitches will be to secure the hair in the 
edges firmly, so that in use there will bo no likelihood 
of it getting worked out of place into the centre 
the chair. Thread the long, straight, double-pointed 
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noedlo with twine, and push it lluougli from the 
front, just above the front rail, so that it will emerge 
from the top of the seat about 6 in. back. Pull the 
needle out a little, but not altogether, and changing 
its direction a little, send it back again to come out 
at the front, about 1 in. from where it entered. 
There is now quite a body of hair contained within 
the twine loop made in the inside. Pull the needle 
out at the front, and pull the twine very tight. Go 
on making stitches in this way right round the 
chair. Let the stitches be about 2 in. apart. They 
will be visible only in front [A in 5 ), as the twine 
has not been carried out through the top of the seat. 
This form of stitching U called blind stitching. In 
sewing as described, try to get as much hair as 
possible, and to get as nearly uniform a quantity as 
j)Ossiblc into each stitch. 

The second stitching is similar, but it is made to 
go right through the seat. Begin by entering the 
needle at the front, 1 in. higher than the first stitch- 
ing [B in 5], and draw it out at the top about 2 in. 
from the edge of 
tlie seat | IVJ. 

After w i t h - 
drawal, enter it 
agiiin about 1 in. b. ' 
along, and at ^ 
the same dis- 
tance from the 
(‘clge of the seat. 5. seat stitchin( 

Continue stitch- 

hig in this way, making 1 in. stitches, and pulling 
tlicm as tight as possible, until the front and the 
sides are all stitched. In a small chair, the back 
may be left with only the first stitching. 

The final row of slibdiing may now be put in. 
It is similar to the second row, cxcc])t that it takes 
in much less of the scrim and of the hair. Begin 
higher up in front than formerly [(-], only in from 
the top, and come out on toj) only ^ in. back from 
the cidge |(’'j. Having done this, tlie first stuffing is 
finisUcfi. If it has been properly done, it will be 
about 3 in. higher than the chair frame ; it will 
overhang the frame a little, and will be ])acked to a 
uniform stiffness all round the edge. 

The Second Stuffing. Now <oines tla* 
second stufling. If the seat is to ho buttoned, 
draw a centre lino on the scrim from front to 
back, and with this as a guide, mark places for fen 
hutton.s. The buttons will be in four rows, from 
side to side, alternating two and three buttons 
in the row. Thus, the front row will have three, the 
second row two, the third row three, and the back 
row two buttons. No button must be ])laeed nean*r 
than 3 in. from the edge of the seat. 8ee that all tlie 
l>laces for buttons are equidistant in the same row, 
and that the rows are at e(|ual distances a])art. 
^Vith scissors, cut a small hole in the scrim where 
each button is to be, so that the place may be fell 
when the hair has been picked on. 

Wo now take the skin with whicli the chair itj to 
he covered. It must be marked for the buttons. 
Place it on the top of the scrim with the nork part 
towards the back of the chair, and mark and crease 
d into diamond-shaped sfpiare.s. The extra size 
allowed for each diamond is usually L} in. more than 
actual size, to allow for fulness in stuffing, but if 
the buttons bo wanted very deej), as much as 21 in. 
may bo allowed. If the skin has any Haw, it may 
be possible to make this go into the fold of a })lait, 
thereby concealing it. 

The skin having been marked and creased, the 
hair of the second stuffing is phuied on the top of the 
«crini. A sheet of wadding, cloth side downwards. 


is laid on top, and U]>on the whole the skin is 
placed. The buttons are put into their places by 
means of string, with a slip knot. The hair is sloped 
away from under the buttons, whicli are pulled 
halfway down. The string is then tied, and the 
ends arc cut off. Now, with the fingers, make the 
plaits lie regmlar and smooth, and make the stutiirig 
even and uniform in thickness, so as to give symmetry 
of form to the scat. Pin the skin to the edge of the 
first stuffing, and cut off tlie skin to the exact size, 
leaving about J in. all round for doubling in the edge. 

Covering the Stuffing. The cuttings 
from the skin go to form the bordering all 
round the seat frame. For leatlior seats, th(‘ 
borders are usually attached with studs having 
heads covered with the same leather as the seat. 
If the studding be vci‘y close, borfh'r may not be 
necessary. The strips will not be siiHieiently long 
to go round the sides and front of tlu* chair frame, 
and there will probably be two joins. th(‘se be 

at the sides near the front corners, ovcrlaj)])ing tlicjii 
about I in. The border must he cut iieaily with a 
sharp kmfe. Cut it about 1 in. wide, and double 
it back at both cilges, so that the strij) is \ in. wide, 
w ith the two edges touching, or ahuosi touching, at 
the back. Thus. t!ie ex])oscil edges will be foldtxl, 
and will not show the back of the leather. "1 he joint 
should be made with glue that is not too hot, so 
that it will not penetrate and discolour the leather. 
The stud gauge will be used to mark th(^ ])laees 
where the studs or oriianuaital nails will be ]uit, in. 

For the sake of clearness we have considered 
throughout a chair scat of horsehair, leather eovcTcd. 
Other stuffing is mani])ulated in the same way, 
and in any other variety of covering the same 
process is followed. American cloth ought to be 
wanned slightly, es])ecially in cold weather, as 
otherwise the Jiaiidling may cause it to crack. 
When the seat is to be jdain and unbuttoned the 
instructions regarding the buttoning are, of coiirst*. 
not followi^d. When material other than b*ather 
is used for covering, the bordering used i'i gimp, 
a narrow, ornamental border of a colour to uiatcli 
the covering material. This is secured in position 
with gini]) ])iiis, a variety of small tacks. Now’ the 
imd(Tsklc of the seat may be covered with canvas 
lacked to the frame and hiding the sjn lngs. 

Upholstering a Chair BacK. The haek 
<»f a chair, if it is to bo Uj)h()lstei(Ml, is done much in 
the same way as the front, and as vee have described. 
The interlaced webbing is attached and stndchcd 
to the frame, the s])rings are lixed-- if springs are to 
be used — the stuffing is strung on, the layer of 
wadding is ])laee(l on top and the ^kin is attached 
as already (ies(;ribcd. 

If the (’hail* seat is buttoned, the back is both 
buttoned and tufted. The buttons are strung on, 
and the two ends of the string drawn through to the 
back of the chair, and ti<‘d over tufts, which are 
scalloped washers as used for mattresses. 

Stuffing an Easy Chair. An easy chair 
usually has a stuff-over fra!n(‘ — that is to say, 
the wdiolo of the woodwork may he covered with 
i.pholstery except (he h\gs. '\ he frames arc usually 
of hewh or birch, the hitter being the belter, and the 
legs of mohogany or other si.perior wood. 

The bottom is first webbed, say with six strands 
of webbing each w’ay, then the back is webbed, the 
webbing for the hack being attached to the front 
of the frame. Then the si)riiigs are attached. 
Four fi-in. s))rings are used for each arm, being 
attached with wire stajffes, or by any other con- 
venient way, and no webbing being used. Tiie sent 
w'ill require 9 springs (8-in. size), and the haek 
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5 springs (O-in. si74e). The seat and side springs 
are sewn to the webbing as described for the small 
chair, the side springs lacing in two rows, a lower 
row of three and an upper row of two. The seat 
springs are lashed with cord, that is to say, laid 
cords arc tacked to the frame and passed round the 
top coil of each s])ring, there being a lashing cord for 
each row of springs from back tofront, and another 
lashing cord on eac^h 
row from side to sid(* , 
as seen in 6. Tht‘ 
effect of this lashing 
is to compress the 
springs slightly, and 
to crP.j^o them to 
stand up about two- 
thirds of their natural 
height. If the work has 
been done properly, 
the springs will in- 
cline with their tops g sprixos lashed down 
towHros tliG iront^ 

so that when the seat is sat upon they will 
bo vertical. Wo then give the back a little atten- 
tion. Wo have already attached the five springs 
to the webbing [ 7 ]. From side to aide we sew 
a piece of hessian to the horizontal strand of webbing 
just above the upper row of springs, then we judl 
the hessian tightly over the 
springs, compressing them 
a bit, and tack the hessian 
to the lower edge of the 
hack frame, thereby retain- 
ing the springs in compres- 
sion. Take another ])iece 
of hessian wide enough to 
cover the row of arm 
springs already in place. 
iVck this hessian to the in- 
side of the arm rail, pass it 
over the top of the springs 7 . EASY CHATR BACK 
and pull it tight, com- with SPRINOS 
pressing the arm si)rings 

in their turn, and tack tlic hessian to the outside 
of the arm rail. Treat the other arm similarly, 
and we are ready for the stuffing. Horsehair, 
flock, or alva may be used ; if the first named, it may 
bo of second quality. Put long loop .stitches round 
the edges of the seat, and pull the loops fairly evenly 
with the stuffing. Cover the stuffing with scrim, 
which must be tacked to the edge, then put in more 
stuffing, using the stuffing stick, until there is all 
round the seat a roll similar to that we .saw in 
stuffing a small chair. Then do the first and second 
stitching as described in our initial attempt and put 
the third row of stitches only in front, and iij) the 
sides as far as the arms, but not under the arms, 
and not along the back of the seat. 

Easy Chair Arms and Backs. The back 

of the chair is sewn with long loo])s of twine, and 
stuffing is strung on under the loops. The swell 
at the bottom should have a much larger quan- 
tity of stuffing than higher up if the .seat is to be 
comfortable, as this part goes into the hollow of 
the back of the person using the clisir. Cover the 
back stuffing with scrim, and the first stuffing of the 
back is complete. We now stuff the arm bolsters — 
that is, the portions under the arm rails. These 
should be well and firmly stuffed. Sew on loops of 
twine as elsewhere and when the stuffing has been 
put on, cover with scrim. An equal quantity of stuff- 
ing must be put into each bolster or the result will . 
not be uniform, and this caution applies particularly 
to the arm rail stuffing. The arm rail or bolster 
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head, as it is called, may now be negotiated. Tack 
the end of a piece of scrim to the under side of the 
rail, and having stuffed it well, bring the scrim 
right round over the top of the roll and tack the 
other end down to the under side of the rail. In 
stuffing the arm rails, let the front parts be more 
firmly stuffed than the back parts, as the fronf 
requires to have greater resistance in use. 
Tack the scrim down at the back, and sew the 
front of the rail roll with two rows of stitches 
similar to tho.se in the fir.st stuffing of the small chair. 

The second stuffing of the seat is done in the 
same way as we have described for the small chair. 
The material is strung on to the scrum within the 
rows of stitching and is made higher in the centre 
of the seat. Then the layer of wadding is placed 
over this, and the covering is put on top. In good 
work, a covering of calico, well stitched and made 
free from wrinkle.s, is placed below the leather or 
other covering, and tacked to the frame. After 
putting on this calico, the scat should be sat upon 
to see if it is all right. It will bo found whether 
or not it shows sufficient firmness ; if too yielding 
and slack, more stuffing should be put in, which 
means undoing the calico for the purpose. Tin* 
other parts of the chair — the back, the arm bolsters, 
and the arm rails — are treated in similar fashion. 
Then the covering material — leather, velvet or 
other material — is fitted and attached, and the arm- 
chair ought to bo a thing of symmetry and comfort. 

Saddlebags. Saddlebags .are properly of 
Persian carpet, and are very cxjicnsive. The name 
i.s now usually applied to squares of Wilton c.'ir]K*( 
yiilo which are used extensively by the upholsterer. 
They arc square, and are put on the market in two 
sizes, 18 in. and 22 in. By .sewing them to velvet 
.surround.s, they have the appearance of panels, jiiifi 
thus used are widely employed for easy chairs such 
as we have just considered. Such a chair reipiircs 
four .saddlebags — two 22 in. for the scat and back, 
and two 18 in. for the nrms. There is room for 
.•^kill and ingenuity in cutting out the surrounding 
cloth .so as to avoid w.asto, and with jilain .surrounds 
this is not very difficult, but with figured velvcM^ 
it IS much more difficult, bocan.se the pattern of t!ic 
surface must bo made to match, thereby limiting 
the freedom of action. Before cutting and seuing 
tho .SI rround to the saddlebags, .sizes must be taken 
carefully. The width of the seat and sides betw* cn 
the bottoms of the stuffing rails at both sides must hi* 
measured exactly. Adel 1 in. — an allowance for 
seams — and subtract the width of the saddlebags. 
By halving the result wc have the width that tin* 
surround at each side must be. Similarly mcasiiic 
the chair from front to hack, make the 1 in. allow 
ance, deduct the width of the saddlebag, and halvi* 
the rc.suU ; this giv'e.s us the width which the 
surround at front and back must 1 ) 0 . The surrovml 
shoubl. be cut from the piece straight .acro.ss tiv 
cloth ; both strength and appearances require tlu^. 
Now place the surrounds on a table with the saddh* 
bag in the centre, and when they have been adjust ci I 
to thmr proper position, .sew them together. 
having been done, the seat is covered. Care mu.st !«* 
taken to have tho .saddlebag right in the middle of tiu' 
scat, and the cover is then tacked on. No wrinkles 
must be allowed to appear, and there must be no 
undue straining at any part or the balance will hr 
upset, and the result will be uneven. The back nn<l 
bolster arms are treated in the same way, care bciivj; 
taken to do the work evenly; more stuffing 
be inserted or some stuffing may bo taken out !' 
it will conduce to this result. The back of th** 
chair behind is usually covered with plain cloth 





similar to that used for the surrounds of the saddle- 
bags, or a cheaper material of the same colour may 
be used. The border ijig for the seat will Ik) of a 
suitable nature and colour for the covering; some- 
times a deep fringed bordering is used. The ends 
of the arms and head arc often finished with tassels 
and cords, the colour matching the covering. The 
bottom of the chair underneath should be covered 
with cloth — usually black linen— ])ut on over the 
webbing, and attached to the frame with tacks. 

Couches and Sofas. We now come to the 
consideration of sofas, couches, and ottomans. 
A sofa, of course, is a long seat, with a back and two 
(Mids or arms. Remove one end and slope the back 
at one side, and W(^ have a couch. Now take away 
the back, leaving the seat with only one head or 
arm, and we have an ottoman. A sofa has the back 
upholstered like the back of an u])holstere<l chair, 
blit a couch often has tlie back open with merely 
an upholsteircd top rail. Couches are commonly 
left-handed, which means that a ])erson reclin- 
ing on one and facing the front would have his 
left arm free and be reclining on his right side. 
The old English style of sf)fa has very stee]> 
ends, so that a pillow is necessary to comfort, but 
I lie present fashion is towards the Cerman style of 
arm, which slopes away at a more obtuse angle, and 
is at once more comfortable and more graceful. 
The j)ra(;tical effoet of the construction of the latter 
lyjie is that the pillow of the English style is intro- 
ilncod into the ujiliolstcry itself, rendering tlid 
extraneous article unnecessary. 

Upholstering a Couch Seat. Let 
us upholster a spring seat couch with a ser- 
]>oiitino back — that is, a back which in profile is 
like a camel’s two humps, that further from tlie 
liead much lower tlian the other. The seat is the 
first part to which we give our attention, and before 
we upholster it we must remove the back from the 
frame, which will not be diftieult, as it will be found 
to be attached by screws. We shall not use webbing, 
as we did with the small chair and the easy-chair, 
but rails of wood attached to the front and back 
ol the scat frame by their ends. There will be 
six of these cross ra ils, arranged so that the daylight 
spaces are ecpial. We do not put springs on the rail 
at the head end, but on every one of the others we 
1 »u t two springs j 8J — 

• uu* towards the back 
and one towards the 
front — and ti.x them 
with staples. Tack 
a length of hessian 
to the front of the 8. couch hottom with 
frame, strain it over sprtnos 

tlie springs, cum- 

luessing them to two-thirds of their natural 
height, and tack the hessian at the bai-k of the 
frame so as to keep the springs com])ressed. 
^'cw the top coil of each spring to the hessian, 
Mciag that their final ])ositions are vertical. 
With the curved needle ])ut long loops of twine 
along the front edge, along the bottom edge, 
and along the back at its edges. Pack under 
fhese Iooj)s stuffing to the thickness of .‘I in. — 
fibre or rag flock, not the mattress varieties of Hock. 
We have now a border of stuffing all round 
excc))t at the head. Fill up the middle part witli 
flock, making it higher in the centre than elsewhere, 
lack a piece of scrim all along the front, fold it 
right over to the back, and tack it to tlie back rail 
in the centre of its length. Then taek down the whole 
lo the back rail, working from the centre. Do not 
pull u]> the scrim too tightly when doing this, hut 
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let it be stretched evenly, and see that iho stuffing 
is fairly uniform as tlie work jiroceeds, remedying 
any shortcomings in this direction with the stuffing 
stick or regulator, and withdrawing or adding flock 
if necessary. The front, back, and bottom end may 
now be stitched— ill a manner similar to that followed 
in the case of the easy-chair — with first, second, and 
third stitclies. 

The Couch Head and Back. The 

frame of the head consists of covered scrolls at 
each side, coniicetcfl vvith cross rails, probably 
four in iiuiuIkm*. Tack webbing to the face of the 
cross rails — say three lengths, straining it as already 
seen. 'IMien interlace cross webbing and tack it to 
tho side scrolls. Attacli tlie springs in the. usual way, 
using five in all, a lower row of t hree and an ujqier 
row of two. Then altaoh four springs to the to]> 
rail at riglit angles to the other sjirings, all as illus- 
trated in 9. Cover now 
with hessian, attaching 
it to tlic side scrolls, and 
string on twine loops, 
filling tlic loops with 
stufling. Cover the whole 
witli another piece of 
hessian, tacked to the 
bottom cross rail and at 
each «ide to the side 
scrolls, ])ack the stufling 
uniformly, and not too 
lirmly into the bag fhus 
formed, and sew the 
whole up com])leto. 

The coueh back will 
probably have u])iiglit. rails. Web it horizon- 
tally, and interlace iutormediate webbing vertically. 
xVttach twelve rf-in. sjuings, cover with hessian, loop 
uj), j)iok on the stuffing, and cover wu'th hessian again 
as for tlie other parts of the coucli, finally sewing 
right around the curved edge with first and second 
stitching. The covering remains to be attached. 

Covering for Couches. If skins are used 
for eo\ ering couches, they must be sewn together 
because one is not l.irge enough. 'I’hree skins are 
always re([iiired, and sometimes jiart of another as 
well. If the couch scat is not to bo buttoned, cut f lur 
skins (piifc straight so that the scam will be at right 
anulc.s to the line of the fi-ont rail, and sew them 
neatly together with a small welt. The sewn skins 
must be cut to sha])e. upon tlie couch itself. Tack the. 
cover on at the front rail first, then beginning in tlu^ 
centre, strain the covering back and attach to the 
back rail. Work along from the centre until the 
wliolc couch is done. If the scat is to be buttoiieil, 
fhe skin must be marked for the buttons as already 
seen for the small cliair. The front row' of Imttoiis 
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and the diamonds of the buttoning should be marked 
7} in. from side to side and 1) in. from front to back: 
this, witli the allowance neces.sary for fulness, giving 
iliamonds 7 in. from back to front and o in. from 
side to side. If flic ilejith of the couch from front 
to back is greater than the width of one skin, another 
skill must be sewai to the lirst, so as to give the 
necessary width. The edges to be sewn should be 
cut to a diamond, jiointed zig-zag sbajie so that 
each point will lit into a corres))onding angle. 
mark the buttons for the head of a couch is a com- 
]»lex task, and can be done ])roperly only by the. 
cxjierieiiccd man whom ])rac5tice has instructed, 
'riie allowance for fulne.ss in the diamonds must be 
increased the further up the head the work Is 
(iarried on. This increase is usually 1 in. more for 
each diamond than for the diamond immediately 
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IxjIow it, and is caused by the curve of the 
head demanding an allowance in addition to the 
of the individual diamonds. 

Bedding Manufacture. The manu- 
facturo of bedding falls within the sco\ie of up- 
holstery in the widest sense of the term. The 
stuffing of a mattress is hidden just as is the 
stuffing of a piece of furniture, and there is even 
more imperative call that absolutely clean materials 
should bo used. Vegetable fibres such as cotton 
Hocks and alva do not attract moths ; hence they 
are generally healthier than feathers and wool. 
Horse-hair is considered the healthiest material, 
however, as it is a better heat conductor than 
other materials and does not retain the body 
heat of the sleeper. Horse-hair for mattresses 
should be short and curly, and if suspicion be 
entertained that it has V>een adulterated witli 
vegetable fibre — rather a common ]jiactic(i — it may 
Ix) tested by burning it, as horse-hair burns to a 
black ash and vegetable fibres to a grey ash. If 
wool be used for mattress stuffing, white wool is 
the best, but it is also the dearest. The tempta- 
tion of the upliolsterer to use inferior stuffing is 
very groat in these days where such a large share 
of the trade depends upon competition in })riee. 
►Sometimes both haii* and wool enter into mattress 
lilUng, the hair being in the centre with a layer of 
wool below and above, also at the sides and ends, 
the object being to secure the springiness of the 
hair combined with the softness of the wool. Such 
mattresses are known as “ cased *’ or “ .rreiK*h.” 
The hard, straw-stuffed m it tresses used under the 
hair or wool mattress are called paUitisHe.^. Their 
purpose is to protect the mattress ])ropor from the 
hard wear which would come by placing them direct 
contact with the bod laths. 

An ordinary mattres.s of 6 ft. by 4 ft. size eoiituins 
48 lb. of best hair, 54 lb. of medium (piality hair, 
or 54 lb. of good wool stuffing. Mattresses should 
bo opened and have the stuffing material thoroughly 
cleaned and teased at })Criodical intcrv’als, say, 
every two years at least. This is a detail regarding 
whicii the m ijority of English people are too iii- 
difforeat ; in some other countries householder.^ are 
much more alive to its importance. In biance, for 
instance, a common feature of the household spring- 
cleaning is that bedding cleaners visit the house and 
open, clean, tease, and refill the bedding. 

Stuffed Mattresses. The most common 
variety of mattress is the stuffed mattrc.‘<s, and we 
shall consider the manufacture of one of the size 
mentioned above — to wit, (5 ft. by 4 ft, which i.s the 
size sold in largest numbers. The covering is 
ticking, a strong material which may bo had in 
various colours and patterns. It is usually col Ion, 
and is mixed in the cheaper (pialitie.s. Linen and 
jute cloths are also used, chiefly for hair mattresses. 
Coloured ticking is known as fancy Belgian. Drill 
is a variety of ticking, and sateen is another variety 
with a lustre caused by the methods adopted in 
finishing. To bind the mattress together, mattre.ss 
ribbons, which are to bo had in patterns and colours 
to match the coverings, are used. Then mattress 
buttons are to be had in any colour to jnatoh the 
covering material. Mattress tufts are stam|)ed 
circular pieces of leather, leather, or woollen clotli. 

The cutting-out is the first operation. The tying 
down of a mattress u.ses up some cloth, so in 
cutting the cloth we must allow for this. The 
usual allowance for a hair mattress is 1 in. for 
every foot of length and J in. for every foot of 
width, 80 that the upper and under surfaces of a 
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6 ft. by 4 ft. mattress will be 0 ft. 6 in. by 4 ft. 
3 in. If wool is the stuffing material, the 
allowance is not quite so great. Having cut the 
main pieces, cut out the borders, or sides. They 
must be cut from across the piece so that the 
strii)c.s will run up and down in the direction 
o])j)osite to the stripes on the face of the 
mattress. Make them 6 in. wide and 6 ft. 4 in. 
long, the odd 4 in. being allowance for sewing. 
The border for the ends will be similar — 4 ft, 4 in. 
long by 6 in. wide. 

Sewing the Mattress. Now, with the 
sewing ma(;hinc sew the large top piece to the four 
borders all round it — the seam being J in. from the 
edge of the material — so that the edges come to the 
outside of the corners of the mattress. Take a roll 
of mattress ribbon — an entire roll contains 144 yds. 
— and sew it over this scam with the sewing 
machine, and through the double thickness of the 
ticking. The corners arc not sewn up to a sharp 
angle, but arc slightly rounded. 

The bottom piece is now sewn to the side pieces— 
at the free sides of the latter — leaving, however, 
about 20 in. unsewn at one end to be used for 
filling* the case. The ribbon is sewn over the 
seams round the bottom piece in the manner 
already dcscrilx^d, and the corners of the borders — 
wluTC the side ])ieces join the end pieces — are 
sewn from the inside with a needle and thread. 

The stuffing material is now put into the case, 
through the o]>cning left for the purpose. Put 
in a small quantity to begin with — say 10 lb. -- 
and with the helj) of the stuffing stick push it well 
into the corners, but do not press it too firmly. 
Add more stuffing, distributing it evenly over the 
whole space, and'see that the mattress comes u|» 
square, with the sides in their correct relation witli 
the toj) and bottom surfaces. In this way fill about 
three-quarters of the mattress case. 

\Vc now tuft the mattress, that is, sew it througli 
and through with stitches held by a tuft at each 
side. The tufts may be in rows parallel with the 
sides and ends of the mattress, which gives the 
appearance of squares, or they may be arranged 
as in the buttoning of an easy chair, in which event 

they will give a 
diamond - shajssl 
appearance [101. 
l!’he latter looks 
better, but the 
former makes th<' 
mattress m o r 
easily rolled uj) for 
storing and tran- 

10 . TUFTING FOR MATTRESSES 

usually fi HI. 
apart. tVhichever method is, adopted the places 
for the tufts should be measured out properly. 

The tufts are sewn on with a mattress needle — 
about 10 in. long and pointed at each end — ami 
twine, Pa.ss the needle right through the mattress 
at the place for the tuft farthest from the filling 
o|x*niiig. Return it again about 1 in. from where 
it jaissed through before ; this will show a stitch 
about 1 ill. long. Place a tuft under this stitch, 
make a slip knot at the other side and insert 
tuft hero. Now pull up the string tight until tlic 
tufts are drawn together and sinK quite an iu<‘l' 
into the stuffing, then tie it firmly and cut it oil. 
Proceed with the other tufts in the same manner, 
until almost as much of the mattress as is filled ha" 
lieen tufted. Pill the remainder of the mattres.'-, 
sew- up the ojicning that is left, and finish Hie 
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tiffting. The mattress is now finished ; it should 
bo firm and its appearance regular. 

For hair mattresses a stronger ticking fs necessary 
{ban that used for wool ; it is usual to employ linen 
tiobng, as this prevents the hairs, which are com- 
])aratively sharp and penetrating, from making their 
\\'ay through the cloth. 

Feather Beds. Feather beds are mat tresses 
filled with feathers instead of hair or flock, and are 
not tufted. The feather bed, if of good quality, 
wiW be bordered and welted, as we have described 
in the manufacture of mattresses ; but many are 
made without border, the case, in that event, being 
merely a largo sack of ticking. Feathers have the 
}»ower of penetrating the cloth, and this tendency 
tannot be entirely eliminated, but it may be mini* 
mised by waxing the inside of the ticking, the waxed 
surface offering a smoothness which the feather stem 
liiids difficulty in piercing. A feather bed (5 ft. long by 
4 ft. wide requires about 48 lb. of feathers, and one 
() ft. 6 in. long, demands about 52 lb. of feathers. 

Upholstered Spring Mattresses. The 

box spring mattress, or upholstered spring mattress, 
is a mattress consisting of a wooden frame with a 
bottom of wooden laths or webbing, upon which are 
mounted spiral springs, surmounted by a stuffed 
superstructure. Fora box spring mattress of ordinary 
size the wooden laths usually number six, and are 
]i]Aced across the frame. To each lath six 10-in. 
Springs arc attached by wire staples, or, if the laths 
bo replaced by webbing, by sewing. The.sc springs 
iiro lashed down by having twine stiimg acro.ss their 
lops. Over the top is placed a piece of hessian, and 
;ill round the side, out not at the top ; the hessian is 
formed into a roll about 8 in. wide, which is stuffed 
with cocoa fibre or other coarse stuffing material. 
This roll is securely stitched, and Mhen finished 
forjns a semicircular pad close to. the edge of the 
m!ittrcs.s frame all round the sides and bottom. 
Xow cut the top cover, which will be 2 in. larger 
than the wooden frame and IJ in. wider. Put 
.^1 u fling all over the hessian which cov ers the springs, 
and over this put the top cover ; tack it into position 
ill! round, and tie it down, tufting it in the way 
ilready described. Short pieces of webbing may bo 
nailed to the scams of the frame near each end so as 
to form handles by which the matlress may bo 
lifted. Now cover the entire bottom with a piece 
of hcs.sian. 

Certain precautions should be observ ed in making 
a box-spring mattress. There is a temptation to 
make the centre too high, as is customary in stuffing 
(hairs, but a toj) that is ])erfeetly Hat is far 
preferable. 

Webbed Box - spring Mattresses. 

Another style of box spring mattress is made 
without bottom laths, but with webbing above 
and below the springs. A box frame, consisting of 
f^ides only, would Ix) rather weak, and two cross 
stretchers must bo used to impart .strength. The 
webbing is put on in the usual way, 3 in. spaces 
keing allowed between the lengths. It should l)o 
i^trained well. The springs — of wdiicli there will be 
30 to 36 in a mattress of 6 ft. by 4 ft. — arc 8 in. high, 
and of No. 10 wire gauge. Care must be taken to 
hav^o them upright IxToro being attached to the 
upper webbing, which is put on tightly so as to 
j^ompress the springs. Wo have now got a wooden 
frame with interlaced webbing on both upper and 
under sides, the space between the webbing bcung 
f>ccupied by springs. Place over the io}) webbing 
cn(> piece of hessian to cover the entire surface, and 
tack it to the wooden frame. We now cut two 
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side piece.s and two end pieces the exact length of 
the sides and ends of the frames, all being 6 in. wide. 
Sew these pieces to the hessian 4 in. from its edge ; 
then we shall have a loose flap all round the hessian. 
Tack the unattached edge of thi.'* hessian to the 
wooden frame all round, thus forming long channels 
all round the four sides of the mjittress. These 
channels must now be filled witli stuffing — fibre or 
flock — and will form a thick roll all round. String 
on stuffing about 3 in. thick to the top surface 
within the rolls just formed. Cover this witli hessian, 
which tack to the side frames all around just beneath 
the edge of the rolls. Now make a top cover of 
sateen ticking, giving it a fi-in. deep border for sides 
and ends, and sewing it up and binding it with 
mattress ribbon, as already described in making 
the ordinary stuffed mattress. Having made the 
cover to fit the frame, pull it on and tack it beneath 
the wooden frame. The whole is now tufted in the 
u.sual way; and after having had the under surface 
covered with hessian, the Ixix spring mattress is 
complete. 

Spring-framed Mattresses. A spring, 
framed mattress i.s another variety which resembles 
somewhat the box spring mattress, but its manu- 
facture is work for the carpenter rather than the 
upholsterer. Also it is being discarded in favour 
of less cumbrous arrangements. Two rectangular 
wooden frames arc made and arc lathed with wooden 
straps. Turned conical guide blocks are nailed at 
each crossing of the laths. The guide blocks in the 
lower half look upw^ards and those on the upjier 
half look downwards. Mattress springs are put over 
the guide blocks, the cones keeping the s))rings in 
the pro])er positions, and wire staples are used to 
retain them, four staples being driven in around each 
bottom coil. The whole may be covered with 
matlress ticking, or th(‘ sides m^y be loft open. In 
use, this type of mattress has always an overlay 
mattress on toy), but the wire-woven spring inattrc.ss 
has dis])laced it, and will no doubt eventually oust 
it altogether. 

Palliasses* The palliasse, or straw-tilled mat- 
tress, is used underneatli the ordinary or overlay 
mattress. 1 ts object is to protect the matlress proper 
from contact with the metal laths of a bedstead, but 
the introduction of the wire mattress affected the 
extent to which palliasses were used, and they 
are now becoming lc.ss common. Palliasses are 
usually made in two parts, divided right across the 
length, so that a palliasse for a 6 ft. by 4 ft. bed 
consists of two halves, each 3 ft. by 4 ft. The case 
is usually of canvas, with a border of ticking on 
three sides, that side which butts against the other 
half being of canvas. The case is bound right round. 
The border is not so wide as for an overlay mattress, 
being only 4 in. vStraw is the best material lor fill ing. 
It is frequently used as it comes from the bale, but 
ought to be twisted uj) and broken before being used. 
Straw that has been used -for packing goods makes, 
if clean, excellent filling, as it is usually well broken. 
The case is made by sewing the tick border to the 
hessian cover with strong linen thread, well waxed. 
After being filled and sewn up, it should be beaten 
well with a heavy stick to make it quite flat. It 
is now sewn right through, as in tufting, but tufts are 
not generally used. The top and bottom edges may 
be blind stitched — that is, sown with the first stitch- 
ing we saw in upholstering a chair, but this is not 
always done. When many palliasses are made, a 
palliasse frame— that is, a box the exact size of the 
half palliasse-internally, and serving the purpose of a 
templet, may he used. It conduces to rapid work, 
making individual measurements unnecessary. 

f)7>l 


o 



UPHOLSTERY 


Making Pillows and Bolsters. The 

usual size of pillow is 27 in. by 18 in., and in cutting 
the ticking for it the size of the two pieces is 28 in. 
by 19 in., the extra inch being the allowanco for 
curvature. Feathers and down are tho best 
materials ; with the latter the covering is usually 
swansdown, the woolly side being left inwards. The 
amount of filling used depends upon the filling 
l>roportics of the feathers selected for the work. 
Down requires only li lb. for a jiillow, and feathers 
inn from 2\ lb. for white goose feathcr.s to 3 lb. 
for poultry feathers. 

The length of a bolster is decided by the width 
of the mattress, and the cloth required to go round 
the girth of the bolster is from 39 in, to 40 in. 
Tlu? bolster ends are either oval or oblong, with 
rounded corners. Thesi* ends, if oval, are cut about 
11 in. by 7 in., tho linished size of tho oval being 
10 in. by 0 in., the odd inch each way being taken 
up by the seam. The oblong ends are cut about 
14 in. by 0 in., which are, of course, smaller when 
finished. The ends may be sewm to the body with 
:i welt, the ends of the cylinder body being drawn 
into the welt for this purpose. The welting is not 
universal, how’cver. The bolster takes rather more 
than twice as much stuffing as the pillow. Some 
bolsters are wedge shai>cd, taj)ering to tho front. 
But this kind is found uncomfortable by most 
])eople ; it is used more frequently in (^ntinental 
countries than it is here. 

Draperies and Hangings. In addition to 
the stuffing of furniture, tho upholsterer is called 
u))Oii to undertake the arrangement of curtains 
and hangings, and these may therefore be considered 
within the scope of upholstery. But success in this 
department cannot bo obtained by precise insiruc- 
tion regarding procedure. It is a matter for the 
artistic eye rather than the .skilled workman, and 
t he best work can be done only by the jwssessor of 
an eye for grace of form, line, proportion, and colour. 
The ability to judge effect can oe cultivated by careful 
study of the designs of the masters of tlie craft. But 
with the knowledge that instruction must be limited 
to the minor and mechanical part of the buaine.ss, we 
can proceed to say what can be said with advantage. 

The specific n.ses of hanging drajicrics are for 
window curtains, bed curtains, ])ortieres or door 
curUiins, fireplace hanging.s, and curtains for 
])ictures and niirror.s. For window and door curtains 
tho material should be heavy and jfiiable, so that 
the weight will give natural folds, and that the hang 
may not l)o made unnatural by any inherent 
stiffness in the material. Thus jute tapestries, 
Utrecht velvets, serge.s, and heavy printed crepes 
are suitable for such work. Window curtains should 
be cut to a length so that when hanging loo.so they 
will be about 3 in. longer tliaii just sufficient to 
touch the floor. The hook from which the curtain 
chain is sus])cnded should be from 4 ft. to 4 ft. b in. 
from the floor, and when the chain has been drawn 
up with the curtain within it, the bottom of the 
curtain will just about touch the floor. If there 
is to be a valunec above the eurtain, it may be cut 
straight or stepped, or with just enough of edge 
cutting to relieve the slifTne.ss of absolute plainnesk 
For a room of reasonable height, the valance is 
usually about 24 in. deep. If the material of a 
valance bo tapestry, it should iie panelled with 
ulu.sli or Utrecht velvet, the edges of the velvet 
being finished with giiu}). The curtain should have 
a width of the same velvet right across its width, 
about a foot from the bottom. 

Draping a Mantelshelf. The simple.st 
form of household upholstering is the surround for 
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a mantelpiece shelf. This may bo .made with sido 
hangings ; but the most elementary form is merely 
a valance along the front, and returned down oacii 
side. The shelf itself should be covered with clotli 
or baize, returned over the front edge and tacked 
to the under side. Tliis cloth must be put on tightly, 
and with tlic weave of the cloth parallel to tho line 
of the shelf. Wrinkles should be avoided ; but if 
they a])pear, they may be di.sj)ollcd by bciuji 
damped and ironed. Now a strip of buckram may 
Ijc tacked to llie front cdg<?, or to the front of the 
under side, and made to hang down in front ami 
at the sides, but must not be so long that it will 
show under tho valance. The valance looks be.Nl 
when of velvet or ]dush. The fringe, of the valance , 
usually a ball fringe, must be sewn on l)eforo the 
valance in attached to the .shelf, and the valance may 
be lined if desired. In fixing, tack it first iii the 
oentre, and then work along to the ends, making 
it tight, hilt not straining it, or the corners will n(»l 
hang down .siiiiaro. Tho festoons are now put on. 
They must bt' of a material that is very soft, a.s 
any stiffness in these would ruin tlie appearance* 
of tlm drapery. 'Fhcy must be uuiforiu in size, 
and to make them so a jiatteni or txuuplot, easily 
made out of card, may be used with advantage. 
A pinking iron, or mushing iron, as it is sometime s 
called, is a sort of steel chisel of crescent shajje* 
wuth a scalloped edge, and is used to sha))p the 
edge.s It is used by placing its edge on top of 
tlie cloth on a block of lead and hammering it on 
to the cloth. It is possible to hang the festoons 
in one piece, drawing it up into festoons ; but it 
is bettor to make individual festoons, tacking tlie 
upper edges to the shelf edge on top of the valancx*, 
and afterwards drawing the sides together and 
fixing them up with a tack. After this has Ijcen 
done, the points where tlie ends of the fe-stoons 
join are fitted with rosetts, coials and tassels, nr 
by fancy brass nails. 

Wall Upholstery. A ncAV class of work i^ 
falling to the lot of the upholsterer with a high-class 
trade. Silk, or other fabric, is stretched afross 
walls from end to end, taking the place of wall- 
paper. The walls contain, or have fixed to them, 
battens all round, and first “ bump ” — a specie.^* nf 
heavj' cotton cloth — is stretched and nailed to tlie 
battens. Then the fabric, which has been sewn into 
one piece, is stretched over the bum]j and tacked. 
The work must be evenly done. Then gimj) or 
braid is glued round the edge. The same treatment 
is applied to decorated skins, such as those for whir li 
the seventeenth cent ury Spaniards were noted. 

Carpet Laying* The planning and laying of 
carpets are operations which fall within the splicrc 
of the upholsterer. A plan of the room is first nmdi* 
on paper, and great care is necessary to see tlial 
the sizes are correctly recorded, because (o find 
that a carpet is n misfit after it has Ixurn sewm iq* 
is an cxjiensivc matter. When a room is of rectan- 
gular or square shape — and most rooms are — i< 
neeos.sary to measure the distance between Hu* 
opposite corners, and if the two diagonals are 
of exactly the same length, it is obvious that ihe 
room is not truly rectangular or square, and the 
trouble must be found and noted, tho carjiet being 
made accordingly. When a wall recess or a window 
space is of circular form, a base line must be draMn 
from tho two extremities, and parallel lines drawn 
every twelve or six inches from the base line to t he 
arc, the size of each one of these parallel lines being 
recorded on the plan, 

Plali of the Carpet. When cutting a car peb 
the plan of the carpet — full size — should be diawn 
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uf)on the floor with clialk. The long, straight lines 
can best be made by a chalk line, that is, a length 
of cord which, in use, is rubbed with chalk, then 
lield tightly at each end, lifted up in the middle 
nnd let go, when it makes a straight line upon the 
Hoor. Having made the plan of the carpet on the 
cutting floor, the border must first be cut. 'The 
corners of the border must be mitred. This is not 
difficult when the corner is square, because then 
each mitred end is half of a square, and the extreme 
points are cut to angles of 45® ; but if the corner 
is not square, care and skill are necessary to secure 
a good and regular mitre. The car])et ]jro|:>er is 
now cut to fit the space within the border. Kidder- 
minster carets are 1 yd. wide, and other varieties 
are f yd. wide. Difficulty may be found in matching 
the pattern at the seams where the lengths of carT|M't 
join, but it is imperative that this be done if the 
completed carpet is to be a symmetrical whole. 
The carpet is sewn cither by hand or by machine. 
TTie selvedges of the carpet are sewn quite close 
to each other, and are, of course, sewn from the 
hack. If the carpet has a plain woven selvedge, 
this is doubled back after sewing at the inner edge 
(d' the selvedge. If there is no such selvedge, ejich 
edge is turned in half an inch, so that, in j)lanning 
and in cutting out, an inch has to be allow'ed in 
the width of each length for seaming. The ends 
of the various lengths must be doubled over and 
overstitched, so that they will not fray. Another 
method of treating the ends is to sew' a piece of 
webb ng across the end underneath, right up to 
the edge, and to overstitch the webbing and carpet 
together. The extra thickness is not apprcoiable 
from the upper aide. 

Stretching the Carpet* After the cari)et 
has been sewn together, it should l)e stretched and 
have any wrinkles and creases taken out. The 
carpet-stretcher is used for this operation. This 
is an instrument with a handle resembling a broom 
handle, but the end is something like a flat shovel, 
with the point of the Vdade cut into prongs or 
teetli. By standing on the carpet and pushing it 
away with some force by means of the carjiet- 
stretcher, the stretching is effected. Working from 
file ceiilre, stretch it section by section until it 
I its the chalk plan made on tlie cutting floor. As 
one part is stretched, put drugget pins — that is, 
brass-headed studs — into it, so as to retain it in its 
stretched condition. Any loose or creased part may 
bo made right by Ijeing damped by the aj)plication 
of a w et cloth and ironing. 

The car)iet may now' 1^ considered ready to be laid 
in its proper place. The floor upon which it is to 
put should be smooth, all projecting nails and 
^])ikes should be withdrawn, and all projecting knots 
l)Ia?ied down. Felt may be put on before the carpet, 
thus thickening the floor covering. Care must lx? 
taken not to have the carpet and underlay so thick 
that doors ojiening iiiw’ards into the room w'ill rub 
against the carpet. It may be necessary to unhinge 
and cut the door in such an event. The actual 
putting down of the carpet is a simple matter, 
the only precaution necessary being to make it 
straight. 

Much trouble and time may bo .saved by using 
<^«arpet squares instead of planning and sewing 
t'arpets. Carpet squares are rectangular carpets 
made in one piece, including the border. The 
room in such an event has a polished or stained 
floor around the oarpet square. 


Laying .Stair Carpets. The laying of a 
carpet on a straight stair is a matter of extreme 
simplicity. It is simply tacked* at the top or 
bottom, and put at each step under the stair rod 
and tacked at the other end. The stair-rod eyes 
should be screwed or driven in in a perfect straight 
line right from top to bottom of the stair, and 
their distance aj)art should be half an inch more 
than the width of the carpet, tlius giving a quarter 
inch of clearance at each side. The distances at each 
side of the carpet between the wall and the balusters 
should be uniform. Stout 2)adH or undorfelt are 
usually put on each tread under the car})et : they give 
a softer tread, and ])rolong the life of the carpet. 
Stair pads should l)e about in. shorter than the 
carpet is wide, and, wTiile stopping short of going 
right to the back of tlie tread, where they would 
interfere with the stair rod, they come down over the 
nosing or rounded front of the tread, where the 
greatest wear is. In America stair rods are prac- 
tically unknow'n. Instead, stair carpets are tacked, 
or are held by stamped brass corners with short 
prongs, w'hich are jiressed into the angle made 
by the tread and the riser. 

Carpets for Spiral Stairs. The laying of 
a carpet on a circular or spiral stair presents greater 
difficulties. If laid pro})eiTy, it should look, when 
laid, as if it were unbroken from end to end. The 
l)(‘st way, but the most expensive on account of the 
waste that it causes, is to cut the carpet across at 
the bottom of each riser, and to sew it together 
there. The more usual method is by folding trian- 
gular sections under the face at each riser, so as to 
absorb the unnecessary (Toth caused by the circle. 
Whichever method be adopted, it is a good rule 
that the narrow’ carpet edge on every step .should l)e 
some distance from the balusters. It will not 1 h> 
possible in some cases, where all the treads are not 
at the same angle. 

Laying Linoleum. The practice of having 
linoleum made in bordered squares is lessening the 
need for Htting linoleum, although fitting is still 
the more common method. The standard width 
of body cloth, as the body of the linoleum is termed, 
is 2 yd. In cutting iq) there is room for skill in 
devising methods of .saving waste. Patterns of 
geometrical design are more likely to lie economi- 
cally laid than lioral carj)et j)atterns, because the 
former can be reversed, and sometimes even turned 
sidewise, and still j)reserve the pattern, while 
the latter must be ke))t running one way. 

The customary knife used for cutting linoleutii 
and floorcloth is of the billhook variety, and mu.st 
be kept sharp. Many workmen rub the knife edge 
through their hair every few' minutes as they pro- 
ceed, thi.s ])erhaps imparting to the edge a lubricant 
that makes cutting easier. The chalk line is used for 
making straight lines. Some limdoums are uncer- 
tain, and may expand considerably after laying. 
The variety known as cork carpet is j)articularly 
liable to this defect. For this reason linoleum 
is sometimes not tacked into place for a week or 
more after it has Ix^en laid, .so that if stretc'hing 
takes place, sufficient maj' \ye cut off the edge to 
make a perfect fit. The edges of linoleum are 
tacked to the floor with thin brads, these being 
placed as close to the join as possible, and being 
put at the same spot on opposite side.s of the join. 
Linoleum bordering is mitred in the same way as 
carpet bordering. 


Upholstery concluded; followed by Fire Extinction 
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By H. 

•yHE covering of walls presents to the designer 
* the largest field for the use of repeating 
pattern. There is very little technical difficulty 
to contend with compared with designing for 
carpets or w’oven fabrics. 

Block-printing Wallpapers. This is the 
simplest and most artistic Avay of getting a re- 
peated pattern. It is also the most expensive, 
not in the actual preparation, but in the time 
taken (by the printer) in producing the finished 
paper. It is necessary before starting the design 
to decide whether it is intended to use it for 
printing in transparent or solid colour — that is, 
whether the pattern is to be printed light 
on dark, or the reverse. Whichever is chosen, 
paint the design the way in which it will be 
printed — that is, do not paint in the ground if 
the pattern is to bo printed, but paint solid the 
part that should represent the part of block 
which carries the colour on to the paper. The 
designer will then not be so likely to make dots 
rjr enclosed spaces, which would fill up when the 
block is placed on the colour pad and spretul into 
a solid mass when applied to the paper [30]. 

The design, when bought, will be handed over 
to the block-cutter, who will trace and transfer 
the drawing on to a wooden block the size of the 
repeat — that is, if it is not larger than 21 in. by 
24 in. (21 in. by 21 in. is the most convenient size). 
If the design be smaller than this, endeavour to 
repeat it twice in height, so that two repeats 
can be produced by the same impression. To 
draw designs for, say, 14 in. or 15 in. in height 
too large when doubled for the printer to handle 
conveniently, w^ould mean a third more time and 
labour than in printing a piece of 12 yd. He will 
then, after colouring wdth a strong colour the 
shapes transferred to the block, cut away the 
ground, leaving the design raised. The same 
process will follow^ for every colour used, be it 
outline or mass. Small points will be left at the 
corners of the block, raised a little above the 
ornament, to enable the block to register and 
keep it firm on the printing table. 

A Primitive Method. The blocks will 
be handed to the printer, who site with a 
table in front of him, colour pad at the side. 
The block is then attached at the . centre 
of the back to a lever, which is balanced so 
that he can easily place the block on the pad 
(which is colouroa for every impression by his 
and when charged with colour, place in the 
right position on the paper. With his foot pressed 
on a lever ho brings sufficient weight down on 
the block to got a clear impression. 

Only one colour is printed at a time. The paper, 
passing up to the ceiling on rods, is allow^ed to dry 
before other colours are added. 


NAPPER 

Twn colours can be printed from one block if 
necessary by arranging, say, groups of flowers, 
so that they are well away from each other to 
allow different colours to be easily applied to the 
surface of block or on the colour-pad. 

The effect of colour printed from the wooden 
surface is richer, fuller, and softer than when 
printed by machine. Especially is this the ease 
when transparent colour is used ; the texture or 
grain is very beautiful, and would not repeat 
itself in the next impression. Only the best 
quality of paper is suitable for block, owing to the 
lightness of handling compared with machine ; 
it has not the tendency to destroy the surfac^e or 
original texture. 

Machine Printing. The method of print- 
ing by machine is entirely different from block. 
The design is traced and transferred to rollers, 
the circumference of which corresponds to the 
height of the repeat. An outline is then punched 
into the roller with strips of bniss in varying 
thicknesses to give* the variety of outline. The 
process is repeated woth the rollers representing 
masses of colour, an outline first being made with 
brivss, then filled in and felt added to the printing 
surface, it will be seen that this is a ec^stly and 
difficult process — in some cases ten or twelve 
rollers are necessary. The rollers, when 
finished, are made to register — that is, to fijb 
oxjw*tly into the proper place for printing. The 
method is much cheap(*r than block printing, 
for th(^ machine produces miles of paper piinted 
with the finished design. 

The plain paper passes round a laFge drum, at- 
tached to which are tlu* smaller rollem with the 
pattern revolving against it, printing and at the 
same time re-charging with colour for the next 
repeat. 

The w hole pattern is, of course, wt*t, tlie rolh rs 
following so quickly that, although the rooms are 
heated, great care must be taken that too much 
.of one colour does not fall upon another. Two 
colours that in block could be printed one over 
the other, must, in machine, be made to fit oven 
so that a slight nmning together will result. 
Should a light outline be required, the filling-in 
colours must be about in. from it. There is 
not so much difficulty w ith a dark one, owing to 
the medium being thicker. 

Engraved Rollers. This is the process 
commonly called “ sanitary.” This name was a 
great mistake from the artistic x)oint of view, for 
it is capable of most beautiful results — in fact, 
almost anything can be represented in the matter 
of gradation and colour. The rollers are of copper, 
upon the surface of which the pattern is engraved 
by a series of punctured dots, giving, by their 
scarcity or density, the depth of colour required. 
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If two or more rol\ei’» arc used, luorc tViau two or 
throe dilfevont coloui's can ho oh^ined. The 
<^ol()ur being transparent, one can print over the 
other, fvhd give Various tones of the mixture. 

Thus, blue rolltT printed over yellow would 
give a scries of greens'; blue over red, purples, 
etc. Caro should be taken not . to depend too 
much on the mixtures, for. owing to the great 
pressure of the rollers, the eolour is liable to 
become muddy. The whole surface of the roller 
receives the colour, but before meeting the 
paper a scraper cleans the smooth parts and 
leaves the colour only in the punctured surface. 
Ijarge surfaces of dark colour across the design 
should be avoided, as these parts would tend to 
wear away owing to the action of the scraper. 
'The sizes of rollers vary both in surface and 
engraved printing. Those in ordinary use vary 
from 1 5 in. to 21 in. in circumference. In engraA^ed 
work small patterns which repeat often in the 
width of 21 in. are engraved mechanically, 
saving tedious labour. 

Hints for Wallpaper Design. In 

l)reparing designs for wallpapers use strong 
paper so that it will bear the rough handling 
of the cutter and printer. Use solid colour for 
block and machine, and keep the work on the 
hard side, leaving nothing to chance. This will 
enable the cutter to interpret the woik better. 
For engraving use water-colour, but let the 
gradations have distinct tones so lliat the 
engraver can easily trace them. 

In 27 and 28 there is given a small piece of a 
design showing the difference between a block and 
machine print. The outline of a block is inclined 
to spread and give a fat look, but with machine 
it is inclined to shrink and give a thin look, 
the speed of printing, of course, tending to giv(» 
this effect. Part of the same design [29J for en- 
gmving shows the graduated effect with one roller. 

Printed Fabrics. The printing of pat- 
terns on fabrics —velvets, cretonnes, silks, mus- 
lins, etc. — is in some way similar to the printing 
of papers. There are two distinct methods, 
block and machine. The same qualities of rich- 
ness are produced by the hand block and the 
beauty of the original material is preserved 
to a far greater extent than in papers. If is 
impossible to produce by machine the velvety 
depth or flooding of colour which is the eharnc- 
teristic of block printing, owing to the material 
having to be of a smoother and harder nature so as 
to pass through the machine in an even manner. 
The breadth of rollers for machine is generally 
30 in. for piece-goods (printed curtains run 
to much larger widths), but Avith block -printing 
a greater A^iriety of widths can be used, thus mak- 
ing it of greater value for commercial purposes. 

Block Fabric Printing. Bldck Avork 
is, of course, more expensive than machine 
owing to the time taken in printing and to the 
better material used, but its lasting powers are 
far greater, and for hangings nothing can he 
better. The material is generally pasted or 
strained on largo tables, and the repeat set out 
as shoAvn in illustration [36]. It will be seen that 
there is a different method of handling the 
blocks compared with paper printing. There is 
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no Avay of reducing the Aveight of block, tlw' 
entire weight being lifted by the printer and 
placed in position. This limits the size of the 
patlciii, loin, by 15 or 18 in. to 15m. by Inin 
Ixung quite large enough for the printer to haiidlo 
comfortably. If larger repeats are required, say 
15 in. by .SO in., two sets of blocks must be Tis(‘(i 
thus doubling the cost of cutting and adding t,’, 
the time of 2 >rinting. 

Varieties of Design for Block Prints 
ing. Care should bo taken not to make tho 
work too fine, and also as to the number of colours 
used ; over-printing is sometimes an advantages 
but should be used sparingly, as it tends to limit 
the range of schemes — the extra colours made 
are called “ supers.” If possible try to arrange 
the pattern so that it will look complete without 
the ground — that is, arranging for the principal 
part to he printed, say, in four colours, reserAung 
two for extra effects. Use these to get darken- 
effects by the addition of a pattern on ground 
Avhieh enables the manufacturer to produce two 
changes in appearance by the same design. 
Should the same blocks be used for velvet, 
requiring a dark ground, a still richer effect can 
l)e obtained by adding another block. 

Another use made of block is in the printing 
of patterns for hed-spreads, table-covers, hang- 
ings, and other fabrics, in Avhich a large surface 
of colour is required Avith borders, etc., in light 
colour [see illustration 34 to discharge or resist 
printing]. By the use of, say, two blocks, 
one for corner and the other for repeating 
patterns, an endless pattern can be made to 
Avork on any size material. The light part is left 
up on the blocks and is ))rintcd on to the ravt 
material with (hemioals which resist the aedion 
of colour. When printed the whole piece is dyed, 
leaving tlie pattern in the untouched ground 
colour of t he material. 

Machine Printing on Cretonne. The 

method used for this fabric is somewhat similar 
to the engraved process for wallpa 2 )ers. 'Jbe 
])attern is made on copper rollers, several tones of 
the same colour being obtained from each rollci’ 
by means of lines or dots called “ stippling.” 
'nie illustration [33] suggests hoAV the tones arc 
worked by the engraver. It is not necessary to 
work tlie design in this manner. The exact 
shapes required can l)e painttnl in in water-colour, 
for although it Avill be made with dots and lines, 
the result will be a flat tone when printed, ow ing 
to the necessity of having always underneath 
a first roller to soften the material. 

The design can be made to repeat in full Avidth 
of rollers or any equal division, but the height oi* 
e/ircumforence of rollers in general use should l)(‘ 
15 in., unless other Avise stated. In making a 
design for ordinary or all-over patterns, the* best 
metluxJ is to plan it on the diamond or lozenge, 
30 in. by 15 in., to give greater freedom [36J. In 
15 in. this becomes a drop, but for conventional 
A\'ork it is better to {dan the drop in squares [371. 
Reversible cretonnes are made by machine — that 
is, with a clear print on both sides of the material. 

Stencilling. For the young designer, 
decorator, painter, or any other craftsman tlieie 
are fcAv crafts as intert\sting and instructive as 
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stencilling. In all the other branches of decorating 
by means of pattern, the designer, as a rule, has 
no control over its production; but with sten- 
cilling he can be designer, cutter, and printer. 
The production of the plates is so simple and 
inexpensive that the decoration can be planned 
and completed in the room or house in which it 
is required. Take the stencilling of a frieze [40] 
as an example'. The interesting or the largest 
part of the design can be arranged in the centre of 
the wall, and the moti\'e altered in colour or 
simplified in design, so that nhen the (comers 
are reached, the effect of overcrowding can be 
saved, and the decoration given the appearance of 
having been })roduced specially for the room [3u]. 
The same plates can sometimes be used for door 
panels or screens, giving quite a. difhu’cnt effect. 
It is quite easy to stencil on almost every kind 
of plain fabric, such as muslin, arms cloth, 
linen, or velvet. 

Designing for Stencilling. As an 

example of preparing a design for use in j)ure 
stencilling a frieze may be taken which is to 1x5 
worked with three plates. By a little arrangement 
one or both of these plates can be made to give 
two distinct colours. I'he Ix'st method is to 
decide on some simple arrangement and j)lan 
out roughly the masses of colour without much 
thought regarding the drawing. Keej) them as 
large as possible so that there is phmty of scope 
for graduating the colour, the great charm of 
stencilling being the accidental effects. 

For the first plate, flower and leaf can be 
arranged together, reserving the second and third 
plates for the background [39], Now take a solid 
white, and begin to give the shape you rc(|uire 
to the flower, ete., by painting an outline on the 
masses of colour. This serves two purposes, 
giving shape to the pattern and strength to the 
plate. Break up the mjiss as little jvs possible, 
and see that the full amount of cx])rossion is 
obtained for every lino. Thesi' lines are called 
ties. Do not be afraid of them or ])aint them 
out afterwards, for this is a sign of the incom- 
petent craftsman. Treat the background plates 
in the same way, but give them an entirely 
different effect, either giving a lot of even detail 
or making them almost plain. 

Cutting the Plates for Stencilling. 
Take a piece of tracing-paper (fairly strong, 
for it must stand a go(^ deal of rubbing), 
and make a careful tracing, outlining each 
side of the ties. This is very essential in 
order to save the trouble of thinking of tlie 
part to be cut. Then take four pieces of cart- 
ridge paper (thick), being certain that they are 
much larger than the design. In one of them put 
two drawing-pins, point up, at top and bottom 
of paper — this is for the registration of plates 
to ensure their fitting exactly — then place the 
other piece on the top and press the pins through. 
Do the same with the tracing, and it will save 
much unnecessary trouble. Now rub the tracing 
on to the three plates, taking care that the 
tracing is exactly in the same holes. Start by 


cutting the flowcr-and-lcaf stencil-plate first. In 
doing so, place the pa])er on a piece of thick glass, 
and with an ordinary knife cut out the parts 
enclosed by a line. Care should be taken to cut 
away from the corners in every case, so that 
slipping across the ties is avoided [42]. 

When the cutting of the first stencil is com- 
pletCj lay it on to tlic background plate, and 
stencil through the cut parts to verify its fitting 
exactly ; proceed with the second plate in the 
same way. Afterwards give the plates a coat of 
knotting or varnish on both sides, and allow them 
to dry tlioroughly. 

Practical Stencilling. Almost any medium 
can be used in stencilling — w^ator-colour, oil, 
tempera, etc. For small work water-colour is 
the l)est. When once the difficulty of prevent- 
ing the colour from running too freely from 
the brush has Ix^en mastered, always use large 
brushes 141], even for the finest w^ork : they 
cover the ground more quickly, and give the 
colour a better texture. Never by any chance 
allow the brush to go directly into the colour. 
Mix tlte colour rather thick, place it in a saucer, 
on the top of which put a piece of clean flannel, 
and charge the brush by rubbing it on the top 
of the flannel. By this means the colour will be 
taken up evenly, and too much moisture, which 
would have the tendency of running underneath 
the ties, will be prevented. Cut on the plates 
a small piece more than is required [see petal 
of flower in 39a], bo that if the design runs 
along it can be seen at once whether it fits into 
the right place. 
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THE WORLD’S MINERALS 

A List of the Important Minerals and Mineralos^cal Synonyms, Giving Their 
Chemical Composition, Physical Properties, Products, Uses, and Other Particulars 


By S. G. STUBBS 


purpose of this article is to give in con- 

* venient form a comprehensive account of the 
characters and uses (if any) of all the important 
minerals. The 1,300 names and synonyms given 
in the pages following are not equal to more than 
one-third of the minerals dealt with in Dana’s 
wonderful “ System of Mineralogy,” but the two- 
thirds here omitted are not important economically 
or mineralogically. Rocks are not dealt with here. 
They are mixtures of simple minerals, and particulars 
of them will be found in other pages or in any 
good work on petrology or |x^trography. 

Important synonyms of the minerals dealt witli 
are included in the tables and are indicated by the 
italic if (synonym) ; for particulars of these, reference 
is to be made to the name given. Where a mineral 
is a more or less closely related variety of a 
more important mineral, this fact is noted, the 
italic V (variety) being used. 

In the second column the chemical formula or 
oliemioal composition is indicated by means of the 
ordinary symbols and formula) of chemistry, which 
arc fully exydained in the course on Chemistry. 
Where possible the structural formul® arc given. 
Where it is not possible to assign a definite formula 
the eoiivStitiient compounds or ele/nents arc given. 
Elements enclosed in brackets and separated by 
commas can, and do, replace one another without 
altering tlie crystalline form of the mineral. 

Physical Properties, All minerals vary 
greatly in colour, generally on account of 
accidental impurities derived from the rock or 
other environment in which they occur, and the 
colours given here are those which are most iKsiial. 
In the fourth column are stated the approximate 
sj)ecific gravities of the minerals. Where the limits 
are somewhat wide they arc noted. For methods 
of determining gravities of minerals see Precious 
8tones, page r»853 ; much of the information 
appearing there as to the physical properties of 
stones applies eipially to other minerals. 

The figures denoting the hardness of the minerals 
are those of Mohs’ scale, whi(?h com])rises ten 
degrees of hardness, the following being the typical 
minerals : 

1. Talc 0. Felspar 

2. Rock salt, or gypsum 7. Rock crystal (quartz) 

3. Caloito 8. Topaz 

4. Fluorspar 9. Corundum 

5. Apatite, or glass 10. Diamond 

Tin’s scale is entirely arbitrary, and the value 
of the degrees varies greatly, the difference be- 
tween 10 and 9, for instance, is much greater than 
that between 9 and 8 [see also page 5862). 

Crystalline Systems. The system of 
crystallisation to wdiich the mineral l)elongs is indi- 
cated by the Roman numeral in the sixth column. 
The six systems are : 

I. Isometric (Cubic, or Regular) ; 

II. Tetragonal (Pyramidal) ; 

III. Hexagonal (Rhombohedral) ; 

IV. Orthorhombic (Rhombic, ’rrimetric) ; 

V. Monoclinic (Monosymmetric, Oblique) ; 

VI. Triclinic (Asymmetric, Anorthic). 
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Although crystals occur in very many geo- 
metrical forms, it was early seen that many of these 
were merely modifications of simpler forms, and 
ultimately, as the result of the birth and deceajse 
of many ingenious theories, it was shown that 
all these modifications might bo referred to 
the six simple systems given above, and, more- 
over, that, as the result of the mathematical 
laws of symmetry, no more than six simple 
systems are i)ossible. 

The Principles of Crystal Systems. 

These systems are based on the relations of the axes 
of the crystals — imaginary lines connecting opposite 
points, such as opposite corners or the centres 
of opposite faces. In the first system, the 
Isomelric, or Cubic, the axes are all equal, 
and cut one another at right angles. This is 
the sim]>lest and most regular system, and ex- 
amples of it are common salt and fluorspar, which 
erystalli.se in the form of a cube. In the Tetragonal 
system only two of Uie axes are equal, but all 
intersect at right angles. The precious stone 
zircon is an illustration of this system. Other 
systems are considered to have only three axes, 
but tlie Hexagonal, or Rhombohedral, has three 
axes intersecting at 00°. and a fourth cutting 
the.se at right angles. In the Orlhorhombic or 
Rhombic .system none of the axes are equal though 
they cut one another at right angles. The majority 
of minerals fall into this class, of which barytes 
and topaz are re])rc.sentaiivc.s. Monoclinic or 
Mono.symmetnc minerals have all their axes 
unequal and only Iw'O of (he axes iiitorsectiiig at 
right angles. Quartz takes this form. The sixth 
.system, the Trielinie, or Anorthic, is, as its 
second name indicates, entirely irregular. None 
of the axes are equal and none intersect at right 
angle.M, 

Abbreviations Used in the Tables. 

8ome minerals are not found crystalline. These 
arc indicated by the abbreviations Am., Amorphous; 
Me., Micro-crystalline ; Mass., Massive. In the 
seventh column are a set of abbreviations indi- 
cating the api)earances of the minerals. These 
arc : 

A Adamant 
B Brilliant 
D Dull 
E Earthy 
F Fibrous 
(r Gieasy 
Gl Glinting 
O Opaque 
M Metallic 
P Pearly 
R Resinous 

In the eighth column are given very briefly the 
products, uses, or other particulars of the minerals. 
The products are given first, and are followed 
either by the uses or other ^particulars. 

For a chemical classification of the minerals and 
for a short account of the principles of mineralogy 
and crystallography reference should be made to 
the course on Geology, page 765, 


S Silky 
Sa Sub-adamant 
Sm Sub- metallic 
Sp Splendent 
Sv Sub-vitreous 
Tc Translucent 
Tp Transparent 
U Unctuous 
V Vitreous 
W Waxy 






ABIOHITBi s. Clinorlaso 
Abrazitc* a. Gismouditc 

Acanthite 

Acerd^se, a. Manganito 
Achlrite, a. Dioptasc . . 
Achmatite, a. Epidole. . 
Achrcmatlte . . 


Achtaragdite 

Acfculitei a. Aikinita 

Acmite 

Aciinolite (Hornblende group) 
Adamantine spar, a. Corundum 

Adamite, Adamine 

Adnlaria, t\ Orthoelase 


ADgirite, A^gyrite , , 

iEnigmatite 

A2ro8ite, a. Pyrargyrlte 
-Eschynlte 

Agalmatolite (Figure Stone) 
Agaric mineral. Rock milk 

Agate, V. Quartz 

Agate jasper, v. Quartz 
Aglaitc 


Agnesite, Bismnthite . . , 

Agrioolite 

Agailarite 

Aftlnlte (Needle-ore) 

Ainalite, o. Cassiterite 
AiUialite, a. AsboUte 
Akontite, a. Olaucodote 
Alabandito, Alabandine 
Alabaster, v. Gypsum . . 

Alali to, V. Diopslde 
Alaskaite 
Albertite, v. Coal 
Albine, v. Avop])ylUte. . 
Albite (i)'elspar group) . . 

Alexandrite, v. Chrysoberyl 

Algerlto 

Allactitc 

Allauitc 

Allemontite 

Allophane 

Alluaudite 

Almandine (Precious Garnet) 
Almandito (Common Garnet) 

Alstonito, BroT'ilito 

Altaite. . 

Alum, 9. Kalinite 

Aluminitc 
Alunite, Aiumstone 

Alunogen, f, Kcriimobalite 
Alurgite (Mica group) 
Amalgam, Native 
Amazon stone, v. Microeline 

Amber 

Amblygonlte 

Ambrite,«.Retinite .. 
Amesite, v. Cllnochlore 

Amethyst,©. Quartz .. 
Amianthus, 9, A sbostos 


Cheniloal fonuTiUo 
or ci)iiiiK>^itIon. 


Pb.iAsuOM and Yellow to rod n'O 
PhoMoOn 

Very complex Colourless a O 

silicate.* 

SiOa.MgO, Ash-grey 2’‘V2. 

Fe20.i,Al203 

NaFe(SiO;j)2 Brown or black 3’5 

(Ca,MgO, FcO)Si Green to black — 

— Hair-brown 


(ZnOH) Honey-yellow 4“M 3T 

Znyis04 to violet 

Al,K,Na,Si:{0^ Almost eoloiirlc'ss 2'a3 U 


I Appear- Prodpfts, ur<*r, or other 
I a ore. I roinarka. 


Similar to Argent ite 


NaFe(Si();{)2 

(Si,Ti)Oo. 

Fe0,Na20 

Ki,Ta,Ti, 
Ce,Th,aiulLa 
AIKH, Si20G 
(JaC03 


Si02Al203 

BfeOa-COo 

Bl4(Si04).'I 

(PbSicuC)2 

SnOo 


MnS 

CaS04,2H20 

raO.MgO.SiO2 
(Pb,Ag)S.Bi2S;, 
C,H,N,and 0 
CaC03(HK)Si0.» 
Al(Na,K).Si:!0„ 
SiaOs 
BeAl204 

KAKSiOjOCaCOa 

Mn7(0H)8(As04).. 

BnSbOs.RuSiOs 


Greenish blaek 


2 8 2-3 

2 7 


Variegated 


White, green 
Colourless to 
yellow 
Iron-black 
Blackish-grey 


Iron-black to grey 
Oolourleas, M*hite 
and various 
Greyish white 
Grey 

Velvet-black 

White 

(Colourless 

Emerald green 

Yellowish 
Brownish red 
Blaek 


Al2Si0r,.5H20 

]Mnl),p2()3 

Al2Ve;,(Si04):, 

Al2Fe3(8i04):! 

(Ca,Ba)C03 

Pb'rc 

KAl(S04)2l2H2O 

AlyOji.SOjf.OHoO 

Kl!A10);](S(^4)e‘ 

3H2() 

Alo(S04)3.18Tl20 
Contains Mu 
Ag,Hg 

(K,Na)AloSi:,08 

C4oHr>404 

(AlF)LiP04 

C,H,0 

H4(Mg.Fe)2 

AloSiOfl 

SiOi 

(Ca,Mg,Fc)Si03 


Various ! 1‘8 

Brown | 3 4 


Red j3'i>-C2' 7 
Reddisli-brown 3'9-4-2' 7 


Tin-white 

White 


White 

Purple 

White 

Green 

Yellow, brown 
White to green 
Yellowish-grey 1 
Apple-green 

Purple, yellow 
White I 


7-7i III. 


4-4-5 Am. 
5 T. 


Found in Mexico 

A toiirmalinc 
aSff J). 585(1 
A i»seudoinorph 

(present 

Mn or Ti may bo 
Found in Scotland, 
rSweden, North 
L America 
Vifreouslustre; ZiiO 
(5« per cent.) ! 
If blue opalescent, 
called Moonstone I 
Impure Wollusto- ' 
nite 

i Mu and Mg may be 
present 

Essentially a titano- 
silicate ; very rare 


Carved by Chinese 
Very Soft; deposited 
in caverns 
Banded chalce- 
donies. ASe/?pp. 
767, 5852 

Is jasper with chal- 
cedony veinings 
A variety of Si)odn- 
mene 


I Bismuth I 

1 Tin 

! (S. America 

j Manganese: found 
Ornamental carv- 
ing, pp. 1169,1721 
I Aiigite derivative 
I 

Found Nova Scotia; 

[gas-making 
Fine-pottery manu- 
facture, p. 788 
Precious stone, pp. 

5853. 5855 
Altered Scapolitc 
Manganese 
R may be Al, Fe, 
i.a. Yt 

Antimony and 


Is alt(?red Triplite 
carbuncle 
Precious stone as 
Sand or garnet- 
paper 

Found with Wither- 
I ite 
I A telluride 
Str index ; also 
I Mendozite, inira 
Found in clay beds 
Fine-alum prepara- 
tion 


Silver 

jSee index 
Is a fossil resin 

[gum 

Resembles Kauri 
Occurs w’ith Dla- 
sj)ore 

Precious stone 
Variety of Serpen- 
tine 
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Mitipralt. 

Ch«iuk>»l fortunlfe 
or cum position. 

Colour. 

8.0. 

H. 

c.s. 

Appear- 

ance. 

Products, uses, or other 
remarks. 

Amphibole t. Hornblende 

(Mg.FcjjCa 

Blackish 

31 

5-5 

V. 

V. 

Many compounds; 

(8i03)4 






chief asbestos 

Amphigene, s. Leucite 

Analcite, Analciine 

AlNa(Si0a)5i.H20 

White, red 

2-2 

6*3 

I. 

V. 

Titanium [chroic 

Anatase: . 

TiOa 

Various 

3-9 

6 

11. 

A. 

Andalusite 

AlySiO.'j 

Whitish, reddish 

31 

7 

IV. 

V. 

Very strongly di- 

Andesine (Felspar group) 

AlNaSlo-SiO s 

Various 

2*68 

5*5 

VI. 

V. 

Belated to Albine 

Andesite, 8. Andesine 







[and Anorthite 

Andradite (Garnet group) 

Fe2Ca:{(Si04);j 

Various 

3*8 

7 

I. 

— 

(Common garnets 

Anglesite 

PbS()4 

White 

6*2 

3 

IV. 

A. 

Lead (68 per cent.), 






p. 5985 

Anhydrite 

Ca804 

White, reddish 

2-9 

3 

IV. 

V. 

An anhydrous gyp- 







sum 

Animikite, v. Dyscrasite 

Ag9Sb2 

White 

9-45 

3‘ij— 4 

IV. 

— 

In arsenical silver 







ores 

Ankerite 

(Ca,Mg,Fc,Mn) 

Grey, wliite 

S 

4 

III. 

V. * 

Bolomitic 


CO:< 







Annabcrglte 

Anomitc,!?. Biotite 

Ni;l(A8()4)2.8Il20 

Apple-green 

3 

2*23 

V. 

Gl. 

Nickel 

See p. 768 

Anorthite (Felspar group) . . 

AlCaSiiAlOH 

Wlilte, grey, red 
Greyisii 

2-76 

6 

VI. 

V. 

Anthophyllite, Antholite 

Mg,Fe,SiO;, 

315 

1)*3 

IV. 

V. 

[coal 

Anthracite 

C ; H, 0, etc. 

Black 

1-7 

2*75 

Am. 

Sm. 

Hard, smokeless 

Antillite 

Si02.Mg0,Fe0 

Greenish-brown 

2- 52 

3-.V-4 



— 

Similar to serpen- 

Antimonite, ». Stibnite 
Antimony glance, 8. Stibnite 
Antimony 

Till-white 

6'« 

3 

III. 


[tine 

Barely crystalline 


8b 

Apatite 

3(^a;!P20H,CaF2 

All colours 

31 

5 

lit. 

V. 

Phosphoric acid. 






r phosphorus ; 

Aphanesite, s. (linocluse 







L manure 

Aphrodite 

MgSi0;{,H20 

White 

3‘2 

2 

— 

0. 

Resembles Sepiolite 

Aphroaideritc 

Fe.AI.HiOs.HoO 

Olive-green 

2-8 

2-2*5 

— 

Tp. 

Chlorite group 

Aphthitalite 

(K,Na2)804 

White 

2‘«3 

3-3*5 

III. 

V. 

From S. Africa 

Apjohnite 

.MnS()4.( A 12804)3 

Wniitc 

1-7 

1*5 

V. 

s. 

Apophyllite 

Ca4,K,Si0;,,H20 

White, yollowi*<h 

2‘3 

5 

II. 

p. 

[See p. 5855 

Aquamarine v. Beryl . . 

Al2lle;!(SiO.!)<j 

(ireen, bliii'^h 

2-7 

7*5 

HI. 

Tp. 

Preeiou.H stone 

Aragonite 

Arcanite, n. Aplithitalite 

CaCOn 

White, grey, etc. 

2*9 

4 

IV. 

S. 

Resembles C’alcite 

Vanadium 

Ardcnnite 

Mii4,Al4,V8i05 

Y ellow 

3-6 

6-7 

IV. 

— 

Arfvedaonite (Horn-blende 

Fe.Mg.NawCa, 

Black 

31 

0 

V. 

V. 


group) 

Argent ite (Silver-blende) 

8iO;{ 

Ag.jH 

Lead-grey 

7-2 

2*5 

I 


Important silver 
ore 

Germanium 

Argyrodlte 

(Ag 28 );|.(fcS 2 

Greyisli-black 

0 

2*5 

V. 



Arkanaite v. Brookite 

THh 

Bed, broM’ti, etc. 

1-2 

5* 5 

IV. 

A. 

Titanium ; from 

Arkautlte, Chiolite 







[Arkansas 

Arniinite in Herr(*ngrundite . . 

Cu0,80;jH‘j0 

Green 

31 

2*5 

V. 

— 

From Piaunitz 

Arquerite v. Amalgam 

AgioHg 

White 

l ()-8 

3 

I. 

M. 

From Chill and 






Brit. Columbia 

Arsenic . . 

Arseniosiderite s. LOllingitc 

As 

Grey 

5*7 

3*5 

irr. 

! M. 

1 

For uses see index 
[arsenic” 
Comnu^rcial ” white 

Arsenolite 

AS 2 O 3 

W'liite 

3*7 

3 

I. 

A. 

Arsenopyrite, s. Mispickel . . 

FeAsS 

Greyish-black 

d 

5*5 

IV. 

M. 

Arsenic (46 per 







cent.) 

Asbestos (Hornblende group) 

(CaMgF(*) 8 iO;, 

W'hite to brown 1 

3-2 

5* 5 

V, 

F. 

See Chrysolite 

Asbolito, Asbohin. r, Wad 

t’o( Fe,C.'u )0 

Biuisii-black | 

3*5 

2*25 

Am. 

K. 

Cobalt 

Asnianite 

Asparagus-stone, s. Aimtite 

8 i 02 

C’olourles.^: 

2*3 j 

7 1 

IV. 

1 V. 

i 

A p.«^oiidomorph of 

Asi)asioiite 

8 i.Al,Fe,Mg 

Grcyi**!! 

2*7 

7 

— 

1 — 

oxides 






lolite 

Asphalt urn 

Cj4HihO 

i Black to baown 

1*5 

l'25-2 

Anva*.; 

B- 

Paving, covering. 






etc. 

Astrakanite, «. Bldditc 



1 




B is H, Na, K ; B.., 

Astropliyllito . . 

R,l{2Ti(804)4 

Yellow to gold 

3*3 

3 

IV. 

P. 






Fe, Mn, Ca, Zr 

Aiacamitc 

(’U 2 C 1 H;, 0 ;; 

Kinerald green 

4*1 

1 3* 5 

IV. 

V. 

Copper (59 per 




i 1 



cent.) 

Ateleatite 

HoBiaAsOs 

Yellow 

6*4 

1 3-4*5 

V. 

To. i 


Atoplte 

CajSbjOT 

Yellow 

5*0 

5*5-6 

I. 


Besenibles horn- 

Auglte (Auglto group) 

AlOy.MgAlSiOa 

Greyisii 

3*3 

6 

V. 

V. i 







blende, pp. 768, 
1009 


Aurichalcite 

(Zn,Cu)( 0 H )2 

C();l 

(rOuioCa 

Greenish-blue 

3*7 

2 

V. 

s. 


Autunite, Calcouranite 

Citron yellow 

3 1 

0 

IV. 

p. 

Uranium 

(P04)2-8H20 

Avantiurine felspar, v. Oglio- 

Al;,,pra,Ca, 

Greyish-wiiitc 

2*56 

6 

VI. 

V. 

In jewellery as 

clase 

HisOm 






Siinstone 

Axiniie 

H 2 Ca,Fe,Mii, 

B0,(Si04)6 

Brown, grey 

3*3 

7 

VI. 

V. 


Azurite, Chessylitc . . 

(Cu()H)2Cu 

Blue 

3-7 

3*75 

V. 

P.,V. 

Copper, p. 4127 


(C 0;,)2 





BABINQTONITE . . 

Baltimorite, 8. Berpentine 

(Ca.Fl,Mn)Si 03 

Greenish-black 

3*36 

5*5 

VI. 

Sp. 

Cornish iron ore 

Barcenite 

8b,S,Hg,Ca,H20 

CaAlo.8i208 

Bark grey 

6*3 

5*5 



B. 


Barsowite, v. Anorthite 

W^hite 

2*58 

6*5-6 

IVorV 

P. 

Corundum gangue 

Barylite 


1 Colourless 

4*03 

7 


G. 


Barytes (Heavy-spar). . 

Varies 

4*3 

3 

fv. 

V. 

I White-lead eubsti- 

Barjdocalcite 

(Ca,Ba)C 03 

WTIiite, yellow 

3*6 

4 

V. 

V. 

rtute; pigments; 
Lpaper-making 


6732 



Miiit‘rA}8. 

Chemical foniiulit: 

Colour. 

S.O. 

n. 

(;.s. 

Appear- 

Pro«lu<*t», or oOu'r 


or coiii|K)Biti(>ii. 

iiuce. 

leinark^. 

Basaltic hornblende .. 

(Mg,Fe>2,Al20;{, 

HiD;i 

Black 

31 

O’ 5 

V. 



Basanite, «. Lydian stone 







Bastnasito 

r(re,La,l)i)in 

Yellowish-grey 

4-9 

4-5 

ni.(?) 

V. 

Ce, La, Ih ; from 


CO:i 





emerald mines 

Bauxite 

AI;.0;,.2H.j0 

Wliitish, etc. 

2-5 

3(?) 

Oolitic 

E. 

Aluminium : alum 

Beaiixite, «. Bauxite 





r mfr. ; lire- 

Becgerite 

Belhinetal ore, s. Stannite 

Pbr.liitiSi, 

iirey 

7- 2 

— 

*• 

M. 

L bricks, enicibleg 

Bernstein, «. Amber . . 
Bertiiierlte 

FeSboSj 

<trcyirth-blaek 

41 

3 

Pr. 

M. 


Bertrandite 

4Be().2Si()... 

Colourless 

2« 

9-5 

JV. 

V. 



HD 





1st one. ,See p.5855 

Beryl (Emerald) 

Al2Be,(SiO;5V, 

ilrecn, blue, etc. 

2-7 

7' 5 

III. 

V. 

Flawless, a-s jireeioiis 

Beryllonlte 

BeiNaP()4 

Colourless 

2-84 

5'75 

IV. 

V. 

l^rom II.S.; precious 








stone 

Berzeliite, Kilbnite, l*yrr- 

(ra,Mg,Mn, 

White to yellow 

4-U 

.'> 

I. 

B. 


harsenite 

Na.j):,(As()4);{ 






Berzelitc, «. Mendipite 

PbaO-A'l-j 

White to vellow 

71 

3 

IV. 

A. 


Bieberite 

Biharite s. Agalinatolite 

(J 0 SO 4 . 7 H 2 O 

Hose-red 

1-9 

2-5 

V. 

S. 

An eltiore.scence 

Bindheimitc 

PhlSbyOH-iHoO 

White, grev, etc. 

4-7 

4 

Am. 

B. 

Cu often replaced by 

Binnite, «. Tennantito 

CUj]AS4S}» 

J>ark grey 

4-47 

2-75 

I. 

M. 

|Ag to 14 per cent.. 

Biotlte 

(Mg,. 2 ,Ke)a(K;,,H)o 

Black, brown 

2*9 

2- 5 

V. 

P. 

Stained with FeO; 


(Al7,Fe)2(.Si04);j 






eommercial mica ; 
electrical appara- 
tus 

Bismitc (Bisinutl; oelire). . 


tireeiiish-yellow 

4’ 3 


IV. 

A. 

>«aturuliy non- 


Bi 






crystalline 

Bismuth 

Silver- white. 

9-7 

2’ *2.^ 

ITI. 

M. 

Alloying metal 

Bismuth blende,#. Bulytite 
Bisinuth glance, 8. Bisinuthlte. 








Bismuthinite . . 

BtiSa 

Steel -grey 

tt-4 

2-5 

IV. 

M. 

Bismuth ore 

Bisinuthite 

Bi 2 Oa.CO 2 H.jl) 

Orey, yellow. 

«-9 

4 

Am. 

D.OI. 

Bismuth ore 



gre(*n 






Bisimitoapha'rite 

BiaCOa 

Yellow to grev 

7*3 

3-3 5 

Sph. 

— 

Fibrous struct tiro 

Bitterspar , ». Dolomite 
Bitumen, «. Asphaltum 

Blaiik e-opper, a. Melaeonlte 
Black-jack, #. Blen<le 









Blende 

ZnS 

V ellow', red, green 

4 

4 

I. 

A. 

Most important zinc 

Blodite 

MgS04.Na2SO4 

Colourless 

22 

25 

V. 

V. 

tore, 60 per cent. 

Bloodstone, v. Quartz 

SiOo and FeO 

ttreen 

2'7 

7 

Me. 

• — 

Has blood-like spots 

Blue-stone, Blue vitriol, v. 







[of red 

(.'halcanthite 

Boart, imperfectly crystallised 

■ 

Black 

_ 

10 

r. 


j Diamond-cutting 

V. Diamond 

1 

1 





powder 

Bog iron ore, impure v. Limon- 

Fe.20a,H./) 

[ 

! Brown to vellow 

1 



Am. 


1 Contains organic 

ite 





1 substances ; foun- 

Bog-manganese, s. Wad 







j [dry pig iron 

Bole 

i Al 2 H 4 Si.jO 9 .Au. 

White, yellow, red 

: 2-5 

2 

-Am. 

K. 

(•old-leaf adhesive 

Boltonite, r. Forsterite 

Bone-1 urquoise, #. Odontolitc 

! Mg.jSi()4 

Bed 

1 3-2 

(i’7 

IV. 

V. 

1 

Boraeite 

Mg 7 Cl.jB 1 r 1 O.Mi 

White-grey 

3 

7 

I., IV. 

V. i 


Borax . . ... 

Na..B4O7.10H.O 

1 ■ 1 

White, part grey 

1-7 

2*25 ; 

V. 

1 B. j 

Ceneral tlux ; in 

Bornine, Bornite, #. Eruhescitr 
and Tetradymite 





medicine 



s 


Borocalcite, s. Ulexite 








Bostonite, 8. Chrysotile 
Botryogen 

' MgO.FeO. 

I FejOa-iSOa 

Hyacinth red 

2M)I i 

2-2‘5 

V. 1 

V. 


Botryolite, «. Datolite 
Boulangcrite . . 

i PiiaSboS,; 

i Lead-grey 

5’rt 

2-75 

IV. i 

1 

M. 


Bouruonite 

Pb.j0u.jSb.>St5 

I (irev to black 

;V8 

2-75 

IV. i 

M. 

Old Cornish copper 

Boussingaiiltite 

(NH4)2S04.MgS()j 

: White 

1 r98 

— 

V. i 

— 

lore 

Bowenite, v. Serpentine 
Bragite, «. Fergusonite 
Brandtite 

: (MgFe);jH4Si.j09 

i White 

2-6 

5-5-(5 

IV. 

V. 

1 

• 

CaoMnAHjOn 

Colourless to 

3() 

5-5-5 

VI. 

V. 1 



2H.jl) 

white 






Braimite 

1 MnjO;! 

Black 

4-7 

r)-2r> 

11. 

M. 

Manganese (63 per 








cent.) 

Bredbergite, v. Andradite .. 

Fe.jMg,Ca2 

— 

.T74 

7 

I. 

V. 

A common garnet 

Brelthauptite, v. Niecolitc . . 

(Si04)a 

JfiSb 

Copper-red 

To 

.5-5 

111. 

M. 

Nickel ore 

Breunnerite 

(Mg:Fe)CO:( 

H 4 (Sr,Ba,("a) 

Yellowish-white 

4 

4 

III. 

V. 


Brewsterite 

Brittle silver, a. Stephanite 

White 

2ir> 

5 

V. 

V. 


Al.j(SiO:5)(i 

Broehantitf; 

(CuOH)4S04 

Eiiierahl green 

3-8 

3*5 

IV. 

V. 

Chilian silver ore 

Bromargyrite 

AgBr 

Briglit yellow 

5-9 

2-3 

I. 

A. 

Bromlit(i 

(Ca,Ba)C()..j 

White 

3 7 

4 

IV. 

V. 

[57 per cent. 

Bromyrite, «. Bromargyrite 
Broil zit, 8. E nstatlte 

Bronzite, a. Seybertite 
Brookite 

Brown to black 

3*3 

5*5-6 

IV. 

A. 

Titanium 


Ti0.j 

Brown Haematite, s. Limonite 








Brucite .. .. 

Mg(()H)2 

While 

2-3 

2 

ITI. 

P. 

[guano 

Brushite 

HCaP()4.2H20 

Colourless 

2-2 

2-2*25 

V. 

! V. 

Occurs on rock- 

Bunsenine, Bunsenite 

NiO 

(Jrceu 

6 ’ 39 

5*5 

I. 

Tc. 

Occurs with nickel 


ores 



Minerals. 

Chmical forttinlte 
or (*oinpoHltloiu 

Colour. 

8.0. 

B. 

C.8, 

Appwir- 

aitce. 

Products, uses, or other 
remarks. 

OABRBRITB 

(Xi,3l^)3Aa208. 

Apple-green 

2*9 

2 

V. 

P. 

Spanish nicCel ore 

Cacoxenite, Gacoxcne 

(F03(OH‘);,P04)2: 

Yellow 

.3*4 

8*6 

V. or 

8. 



9H2O 




VI. 



Cadmium ochre, i. Greeiiockite 





III. 


Scotch precious 

Cairngorm, v. Quartz . . 
Calaite, «. Turquoise 

Si02 

Smoky-yellow 

2-6 

7 

V. 






V., P. 

[stone 

Calamine 

Catamite, Trcmolite 

(Zn.OHVjSiOa 

White, yellow 

3- 1-3* 9 

6 

IV. 

Important zinc ore 

Au : Ag :: 6 : 1 

M. 

Calaverite 

(Au,Ag)Te2 

Yellowish -grey 

9- 04 

2*5 

— 

Culcite 

CaCO;, 

All colours 

2*6 

3 

III. 

V.,D. 

Furnace flux ; in- 






eludes limestones 

Calcouranlte, n. Autunlte 







[and marbles 

Calcspar, «. Calcite 

Caledonite 

(Pb,Cu)2S04-C03 

Green 

6*4 

3 

V. 

R. 

Allied to Leadhillite 

Callainite, Callait, «. Variscite 
Callais, Callaite , ». Turquoise 






A. 

[artifldally prepared 

Calomel 

Hg2Cl2 

White, grey 

6:» 

1*5 

II. 

Valuable medicine. 

Cancrinite 

(Nao,Ca)4Hft 

Colorless 

2-45 

5*5 

V. 


Altered Nephelite 

(jfaC(>3)a 

Al8Si()0:u{ 






Gas manufacture 


Cannel Coal 


Brown or black 

— 

— 

— 

E. 

Capillary pyrites, «. Millcrite 
Carbonado, s. Boart 








Carbuncle, Alinandine 







Magnesium. See p. 

Carnallite 

MgCla.KCl. 

Red, white 

1-6 

3 

IV. 

V. 

6H2O 





1)756 

Carnclian, v. Chalcedony 

Si()2 

Bright red 

2*7 

7 

Me. 

0, 

Ringstoue 

•Carpholite 

MnAl2(OH)4 

Straw'-yellov/ 

2*9 

5 

V. 

s* 


(SiO;i)2 







Caasiterlte 

(Sn02)2 

Black-brown 

6*8 

6*5 

II. 

A. 

Important tin ore 

Castor, 8. Pctalito 







[p. 6161 

Cat’s eye, v. Quartz . . 

— 

— 

— 

— 

— 

— 

See p. 5855 

Celadouite . . . . 

Fe,Al,K,Mg,SiO 

Olive-green 

2*85 

1*5 

Am. 

T>. 

Strontium nitrate ; 

Celestite, Celestinc 

SrS04 

Colourless, etc. 

:j*9 

3-3*5 

IV. 

V. 





fireworks 

Cerite, Ccrcrlte 

(Ce,Al,La,Di)2 

Grey 

4*0 

5 

IV. 

Jl. 

Ce, La, or Di 


Ce()(Ca,Fc) 







mhh 







('erargyrite, a. Chlorargyrite 
Cerussite 

PbCOy 

Wliite, grey 

6*4 

3’i> 

IV. 

A. 

Lead (83* 5 per cent.) 

Cervantite 

Sb204 

Yellow, wlilte 

4*08 

4*5 

IV. 

P. 

Antimony (80 per 

Chabazite, Chabasio . . 

Al,Ca, and SiOs 

White 

2*1 

4*5 

111. 

V. 

[cent.) 

Chalcanthite . . 

CUS04-5H20 

Blue 

2“2 

2*5 

IV. 

V. 

Fertiliser 

Chalcedony, v. Qtiartz 

SiOo 

All colours 

2*7 

7 

Me. 

Gl. 

Precious vStone 

Chalcocite, s. Copper glance 

CujS 

Blackish 

;V.5 

2*5-3 

IV. 

M. 

Copper (79*8 per 







cent.) 

Chalcodlte, a. Stilpnomelane 
Chalcophyllite 

Cu0H,As04. 

7H2O 

Emerald green 

2*5 

2*5 

III. 

P, 

Called Copper Mica 


Chalcopyrites, #. Copper-pyrites 







Chalcosinc, 8. Copper glance 
Chalybite 

FOCO;; 

1 

Yellowish i 

3*4 

.5*7 

Ani. 

1>. 

Iron ore (48 per 

Chamosite 

Fe>(Fe,Mg);{ 

HoSiaOi.-} 

Black 

.*1*3 

2*5 

III. 

V. 

[cent.) 

Chelmsfordite, s. Sca polite 
Chcssyllte, «. Azurit^ 








Chiastollte, v, Andalusito 

Al20.Si04 

Red, grey, brown 

3-1 

7 

TV. 

R. 


Childrenite 

AI(OH)2(Fe, 

IlIu,Ca)P04.Ho0 

Colourless 

3*2 

4*5 

IV. 

1 V. 

r gunpowder, 

L nitric acid 

Chile saltpetre 

NaNOa 

White, etc. 

21 

1-75 

III. 

V. 

Nitre ; fertilisers, 

Chiolite 

(AlF.-,)3.(NaF)a 

Snow-white 

2*86 

3*75 

II. 

V. 


Chloanthite, v. Smaltlte 

(CoFeNi)As2 

Tin-white 

6*8 

5 

1. 

M. 

Cobalt 

Chlorargyrite 

AgCl 

Pearl-grey 

5*5 

1-1*5 

I. 

R. 

Silver (75 per cent.) 

Chlorite group .. 

Al,Fe,Cr,Mg, 

Fe, and BiOa 

Various 

1 1-0 1 

[ i 

1*85 

V. 

P. 


Chlorite-spar, Chloritold 

Al2(Fe,Mg)Il2 

Green to grey j 


0 

V. 

V. 



Si07 

1 1 





Chloropal 

(Fe,Al)y(SiO;03. 

Brown and - | 

1*7 1 

1-1*75 

Am. 

R. 

Similar to Noiitro- 


6H2O 

green 

1*8 




nitc 

Chondrodite 

(Mg.OHfe 

(M«F)4(M(!,Fe),3 

Yellow-brown ■ 

1 

31 

6*5 

V. 

V. 


Christianite, 8. Phillipsite 
Chrome-yellow, a. Crocoite 






! 

[chrome steel 


Chromite 

FeCr204 

Iron-black ! 

4*3 

6 

I. 

Sm. 

Chief chromium ore; 

Chrysoberyl 

Be(AK)2)2 

Green, yellow ] 

3*7 

8 

IV. 

V. 

Precious stone, p. 

Chrysocolla 






5856 

CuSi03.2H20 

Blue to green 1 

2*2 

t 2*4 

Amor. 

V. 

Copper (36 p’r cent .) 

Chrysolite, r. Olivine .. 

(Mg,Fe)2Si04 

Green, yellow | 

1 3-4 

1 7 

IV. 

V. 

Precious stone, p. 
6855 

Commercial asbes- 

Chrysotile, v. Asbestos 

— 

1 

— 

1 

— 


Cinnabar 

HgS 

Bed 

8*9 

2-2*5 

III. 

A. 

tos 

Mercury (85 per 

Cinnamon stone, v. Garnet . . 

3Si02.Al./);j.Ca0 

Honey-yellow 

3*6 

7-75 

1 

I. 

V. 

cent.) ; vermilion 
See p. 5855 

Citrine, v. Quartz 

Clarite, s. Knargite 

Si02 

Yellow 

2*6 

7 

III. 

V. 

Is false topaz 

Claiisthalite 

PbSe 

Lead-grey 

7*6-8'8 

2*6 

I. 

M. 

Selenium 

Clay, s. Kaollnlto, EaJloysite, 

— 




Fire-bricks, paper- 

etc. 







glazing, alum 


6734 



Minerals. 

Olininical forrnul^‘ 
or coiiipoeitioi). 

Colour. 

8 . 0 . 

11. 

C.K. 

.Aniwnr- 

nii«v. 

Troductu, asps, nr other 
remark n. 

Clay IronsioTie, #. Clialybite . . 
Cleavelandito, s. Albite 
('linKnianite, 8. JVIarKarite 
Cllnoohloro 

FeCO;, 

Yellowish 

3 * 

3-7 

.4 m. 

D. 

Variety of Siderite 

HM(Al,Ke,rr)2 

(Mg,Fe).'}Sia<)i.s 

Crcenish-whlte 

2-7 

2-25 

V. 

P. 

(lilorite group 

Clinoclase, Clinoclasile 
CUntonlte, «. S^ybertite 

(CnOH;^)A^04 

Bhiisli-greeii 

t-2 

2-5 

V. 

P. 


Coal 

C,H,() and ash 

Blaek 

i-t-ce 

2‘ .5 

Am. 

|{.-v. 

Most common fuel 

Cobalt bloom. «. Krythrile 
Cobalt «lance, 8. Cobaltite 
(\)balt-ochre, *. Asbolito 

Co;{().sAsj.«HoO 

Crimson 

21) 

2 

V. 

p. 

Cobalt (29-5 per 
[cent.) 
feent.), nickel 

Cobalt pyritea, «. LiiniiiMte . . 

((’oNil-jSt 

Steel-grey 

4-9 

.7T) 

I. 

.M. 

(;ol>alt (57*9 per 

Cobaltite, ('Obal tine .. 

CoAhS 

Silver-white 

(S 

5‘5 

I. 

.M. 

Cobalt (35*5 jier 
cent.) 

CookRcomb pyril oh, «. Maroa^ito 

FeSi 

Pale yellow 

4-8 

9-9- .'i 

IV. 

M. 

Iron (46*6pcr cent.) 

Colcinanite 

Ca-jli,i(),i.r>IV) 

Colourless 

2-4 

4-25 

V. 

V. 

lin jewellery 

Coloradoib; 

Hg’l'e 

tireyihh'black 

80 

3 

Am. 

M. 

Mercury (91-5 per 
cent .), ielhirium 

Colnmbitc (Niobito) .. 
(’omptonite, 8. Tlioinsonilo 

FeL(iNb,Ta)0:;]o 

Blaek 

(» 

0 

IV. 

M.,A. 

Niobium, tantahiin 

Conimritn 

H4Ni2Si;tl)io 

Yellowish, etc. 

- 

2 

IIU?) 

P. 


Copalilo, Copalino 

Ci-jHihO 

Yellow, brown 

T'oi 

0 

Am. 

K. 

A fossil resin 

Copiapitc 

(Fe()H).jFe.> 

Siilphnr-yellow 

21 

0 

V. 

E. 


Copper . . 

Copi)er froth, k. 'ryrolito 
Copper fila lire .. 

Copper green, k. ('hryHooollii, 
Copper mica, 8. Chaleophyllite 

Cn 

Red 

8-9 

2’ 7 .'i 

I. 

M. 

Crystalline near 
ligneous rocks 

('II..S 

Blnekisli 

5* 

2-5-3 

IV. 


Cojiper (79*8 per 
cent.) 

Copper pyrites 

Copper vitriol. «. Chaleantbito 
Copperas, 8. Melanterite 

Cn KeS-j 

Brass-yellow 

4*2 

3 -:. 4 

11. 

M. 

Copper, 34*6 per 
cent. 

(Vapiinibite 

(Fe,AI).>(S 04 );e 

91f.>() 

Whitish, ete. 

2 MM> 


111 . 

— 

Js White coi)pcras 

Cordiorite(IoHto) 

Corundellite, «. Margarite 

(AI.Fe), 5 Mg:^ 

SisOus 

Blue, green, grey 

2-9 

7 

IV. 

V.C/) 

Highly dlehroic 

Cornndiuii 

AUh, 

Blue, red, ete. 

4 

9 

111. 

V. 

limery; sub-varie- 
ties are ruby, 
sapphire, etc. 

(^otnnnite 

rbdo 

< 'olourless 

.V25 

2 

IV. 

A. 

Found in Vesuvian 

Covellite, Covelliiie 
('ris]nte, Untile 

CnS 

Dark-blue 

* 

1-.5-2 

lU. 

Hm. 

ilava 

Croi'idolite (Hornblende group) 

(Fe,Na.).2.(Si03)4 1 
FeSiO;, 1 

Blue to green 

! .T25 

1 ! 

4 

F. 

H. 


Crocoite, Crocoisite .. 

lH) 04 Cr 1 

Yellow 

1 ^ i 

i 2-5 3 

V. 

Te. 

Chrome-yellow 

(Jronstedtite 

Fe-.»(Fe,Mg):{. I 
li»tSi*iOi:i ! 

Blaek 

3*3 

2-5 

III. 

V. 


Cryolite 

Cryptolite, 8. Monazite 

Cube Ore, 8. Pharinacosiderite 
(hipreine, «. Copperglanei*. 

Al.jFn.«NaF i 

1 White, ete. 

1 ' 

! i 

1 1 

■ , i 

i 2-5 

1 

V. 

V. 

Aluminium (12 per 
cent.) ; alums, 
glass, soda, page 
(5989 

Cuprite 

Cupro-nranito, g. Torberite 

Cii-O 1 

I 1 

1 

Bed 

1 1 

1 ‘ i 

3-5-1 

i 

I. 

Hm. 

Copper (88 per 

1 cent.) 

Cyanite 

Cyprite, g. Copperglance 

(AU.)).jSi();, ! 

1 

: 

Blue, ete. 

1 

i 

1 3-2 : 

i I 

5".» 

VI. 

V. 


DANAITE, r. Mispickel 

lF»‘Co)AsS 1 

1 

White, grey 1 

i 

1 2 -;i.^> 

3 

V. 

P. 

Cobalt ore 

Hanburlte 

CaB 2 (Si 04 )y , 

, Yellow 

' 

7-25 

IV. 

V. 


Oatolite, Datbolite 

Delawarite, h. Orthoelase 
Delvanxite, s. Dnfrenite 

Ca(B.()H)Sil )4 

' White 

2*9 ] 

! ^ 

V. 

V. 

AVe p. 5855 

Demantoid, e. Andradite , .! 


i t.ireen 

1 

« i 

I. 

V. 

Deseloizite I 

Deamine, «. Stilbite 

(Fb,Zn)V 04 

(Fb,()H) 

1 Black to 

brown 

; 5-8 

3-5 

IV. 

V. 

Discovered by Des- 
cloizeau 

Deweylito 1 

JMaelasite, Diaelase. altered, 
Knst^itite 

Mg4TF4Si;(()i2 

Yellow 

i 

2-5 

Am. 

K. 

. 


Diadoeliite 

FeoOa.SO;,, i 

PoOr, and H 2 O 1 

Yellowish 

2 

1 

3 

V. 

R. 

Icent.) 

r>ialogito, 8. Hhodoehrosite . . 

MnCO.) 

C 

Bed, etc. 

35 

4 

HI. 

V. 

Maiiguuese (47 per 

diamond 

Colourless to 
black 

3-5 

10 1 

I. 

A. 

Precious stone; glass 
and gem cutting 

Diaphorite 

(rbAg2)r..Sb4Sii 

Steel-grey 

5-9 

2-5-3 

IV. 

M. 

Similar to Freisle- 
benite 

Diaspore 

Hlatoinitc, 8. Tripoli te 
Hichroite, s. Cordierite 

AlO.OH 

Wliite 

3-4 

G 

IV. 

V. 

Aluminium ; simi- 
flar to Bauxite 

Dlckinsoiilte j 

nicksberglte, ». Rutllo 
Hihydrite, a. Phospliorochalcite 
Hillenbiirgite, 8. CWysocolla 

(Mn,Ca,Fe,Na 2 )i 2 

(P04)83HoU 

Crey * 

3-3 

3-5 

V. 

i 

i 

Feebly translucent 

Hiopslde (Augite group) 

Mg,FtvCa(Si03)4 

(Irceii, white 
Emerald-green 

3-3 

0 

V. 

V. 

Hioptase .. !. 

CiiH2Si04 

3-2 

4-76 

111. 

V. 
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Minerala. 

Chenrtcid fonnulcp 
or composition. 

Colour. 

s.a. 

H. 




^ - 

Diphanite, «. Margarite 







fbuilding-stone ; 

Disthene, 9 . Cyanite 







Lbasio steel 

Dolomite 

(CaMg)r03 

White, grey, etc. 

2-8 

3- 6-4 

III. 

V. 

Lime ; marble, 

Domeykite 

CusAs 

Tin-white 

7-5 

8-26 

Mass. 

M. 

Chilian copper ore 

Dufrenite 

Fe2(0H;dP04 

Leek-green 

3*3 

3*25 

IV. 

V. 


DiifrcnoyHite 

PbeAs^A 

Lead-grey 

6*5 

3 

IV. 

M. 


Dumortierite 

AWAl0)6(Si04)3 

Bright blue 

3*2 

7 

IV. 

V. 

Strongly pleochroic 

Diirangite 

I?a(AlF)As04 

Orange-red 

4 

5 

V. 

V. 

Dysanalyte 

Na2(CaFe)8. 
Ce(Nb( ):{)3Tiio029 

Iron-black 

4*1 

6*6 

I. 

Sm. 

M. 

In limestone 

Dy sera Bite 

AgaSb 

Silver-white 

9-5 

3*5 

IV. 

Silver 

K ARTH Y COBAl.T,«.Asbolan 

MnOoCoO, 









Alteration product 

CiiOHoO 





P. 

varies greatly 

Edelite» 9 . Prehnite 
Edwardsite, «. Monazite 
EgRonite, «. Barytos 

Ehiite, V. Phosphorochalcite . . 

Cu(CuOH )4 

EnuTald-green 

4 

2 

— 

Similar to Pseudo- 

(P()4)2.HoO 

Ala(AlO)Ca4 

White 

2-7 

5 5 

II. 

V. 

malachite 

Ekebergite, ?). Scapolite 

(SioA10j»):5 
Ak<(Na2,K2 or 

Reddish, 

20 

6 

III. 

G. 


Elfeolite, v. Nephelite 

(‘a)4Si»0;{| 

greenish 






Electro-silicon, «. Tripolite 

Electrum, v. Oold 

a;Au -(- j/Ag 

Yellowish- 

12*5- 

2*5 

I. 

M. 

A natural alloy 

white 

liV5 




used by ancients 

Embolite 

Ago(CMBr) 

Grey -green 

5-9 

1-1*5 

I. 

A. 

Silver (about 64 








per cent.) 

Emerald, v. Beryl 

Be;>Alo(SiO;06 

Green 

20-2-8 

7*5 

in. 

V. 

Precifuis stone ; p. 






5855 

Emerald, Oriental, v. Sapphire 

AioO.-j 

Green 

4 

0 

III. 

V. 

An emerald-col- 







oured sapphire 

Emerald nickel, «. Zaratitc . . 

3NiO.CO.,.6HoO 

Emerald-green 

2-6 

3 

Am. 

V. 

Nickel (46 per ctmt.) 

Emery, v. ('orundum . . 

AI2O;, 

Black 

4 

9 

III. 

V. 

Coloured by Mag- 







uetite; abrasive 

Empholite, 9 . Diaspore 
Emplectite 

Ciio( 01,82)2 

Tli'.-wliite to grey 

.VI 5 

2*5 

IV. 

M. 


Enargite 

Enceladite, «. Warwickito 

(;ii:iAsS4 

Iron-black 

4-4 

3 

IV. 

M. 


Endlichite 

Pb[(As,V)()4l3C.l 

Red, brownisii 

7 

3 

III. 

B. 

Perhaps t». of Va- 

Enstatite 

(MgFc)SiO;, 

Brown, green 

3*2 

5-5*5 

IV. 

P. 

[nadinite 

Eosphorite, v. Childrenite 

(Mn,Fe)H20. 

Pink, yellowish. 

:M3 

5 

IV. 

V. 


A1I»()4 

etc. 






Epidote 

Al2(Al.()H)Ca2 

Green, etc. 

3*5 

6*5 

V. 

V. 

Common rock eon- 

muh 






stitueut 

Epsom salt, s. Epsomito 

Epsomite 

1 

Mg804.7H20 

White, yellow. 

1-7 

2*25 

IV. 

V. 

Artificial salt used 

red : 


1 



in medicine 

Eremite, fif. Monazite 

Erinite 

Cii,!AsoOm.2Cu 

Emerald-green 

404 

4*5-5 

Me. 

D. 

From Cornwall 


(()H)2 

1 





[cent.) 

Krnbescite 

CU;sFeS;s 

Reddish-yellow 

5 

3*5 

I. 

M. 

Copper (55 per 
(’obiilt (29 per cent.) 

Krythrite, Erytbrino . . 

('onOHAs2.8H20 

Crinisoii 

2*9 

2 

V. 

P. 

Eiichroite 

(('u0H)CuAs04. 

Einerald-preen 

3*4 

3 

TV. 

V. 

Copper 








Euclase 

(AlOH)BoSiOi 

Colourless 

3-1 

7*5 

V. 

V. 

Very brittle 

Eudialyte 

(Na,K,H)i;j(Oa, 

Fe)(Zr,Si)2oOr,2 

Rose, etc. 

2-92 

5*25 

III. 

V. 


Eudnophite, jf. Analcite 

Euly life, Eiily tine 

Bi(SiOi).5 

Brown, yellow 

6 

5 

I. 

A. 

Similar toAgricolite 

Euxenite 

K(Nb():d:iR2 

Brownish-hlack 

4-6 

6*5 

IV. 

M., V. 

R is Y, Er, Ce, V ; 


(TiO;,);{.H2() 






possibly Ge 

FAHLKRZf 8 . Tennantitc and. 

Tetrahedritc 







Fardelite, v. Thoinsoni t e 

2Al.j((;a,Na2) 

White 

2-3 

5-5 

IV. 

V. 

From Hebrides, 

Fassaite, r. Aiigite 

(Si04):^H20 






Faroe Is. 

Mgra(Si():d2 

Green 

3*3 

5 

V. 

V. 

Also called Pyrgom 

Fayalite (Olivine group) 

Fe2.Si()4 

tjght yellow 

4 

0*5 

IV. 

— 

Metalloidal lustre 

Felspar group ' 

Fergnsonite 

Al2Si():j(K,Xa, 
Mg or Ca)SlO;i 

Various 

2-5 

0 

V. 

V., P. 

i 

Pottery glaze. Vari- 
eties : Orthoclase, 
Oligoclase, Albite 


Y(Nb,Ta)04 

Brownish-black 

! 5-8 

i 

5*75 

II. 

D. 

Feltbol, 8 . Chloropal 


Fibroferrite 

Fe,j(()H)^ 

Honey -yellow 

1-81 

3*25 

v.(?) 

P. 


Fibrolite 

(Si()4)5,H20 

Al(A10)SiO4 

Grey, brow'n 

3-2 

0*5 

IV. 

R. 

Dimorphic with 

Figure Stone, 9. Agalmatolite 






fCyanite 

Florite, V. Opal 

Fircblende, 9. Pyrostilpnite 

H20,Si02 


2 

5 

Am. 

W. 

. A volcanic sinter,. 
Flora, Tuscany 

Flint, r. Quartz 

SiO-j 

White, grey, etc. 

2*7 

7 

Me. 

Gl. 

Gun-flints j build- 







ing-stone, road 

Flos ferri, v. Aragonite 







metal, pottery 

Fluor, Fluorite (Fluorspar) . . 

CaF2 

All colours 

3-2 

4 

I. 

V. 

Metallurgical flux, 








glass-making, HF, 

Foresite, a. StUbite 


1 




1 

paints 

Forsterite (Olivine group) . . 

MgaSiOi 

White 

3’2 

6-7 

IV. 

V. j 

In volcanic ejec- 








tions, etc. 
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Chcmioil fonnvlM 

Of oonpoaltlon. 

■ Cblour. 

' 

8 . 0 . 

B 


HIM 


Fowlerite. t* Bhodonite 
FtanWinlw .. , 

Freibeitite, t, Tetrahedrlte 
jt'reieBleoenite 

(FeZnMn) 

Iron-black 

6-15 

6 

I. 

M. 

Zinc (10 per cent.); 

(FesMn2)04 






[spiegeleisen 

004011 

Grey 

6-2 

2-5 

V. 

M. 

Lead (30 per cent.), 
silver (to 27 per 








cent.) 

Frenaelite 

Bi2(Se,S)3 

Bluish-grey 

6'4 

3 

IV. 

M. 

Selenium 

FoUers* eartb, 8 . Smectite 



- 

— 

— 

— 

Grease absorbent 
for woollen fabrics 

OADPLINITB 

Fe[Bc(YO) 

Black, brown 

4-4-6 

C-75 

V. 

V. 


Oahnlte (Spinel group) 

(ialena, Galenite 

(Zn,PeKAlOii)a 

Greyish, green 

4-3 

7-75 

I. 

V. 

A zinc spinel 

Lead (86 per cent.); 

PbS 

Lead-grey 

7-5 

2-5 

I. 

Sp. 








stoneware glaze, 

Galmei, a. Calamine 

KaR3(Si04)3 






[p. 5985 

Garnet group 

All except 

3-1-4-3 

7 

I. 

V. 

Very many varie- 


blue 





tics ; II 2 may be 
Al, Fe, Cr ; Bj, 
Ca, Fe, Mn 



Garnicrlte 

(Ni,Mg)H2Si04 

(Na2.Ca)(C03)2 

Pale green 

2-5 

2-5 

Am. 

D. 

Nickel (7 to 10 per 
cent.), p. 5982 

Oaylusslte 

White 

1-94 

2-5 

V. 

V. 

Gehlenlte 

(A10)2(5a,Mg, 

Fe)Mtsi04)2 

(Mg,Nl)2 

HdSiiiOio 

Green, brown 

S 

5' 5 

II. 

G. 


Genthite 

Green 

2-1 

2 

Am. 

R. 

Garnierite is impure 
variety of this 

Gersdorftltp 

Nl(Fe)SA8 

A1P04(H20)4 

White, grey 

d 

fl 

1. 

M. 

Nickel-glance *, 
iiickel(35 percent.) 

GibbsUe 

Gilsonlte, a. Uintahlte 

White, etc. 

2-35 

3 

V. 

P. 

S102,H20 


Girasol, v. Opal 

Hyacinth-red 

2 

5 

Ain. 

V. 

Called Fire opal; 








from Mexico 

Oismondito, Gismondine 

CaAlp^SlOg)!. 

Colourless, 

white 

2-2 

4'5 

V. 

V. 


Glaserite, a. Aphthitallto 
Glauber salt, a. Mlrabillte 








Glauberitc 

Na2Ca(S04>2 

White, grey 
Greyish, white 

2*7 

3 

V. 

V. 


Glaucodote 

(Fe,Co)A8S 

5-9 

5 

IV. 

M. 

Cobalt 

Glauconite 

Fe,K,Si02 
and HoO 
NaAl(Sl 03)2 
Fe,Mg,Si 03 

Olive, etc. 

2-3 

2 

Am. 

D. 

A variable mixture 

Glaucophane (Hornblende 

Blue 

3-1 

6-6-5 

V. 

V. to 

In crystalline 

group) 





P. 

schists 

G melinite 

(NajCalAla 

Colourless, etc. 

2-1 

4-5 

III. 

V. 


Goethltite 


Brown 

4 

4-5 

IV. 

A. 

Iron (62 per cent.) 
Usually alloyed 

Gold 

Au 

Gold-yellow 

15-6- 

2-5 

I. 

iM. 




19-5 




with silver 

Goslarlte 

Gothite, a. Goethlte 

; ZnS04.7H20 

White, grey 

2 

2-25 

IV. 

V. 

Called Wliite vitriol 

(rrahamlte 

Gramenlte, a. Chloropal 
Granimatlte, a. Treinolite 

Hydro-carbon 

Black 

1-4 

2 

Am. 

B. 

Illuminating gas 

(;lranatlte, a. Staurolite 
Graphite 

(Trastite, a. Clinochlore 

C (FegOa, etc.) 

Iron-black 

2-1.5 

1 

III. 

I M. 

[stoves-poUsh, paints 
Lubricant, crucibles 

Greenocklte 

CaS 

Yellow to orange 

[ 4-8 

3 

III. 

A. 

Nearly transparent 

Greenovite, v. Sphene 

CaSTlOfi 

i 

1 Brown, green, etc 

1 

3-5 

6 

V. 

i G. 

Greenstone. Green vitriol, a. 
Melantente 


i 




Grossularite (Garnet group) . . 

Al2Ca3(Si04)3 

Pale green 

3-4-3-7 

7 

I. 

t V. 

Includes all Ca-Al 

Grotliite, a. Sphene 

Guanite, a. Struvite 





garnets 



Guarlnite 

Guayacanlte, a. Knarglte 

CaTiSiOa 

Yellow 

3-48 

6 

IV. 

A. 


Guitermanlte 

(PbS)infA82S3)3 

Bluisli'grcy 

5-9 

3 

Mass. 

M. 

Opaciue 

Giimmlte 

Gymnite, a. Deweyllte 

(Pb,Ca,Ba) 

SIU 3 O 12 .H 2 O 

Beddisli 

4-1 

2-75 


G. 

( Plaster of Paris, 

{ artif. marble, fer- 
t tiliser, cements 

Gypsum 

CaS 04 . 2 H 20 

White, grey, etc. 

2-3 

2 

V. 

V.S. 

halmatitk 

FeoOs 

Steel-grey, dark 

4-8-5 

5-5-6-5 

Ill 

M., E. 

Iron (70 per cent.). 

Hajrwlt, a. Keramohalite 
Halite, a. Salt 

red 





polishing pow- 
der, crayons, 
red paint 



Halllte, a. Aluminlte 







Halloyslte 

Al2H4Sl209t 

White, yellow. 

25 

2 

Am. 

R. 

Variety of KaoU- 

Halochalclte, a. Atacamite 

H 2 O 

red 





nite 

Halotrlchite 

Hamartlte, a. Bastnasite 

FeS04.Al2^S04)3 

White 

1 

1-95 


V. or 
VI. 

1 

S. 

An iron alum 

Hanksite 

Harmotome . , . i 1 1 

(N««)»CO, (804)4 
AlQtBa.Cao. Xao. 1 

White 

White 

2-58 

2*4 

3-25 

5 

III. 

V. 

V. 

V. 


Harrln^nlte, a. MesoUte 

Ka)Si 60 i 6 






HatchettoUte .. 


Ydlowish-brown 

4*8 

5 

I, 

B. 

Translucent 










«L< 9 
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Minerals. 

Cktmiical foruui* 
or coupotitioii. 

Colour. 

ISI 

H. 

BBS 

Prodwit*, ttus, or otlnW 
ramarka 

Hftucrite . . . . • • 

MnS2 

Reddish-brown 

3*4 

4 

I. 

Sm. 

[cent.) ; me 

Hiiusmannite 

Hattynite* Hatiyne 

Mn^Oi 

Ca,Na,(AlNa 

S04Ul8(Si04)4 

Brown 

Blue 

4-7 

2*4 

5*5 

5 

II. 

I. 

M. 

V. to 
R. 

Manganese (71 per 
In Lapis lazuli. 
See p. 5866 

Hayesine, $. Ulexite 

Heavy spar. s. Barytes 








Hebron) re. e. Amblygonlte 
Hedenbergite 

FeCa(Si 03)2 

Green 

3*5 

5 

V. 

V. 

Augite group 

Heliotrope, 8. Bloodstone 
Helvltd, Helvine 

(Mil, Be, Fe), 8. 

Yellow, brown 

3*2 

6 

I. 

R. 

A tetrahedral gar- 

(8104)3 

Ca[Be(0H.F)]PO4 



IV. 


net 

Hematite, «. Hsematite 
Hemimorphlte, 8. Calamine 


Horderite 

White 

3 

5 

V. 


Herrengrundite 

Ca(OH2).20uOH. 

Kmcrald-grecn 

31 

2*75 

V. 

P. 


2 SO 4 . 3 H 2 O 






Au also present 

Hessito . . 

AfeTe 

Grey 

8*5 

2*5 

I. 

M. 

Hessonite, s. Grossularite 

Al2Ca3(8i04)3 

Cinnamon-brown 

.T5 

7 

I. 

V. 

Wrongly Hyacinth. 
See page 5865 

Houlandite 

Al2(Ca,Sr)H4 

White, red 

2-2 

4 

V. 

V. 



(SiOs)6 







Hiddenitc, «. Spodumene 







Probably a mix- 

Hlsingerlte 

Fe0,S102,H20, 

Black 

2 75 

3 

Am. 

G. 

etc. 






ture 

Honey-stone, s. Mellite 
Hornblende group 

(Mg,Fe)3Ca(Si0,)4 

Blackish-green 

3 1 

5 5 

V. 

V. 

Fibrous variety is 

Hornquieksilver, *. Calomel 
Horiusilver, 8. Chlornrgyrite 






i Asbestos 

In chrysolite group 


Hortonolite 

(Fe,Mg)2Si04 

Yellow 

3 9 

«-5 

IV. 

V. 

HUbnerite 

Humboldtine, 8. Oxalite 
Humboldt! te, «. Datolite 

(Fe,Mn)W 04 

Black 

7 2 

.5 

V. 

Sm. 

'I’ungsten 

Chondrodite group 

Humitc 

Mgi3(MgF)4 

(Mg0H)2.(8iO4)H 

White 

31 

6-05 

IV. 

V. 

precious stone 

Hyacinth 

Zr8i04 

Pmk 

4 95 

7*5 

H 

A , K 

Hyalite, v. Opal 

8i02,H20 

Colourless 

2 

9 

Am. 

V. 

Transparent, the 
purest form 

Hy^lophaiie (B’elspar grimp) . 

KBaAl^SisOis 

Colourless 

2.8 

9-25 

V. 

V. 

Transparent 

Hydra'rgyrite, 8. Wa\ellito 
Hydrocyanite 

CuS04 

Pale green 


2 25 

JV. 



Is anhydrous Clial- 

Hydrohematite, «, Turglte 
Hydromagncaitc 

3MgC03. 

Mg(0H)2.H20 

White 

2 14 

3*5 

V. 

V. 

[canthite 


Hydrotalcito 

Al(OH):i[Mg 

White 

2- 07 

2 

HI. 

P. 


Hydrozincite 

(OH)2l3,3H20 

(Zn.OHkZn 

( 0 H 2 )C 03 

White, etc. 

3*7 

2*25 

Mass. 

D. 

Earthy variety of 
Smithsonite 

Hypersthene (Enstatite group) 

(MgFe)Si 03 

Brown 

3*4 

6 

IV. 

V.H. 

Variety of Py- 







roxene 

ICELAND SPAR, v. Calcite. . 

CaCOj 

Colourless 

2 6 

3 

III. 

K. 

Doubly refracting ; 

Ichthyopthalniit, s. Apophyl- 
lite 






r optical instru- 
Lments 

Idocrase 

(A 102)12 

Brown, grey, etc. 

3*4 

7 

II. 

R. 

Freciucntly con- 


(OH.Si2)l0O77 





tains Fe 

Ilmenite 

(TiFe>203 

Iron-black 

4*7 

6 

III. 

M. 1 

Titanium (31 per 
cent.); worthless 

Ilmenorutile, v. llutile 
llvaite 

Fc 2 Ca(FeOH) 

Black 

4 

5 75 

IV. 

11. 

[for iron 


I (8104)2 






See p. 5856 

Indieolite, v. Tourmaline 

See Tourmaline 

Blue 

.3*1 

7 5 

111. 

V. 

lodargyrite 

Agl 

Yellow 

5 7 

2 

III. 

A. 

Silver (46 per cent.) 

lodyrite s. lodargyrite 






r Gold- nib points, 

lolite, 8. Cordientc 







1 draw - plates, 

Iridosnunc 

^ Ir uiid Os with 

Tin-white 

19-21 

6-7 

111. 

M. 

w'eight stand- 


Pt metals 





1 

j 

1 ards, ceramic 

1 enamel 

Iron . . 

Iron froth and glance, «. 
Haniatite 

Iron pyrites, s. llvaite 

Fe 

Steel-grey 

7*5 

1 

6 

I- 

M. 

In meteorites, with 
[Nl, Co, etc. 


JAOOB8ITE 

Jacynth, «. Hyacinth 

2FeMn02.Mn 

Black 

4*75 

0 

1. 

M. 

Chinese jade, uwd 

•Jade 

— 

— 

— 

— 

— 

— ! 

Jadelte 

NaAl(Si 03)2 

Green 

3*3 

0*5-7 

V., VI. 

Sv. 

(for carving 

Jamesonite 

Pb 28 b 2 S{i 

Grey 

5*7 

2*5 

IV. 

M. 

Devonshire anti- 








mony ore 

Jargoon, v. Zircon 

ZrSi 04 

Colourless, yel- ' 

4*5 

7*5 

II. 

A. 

Diamond 8ul)sh; 

Jarosite 

lowish 





tutc. Seep. 6865 

Fe03K(S04)2 

3HoO 

SIO 2 . with AI 2 O 3 , 
Fe 203 , etc. 

Brown 

3-25 

3*6 

III. 

V. 

rColoured by im- 

Jasper, v. Quartz 

Red, yellow. 

2*7 

7 

Me. 

V.,0. 

I purities: carved 

Jefferisite 

green, etc. 




1 ornaments 

(Al,Fe,Mg)^ 

(Si04)B.6H25 

Yellow 

2*3 

1*5 

— 

P. 

Chlorite group 

Resembles Cannel 

Jet 

CJI.ci, etc. 

Black 



1 

Am. 

V. 

Jordanite 


Lead-grey 

6*39 

3 

IV. 

M. 

[coal; JeweUery 

1 • Jade includes various minerals, of which the chief species are Jadeite and Nephrite (q.v.) J 


6738 






MineralH. 

Ch*iMlcal fonoulie 
or Q^mpuftltion. 

Colour. 

so. 

H. 

C.ft. 

Appear- 

ance. 

ProdQcte. u^e*. or other 
reiiiarks. 

KAINITB 

KOl,MgSOi,3HaO 

KAl(S04)2.12Ha0 

Yellow 

2.1 

2*6 

V. 

V. 

Fertiliser 

Kallnite 

White 

1-75 

2 

I. 

V. 

Is potash alum. 


AJ20a.2Si02. 






See Alum 

Kaolin, Kaolinite 

White 

2*5 

1-2 

V. 

P. to 

Porcelain, paper- 


2 H 2 O 





D. 

making, cheml- 

Keatingine, Keatingite «. 
Fowlerite 

Keramohalite 

Al2(S04)a.l8H20 

White 

1*7 

2 

V. 

S., P. 

[cal products 


Kermesite 

SbaOSa 

Cherry-red 

4-6 

1*3 

V. 

A. 

Antimony (76 per 








cent.) 

Kidney ore 

— 

— 

— 

— 

— 

— 

Is Chalybite with 

Kleserite 

Klapothrite, j.Lazulite 

MgS 04 .H 20 

White, grey 

2*5 

. 3 

V. 

Gl. 

ICalcite veins 

Knelbelite .. .. .. 

(Fe,Mn,Mg (2 

Grey 

3*9 

0-5 

IV. 

Tc. 

Olivine group 


Si 04 






Kongsbergite. s. Amalgam 
Kraurite, 8. Dufreiiite 
Krennerite 

Ag,Au,Te 

White to yellow 

8-3 


IV. 

M. 

Composition un- 

Kreuzstein, «. Harmotome 






[certain 

Knhnite, 8. Berzeliite 
Kupferschaum, s. Tyrolite 
Kyaalte, s. Cyanitc 









LABRADORITE 

(AlSi2)2(Na,Ca) 

White, grey 

2-7 

6 

VI. 

V. to 

Felspar group ; cut 


SiOg.AlOft 




R. 

for cameos 

Langbanite 

(Mn,Fe)22Sbo 

Iron-black 

4-9 

6-5 

in. 

M. 


Si40:w 







Langite 

rCU 2 ( 0 H);,J 2 S 04 . 

Blue 

3-49 

2-75 

IV. 

V. 

Translucent 

H 20 







Lanthanoccrite. 8. Cerite 








Lapis lazuli, v. Haliynite . . 

(Nu2,Ca)AlSi04 

Azure-blue 

2-3 

5-5 

I. 

G. to 

In jewellery. See 

(V) 





V. 

p. 5856 

Lasurite, 8. Lapis lazuli 
Laumontitc, Lauinonile 

Al.i(OH)4ra 

(«i203)2.2H20 

White, yellow', 

2*3 

3-5 

V. 

V., S. 

III Canadian cop- 


red 





[per ores, etc. 

Lauriunite 

FbOHCi 

Colourless 

— 

3-25 

IV. 

A., 8. 

Lazulite 

(Al.OH)o(Mg, 

Fe,Ca)(P 04)2 

Blue 

3 

5-3 

V. 

V. 


Laziirite, 8. Lapis lazuli 

Lead 

Pb 

Grey 

1 1*37 

1*5 

I. 

M. 

See Index 

Leadhlllite 

iPbO.SOs. 

White, yellow, 

0-3 

2*5 

V. 

11. 

In Lanarkshire 


2 CO. 2 .H 2 O 

etc. 






Lecontite 

S 04 . 2 no 0 

Colourless 

2*4 

2-2*5 

IV. 

V. 


Ledererite, s. 0 melinite 
Lederite, 8. Titantite 
Lepidocrocite, «. Gothite 









Lepidolite 

Al 2 Fe(Li,K,Na)a 

Violet, red 

2*9 

2*5 

V. 

P. 

Mica group 


(On.FloSisOie 






Leucite 

AIK(Si():{)2 

Grey, white 

2-5 

6 

I. 

V.toR. 


Leucocyolite, #. Anophyllite 
Leucopyrlte, «. Loilitigite 


1 





Levynite, Levy lie .. 

CaAloSi^Oio* 

Colourless, etc. 

2- 12 

4*25 

III. 

V. 

Strongly doubly re- 

1 

5 H 2 O 






fracting 

Libethenite 

((’u()H)CiiP04 

Green 

3-7 

.*P5 

TV. 

G.toV. 


Lievrite. . 

(FeOn)Fo.^Ca 

Black 

3-9 

5*75 

IV. 

1 F. 

Resembles Ilvaite 

Lignite 

( 8104 ) 2 “ 

C,H, 0 ,N,S, 

Brown to black 

1-4 

2*5 

Am. 

R. 

Brown coal, very 


etc. 






abundant, almost 

Ligurite, *. Titaiiito 
^Limestone 







[w’orthless 

Limonite 

2Fe203.3H20 

Brown 

3-7-4 

5*5 

Am. 

G„V., 

Brown ha?niatite. 

Linarite 





1 s. 

Iron (59 per cent.); 
polishing, paint 


PbCu.0H)2S04 

Azure blue 

5-4 

2*75 

V. 

A.toV. 


Linneelte 

Liparite, 8. Fluor 

(Ni,Co,Fe)3S4 

(Jreyish black 

4-9 

5*25 

1 . 

M. 

Cobalt (57 per cent) 

Liroconite 

Lithiophilite 

Llthlbphorite, Wad. . 

Al4Ciia(OH)ir) 

(AsO4)j}.20 H2O 

Bluish-green 

2-8 

2*75 

V. 

V. to 
G. 

With Olivenite 

Li(Mn,Fe)P()4 

Clove-brown 

3-5 

4*75 

IV. 

V.toR. 


Mn 04 . 1 l 20 ,Li 

Bluish-black 

3-2 

3 

— 

D. 


Lithographic stone 

and A1 










— 

— 


— . 

A buff, compact 

Ldlltngite 

FeAsa 

Tin-white 

6-8 

5 

IV. 

M. 

[lime.stone 

Ludwigite 

MgoO.FeOa. BO 2 

Blackish-green 

4 

5 

IV. 

S. 

Strongly pleochroic 
Touchstone for gold 

Lydian stone, v. Quartz 

SiOa 

Velvet-black 



— 

Me. 








(p. 5850) 

MAQNRSITR 

MgCO:, 

White, yellow. 

3 

4*5 

III. 

V., I). 

Basic-steel hearths ; 


etc. 





paper - pulp 
bleach, llre- 
prooflng 

Principal Iron ore 


Magnetite 

t FejO* 

Iron-black 

5 

5*5 

I. 

M. 

Mj^e^yrite, a. Pyrrhotite 

(Cu 0 H) 2 C 03 

Emerald-green 

3-8 

3*5 

V. 

V.,P. 

[(72 per cent.) 
Copper (57 per 

Mala^lite, ». Diopside 






[cent.); orna- 

[ments, jewellery, 


Malthazite, a. Smectite 







( pigment 

• limestones are only Impure massive Calcite 

or Dolomite ; varieties very numerous. 

depending on Impurities ; 


largely used in building 






e73» 

/ 



JlliietaJi. 

maa 

Oofoiir. 

ACk 


ai, 

appei^ 


Manganite 

MnO.OH 

Black, steel-gray 

4‘8 

4*25 

IV. 

M. 

Manganese (60 per 

Manganocalite. s. Ehodocrosite 
HanganosUbiite • . 


Black 

— 

— 

IV. 

0. 

[cent.) 

Found in embedded 
grains 

•Marble 

Marcasite 

FeSa 

White, yellow 

4*7 

e 

IV. 

M. 

Iron (46 per cent.) ; 

Marceline, a. Braiinite 
Margarite 

HaCaAUSiiiOis 

White, grey, 
green 

8 

4*5 

V. 

P. 

liewellery 

Margarodite, a. Muscovite 






[iron (70 per cent.) 
‘A pseudomorph : 

Marfonite, a. Hydrozincite 
Martitc 

Mg2H4Si30io 

Black 

6 

6-7 

I. 

Sm. 

Matlookite ^ ♦ 

Yellowish 

72 

2*75 

II. 

A. 

Translucent 

Meerschaum 

White 

0*98- 

2*26 

Am. 

D. 

Porous *, tobacco 


1*27 




pipes 

Meiouito 

CtQAlglAlO) 

Colourless to 

2*7 

5*75 

II. 

V. 



(SiaAl08)3 

white 




M. 

Black copper ore 

Metaconite 

CuO 

Iron-black 

6 

5 

Y. 







(79 per cent.) 

Melanophlogite 

Fc.SOs, and C 

Brown, colourless 

2*0*3 

6*75 

— 

V. 

Pseudo-isometric or 
II. 

Melanterite 

FeS04.7H20 

Green 

1*8 

2 

V. 

V. 

Copperas ; coramer- 






daily from pyrites 

Melliie 

Al 20 i 20 l 2 « 

I 8 H 2 O 

Yellow, brown 

1*5 

3 

11. 

0. 

In Coal, Lignite, 
etc. 

Menaccauite, v. lliuenite 

(Ti,Fc)203 

Iron-black 

4*7 

6 

III. 

M. 

Tl makes it worth- 






less as iron ore 

Mendiplte 

PhnOaCIa 

Yellow 

7*1 

3 

IV. 

A. 

Soda alum; calico- 

Mendozite 

Na2S04.Al2 

(S()4):,.24H20 

White 

1*8 

3 

Fi. 

V. 

printing, eoap 
making 

Occurs liquid ; In 

Mercury 

Hg, with Ag 

Tln-whltc 

13*5 


I. 

M. 






arts, science, and 
medicine 



Mesolltc 

Na,Al,Ca.Si 03 

White, colourless 

2*3 

5 

IV. <t 

V. 

Between Natrollte 

and II 2 O 




V. 


and Scolecite 

Mesotype, a. Meaolile. Nuiro- 







life, and Scolecite 
Metacinnabarite 

HgS. 

Greyish-black 

7*8 

3 

I. 

M. 

Similar to Cinnabar 

Mlargyrite 

AgSba2 

Grey to black 

6*3 

3 

V. 

.M. 

(Silver Aeep. 812 

tMica 

Mlcv<v;Une (Felspar group) . . 

(K,Na)AlSi308 

White, yellow, 
etc. 

2*6 

6*25 

VI. 

V., P. 

Sefi also Amazon 
Stone 

MlcroUio 

Ca2Ta207 

Yellow to brown 

5*5 

5*5 

I. 

H. 

Mn, Fe, Mg, K, and 






Na also present 

MUlerlte 

NiS 

Yellow 

5 

4 

III. 

M. 

Nickel (64 per cent.) 

Mimetesite, Mlmetite . . 

rbCl2.3Pb3AS208 

Yellow, brown, 

7*1 

3*5 

111. 

R. to 

Lead. See p. 5985 

Mineral coal, a. Anthracite 
Mineral wax, a. Ozokcrit 


etc. 




A. 

See p. 5988 

Minium . . 

Pb304 

Kcd 

4*6 

2*5 

Am. 

G., I). 

Mlrabilite 

Na2SO4.10H2O 

White 

1*5 1 

1*75 

V. 

V. 

Glauber’s salt 

Mispickel 

FeAsS 

Tin-white 

« 1 

5*5 

IV. 

M. 

Arseuopyrite, ar- 

Mlsy, a. Copiapite 



1 




senic (46 percent.) 

Mixite 

1 

BiCnio(OH)8 

Green 

3*79 I 

3*5 

V. or 


Translucent to 

(As04)5.7H2O j 




VI. 


transparent 

Mizzonite, a. or v. Weriierite 1 






[per cent.) 

Molybdenite . . 

M 0 .S 2 1 

Keddish-grey 

4*6 

1*5 

III. 

M. 

Molybdenum (60 

Monazitc 

(Ce,La,Ui)P 04 1 

Red, brown 

5 

5*25 

V. 

R. ! 

Found as sand ; 

Montftbrasite, a. Amblygonitc 





[gas mantles 

Monticeliite 

ra(Mg,Fe)Si()4 

Colourless, etc. 

3* 15 

5*25 

IV. 

V.,R. 

Olivine group 

Montmoriilonite 

H2AloSi40i2 (y) 

Rose-red 

2 

1 

Am. 

W. 

Soapy feel 

Moonstone, v. Orthoclase and 

Al,K,Na,Si;j()8 

White 

2*5 

0 

V. & 

V. 

Precious stone 

Oligoclase 




VI. 



Morvouite, a. Harmotomc 

Mobs agate, v. Quartz. . 
Mountain cork, a. Asbestos 
Mundic, a. Pyrites 

SIO 2 

Dark green 

26 

7 

i 

1 

III. 

V. 

Contains dendritic 

lMn 02 ; jewellery 

In most granites ; 



Muscovite (Mica) 

(K.NalHoAla 

Grey, wliite, etc. 

3 

2*5 1 

V. 

Pm Tp 

(Si04)3 




glass substitute, 







stove-doors, wall- 
paper mfr., elec- 









trical apparatus 

NACRITB, V . Eaolinite 

A! 203 Si 02 , 2 H 20 

White 

23-2*6 

0-5-1 


p. 

Gold, a sulpho- 

Nagyagite 

AuoPbnSba 

Grey to black 

6*0 

1*5 

IV. 

M. 

(S,Te)24 






telluride 

Natrocalcite, a. Gayliissite 
Natrollto 

Al2(Si04)3Na2H4 

W^hitc, yellow, 

2*2 

5 

V. A 

V. 

Dimorphic 


red 



IV. 



Natron 

N 1 OH 2 O 

White 

1*4 

1-1*5 

V. 

V.,E. 

In solution in soda- 

Nccronite, a. Orthoclase 

Needle ore, a. Aikinite 



1 



[iakes, Egypt, etc. 


Neotocite 

Mn,Si03,H20 

Black to brown 

2-75 

3*5 

Am. 

Sm. 

Opaque 

Nephelite, Nepheline . . 

A]8(Na2K2Ca)4 

White, grey, etc. 

2*6 

6 

in. 

V., R. 


Si9034 







Nephrite, v, Amphibole 

y2}Mg3(Sl03)4 

White to green 

2* 9-3*1 

6-6*5 

V. 

V. 

Carved into orna- 
ments by early 

man;mayDeActl- 

noliteorTrcmolite 

1 * Marbles are impure massive Calcite or Dolomite: many varieties, largely used in building 

1 t Mica group includes many different minerals having similar cleavage. < 

Commercial mica Is Muscovite or Bioute | 


«7W 











X(n«niklt. 

Chtmioal foruiulM' 
or oomposttiou. 

Colour. 

so. 

H. 

as. 


Kesqudionite .. 

Tfewjanshlte, «. Iridosmine 

MgG0s.8H20 

Colourless to 
white 

1-83 

2*5 

IV. 

V., G. 

Transparent to 

[translucent 

Kiooolitd 

Nickel bloom, s, Annabergite 
Nickeline, s. Niccollte 

Niobite, e. Columbite 

NlAs, with Fe, 
Co,Sb 

Copper-red 

7-6 

6*25 

in. 

M. 

Nickel (43per cent.) 

Nitre (Saltpetre) 

ENOs 

White 

2 

2 

IV. 

V. 

Gunpowder, nitric 
acid, medicine, 
metallurgy, pyro- 
technics. 

Nontronite 

Fe203.3Si02. 

5HoO 

Al^NasfAl.Na 

S04).(Si04)4 

Yellow 

2 

2^4 

Mass. 

0 . 

Very similar to 

Noslte, Nosean 

Grey, etc. 

2*3 

5*5 

I. 

V. to 
R. 

ChJoropai 

OBSIDIAN (a rock) .. 
Ochroite, e. Cerite 
Ocfahedrite, e. Anatase 
•Odontolite 

KNaaAloSiioOus 

Black, grey 

2* 2-2*8 

7 

Am. 

V. 

Principally Ortho- 
r cla.se ; a.s pumice, 

L polishing powder 

Oligoclase (Felspar group) . . 

Ali.Na.Ca.SisOg 

Green, white, etc. 

2*56 

6 

VI. 

R. 

Common rook con- 

Olivenite 

(CuOH)0uAsO4 

Green 

4*3 

3*5 

IV. 

V., s. 

[stituent 

Olivine (Olivine group) 

(Mg,Fo)-Si 04 

Green, yellow 

3-4 

7 

IV. 

V., R. 

Includes Peridnt 

Omphacite, t'. Augitb .. 

Mg,Ca(Si03)2 

Green 

3*2 

6 

V. 

V. 

[and Chrysolite 

Oiiofrite 

Onyx, V. Agate 

Hg(Se,S) 

Si02 

Black-grey 

Various 

8*05 

2*5 

I. 

Me. 

M. 

Opaque 

Mc.vican onyx is 
impure Calcite 

Opal 

Ophite, $. Picrolite 

Orangite, s. Thorite 
tOriental amethyst, etc. 

Si02:i;H20 

All colours 

2 

5 

Ain. 

V.,W. 

Precious opal has 
[a play of colours 

Orpiment 

Orthlte. «. Allanite . . 

AS 2 S 3 

Lemon-yellow 

3-48 

2 

IV. 

R. 

Arsenic (61 p.c.); 
king’s yellow 

Orthoclase (Potaasiurn Felspar) 
Osmiridium, e. Iridasniine 

AHK.NalSiaOa 

White, red, etc. 

2*5 

6 

V. 

V. 

Porcelain glaze ; 
[Jewellery 

OxaJite 

( FcC204)2*3H20 

Yellow 

2*2 

2 

Me. 

Gl. 

Ozokerit, Ozocerite . . 

Hydrocarbon, 
methane series 

White to brown 

0*9.>-l 

1 

Am. 

R.,D. 

Candle mfr., bees- 
wax substitute 

PACHNOUTK 

Paiabergite, s. Rhodonite 
Paraait, «. Boracite 

Na,Ca,F8.AlF8. 

H 2 O 

Colourless, 

white 

2*97 

8 

V. 

V. 


Parisite 

Patrinite, e. Aikinite 

Paulite, e. Ilypersthene 

Peacock ore, e. Bornite 

Ce(CeF)(CaF) 

(COals 

Yellowish- white 

4*36 

4*5 

III. 

V. 

In emerald mines 

Pectolite 

Na 2 Ca 2 (Si 03 ) 

Whitish, greyish 

2*73 

5 

V. 

S.,S. 

A Hornbiende va- 
riety 

Peganite 

(0H3.Al2P04)2. 

3 H 2 O 

Green, etc. 

2-5 i 

3*5 

IV. 

V., R. 

Periclase, Periclasite . . 

MgO 

Colourless to 
green 

3*67 

6 

I. 

y'e: 


Peridot, v. Olivine 

Perlite 

(Mg,Fe2)Si04 

Pistachio-green 

3*4 

7 

IV. 

V. 

Precious stone 

K2Al,Si«02oH20 

Grey 

2*4 

5 

A in. 

V.,P. 

A felspar 

Perofskite, Perovskite 

CaTiOs 

Black, brown, etc. 

4 

5*5 

I. 

R.,A. 

Petallte 

(Li,Na.HjAi 

( 81203)2 

t'olomless, etc. 

2*43 

6 25 

V. 

.V.,P. 


Petroleum 

1 Mixture of 
paraffins 

Black, brown, etc. 

0*6-0* 9 




A liquid saturating 
sandstones. Illu- 
mination, heat, 
power, gas mfr., 
lubricants, etc. 

Petzite, IK Hessite 

Phacolite, s. Chabazite 
Pharmacochalcite, 8 Olivenite 

(Ag,Au> 2 To 

Grey to black 

9 

2*75 

IV. (V) 

M. 

Gold, silver 

Pharmacoiite 

(Ca,Mg )3 

(As04)3.6H20 

White 

2*6 

2*25 

V. 

V.,P. 


Pharmacosidenle 

Fe(FeOH )3 

(As04)36H20 

Green, brown 

3 

2*75 

I. 

V. 

Pyroelectric 

Phenakite, Phenacite . . 

Be2Si04 

Colourless, etc. 

3 

7*75 

III. 

V. 

Precious stone 

PhlUipslte 

Al 2 (Ca,Na^>,H 2 ) 

Sifl 0 i«. 6 H 20 

White 

2*2 

5 

V. 

V. 


Phlogopite 

(Al,Fe) 2 (Mg,Fe)s 

(K,Na) 2 (OH,F)a 

(PbCi^SOa 

Brown, red 

2*9 

2*5 

V. 

P. 

Mica group 

Phoegenite 

White, yellow, 
meen 

6*2 

3 

II. 

A. to 
R. 

Lead 

Phosphorochalcite . , 
Phosphorite,.^. Apatite 

(Cu,0H)3P04 

Green 

4*2 

5 

— 

1 G. to 
V. 

Pseudo-malachite 

PhyMllte, s. ^rophysallte 
Picotite, t>. Ceylonite. , 

(Mg,Fe)0(Al. 

Cr)^s 

(Mg,Fe)3H4Si209 

Yellowish-brown 

4*08 

8 

I. 

Tc. 

Chrome spinel 

Plcrrtite, e. Serpentine 

Pictito, s. Sphene 

y 

Green, yellow 

2*6 

4 

IV. 

W. to 
£. 

A greasy variety Is 
[amorphous 


* Odontolltd is blai fossil-tooth, very similar to tra^ Turquoise. See pages 5853, 5856. 

, t Oriental amethyst, emerald, and tjp.a are violet, green, and yellow sapphires, respectively. 
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MinoralM. 

Chemical formulie 
or composition. 

colour. 

8.a. 

H. 

O.B. 

Appear- 

Alice. 

l^odacte, usee, or other 
remarks. 

Piedmontite 

Pingultc, V. Chloropai 
Pistacite, s. Kpidote 

Pistomesite . . 

Ca 2 (A 10 H) 

(Mn,Al)2.(Si04)3 

FcO.Fc 2 O 3 .SiO 2 

(Mg.Fe)^! 

Reddish 

Green 

Yellowish 

3-4 

1 

4 

6*6 

23 

4 

V. 

Mass. 

III. 

V.,P. 

V. 

V. 

Epidote group 

Very similar to 
[Chloropai 

Pltchstone 

Na2AJl|Sho024. 

Green, red, etc. 

22 

5 

Am. 

R. 

A natural glass 

Pltticite, Pittizito 

F<S2o((5H)24 

(S()4)3.10AsPO4. 

Brown 

2*3 

3 

Am. 

V. to 
G 



OHoO 







Plaster of Paris (see (iypsinn) 
Platinum 

Pt, with Fft.Ir, 
Os, etc. 

Steel-grey 

ir-19 

5*75 

I. 

M. 

Scientific and surgi- 
cal instruments. 






M.,A. 

jewellery, photo- 
graphy, etc. 


Plattnerite 

Pb02 

Iron-black 

9*4 

— 

III. 

# 

Plumbago, s. Graphite 
Plumboferritc . . 

Pb(Fe20o)3 

Black 



5 

Mass. 



Pollanite 

MiiyOa 

Stccl-grey 

4*8 

6 

11. 

M. 


Polyarsenitc, s. Surkuiite 
Polybasite 

(Ag,Cu)i8 

Iron-black 

6*2 

2*5 

IV. 

M. 

Silver (75 per cent.) 

Polycrase 

(Sb,As)‘>Si 2 

(Ca,Fe)4\r4U02 

Ti]20352[Y(>ib 

Black 

5 

5-5 

IV. 

V. to 
R. 

Ytlrinm, titanium, 
uranium, niobium 

Polyhalite 

Oiih] 

ra2.Mg,K2 

(S04)42H20 

Red, grey 

2*7 

3 

Fi. 

V.,R. 


Polymignyte 

(■U4(Ce,Fe)4-Ga' 

(Nb 03 ) 2 (Ti,Zr, 

Black 

4*8 

6*5 

IV. 

Sm. 

Ce,Nb,Th 


Th)io()29 







Porcelain earth, s. Kaolinite 
Potash alum, 8. Kalinite 
Potstouc, an impure Steatite 



2*8 

2*88 

6*i 

4 5 

IV. 

V. 

V. 

V. 


Prehnite 

Prosopite 

Green 

Colourless, white 


2A1(F,0H)3 






Silver (65 per cent.) 

Proustite 

Pseudomalachite, 8. Plios- 

AgaAsSa 

Red 

5*42 

2*75 

III. 

A. 


phorochalcite 

Psilomelane 

Mn manganate 

Bluish-black 

4 

6-25 

Am. 

Sm. 

Very variable ; 

Pucherite 

Pumice. See Obsidian 

J)iV04 

Brown, red 

r>*9 

4 

IV. 

A. 

[manganese 

Purple copper, «. Krubescite 

Pyrargyrite 

Pyrgom, «. Fassaite 

Pyrites 

Ag^SbSs 

FeS2 

Black to red 

Brass-yellow 

5*8 

5 

3 

6*5 

III. 

I. 

M.A. 

M. 

Silver (59 per cent.) 

[Hiilphuric acid 
Iron (46 per cent.), 

Pyrolusite 

MnOy.HoO 

Black 

4*8 

2 

IV. 

M. 

Common ore for Mn 

Pyromorphite 

Pb.3Cl(P04);} 

Green, brown, 
etc. 

6*5- 

7*1 

3.5 

111. 

R.toV. 

[and Mn 02 

Pyrope 

Mg2Ca3(Si04);i 

Blood-red 

3*7- 

3*8 

7-7*5 

I. 

V. 

Bohemian gurnet 
( wrongly Cape ruby) 

PyrophylUte 

AlH.(Si03)2 

White, green 

2*8 

1*5 

IV. 

P. 

Similar to Agalma- 
tolite 

Pyrophysallte 

Al2F.j0,Si04 

Yellowish-white 

3*49 

8 

IV. 

V. 

Opaque topaz 

Pyrostilpnlte 

Pyroxene, s. Augito 

Ag;jSbS3 

Red 

4*25 

2 5 

V. 

A. 

Silver 

/ Iron (60 per cent.), 

Pyrrharsenite, s. Berzeliite 





III. 

M. 

Pyrrhotlte, Pyrrhotiiic 

FC 11 S 12 

Bronze-yellow 

4*5 

4 5 

■! ferrous sulphate, 
sulphuric acid 

QUARTZ (silica) 

SiOa 

Colourless and all 
colours 

2*7 

7 

III. 

V.toG. 

Most eominon rock- 
constituent; glass 

Quenstedtite . . 

j Fe»(SO4);j,(H20) 

Reddish- violet 

2 1 

2*5 

V. 

V. 

infr., pottery. 

Quicksilver, Mercury 






metallurgy, etc. 

RAL8TONITE 

(Na2Mg)F2.3Al 

Colourless, milky 

26 

4*5 

I. 

V. 



(F,0U);,.2H20 






Arsenic ore (70 per 

Realgar 

AS 2 S 2 

Aurora red 

3*5 

2 

V. 

R. to 





A. 

cent,), pyrotechnics 

Mixed with clay ; 

Red lead or^ s. Crocoite 

Red ochre, v. Turgite . . 


Fe 203 

Red 

— 

— 

Am. 

E. 

Hedruthite, Copperglance 
Kesioit, 8, Pitchstone 






[pigments 


•Retinite 








Rheetizite, «. Cyanito 
Rhodochrosite 

(Mn,Ca,Fe,Mg) 

Rose-red 

3-5 

4*5 

III. 

V.,P., 

French Mn ore (47 


C()3 





R. 

per cent.) 

Rhodonite 

MnSiOs 

Rose-red 

3*5 

5*5 

VI. 

V., P. 

Manganese spar ; 

[Mn (41 per cent.) 
Hornblende group ; 
similar to Acmite 

RhodonhylUtc, «. Kiimmererite 
Kiobeckite 

Riemannite, «. Allophane 

2NaFe(Sl03)2. 

FeSiOs 

Black 

— 

— 

V. 

V. 

Transparent, dich- 

Ripidolite 

Al:,(Mg,Fe)fl 

Green 

2*7 

2*6 

V. 

P. 


HflSlsOoo 






rolc 

Rock crystal, v. Quartz 

Rock salt, 8 . salt 

Si02 

Colourless 

2*7 

7 

III. 

Tp. 

Carved and cut into 
ornaments 


• Retinite. A generic term for various amber-Rke fossil resins—e.g., Copallte 

■i. ■ . .. ■ . 
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Miutral*. 


Chviuioal fonuul« 
or ooinpoBltlou. 


Colour. 


ProducU, iiacs, or other 
remarks. 


Rfimdiite 

BoBCoelite 

Rose Bpar, s. Khodocrosite 
Eoselite 

B.uby» V. Corundum . . 
Rutile 


8 AHLITE 9 V. Pyroxene 

Sal ammoniac 

Salmiak, s. Sal ammoniac 
Salt, common 

Saltpetre, s. Nitre 
Samarskite 

Sandbergerite, s. Tennant it e 
Saponite 


Sapphire, v. Corundum 

Sarkinito 

Sartorite 

Sassolite, Sassoline 
Scapolite 

Schcelite 

Schirmerite 

Schorl, Schorl, v. Tourmaline 
Schorlomite 

Soloro(dase, a. Sartorite 
Seoleeite 

Scorodite 

Seludonite, a. Celadunite 
Semeliiie, a. Spinth^re 
Senarmontite 
Sepiolite, a. Meerschaum 

Serpentine 

Seyuertite 

Siderite 

Sideronatrite . . 

Silex, a. Quartz 
I SiJlimanite, v. Fibrolite 
Silver . . 

Silver fahlerz, a. Freibergite 
: Silverglance, a. Argentite 

Skutterudite 

Smaltite, Smaltine 


Smithsonite 
Soapstone, a. Steatite 
Sodalite 

Soda alum, «. Mcndozite 
Spathic iron, a. Siderite 
Specularite, ». Habinatite 
Sperrylite 

Spessartite, Spessartine 
Sphalerite, a. Blende 
Sphene, v. TUanlte . . 
Spinel 

Spinth6re, t\ Sphene 

Spodumene 

Stannite, Stannine 
Stassfurtite, «. Boracite 
Staurolite 


Ve^FeZn) 

(A1,V)4.12S103 

(Ca.Co,Mg)» 

(A804)2.2H20 


(Mg,Fe)Ca 


(Fe,Y,Ce,Er)4. 

(Nb207)3.U02 

(FeO.CaO,MgO)tt 
Si O A lyOgtF e203, 
Si203,13H20 

Mn(Mn!&^SA804 

PbA82S4 

B(0H)3 

Al2(A10)Ca4 

(SiaAlOs) 

CaW04 

(Ag2Pb)3Bi4S9 

(Ca.Fe.Mg) 

(Fe,Tl) 2 . 3 SiTi 04 

CaAl.Al(OH)2. 

3Sl0i,.2H20 

FeA 864 . 2 H 20 


Brown, yellow 2*17 

Brown, greenish 2*03 

Rose-red 3*55 

Red 4 

Red, brown 4 


Steatite, t>. Talc 

Stephanlte , , 
Sternberglte . . 


Sb 203 

Al]oSi40;i({ 

FeCO;, 

Na 2 (Fe.OH )2 

(S04)3 

Al(A10)Si04 

Ag 


C 0 AS 2 

(Co,Fe,Ni)As 2 

Al2Ho(Si03)4. 

*H20 

ZnC 03 

AWAl.CDNas 

(Si04)4 


(Pt,Rh)(As,Sb )2 

Mn2Fe3(Si04)3 

CaSiTiOs 

Mg(A102)2 

CaSiTiOs 

Al(Li,Na) 

(SiOs)2 

Cu2FeSiiS4 

(A10)4 

Fe(AlOH) 

(Sl04)a 

H2Mg3Si40i2 


AgioSb2S4 

AgFesSs 


3*5 VI. 
9 III. 


Green 3*2.5- 

3*4 

White, yellow 1*5 


White 2* 15 

Velvet-black 5*7 

White, yellow 2*2 

Blue 4 

Rose-red, yellow 4*18 

Lead grey 5*4 

White, yellow 1*5 

Grey, white 2*7 

Brown, yellow 6 

Grey, black 6*74 


White, yellow, 2*3 
red 

Green, brown 3*2 


2*6 I. 

5*6 IV. 


9 111. 

4*5 V. 

3 IV. 

if) VI. 


45 II. 

— IV.i?) 


White, grey 5*2 

White 2*5 

Brown, yellowish 3 

Yellow, brown 3*8 

Yellow 2*25 


Grey, brown 3*2 
Silver- white 10*5 


Tin-white 6-7 

Tin-white, grey 6*7- 
6*8 

Grey 2 

White, greyish 4*2 

Blue, grey, etc. 2*1 


Tin-white 

Hyacinth-red 

Yellow 
Black, red, 
green, etc. 
Green 

Grey, white, 
green 
Grey 


Grey, green, 
etc. 


Pleochrolc, trans- 
parent 

Found in small 
scales 

Tp. ; turns blue 
heated to 100*C. 

Precious stone, p. 
5855 

Resembles Cassite- 
rite *, porcelain 
painting, artifi- 
cial teeth 


I G. to Volcanic product; 
V. commercially ar- 
[tifleial 

V. In stratified forma- 
tions, arid regions, 
llake.s and seas 
V.,R. Cerium and yttrium 
metals 

G. Scotch igneous 
rocks 

V. Precious stone, p. 
G. [5865 

M. 

1*. Native boric acid 
G.,V. 

[per cent.) 
R.,A. Tungsten ore (63 
M . Silver 


Pyroelectric, trans- 
parent 
Arsenic 


1. A.,K. 1 Antimony 

1 j Building-stone ; 

V. H.toG., -[ finer varieties 

V. P.,Sm.; I as marbles 

III. V.,P. j Iron ore (48 per 


[Cyanite 

IV. K.,V. Dimorphic with 

I. M. Occurs fibrous, mas- 

sive or in films 

I. M. Cobalt I 


Am. W. Soapy feel 

III. V.,K. Zinc ore (52 per, 
[cent.) 

I. G.,V. 


[nickel ores 
I Found with Ontario 
I A garnet 


6 

V. 

G. 

Often translucent 

8 

I. 

V., K. 

Precious stone, p. 
6855 

6 

V. 

V. 

Often seed-like 
form 

6 

V. 

V. 

Used in jewellery 

3*5 

I. 

M. 

Tin pyrites ; tin 
[(27 per cent.) 

7*5 

IV. 

V. 


1-2*5 

IV., V. 

V. 

Firebrick, mantels, 
French clialk, pol- 
ishes, carving, etc. 

2*75 

IV. 

M. 

Silver ore (68 per 
cent.) 

1*6 

IV. 

M. 

Silver 
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Jlliiena«. 

Oheiiiiual formulw 
or oompoalcluii. 

Oolour. 

8 . 0 . 

H. 

C. 8 . 

HBM 

1^ 


Stibnite.. 

SbeSa 

(Ca,NajK«) 

Fe.AL 03 . 

6 SKWH 2 O 

Lead-grey 

4*5 

2*5 

IV, 

M. 

Common alimony 

Sriibite 

btiipnomelane 

Stoizite 

StrahlstGin, b. Actlnolite 
Stream tin ore, b. Cassiterite 

White 

Black 

Grey, brown 

2*1 

2*85 

4 

8*4 

3 

V. 

(?) 

II. 

V.^S. 

PmV., 

bm. 

B. 

[ore (71 per cent.) 

Tungsten 


Strlegisan, s. Wavolllle 
Stroineyerlte, Stromeyerine . . 

(Cu,Ag) 2 S. 

Iron-black 

6-2 

2 75 

TTI. 

M. 

Silver (63 per cent.) 

Struiitiauite 

( 8 r,Ca)C ()3 

White, grey, etc. 
\ eilovvish, 

.37 

4 

I. . 

V., R. 

Translucent; 

Struvite 

Mg(NH 4 )P 04 . 

1*08 

2 

IV. 

V. 

6 H 2 O 

C 40 H. 64 O 4 

brown 

Yellow 

1 05- 

2-2 5 

Am. 

H. 

found in guano 

Succinite, a. Ambe^ 


109 




H:.S 04 , gunpow- 
Uer, matches, 
bleaches, medicine 

Sulptiur 

S 

Yellow, grey 

2 

2 

IV. 

A., R. 

Sunstone, o. Oligoclase 

AlCaSl AlOg 

Reddish-’?rey 

2*65 

6-7 

VI. 

V.,P. 

Jewehery 

SuBsexite 

(>ln, .ig,/.n) 

Pinkish- 

,3*42 

3 

I'-O 

>S. to 



white 




P. 

A I <24 per cent.), 
Ag (13 percent.) 

Sylvanlte 

(Ag,Au)re 2 

Steei-grey 

8*15 

2 

V. 

M. 

Sylvite, Sylvine 

KCl 

White, grey 

2 

2 5 

1. 

V., R. 

Foiin 1 ill crater of 
\e.uviu 8 anu 

TABULAR SPAR, a. Wollas* 
touite 

Talc 







Stasdfurt beds 

H2Mg3Si40l2 

White, green 

2*7 

1 

V. (?; 

P., 0. 

Paper weighting, 






soap, Are and 
w a t e r proof 
paints, plasters 



Tantalite • . • . 

Fe(Ta03)2 

Biack 

6*3 

« 

IV. 

Sm. 

Tantalum 

Tellurite 

Te ()2 

WTiitc, yellow 

5*9 

2 


S'l. 

I'ellurium 

Tellurium 

Tenuaiitite 

Tc 

Tin- white 

6-2 

2*5 

in. 

M. 

Cu (50 per cent.) ; 

CuaAs^S? 

Steei-grey 

4*7 

3*5 

1 . 

M. 






p h p.Agtol4 
per cent. 



Tonorlte, v. Mclaconite 

CuO 

Grey, black 

5*8 

3*5 

V. 

M. 

Copper ; somewhat 






rare 

Tephroite 

Tesselite, a. Apophyllite 

Mn2Si04 

Grey, red 

4*6 

5*5 

IV. 

A.,R. 

Bismuth (59 per 

Tetradymite 

Bi 2 (Te,S )3 

Grey, white 

7*2- 

2 

in. 

M. 



7*9 




cent.) 

Tetrahedrite 

(CUi,AK 2 .Fc. 

ZnjiSbjS? 

Grey, black 

4*.5'- 

3*5 ! 

I 

M. 

Cu f .>0 per cent.) 

,5*1 




Ag 

Thenardite . . . • 

Na 2 S 04 

W^hite to 
brownish 
White to 

2*08 

2*5 

IV. 

V. 

On volcanic ashes 

Thermonatrite • • 

Na 2 C 03 .H 20 

1*55 

1*25 

IV. 

V. 

V. 


yellowish 

Thomsonite 

2\la(Ca,Na..) 

White ! 

2*3 

5*5 

IV. 


Thorite 

(Si04)2.5H20 

ThSiU 4 

Orange, yellow, 
black 

5*3 

4*75 

TI. 

V., R. 

Thorium 

Thorium 8 and<^, a. Moiiazite 
Thu nut 0 , a. Aximte 

Tiemaiuiite 

HgSe 

7*2 

2*75 

[. 

M. 

Selenium 


Grey 

Tin 

Sn 

Tin-white 

6*54 

2*15 

— 

M. 

Crystalline exlst- 

Tin pyrites, a. Stannite 







fence very 

Tin stone, a. Cussiterile 

Tincal, a. Borax 







L doubtful 

Titanito, a. Sphene 
Titanomorphile, a. Sphene 

CaSlTlOo 

Brown, green, etc 

3*5 

6 

V. 

G. 

Precious stone, 

Topaz 

2Al203.Sia2 

SiF 2 ,H 20 

Yellow, blue. 

3*5 

8 

IV. 

V.,A. 

white, red 





p. 5855 

Topaz, oriental, a Citrine 

Torberite, Torbernite, Cupro- 

2U02.Cu(P04)2. 

Emerald-green 

3*5 

2 

II. 

P. 


uranite 

8 H 2 O 






Touchstone, a. Lydianstono 







Tourmaline 

Mg,Fe,Na 2 Ll 2 , 

All colours 

2*9- 

7 

III. 

V. 

Precious stone, 


H 2 ,flA 102 , 

8 i 4 B 2 C^ 


3*3 




p. 5855 

Travertine, a. Caleite 







Tremolite (Hornblende group) 

Mg3Ca(Si03)4 

White, greenish- 

3*2 

6 

V. 

V., S. 

Non-flbrous variety 

grey 





of Asbestos 

Tridymite 

sia2 

Colourless to 

2*3 

7 

IV. 

V. 



white 






Tripe stone, a. Anhydrite 
Tripha'te, a. Spodumene 
Tri^ylite, Tnphyllue 

Li(Fe,Mn)P 04 

(Fe,Mn)P 04 

Greenish, grey 
Brown, black 

3*6 

3*6-4 

4 

4*5 

IV. 

V. 

R. 

E. 


Trlpoiite 

(Fe.Mn).P 

Essentially 

White, greyish 

1*9- 

6*5- 

Am. 

£. 

Is diatomaceous 


SiOg 

2*3 

6*5 

i 



earth ; polishes 
cement, boiler 


Trona 







covering 

KaoGOg.Na 

H^8.2iH20 

Grey, white 

2*1 

2*6-3 

V. 

V. 

To.; near salt 
lakes, etc. 



White 


2'26 

1. 

V. 

Native ammonia 
alum 
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t i.'i. 










Ohemlea! tormalsB 
or composition. 

Colour. 

8 .G. 

H. 




Tuigite 

Fe406(0H)2 

Eeddish black 
to red 

4*4 

6*5 

Am. 

Sm. 

Iron ore (65 per 
cent.) 

TurauoUe, Callaite • • 

AWO^PO,. 

Blue, green 

2*7 

6 

Me. 

Gl. 

In Jewellery, p. 
5856 

Tyrolite .. •• 

(CuOH) 4 Cu(A 8 

04)2,7H20 

(Ce.La,Di)Fs 

Blue to green 

3 

2*5 

— 

P. 


Tysonite 

Yellow to brown 

6*13 

4*75 

ni. 

V.,R. 


UINTAHITC 

Ulexite 

Hydrocarbon 

CaNaBaOcj. 

6 H. 2 () 

NiSbS. 

(U,Pb2)3(UO«)2 

Black 

White 

1*08 

10 

2*25 

1 

Am. 

B. 

S. 

Varnishes, stove- 
[blacklng 

Ullmannlte .. ... •• 

Ultramarine, «. Lapis lazuli 
Uranlnlte .. .. 

Uranite «. Torberlte 
Uranotnininite, «. Gummlte 

Tin-white 

Black 

6-3 

6 4-8 

5*6 

5‘5 

I. 

I. 

M. 

H. 

Nickel (27 per 
(cent.) 

Rare 


Urao, 8. Trona 

Urvdigyte, s. Herrengnindite 
(Jvarovite 

Ca 3 Cr 2 (Si 04)3 

Emerald-green 

3*4- 

3.5 

7 5 

I. 

V. ; 

Calcium-chromium 

garnet 

VALBNTINITE 

SbqOs 

White, grey 

.<>•5 

2 5 

IV. 1 

A 

Antimony (83 per 
cent.) 

Vanadinite 

Pb3Cl(V()4)3 

Red, yellow, 
brown 

7 

3 

m. 

11 

Similar to Endli- 
chito 

Vanadite, «. Uesololzite 
Variscite 

AIPO 1 . 2 H 2 O 

tireen to 
colourle<»s 

- 

5 

IV 

V. 

Variety of Tallait 

Veauvlan, *. of Idocraso 

Chalcanthlto 

Fo3(P04)2.«H20 




1 



Vitriol, 8 . fJoslantp, or 
Vivianlte 

Bine, green, 
white 

2-5 

2 5 

V. ^ 

V., P. 

Transparent to 

translucent 

Volborthite 

(Cu,Ca)(CuOH) 

Siskin-green 

3 .’> 

3 

- 

P.,M. 


Volcanic glass, s. Pumice 
Volkuerite, s. Hydrotalcite 
Vulpiuite, V. Auliydnte 

VO 4 

— 


_ 

— 

- 

See Obsidian 

CaSoT.SiOj 

- 

- 

- 

— 


Cut and polished 
for ornaments 

WADi bog manganese 

H.jMnoOs 

Brown to 
bliie-black 

3*7 

1 

Am. 

E..D. 

Bleaching, umber 
paint 

Wagnerito 

Warwickite 

MfeFPOi 

Mg 6 (Fe,Al,B )6 

Tl 20 m 

2(A1.0H)3 

Yellow, white 
Bliiish-blaek 

3 

3-35 

5 

3*5 

V, 

IV. 

R. 

Sm., 

p 

Plcochrolc 

WaveUlte 

All colours 

•2-3 

.3 

IV. 

v.,'s. 


(P04)2.»H20 







Wernerlte, 8. Scapolite 

WlUtc antimony, 8 . Valenllnlte 
White copperas, «. Coquimbite 
WHlemite, Wilhelmite 

ZnSi04 

White, grey, etc. 

4 

5-5 

III. 

V.,R. 

Zinc ore (60 per 
(cent.) 

Williamslte, v. Serpentine 
Witherite 

BaCO., 

White, grey, 

4-2 

4 

IV. 

V,,R. 

Wittlchenlte, Wlttichite 

(CualsBijSfl 

yellow 

Grey, iron-black 

5 

2-75 

IV. 

M. 

Bismuth (42 per 
Icent.) 

Wittlnglte,«. Neotocite 
Wolfram, Wolframite.. 

(Fe,Mn)W 04 

Black 

7' 2 

5 

V. 

Sm., 

A 

Tungsten (76 per 
[cent.) 

Wollastonite 

Wulfenite 

Wurtzite 

CaSiOa 
' PbMo04 

(Zn,tV)S 

W’hite, grey, red 
Yellow, Hhite, 
Brown 

2 8 
6*5 

4 

4-5 

3 

4 

V. 

IT 

HI 

V. 

A ,V. 

\ ,P. 

1 

A vpiimtoue 
Mol>bdenum (26 
fper cent.) 

XANTHOOONITB, Xantho- 

Ag,5ASvS4 

Orange-yellow 

51 

2*5 

III 

A.,P. 

Silver 

cone 

Xanthosiderite 

Fo.20.(OH)4 

Gold-yellow, 

— 

2 5 

Fi 

|S.,G. 

In needles 

Xenotime 

(Y,Ce)POi 

brown 

Yellowish, 

reddish 

l'4.'> 

P5 

11. 

R..V. 

Yttrium, cerium 

YENITK, 8. Ilvaite 
Yttiooerite 

(Y,Er,Ce)F 3 . 
(CaFla.HgO ^ 
. Y(Nb,Ta) 04 d:^ 

V,W,Er,Ce,Sn 
2 Ni(OH )2 

Violet blue 

3-45 

4*5 

— 

V., P. 


Yttrotantalite 

^ Black, brown 

5-7 

5-25 

IV. 

Sm., 

V. 

Opaque 


Emerald-green 

2 57 

3-25 

Am. 

v! 

Nickel (46 per 
cent.) 

zaaatitb 

NiC0j.4H20 






Zeagonite. 8. Gtsmondite 

Zinc blende, «. Sphalerite 

Zinc spar, s. Calamine 

Zincite 

Zinkenite 

Zlnnwaldltei v* LepiduUte . 

Zircon . . 

(Zn,Mn)a / 
PbSb.S4 • 

. (Li,K,Na). 4 All 3 
FeSisOifl(F,Oli )2 
ZrSi 04 

Orange-yellow 
Lead-grey 
Violet, yellow, 

Cdou^oss, and 
all colours 

5*5 

6-3 

3 

4*47 

4 

2-5 

2* 75 

7*6 

III. 

Iv' 

V. 

IL 

Sm. 

M. 

r. 

A.,R. 

Zinc (80 per cent.) : 

(New Jersey ore 

In layers ot oifler 
ent colours 

In JeucUery. See 
p. 5855 

Zlrqonite^ Zircon 

ZoWie 

’ Al 8 <A 1 . 0 H)Ca® 

Grey, red, e e* 

3*2 

6*6 

IV. 

V. 


Zongitei. 

.AWAIJO^CIW, 

Colourlmii 

2*87 

7 

I. 

V. 

Cleat and trw 
parent jy' 












THE term “ lawyer ” is used indiscriminately in 

^ England for the barrister and the solicitor. 

Barristers differ from solicitors in their training, 
their functions, and their status. In no other 
country in the world, perhaps, is the distinction 
between the two branches of the profession so 
strongly marked. A wide chasm divides them. Of 
what the differences consist we shall learn in due 
course. At this point it will suffice to state that 
while the barrister is the advocate, the pleader, the 
man who voices the client’s case outside (or inside) 
the bar of the court, the solicitors are the men of 
affairs who come in direct personal contact with 
the clients. In practice the barrister may only 
take his instructions from the solicitor, who is, so 
to speak, the steward or manager of the affairs of the 
lay client — i.e., the member of the public who has 
need of legal assistance. The barrister may look 
to the solicitor alone for the payment of his pro- 
fessional fee, and, moreover, he has no right in 
law to recover it, except as money ha.l and 
received by the solicitor on his (the barrister’s) 
behalf. His services, in theory at least, are 
honorary ; and for that reason, no doubt, many 
barristers where they have to deal with solicitors 
whom they regard with suspicion, refuse to go into 
court until payment is made in advance. 

The Branches of the Profession. The 
young man who adopts law as a profession must 
make up his mind whether he means to choose the 
barrister or the solicitor branch ; but otherwise 
there is no need to specialise until he is well over 
twenty-one. Whether a man moans to be a barrister 
or a solicitor ho cannot know too much about the 
things which have to do with the outside world. 
He will succeed best if he be a man of general 
information ; the specialising in law will come later. 
Another word of warning may be given to the young 
man. Both professions — the Bar especially — are 
essentially “ late-in-life ” professions. The barrister 
must not hope to make a living wage before thirty, 
or riches — if he ever does make th ra — before forty. 
The solicitor, unless he has a business of his own 
to fall into, must not be disheartened if he finds 
himself a managing clerk at thirty-seven. The 
would-be lawyer will have plenty of time to 
specialise in law when he is done with his general 
education. If he is fortunate enough to be able to 
go to a university, let him proceed patiently to his 
degree, whatever the subject he may choose. With 
this general preface we can proceed to deal with the 
two branches in detail. ^ 

THE BARRISTER 

The first step to the Bar is to be enrolled as a 
student of one of the four Bins of Court. These are 
the Inner or Middle Temple, between the Strand 
and the Embankment; Lincoln’s Inn, or Gray's 
Inn. Preliminary to admission, the young man 
must pass a qualifying examination consisting of 
elementary Latin and English dictation. He is, 
however, excused from this if he has passed a corre- 
^nding examination—e.e., Responsiohs at Oxford 

ft on6 of the reex^ised universities. Onoe he is 
feted a student he at once begins to speoialise ; 


and here, it may be remarked parenthetically, 
it will be lucky for him if his general knowledge 
includes the possession of one foreign language 
perfectly. In these days of universal education the 
barrister who is known to speak French or German 
will find himself in possession of an asset which may 
lead to a competence. Indeed, any specialty learnt 
in youth may prove the turning factor in victory to 
the middle-aged barrister. Even the possession of a 
hobby is enough to mark out a barrister from the 
“ rucK,” and (without illegal advertising) bring him 
into prominence and success. Some men have loved 
mechanics and scientific pursuits generally, have used 
their spare time from the law to follow out this bent, 
and have found it hpl]> them to a patent practice, 
than which the Bar offers nothing more remunera- 
tive. “ Collect something, if only old violins,” said 
a wise old Balliol tutor many years ago to the 
present writer, “ and you will find that you will 
be known for that, and get on. ’ But the advice 
must be followed with the utmost discretion. 
The young barrister who aspires to prominence 
by moans of a hobby must do it in a blameless, 
ingenuous way. 

The Barrister's “ Dinners.” The qua’i- 
fying examination ended, the young man who 
desires to become a student must then be 
introduced by (or vouched for, as it amounts to) 
two barristers belonging to the Inn which he desires 
to join. These two members must sign a document, 
which stands as a reference for his respectability. 
He lodges £30 as security for his dinners in Hall, 
of which more later. He is now an admitted student 
and may proceed to ” cat dinners.” He must 
” eat ” seventy-two dinners in all, or thirty-six 
if he is a member of a university. Not more than 
six dinners may be “ eaten ” in a term (three for 
members of a university). There are four terms in 
a year; accordingly the ceremony can be completed 
in three years at the shortest. Often men miss 
terms, with the result that it takes them four and 
five years to complete the required quota. And it 
is not an infrequent sight to see grey-haired students 
dining — men who began their terms thirty and forty 
years before, and are now finishing the requisite 
number after an interval of a career spent as Indian 
civil servants in India. The dinners are held in the 
halls of the various Inns. The dining terms are 
usu illy coincident with the middle portions of the 
legal terms. 

Examinations and Lectures. While he 
is “ eating ” his dinners the student is able to turn 
his attention to the examinations which he must 
pass before he is able to proceed to his call. The Inns 
have joined together to supply the student witli 
a very comprehensive series of lectures on the legal 
subjects in which be will be examined ; and to en- 
courage him to attend these lectures, the examina- 
tions are based directly upon the ground covered by 
the lecturers during the two years or so immediately 
preceding the date of th^ examination, , But the 
syllabuses of these lectures are always to be pur- 
chased from the offices of the Council of Legal 
Eduoatiofi, Old Hall, Lincoln’s Inn. Consequently, 
A student with my intelligenoe is well able to note 
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the ground <5over6d without attending lectures. 
Where a student is reading for his degree up at 
Oxford or Cambridge he is quite unable to attend 
Bar lectures in London. If he is not at one of the 
universities it will pay him to attend the lectures 
assiduously. He will find the readers and lecturers 
appointed by the Inns of Court willing to help him, 
and there can be no doubt that he will shorten his 
labours very considerably. The subjects in which 
he will bo required to pass a satisfactory test are 
given in the schedule on this page. They may be 
taken at different times, as will be seen from the 
appended form ; and it may be said at once that 
the standard, though higher of late years, is not 
by any means a prohibitive one. Men are not 
“ploughed** in any great numbers; no doubt the 
theory being that any fairly intelligent man who 
desires to become a barrister should be allowed to 
do so. And then it resolves itself into a case of the 
survival of the fittest. 

The Call to the Har. When the student has 
passed all the examinations, and “ eaten ’* his 
required number of dinners, he may proceed to his 
calL But certain preliminaries are still necessary. 
He must get a bencher of his Inn to propose him for 
call. There should bo no difficulty about this. Some 
barrister of his acquaintance will be able to intro- 
duce him to a bencher. He must then pay £80 to 
his Inn, allowance being made for the £30 already 
lodged on account of battels, etc. That finishes 
the money part of his liabilities. His name is 
screened in Hall for a stated term before call 
“ Call ’* nights come once in every dining term — 
that is, four times a year — viz., January, May. 
June f nd November. The ceremonies may differ 
a trifle in detail at each of the four Inns. At the 
Inner Temple, after dinner in Hall, the students 
about to be called are ushered into the “ parliament 
chamber ” or “ common-room,*’ where the benchers 
are drinking port and eating their des.sert. The 
students are placed in a standing line along the 
walls of the room. Each one is given a glass of wine, 
and the benchers drink to them. The treasurer of the 
Inn, or the senior bencher present, makes them a 
little speech— -generally telling them what a very 
difficult profession they have chosen. The senior 
student is then encouraged to make a suitable rep’y, 
and the ceremony ends. The young man has been 
called to the Bar, and is in a position to hold himself 
out for practice. 

Technicallv, he may now consider himself a 
full-fledged barrister, but the custom of the pro- 


fession has introduced a practice known as “ reading 
in chambers.” The young barrister, in return for 
a fee of £105, obtains the run of the chambers 
of some busy barrister for the space of one year. 
He has his desk in these chambers, reads all the 
briefs, draws pleadings, which his chief may or may 
not use according to their value, goes with his chief 
into court, and, in fact, “ learns the ropes ” of the 
profession which he has joined. There is no hard 
and fast rule about one year in one set of chambers, 
nor is it necessary for a man to wait to be called 
before he goes into chambers. He can enter while 
■ still a student and at any age the barrister with 
whom he reads may choose to take him. No man 
is eligible for call to the Bar under twenty-one, but 
anyone may become a student as soon as he can 
pass the qualifying examination for admission. 

Again, as to the length of time in these chambers, 
many young barristers stay two years ; others, 
again, stay six months in common law chambers, 
and six months in equity chambers — and try to 
find out in that way in which direction their bent or 
interest lies. 

Specialising. Directly he has been “ called,” 
the young barrister has to make a very definite 
choice. He must make up his mind whether he 
will hold him.self out for practice on the Chancery 
side, and become learned in conveyancing and 
trusts and partnersliip deeds and the like, or remain 
on the common law side of his j)rofeasion, including 
anything from running down cases to libel and 
slander. He must make his choice advisedly, for, 
once started, he will find it exceedingly difficult to 
change over. 

If the young practitioner elects to stay on the 
common law side, he will have to think of joining a 
circuit. Let him remember that this is a step to 
be taken early in his career. If he joins within a 
year of his “call** he will find no difficulty in his 
way. He must get a member of the circuit to 
propose him, he must dine three nights “ on 
approval ” at the circuit mess, and pay a matter of 
seven guineas as an entrance fee. Then his election 
will follow more or less ns a matter of course. On 
the other hand, if he presents himself for election 
five or six years after his “ call,’’ he might find that 
the circuit refuses to elect him, on the theory that 
he has stood outside too long making up his mind 
which circuit to go, and therefore ne may stand 
outside altogether. 

The all-impo 2 tint qiieslion of chambers in tow’n 
is another matter which concerns the young 


SCHEDULE OF EXAMINATIONS FOR BARRISTERS 

Examining 
Body and 
Grades. 

Time and 
Place of 
Examination. 

Subjects of Examinations. 

Fees and 

Age Limits. 

Obligatory. 

Alternative or Optional. 

rffHB Inns of 
^ Court 

■ Preliminary , . 

London 

January 

May 

June 

November 

Roman law, Constitutional 
law (English and Colonial) 
and Legal History 

Evidence 

Procedure, Civil and Criminal 
and Criminal law 

English law and Equity, in- 
cluding : 

(1) Law of Persons— Mar- 
riage and Divorce. Infancy, 
Lunacy, Corporations 

(2) Real and Personal Pro- 
perty and Conveyancing 

(3) Law of Obligations — Con* 
tracts, Torts, ^toppel, and 
Oommercial law 

(For those who liave not 
passed certain specilied 
public examinations) 
Elementary Latin 

English 

Dictation 

Not under 21 

Included under 
total fee of 
£80 to the Inn 

!|P» 
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'Wrister, If he keeps to the oomnlon taw he 
wilt eleot to have hin chambers in the Inner and 
'Middle Temple ; the equity man will set himself 
up in Lincoui's Inn or Gray's Inn. A good, small 
room, with the use of a clerk, can be obtained in 
any Inn for from £26 to £40 per annum, with a 
£5 minimum guarantee to the clerk; but the 
young practitioner cannot over-estimate the value 
of being in good and reputable chambers where 
there is plenty of bona hde work, even though he 
himsolf remains during the first years absolutely 
briefless. A good clerk who has his master’s interests 
at heart helps i imensoly towards final success. 

Roads to Success. And now with our young 
barrister fully equipped, a member of a circuit, and 
eottled in chambers in one of the Inns, the question 
that stares him in the face is “ V\ hat chance has he 
of success ? ” There are two teats and two only, 
by which one may judge whether a man may 
succeed. First, “ if a man can work when he has 
nothing to do ” ; second, if a man can live and 
keep himself decent on nothing a year.” Show me 
a man who can solve these two problems, and I 
will show you a future judge. In other words, the 
thing that kills most men, so far as the Bar is con- 
cerned, is the inability to keep alive their powers of 
application at a time when no solicitors want them. 
It is easy enough to got up at five o'clock in the 
morning and read briefs when you have got them 
to read ; but the briefless junior who can get up at 
five o'clock and work hard is the man who will 
succeed. Naturally, the man with private means 
is in a bettor position to withstand the years of 
waiting, and that brings us to our second proposition, 
for names like Eldon and Herschell remind us that 
men have risen to the woolsack without a penny of 
their own. The secret of it has been their ability 
to live on nothing. Their absolute necessities they 
have supplied from teiching or w'riting for news- 
mpers, hut they have never let these avocations 
araw thorn away from the main object of their 
lives — the law. The work which brought th^m food 
and clothing was never allowed to invade the hours 
when they held themselves out for clients. What 
are the dangers of straying off the by-paths of law 
into literature only those know who have followed 
'■the will-o'-the-wisp of daily journalism. It is 
useless to deny that private means do away with the 
necessity of working at anything except the law. 
But there comes the danger of the young barrister 
throwing up his profession in disgust and spending 
his patrimony in a pleasanter and less arduous 
West End life. 

** Devilling.” Among the recognised roads 
to success is the practice of ^ devilling,” or working 
at the briefs of a busy barrister who has far too 
much to do to read them himself. Many a man has 
thus come in contact with solicitors and succeeded 


to the practice of his “ chief ” when the latter 
“takes silk” or becomes a judge or a law officer of 
the Crown. But the “ devil ” must be a very good 
one, able to obtrude his personality quietly but 
firmly, and the ” chief ” must be a man of generous 
instincts, who does not keep his “Sydney Carton” 
rigorously in the background^ Natures differ. Some 
barristers, with far more work than they can do in 
keening with their duty to their clients, are willing 
to delegate it to the point of letting the “ devil ” 
have all the labour and none of the glory. They 
would not dream of letting their “ devila apTOor 
lOr them in court or come in contact with their 
idjants. Happily, such men are few and far between. 

majority of the i>rofo8sioii are men with generous 
P|Hwct«(|g(Mpd the ” devil ” whoso lot falls in fairly 


pleasakit places will not only find plenty ot work to 
do, byt he will have the run of go<^ chambers, and, , 
into the bargain, be mid an nonorarium for his 
trouble. Above all, he will have the pleasing 
feeling that ho may step into his “ ch ef s ” practice, 
alt ou^, as a rule, when a busy junior leaves the 
outer Bar, his work generally becomes distributed 
among a number of other juniors left behind. But the 
“ devil,” if he is a man of any ability, will get some 
of it, and that will serve ps a nucleus round which 
to build up a practice of, his own. 

Failure and Success. Failure at the Bar 
is a hard word, but it is a lot to be faced, and by 
very many. Of course, men drift away from the 
Bar into other employments. They become jour- 
nalists and civil servants, and go into businesses 
(except solicitors’ businesses, from which they are 
debarred). And if at forty they find themselves 
still hopelessly briefless, there always remains th3 
West Coast of Africa — Lagos or Nigeria, or the Gold 
Coast! Other Colonial and foreign appointments 
are not numerous, and it must be stated that the 
briefless barrister without infliiencc in high quarters 
need not hof^ for one. Unattractive as they may 
soom to ambitious twenty, ulilitaiian forty clusters 
after them. They range from Indian judgeships to 
West Indian law officers, and when one falls vacant 
there are about fifty applicants. The same may bo 
said of the minor legal appointments in this coimtry. 
Counfy couit judgeships are now eagerly sought 
after by “ silks “ in respectable practice. True, the 
emolument is only £1,600 a year, and the work 
hard and rather sordid. The same may be said of 
sti^ndiary magistracies, carrying £1,000 a year. 
A briefless junior, unless he had very influential 
friends, might just as well wish for the moon. To 
this extent, then, these minor appointments must 
yet be counted among the plums of the ]»rofeB8ion. 

The High Court Bench. Of course, the 
biggest plums of the profession are puisne judge- 
ships, lord-justiceships of Appeal, and law lordships. 
The salaries range from £6,000 to £7,000, the duties 
are rcs]»on8ible, and surrounded by a certain show 
of magnificence which makes them doubly attrac- 
tive. No King’s Counsel wlm lias not a large prac- 
tice need hope to bo elevated to the bench unless ho 
has made himself useful in ]>oIiticul life by fighting 
for his party mside the IIuusp or out. If he is a 
Chancery judge, his work will always be in London ; 
if a common law judge he may have to go on circuit 
four times a year, for which he receives ample 
travelling allowances and JoiJgirig money For the 
man who ends up a High Court judge, the Bar has, 
indeed, been a lucky speculation, but unfortunately 
few do. 

THE SOLICITOR 

The young man who decides to enter the lower 
branch of the legal profession must mako up his 
mind to a longer term of pupilage, harder qualifying 
examinations, and possibly a position of lifelong 
subordination. On the other hand, he will earn a 
living wage much earlier in his career, while the 
mean level of pecuniary reward is certainly not loss 
than that prevailing at the Bar. 

The first step to become a solicitor is to pass 
a preliminary exanrnation before entering into 
articles of clerkship to solicitors. Every man who 
wants to be a solicitor must first be an articled clerk 
— a species of apprentice to the practice of the law. 

Examinations. First of all it may be men- 
tioned that the examinations, and, indeed, all the 
official steps towards being enrolled, are conducted 
by the Law Society, Chancery Lane, Londoiii W.C., 



tiU) oKarter^ Company, bD to speak, o{ the pro. 
fessioii. And now to deal seriatim with the three 
examinations needed to qualify. 

The Preliminary Examination is excused to certain 
candidates, as the following list shows. 

EXEMPTIONS FROM PRELIMINARY 
EXAMINATIONS 

Bachelors of Arts or Bachelors of Laws at the 
following Universities : Oxford, Cambridge, 
Dublin, Durham, London, Wales, Liverpool, 
Ijeeds, Royal University of Ireland, and Victoria 
University of Manchester ; Bachelors of Arts, 
Masters of Arts, Bachelors of Laws, or Doctors 
of Law in any of the Universities of Scotland, 
none of such degrees being honorary. 

Utter (junior) barristers in England. 

Persona who have passed the following 
examinations : 

First Public Examination before moderators 
at Oxford 

Previous Examination at Cambridge. 

Examination in arts for the second year at 
Durham. 

Local Examination, Oxford (junior or senior). 

Local (noii-grcminl) Examination, Cambridge 
(junior or stmior). 

Examination of the Oxford and Cambridge 
Schools Examination Board (higher certificate). 

Matriculation Examination at Dublin or 
London (not necessarily in first division). 

Examination for First-class Certificate of the 
College of Preceptors. 

Provided the conditions set out below of the 
order of February 8th, 1005, be complied with, 
persons who have passed the following examinations 
are also exempt. 

f(a) Latin shall be one of the subjects taken, and 
if l.<atin is not a compulsory subject the examination 
certificate sluill state that the candidate has passed 
in Latin. 

(b) All the subjects required to be taken by a 
candidate shall be taken at one examinaton, and 
the examination certificate shall state that they 
have been so taken. 
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(c) if any alteration be made in the regulations, 
character, or standard of an examination, this 
order shall immediately thereupon cease to apply 
to such examination] : 

School - leaving Examination (Matriculation 
standard) of the University of London. 

The examination of the Joint Matriculation 
Board of the Victoria University of Manchester, 
the University of Liverpool, and the University 
of Leeds. 

The Matriculation or Entrance Examination of 
the University of Birmingham, and the School- 
leaving Examination (Senior Certificate) of that 
university. 

The Matriculation Examination of the Univer- 
sity of Wales. 

The Examination for the Senior Certificate of 
the Central Welsh Board under the Welsh 
Intermediate Education Act, 1889. 

The Rcsponsioiis Examination at St. David’s 
College, T^nipeter. 

The Local Examination of the University of 
Durham, Senior Pass Certificate, and the Junior 
Certificate, with at least second-class honours. 

All persons who have obtained certificates of 
having passed the Preliniinary Examination, or are 
exenqit therefrom, may enter into articles of 
clerkshi}). 

All persons exempted from the Preliminary 
Examination pay an additional £2 on giving notice 
for the Intermediate Examination (Judges^ Order, 
June 28th, 1904). 

For full particulars respecting this examination, 
the student is referred to scdicdule on this page. 

No books will be previously specified for the 
language examinations, but passages will be given 
for translation at sight, with the assistance of a 
dictionary. Candidates must bring their own 
dictionaries. 

Candidates arc recunrcd to give, at least 30 
days before the day appointed for the examination, 
notice to the Secretary of the Law Society of the 
kmyuaged in which they propose to bo examined, 
the town at which they wish to bo examined, and 


SCHEDULE OF EXAMINATIONS FOR SOLICITORS 


Examining 
Body and 
Grades. 

Time and 
Place of 
Examination. 

Subjects of Examinations. 

Fees and 

Obligatory. 

Alternative or Optional. 

Age Limits. 

The Law 
Society 

Preliminary . . 

London and 
some of the 
principal 
towns. 
February 

May 

July 

October 

Dictation 

English Composition 
Mathematics: (a) Arithmetic; 
(b) Algebra, inclusive of 
simple equations and ele* 
mentary ; (c) Geometry as 
treated in Euclid 1. to IV. 
Geography of Europe and 
History of England 

Latin — elementary 

.^ny two of the following 
languages ; Latin, ancient 
Greek, French, German, 

' Spanish, Italian. 

Not under 21. 
For admission 
on the Roll of 
Solicitors. 

£4 

Intermediate . . 

J'anuary 

March 

June 

November 

Elementary works on the 
laws of England. 
Elementary questions on ac- 
counts and bookkeeping 

* 

£6 

Final . . 

! 

January 

Marcii 

June 

October 

Principles of the Law of Real 
and Personal Property, 
Conveyancing 

Procedure in all divisions of 
the High Court, Ecclesias- 
tical and Grimiiw law, and 
practice and proceedings 
before Justioee of the Peace 


£10. £16 when 
Intermediate 
Examine- 
tion is excused 
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their €tge and residence, and place or mode of 
education. 

Articled Clerks. The Preliminary Examina- 
tion satisfactorily disposed of, the young candidate 
may now enter into his articles. 

The usual period for service under articles is 
five years, but for graduates of universities who are 
exempted from the Preliminarv Examination, and 
for persons who have been called to the Bar, and 
are of less than five years’ standing as barristers, 
the period is three years. 

Persons who have passed the following examina- 
tions need serve only for four years : 

First Public Examination before moderators at 
Oxford. 

Previous Examination at Cambridge. 

Examination in arts for the second year at 
Durham. 

Entrance Examination at Dublin, having passed 
in honours. 

Matriculation or Entrance Examination at 
London, Birmingham, or University of Wales, 
first division. 

The Responsions Examination at St. David’s 
College, Lampeter. 

The Examination of the Joint Matriculation 
Board of the Victoria University of Manchester. 
University of Liverpool, and University of I.<eeds, 
first division. 

Articled clerks bound for four or five years may 
serve one year with the London agent, and one year 
with a barrister or special pleader. Those bound 
for three years may serve one year with the I^ndon 
agent, but they cannot serve any part of the term 
with a barrister or special pleader. 

The stamp duty on the articles is £80, and on 
further articles 10s. 

Articles cannot be stamped after the date thereof, 
except on payment of penalties. 

The articles must be enrolled and registered at 
the society’s office within six months after execu- 
tion. The fee payable to the society for registra- 
tion is 5s. 

When articles are left at the office of the Law 
Society for registration, a statutory declaration, 
impressed with a 2s, fid. stamp, made by the 
attesting witness as to the due execution, must be 
produced, together with the certificate of having 
passed the Preliminary Examination or one of the 
examinations exempting from it. All certificates 
are returned with the articles. 

The solicitor to whom the clerk is articled will 
also require a fee calculated on a basis of £300 for 
the whole five years. 

The choice of a solicitor to whom to be articled 
will usually prove a more or less personal affair ; 
but it is generally best for the clerk— like the 
youthful barrister — to go to the office, or chambers, 
where there is plenty of work to be had. He will 
gain experience more rapidly, see a greater variety 
of men and affairs, show his metal, and, if he m really 
a man of grit, be trusted with really responsible 
work. 

Intermediate Examination. Every 
articled clerk, with certain exceptions, is required 
to pass the Intermediate Examination. He may 
present himself at any time after completing twelve 
months’ service in his articles. 

The subjects of the Intermediate Examination are 
such elementary works on the laws of England as 
the examination committee may from time to time 
il|»oint that purpose, and elementary questions 
and bookkeeping. 


The particular books elected for the exammation 
are named in the month of July in the year previous 
to that for which they are selected. 

If the candidate passes the examination he will 
receive a certificate to that effect; but in case he 
fails to do so he may, provided he has given the 

E roper notice, attend any subsequent examination ; 

ut if he shall not have passed the examination 
before the expiration of twelve calendar months 
after the date when one-half of his term of 
service shall have expired, his final examination 
.shall be postponed for so long a period as may 
intervene between the expiration of such last- 
mentioned twelve calendar months and his passing 
the examination, or for such shorter time as the 
examination committee sliall direct. Should a 
candidate fail in accounts and bookkeeping only, 
he shall be allowed to come up again in those 
subjects without postponing his final exammation, 
and if he passes in bookkeeping only he will not 
be required to come up again in that subject. 
EXEMPTIONS FROM INTERMEDIATE 
EXAMINATION 

All persons exempted from the Intermediate 
Examination in Stephen’s Commentaries are re- 
quired to pass in bookkeeping. 

The following certificates are accepted in place 
of the Intermediate Examination : (1) A certificate 
of having before or after entering into articles 
passed the examination required for the degree of 
B.C.L. or LL.B. at one of the following universities 
in the United Kingdom — viz., Oxford, Cambridge, 
London, Dublin, Durham, Wales, Birmingham, 
Liverpool, Leeds, or the Victoria University of 
Manchester ; or (2) a certificate of having before 
entering into articles taken honours in the Final 
Honour School of Jurisprudence at Oxford or in the 
Law Tripos at Cambridge. 

Candidates who are cxemy)ted from the Inter- 
mediate Examination in Stephen’s Commentaries 
ay an additionjil fee of £5 on giving notice for their 
nal examination, but no fee is payable by them 
for the examination in bookkeeping. 

The fee payable on giving notice of examination 
is £6, and for a renewed notice £3, 

Final Examination. The articled clerk has 
.still one examination to pass. The subjects included, 
and other particulars, are given in schedule. 

Candidates are required to give notice in writing 
forty4ioo days at least before the date of the exami- 
nation to the Secretary of the Law Society, Chancery 
Lane, London. 

Candidates are also required, at the same time, 
to leave with the secretary of the society their 
articles of clerkship and supplemental articles (if 
any), and certificate of having passed the Inter- 
mediate Examination, together with answers to 
the questions as to due service and conduct, to bo 
answered by the candidate and his principal and 
agent, if any. Prints of these questions can bo 
obtained on application at the office of the Law 
Society. 

Notice of the desire of a candidate to compete 
for honours must be given when notice is given 
for final examination. 

Admission to the Roll. It only remains 
to add the rules necessary to enable the qualined 
man to apply for admission on the roll of solicitors: 

Notice for admission must be given to the Law Society 
six clear weeks before the first of the month in which 
such application is intended to be made; and such 
notice can be given before the applicant has passed the 
Final Examination. i 

No person can be admitted until he has attatnea 
twenty-one years of age, and until his term of service 
has expired. 
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If at the time of passing the Final Examination the 
term of service has not expired, further testimonials from 
the Principal will be required from the date of such exami- 
nation to the expiration of the Articles ; and where the 
candidate was under 21 years of age at the time of passing 
the examination, and has since attained that age. a letter 
from him to that effect will be required. 

In order to avoid delay the Articles of Clejkship, the 
Final Examination Certificate, any further testimoniais 
or letter required as above mentioned, and the Admission 
Certificate, impressed with the revenue stamp of £25, 
together with the fee of £5 payable to the Society, should 
be left at the office of the Society one week before the 
expiration of the six weeks. 

The Admission Certificate will thereupon be sent to 
the Master of the Rolls for signature, and, when signed, 
the applicant’s name will be entered on the Roll of 
Solicitors. The Rotlce for Admission will be received by 
post, hut the Admission Certificate, after it has been 
signed, must be applied for at the office of the Society. 

Admission cannot be ensured during vacation. 

The Form of Notice may be obtained from most law- 
stationers ; and the Admission Certificate, with the 
stamp impressed, may be obtained from Somerset House. 
So much, then, for the machinery The aspirant 
will see that it means many cxamination.s, many 
years’ pnjnlage, a good deal of hard money in 
tees and for “ article**.” During the.se years he must 
live, for he will gel no salary. Consequently, it 
may be said with confidence that the man who 
desires to become a solicitor must be prepared to 
spend at least £1,000 before he can hope to l>e in a 
position to earn money at hi.s jirofossion. Now let 
us look at bis elinneos of success. 

The Chances of Success. It may be said 
at once that the young solicitor well recommended 
and with average intelligence may always be sure 
of a living wage. He may have to look about him 
for some time, but in the end he will run aeross 
some vacancy — a post in an office worth £200 a 
year, with the chances of rising to managing clerk 
at double the salary. Of ooiirs.'^, the competition 
is a. growing one, and the salaries show a propor- 
tionate tendency to diminish, but there is nothing 
like the penury and starvation to l)e faced by the 
barrister at the beginning of bis career. There 
arc also a number of official positions under Govern- 
ment, at, home and abroad, for which solicitors 
alone are eligible, as w'cll as municipal appoint- 
ments — town clerks, clerks to borough councils, 
and the like. Of the former variety — carrying 
salaries from £400 to £1,000 — it may bo said that 
“ influence ” is the otic thing needful. TIk^ young 
practitioner lacking influential friends must not 
hope to get a salaried post under Government, 
except perchance a legal post in West Africa, for 
which barristers and half-pay military officers are 
not forthcoming. Of the mxmieipal appointments 
in the market, few go to any but solicitors of 
“standing.” Carrying, as they do, salaries of £700 
to £1,500, they are rim after by men with practices, 
usually local practices. 

The Varieties of Work. The young 
solicitor who means to fight his way through to a 
practice of his own may find it useful to consider the 
/arieties • of w^ork comprised in his profession. 
These varieties are endless, and range from the City 
solicitor, with wealthy City firms and railway 
companies among his clients, to the police-court 
practitioner, whoso advice is sought by the drunk 
®nd disorderly. Possibly the soundest basis of 
division is between litigation and non-litigous 
work. Mwy large firms have an abundance of 
Doth varieties. One department looks after the 
concerns of omnibus companies or railway com- 

R who ore always being sued for damages 
oidents; another department looks after 
tlm ^veyancing needed by private clients. A 
will baa to be made^ a marriage aetriemmit drawn 


up, a mortgage settled. Contracts are drafted in 
the solicitor’s office, and any dubieties connected 
therewith which may lead to litigation come back 
to him to be dealt with. Company work ^ a very 
special and still remunerative branch, though to a 
ceftain extent the glory of this species of solicitor’s 
business has departed. The solicitor whose name 
appears on the prospectus of a new issue not only 
charges a handsome fee for that, but the legal work 
in drafting the various documents required by law 
in the initiation of the company. 

The Family Solicitor. The old family 
solicitor constitutes yet another variety. In his 
strong-boxes are all the deeds connected with the 
relations, pecuniary and otherwise, of clients, 
who place the utmost reliance in him. Hut he 
will be a wise man if he refuses to be made the 
repository of valuable scrip and money. That, so 
often, is the beginning of confusion and the loss of 
trust funds, which end in penal servitude for the 
solicitor. The proper place for securities is the bank ; 
and solicitors are beginning to be more and more 
chary of allowing their offices to be used as banks. 

COMMERCIAL LAW 

In tlie course of his daily bnainess there are 
certain fundamental principles of law which a 
man is required to know, for it must be romombered 
that ignorance is no excuse in law. Tnie, in these 
days of complicated rights and special knowledge, 
there is always a solicitor to whom the business man 
may have immediate recourse, but it is possible 
for a good deal of mischief to be done before he is 
even aware that his business has brought him 
within a thousand miles of litigation. A letter 
may be written binding the sender to an arrange- 
ment the exact contrary to what he had intended ; 
liabilities may have been incurred far beyond 
those anticipated by either of the parties, ft is, 
then, the object of this article to supply a handy 
vade mecum which will prevent inefTaceable 
errors before the solicitor has come upon the 
scene ; or, better still, to render the presence of a 
solicitor unnecessary. Without pretending to bo 
exhaustive, the article will at least aim at being 
complete. 

Reduced to its simplest elements, all business 
is a matter of buying and selling. 

There are modifications of this primal basis, of 
course ; but ultimately every man who goes down 
to his office day by day, either to work for himself 
or for his employer, goes down cither to buy or to 
sell, generally to do both — to buy to sell again, 
or even to sell to buy back. 

In England we have no code, unfortunately, 
but the law relating to the sale of personal property 
is to all effects codified by the Sale of Oood» Act^ 
1893, which every business man should keep in his 
office. In it be will find much which he need not 
try to understand. But there are, on the other 
hand, certain sections which he will do well to get 
by heart. Thus in Section 3 it states that: 

A contract of sale may be made in writing 
{either with or without seat), or by word of mouthy, 
or partly in writing and partly by word of mouth, 
or may be implied by the conduct of the parties. 
Verbal Contracts. The business man 
who bears that in mind will never find himself 
pinned down to a bargain which he had never 
intended to make. So many men have an invincible 
conviction that they can never be bound to any- 
thing until t^y have set pen to paper; and hod the 
result stamped at SommetHottsa When once the 
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immunity ha» rid itself of this pleasing fiotion, 
the law oourts may close for lack of work. The 
' section speaks for itself, and does not need comment. 
Enough to say here that signed and sealed docu- 
ments play a very small part in fifty per rent, of 
the sales which take place daily. The fishmonger 
who sells a pound of salmon may or may not give 
a receipted bill to the customer; in any case, this 
document is nothing more than an evidence of the 
sale which has taken place without it, and is 
perfectly valid without it. On exchanges hundreds 
of thoiisands of pounds’ worth of securities or 
commodities pass from seller to buyer by the 
medium of a single word, or even a nod. The con- 
tract note which follows is evidence of the same ; 
but the bargain is ^^erfectly good in law before 
the contract note has passed, and will be enforced. 

A and B, who exchange informal letters agreeing 
on the one hand to buy and the other hand to sell, 
say, ten thousand tons of cement, are in contractual 
obligation to each other. Only, in all these bargains 
made by word of mouth or informal letters this 
single point is essential, both 'parties mvst mean 
the same thing. 

Lawyers call it being “ ad idem.” Let us illuslratc 
this doctrine by a concrete example. Smith writes 
to Jones. “ Will you buy my house nt Oxford as 
it stands V ** Jones writes to Smith in reply : “ Yes, 
I will buy your house. Of course, it is fieehold?” 
If, as a matter of fact, Jones’s assumption is wrong, 
and the house is not freehold, there then has never 
been a completed bargain between the parties. But 
even if Jones's assumption is right, it is arguable 
that there has as yet been no completed bargain 
on the letters, since Jones, instead of sending back 
an acceptance, sends an acce^itance modified by 
another question. 

Again, Robinson may say to Jackson, who is a 
coffee broker : “ What can you do for me to-day ? ” 
Jackson merely answers : Ten bags,” to which 
Robinson merely nods and walks out. A dispute 
arises, and the courts will have to decide that 
particular transaction upon custom of that 
particular trade, or, more likely, the habitual 
method of business between Robinson and Jackson. 
For there can be no doubt but that on the face of 
it there has been a contract. 

^ Conditional Agreements. But sup- 
posing Jackson in reply to Robinson had said 

Ten bags if cleared,” and Robinson had nodded 
and gone out, the result would not have been 
a bargain, since Jackson’s offer to sell was conditional 
upon a certain event, though in the event of the 
fulfilment of that condition the bargain becomes 
fixed. If, however, Jackson had merely said ” Ten 
bajs* if I can,” then there would have been no 
bargain at all. 

Let us stop for a moment at the answer, “ Ten 
bags if olear^.” Here we have not a sale, but a 
txmdiiiiwil agreerdent to sell, for under the Sale of 
Goods Act, whore the transfer of the property 
In the goods is to take place at a future time or 
subject to some condition thereafter to be fulfilled, 
the contract is called an agreement to sell” And 
“ an agreement to sell becomes a s ile when the time 
elapses or the conditions are fulfilled subject to 
which the property in the goods is to be transferred.” 

In most cases bargains are struck by the medium 

g the pillar-box. The merchant in his office cames 
tough most of his business by correspondence 
'TbojreiOfO it should be noted that the acceptance of 
hecQtneB irrevocable when the letter containing 
gang hue been posted. The moment 

letter of acceptance is put in the pablio 


letter-box is the moment when the contrect Is 
complete. Evidence of such posting is evidenCO'oi 
completion. And the same rule applies to accept 
ance by telegram. Directly the telegram has been 
despatched the acceptance becomes irrevocable. 

The Law and PriTate Pillar-boxea. 
In connection with acceptance by letter, a word 
may be said about private posting facilities which 
have sprung up in large institutions, such as offices 
and hotels, of late years. The Postmaster-General 
has allowed these buildinm to be equipped with 
pillar-boxes, which, though within their private 
premises, are directly under the control of the postal 
authorities. They are cleared by the postmen of the 
district, who alone have the key. But proof of post- 
ing in them cannot be taken as evidence in a court 
of law as the completion of any bargain. Why, it is 
difficult to .say. Possibly because the box is not 
Hituateil in a public place. 

In connection with the irrevocalulity of such 
acceptance by post, it may In* useful to point out 
these three concise rules : 

1. An offer CAinnot Ik withihawn after the accept- 
ance has been duly poded. 

Thus A writes fully offering to sell a horse to B. 
•The latter posts his acceptance, and in the mean- 
time, before the ai'ceptance reache.s A, the latter has 
repented him of his original offer. It is too late to 
withdraw. 

2. The withdrawal of an offer must reach the other 
party before he has duly posted his acceptance. 

3. zin acceptance once posted cannot he revoked. 

1 here, then, we have in as few words as possible 
the main facts which a business man should know 
in his daily life so far as the acceptance of contracts 
IS concerned. Let him disabuse his mind of the com- 
mon belief of the ignorant that he is not bound to 
anything until his signature, properly witnessed 
by competent witnesses, has been affixed to the terms 
of the bargain, and the resulting document signed, 
sealed, ana delivered. There is no magic in writing, 
nor in seals or stamps. True, the law has given 
validity to seals and stamps which it denies to 
verbal agreements, but there may he no se Is, no 
stamps, no writing, and yet a perfectly valid and 
binding agreement. 

Written Contracts. We come, then, 
in the conclusion of this branch of our subject, 
to the need of writing in the making of con- 
tracts. In other words, how far are contracts 
governed by the Statute of Frauds^ that enactment 
passed in the reign of Charles II. (1(577) which, 
with its undoubted salutary uses, has managed to 
create more confusion in the minds of subsequent 
citizens than any other single entry upon th'*- 
statute book. 

It is not necessary to repeat here the actual Section 
17 of the Statute of Frauds, for it is in substance 
re-enacted in Section 4 of the Sale of Goods Act, 
which section runs as follows : 

A contract for the sale of any goods of tioc 
value of ten pounds or upward shall not he enforce- 
able by action unless the buyer shall accept part 
of the goods so sM^ and actually receive the same, 
or give something in earnest to bind the contract, 
or in 'j^rt payment, or urdesa some note or memoran- 
dum in writing of the contract be made and simed> 
by the party to be charged, or his agent in t at behalf. 

The provisions of mis sedion apply to every such 
contract, notwithstanding that me goods may be 
intended to be delivered at some future time, or may 
not at the time of such contrctU be actual^ made, 
procured, or prcvidcd, or fit or ready for Miveryt 
or some act may he reouieite hr me making or 
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\ Hheredf, or rendering ike same fit for 

t fhere is m acceptance of goods within the 
meaning of this section when the buyer does any 
act in relation to the goods which recognises a pre- 
existing contract of sale, whether there he an 
acceptance in performance of the contraci or 'not. 
The explanation of the sections given above 
would take up far more space than we have at our 
disposal. It will no doubt suffice to say here that 
they in no way conflict with what has already been 
said in this article as to the validity of sales made by 
word of mouth (parole evidence) or by actions 
(such as nodding at an auction, and the fall of the 
hammer), without words. The full significance of 
the Statute of Frauds may indeed be put in less than 
a dozen sentences. Its intention was to prevent the 
enforcement, of verbal contracts above a certain 
value, unless the defendant could he shown to have 
executed the alleged contract by pai-tial performance 
as manifested by part payment, or part acce]>tanee. 
or unless his signature to some written note or 
memorandum of the bargain could be shown. 

Thus a contract note referring to the sale of stocks 
and shares wo\ild be necessary to enforce an action 
to enforce completion, unless there had been partial 
delivery or some act Wi.ich can be construed into 
partial performance. In such construction the 
custom of any jmrticular trade or business may be 
called in aid — as, for instance, in stock exchange 
cases where the mode of business has been the 
same from time immemorial. Bui it must be 
remembered that the Statute of Frauds has no 
concern with written contracts which have been 
duly signed ; for in those cases the common law 
affords sufficient guarantees against frauds and 
perjuries. In a word, the business man must re- 
member that though his s oken word may lead him 
into an irrevocable bargain, the law requires certain 
actions as corroboration of the binding remarks 
uttered. Contracts duly signed and witnessed and 
stamped, will, in all cases where the business man 
who needs them is wise, l)e drawn up by a solicitor. 
Hence the legal requirements of such documents 
need not be considered further in this place. 
Sample and Warranty. Another branch 
of the law of sale and purchase which affects the 
everyday life of the business man is the quality 
of the thing sold. Very often, and it cannot be 
otherwise, he finds himself face to face with this 
difficulty. He has bought goods on the word of fhc 
seller as to their quality, and then finds them 
inferior. The whole subject concerns the doctrines 
of sample a'nd warranty^ which can be dealt with 
shortly, so far as they give rise to questions which 
the business man may find that lie has to deal with 
on tho spot before he has time to get legal advice. 

Upon this subject, then, the sections of tho Sale 
of Goods Act are clear and precise : 

Bed, 13 . — Where there is a contract for the sale 
of goods by description, there is an imjdied condition 
mat goods shall correspond with the description ; 
afid if the sale he by sample, as well as by description, 
‘ U is not sufjicknt that the bulk of the goods correspond 
the sample if the goods do not cd^o correspond 
tsith the description. 

Sect. 14. — Subject to the provisions of this Act, 
and of any statute in that behalf t iher^ is no implied 
^rranty or condition as to the quality or fitness 
for any particular purpose of goods supplied under 
sods, except as “ 


a) Whtre ihi huyi 
fhdhes 40 ^ S( 


which the goods are required, so Os to show that the 
buyer rdies on the seller's skUl or judgment und the 
goods are of a description which it is in the course 
of the seller's business to supply {whether he be the 
manufacturer or not), there is an implied condition 
that the goods shall be reasonably fit for such purpose, 
jtrovided that in the case of a contract for the sale of 
a specified article under its patent or other trade 
name there is no implied condition as to its fitness 
for any particular purpose. 

(2) W7iere goods are bought by description from 
a seller who deals in goods of that description 
{whether he he the. manufacturer or not), there is an 
imptied condition that the goods shall be of merchant- 
able quality ; provided that if the buyer has 
examined the goods, there shall be no im'fiied con- 
dition as regards defects which such examination 
ought to have revealed. 

(3) An implied warranty or condition as Uf 
quality or fitness for a •particular •purpose may he 
ann-exed by the usage of the trade. 

Sect. Ifi. — (1) A contract of sale is a contract for 
sale by sample where there is a term in the contract 
fx pressed or imjjlied to that effect. 

{?.) hi the case of a contract for sale by sample : 

(a) There is an implied condition that the bulk 
shall correspond with the sample in quality. 

{b) There is an implied condition that the goods 
shnil he free, from any defect, rendering them 
unmerchantable, which would not be apparent on 
reasonable examination of the sample. 

Sect. 33 . — Where the seller of goods agrees to 
deliver them at his own risk at a place other than 
that where they are when sold the buyer must, never- 
theless, unless otherwise agreed, take any risk of 
deterioration in the good>s necessarily incident to the 
course of transit. 

Transport of Goods. The concluding para* 
graph, which is sufficiently explicit, brings us to the 
consideration of the transport of goods, a wide and 
intricate subject which keeps the commercial court 
in London busy from year’s end to year’s end. 

Section 20 of the Sale of Goods Act lays it 
down very clearly that : 

Unless otherwise agreed, the goods remain at the 
seller's risk until the property therein is transferred 
to the buyer, but when the property (herein is trans- 
ferred to the buyer, the goods are at the buyer' a risk 
wh her the delivery has been made or •not. 

Provided that where delivery has been delayed 
through the fault of either buyer or seller, the goods 
are at the risk of the party in fault as regards any 
loss which might not have occurred but for such 
fault. 

The business man may say that the above section 
is simple enough when someone has explained to 
him what is meant by the phrase “ when the pro- 
perty therein is transferred.’^ The answer is not so 
simple. The transference of the property may 
depend upon the conditions of the contract. Thus, 
the undertaking of ^'*dler to ship a comjdete cargo 

on board steamship X at buyer’s risk, would 

clearly in law be said to contemplate that the 
goods remain at seller’s risk until they are all on 
board and complete, truth, questions of thia 
kind have vexed anu will continue to vex lawyeii, 
and laymen should leave them severely alone. 


The rule of thumb which may ^ide the business 
man in such matters is this : Has ho absolute 
controlling possession of tho godds 7 If so, the 
responsibiuty is upon him, as seller or buyer, to see 


ide the business 
[as ho absolute 


fi$dy Of by impUeaUon. 
« purpose for 


controlling po» 
responsibility is 


that thev are not damaged in ^livery* and his 
remedy fa against the oarriera for damage. 
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crank-disc is revolving?, so that there is no necessity 
for stopping the latter frequently. A self-acting 
reversing motion is fitted to the chi.sel spindle, 
consisting of a cord driven down from the crank-disc 
shaft round an idler to a pulley on the spindle ; 
the cord is put into action by touching a handle. 
In wheelwrights’ shops a special attachment is 
fitted to the table of mortising machines, for cutting 
the mortises in wheel naves; the latter are held be- 
tween two headstocks, one of which has a dividing 
plate, so that the mortises can be pitched out 
accurately around the periphery. The table is made 
to cant, in order to cut mortises at various angles. 

A peculiar class of tool used for mortising com- 
prises a combination of an auger and a chisel, the 
former revolving inside the latter, and clearing out 
the centre of the hole, while the smiare corners of 
the chisel finish the angles. This, the hollow chisel 
[72], is used in both vertical and horizontal machines, 
and is very rapid and neat in its action. The auger, 
which has a support near the cutting edges of the 
chisel, draws the (ihips out of the hole and away 
through the openings in the side of the chisel. 
Another remarkable style is the chain mortiser, 
which runs an endless pitch-chain around a sprocket 
wheel and-a j^ain roller, while the back is supported 
by a flat bar. Kach link of the chain has a tooth formed 
on it [78], Ito that as the chain travels it cuts a slot 
to its width. The rate of movement is about 
ijOOO ft. per minute. The chips are drawn out of the 
mwtise on the rising side of the chain. The work 
with mat rapidity, and the tendency to 
*plit wood is not nearly so marked as is the 
owe i^th a reciprocating tool. 


Tenoning Machines. Tenoning is mr* 
formed by cutter block.s or by tenoning irons. The 
first-named operate laterally, and the machines 
which use them have two spindle.s, above and below 
the timber [74] — Thoma^s White & Sons — both driven 
from a single belt, which is provided with a tighten- 
ing jockey pulley. The cutter or adze blocks have 
their irons set on the skew, and have provision for 
cutting tha .shoulders on the timber. The timber is 
clamped to a carriage which runs by rollers on cross- 
rails. In cutting double tenons, a vertical spindle 
is required on the machine, to carry a drunken saw, 
or a narrow cutter-block, which makes the centre 
cut. Scribing, or preparing, a shoulder to receive 
a moulding may bo also done with a vertical spindle, 
running a suitable block. Tenoning can be done on 
the vertical shapers, employing long-armed tenoning 
irons, drunken saws, or cutter- bloclS. 

Boring Machines. These are compara- 
tively simple in construction. Spindles are single, 
or multiple ; the plainest class is the wall or pillar 
machine [75], which consists of a framing supporting 
a spindle, a sleeve, mitre gears, belt pulleys, and a 
lever arrangement for feeding. The self-contained 
machines include a pillar, on the front face of which 
the table is adjustable up and down to suit the 
thickness of the work. The spindle is pulled down 
in a similar manner to that in 75. The multiple 
spindle machines embody a number of spindles, each 
holding a diflerent-sized auger, so that anv size hole 
within the range can be bored without the trouble 
of ch Anging tools. The railway-carriage and waggon 
shops especially favour these machines for boring the 
heavy framings. In some instances, the spindles may 
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be angled for boring sloping holes. Horizontal boring 
machines are used to much lesji an extent than vertical 
ones, being chiefly designed for small work, such as 
bor dowel holes in the od^s of boards. Tuo 
augers used in the machines described are of the 
usual twist types, some of which are illustrated 
in 41 on page 4481. 

Dovetailing Ma« 
chines. Dovetails are 
usually cut by revolving 
cutters, having two lips, 
and a body the form of 
which corresponds to the 
tapered outline of the 
dovetail. In the single- 
spindle machines the 
timber is clamped and 
moved along in definite 
stages, controlled by a 
slotted dividing plate 
matching the pitch of 
the dovetails. But a 
much greater output can 
be secured by. increasing 
the number of spindles, 
to cut all the dovetails in 
one side df a board at one traverse. Armstrong’s 
machine employs two saws, set at certain angles in 
relation to each other and to the board, which is 
clamped to a sliding table, fed intermitt mtly. The 
work turned out on the machine is somewhat rough, 
though suitable enough for boxes and packing cases. 

Corner locking is practised very largely in place of 
dovetailing, and consists in forming rectangular 
teeth which interlock and hold very firmly. As the 
form of cut lends itself to very rapid output, a good 
deal of box and case work is now corner-locked 
instead of dovetailed. The machines employed have 
a table on which the work, which may include a pile 
of boards, is clamped, and a revolving spindle hold- 
ing a number of narrow cutters attacks the 
edges and cuts out 
the series of notches. 

Lathes. An 
ordinary turning 

r e is illustrated 
the succeeding 
article on Wood 
Turning, so that we 
shall only concern 
ourselves here with 
special types, which 
are designed for re- 
petition work. The 
Blanchard or copying 
lathe produces objects 
of regular or irregular 
shape from a pattern 
or copy. Gun-stocks, 
spokes, hammer 
handles, boot lasts, 
brush handles, etc., 
are among the chief 
pieces turned out. 

The principle is that 
of rotating the copy, 
and the work, and causing a roller to press 
against the copy, thus coercing a rocking rest 
which carries a revolving cutter head in contact with 
the wood. The contour of the copy is therefore 
reproduced on the work. In 78, by Kirohner & Co., 
Inipzig, an excellent idea of the relation of copy and 
: workf m this case the body of a toy horse, may be 


gained. The travel of the slide along b^ is 
eflected by a screw operated through iriotibn tded, 
and reversed automatically at the end of the 
traverse. The cutters are in the form of thin loops 
of steel, sharpened to a keen edge. 

Back-knife lathes are a class for producing oiroiilar 
work of varied contour, 
such as chair and table 
legs, balusters, etc. The 
tools are held in a rest, and 
controlled by a pattern ; 
the back knife is held in a 
frame in a sloping fashion, 
and the movements of the 
slide-rest and the knife are 
timed so that the latter 
comes down the back of the 
work and finishes it to 
correct outline as the 
roughing tool passes along. 

The rounding machines 
perform a plain class of 
turning by very simple 
means, comprising a re- 
volving mandrel carrying 
a cutter, which acts on the 
stuff, which is simply slid tlirough. 

Sand-papering Machines. These include 
the use of drums, discs, and belts, each suited to 
particular classes of work. The belts are run over 
pullcy.s, which can be drawn apart to give the 
required tension. Articles having curved outlines 
arc treated on the bolts, which give to the conforma- 
tion and enable curvo-^ and hollows to be treated. 
The drum machines are of two types, one [76] — 
John McDowall & Sons — with a flat table, over 
which the work is passed, touching the drum 
surface. An exhaust fan removes the dust as fast 
as it is created. The other drum type has tluee 
drums, over which the wood is passed by eight 
geared food rolls. Each drum has a side oscillating 
motion to prevent 
the formation of 
scratches. A 
machine by the 
J. A. Fay & Egan 
Co. , of Cincinnati, 0., 
8 shown in 79. 
Small Sanders with 
vortical spindles aro 
constructed on the 
lines of the vertical 
shapers. Disc 
Sanders resemble the 
disc grinders used by 
metal-workers, and 
the work is presented 
upon a table to the 
disc. For large 
areas the flexible arm 
machine is of great 
value. The sand- 
paper is strained 
over a wooden 
disc, supported at 
the end of an 
articulated frame, which, by virtue of its jointing, 
can be brought anywhere over a large tible. The 
driving is effected by belts from pullw on the 
standard to the left [77] — A. Ransome & Co., Ltd.— 
thence through the jointed portidns to the pulley 
on the d sc spindle. A handle allows the Oj^ator 
to feed the disc do wu wards 
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OINCE its inception until the present day the manu> 
^ faoture of explosives has been associated with 
the study of chemistry. Whoever may have been 
the genius that first applied the fireballs of the 
ancients to the propulsion of projectiles, there can 
be little, if any, doubt that these early experimenters 
were among the fore-runners of the modern chemist 
.^the al-ohemists. No definite date can be given 
for the invention of _ gunpowder, but the first 
references to its use as a propelling agent date from 
about the middle of the fourteenth century. From 
that time onward it spread throughout Europe with 
» great rapidity, as the numerous references to it in 
early European literature show. Gunpowder at 
the beginning of the nineteenth century was 
essentially the same as when first invented. A 
few slight alterations in the proportions of the 
ingredients and a little more care in their purifica- 
tion covers the improvement effected. Inventive, 
ingenuity seems to nave turned in the direction of 
firearms, satisfied that the propelling agent was 
more than sufficient for the work it had to do. 

It was not until the middle of the nineteenth 
century that the scries of discoveries was made 
which revolutionised the explosives industry. Jii 
1845 Sch nbein showed that cotton could be 
rendered explosive by treatment with nitric acid, 
and experiments by numerous other chemists soon 
reduced the discovery to a practical basis. The 
invention of nitro-cotton was followed in 184fi by 
the discovery of nitro-glycerin by the Italian 
chemist Sobrero, and Alfred Nobel, whoso name is 
inseparably associated with high explosives, suc- 
ceeded in overcoming the difficulties connected 
with the application of it to practical purposes. 

I he two essential discoveries on which the whole 
science of high explosives is founded are those of 
nitro-cotton and nitro-glyccrin. The great majority 
of the explosives at present on the market under 
an infinity of names are mixtures in which the 
principal constituent is one or other of these sub- 
stances. 

Gunpowder. Black powder differs from 
nitro-cotton or nitro-glycerin in being a mechanical 
mixture, not a chemical compound. Its ingredients 
are simply intimately mixed together and are 
quite inert towards one another until the applica- 
tion of heat causcL them to combine chemically, 
with formation of a mixture of gaseous com- 
pounds. It is this rapid chemical action or com- 
bustion which, owing to the great expansion due 
formation of gases, causes the explosion. 
A he ingredients — sulphur, saltj^etre, and charcoal — 
are mixed in the proportions which give fairly 
complete combustion, and, consequently, leave a 
very small amount of residue. Sulphur and 
oh^coal are both combustible bodies, requii’ing 
only a sufficienoy of oxygen with which to combine 
to convert them into gaseous compounds — the 
oxides of sulphur and carbon. Saltpetre, or 
IJ^tassium nitrate, is a salt rich in oxygen. Under 
the application of heat the oxygen in uie saltpetre 
» transfenred to the sulphur and carbon, with 
xormation of gases, At the same time nitrogen, 


also a giiseous body, is liberated from the saltpetre, 
and other complicated changes take place which it 
is not necessary to detail here. 

Saltpetre. Saltpetre is a natural product, 
found as a crust on the surface of the land 
in various parts of the world, notably in Bengal. 
The crude aaltpetre is collected and its solution 
purified by crystallisation -\hjt is, it is dissolved 
in water, freed from dirt and other insoluble 
matter, and evaporated by heat, so that the 
salt crystallises from the concentrated liquor in 
a purified form. The Government factory at 
Waltham Abbey, which may be used as a type 
of a modern explosives factory, refines its saltpetre 
as follows The vats in which the crude sa t is 
dissolved are fitted with a perforated false bottom, 
through which solid impurities settle out. Heat is 
applied, and when the solution boils it is skimmed, 
and the false bottom, containing the dirt, is with- 
drawn. When all the scum has been removed, 
the solution is run through cloth filters into shallow 
pans, where the crystals separate. During crystal- 
lisation the liquor is kept in motion so that the 
crystals may be small. As they form they are 
withdrawn from ,the solution and drained. The 
crystals are then washed several times with water. 
The mother-liquors and wash-waters are, of course, 
worked up with subsequent batches of crude salt. 

A large proportion of the saltpetre now used on 
the Continent is prepared artificially, from sodium 
nitrate or Chili saltpetre, and potassium chloride. 
These salts are both found native, and by double 
decomposition they may be converted into potassium 
nitrate (siltpetre) and sodium chloride (common 
salt). These salts are then separated from one 
another by crystallisation, which is rendered possible 
by their different degrees of solubility in water. 

Sulphur. Sulphur, the second ingredient of 
black powder, is also obtained from the earth, large 
quantities coming from the numerous mines in Sicily. 
The crude ore is l)urnt in heaps, so that the sulphur 
melts and runs into a receptacle, from which it is 
drawn off and run into moulds. Before being in- 
corporated into powder it has to be refined. Ibe 
method in use at Waltham x\bboy is substantially 
as follows, The crude 3ul])har is introduced into 
a still wliich can be closed by a cover. This is in 
connection with two receivers, one of which is used 
to collect the vapoms before and after the actual 
distillation, the other to collect the purified sulphur. 
During the early part of the distillation the vapours 
are conducted to the former, wheio they cool in 
the form of tlow'ers of sulphur. These are collected 
und re-distilled as crude sulphur. When the 
vapours from the retort change colour from yellow 
to purple, they are conducted to the second re- 
ceiver, which is cooled by water, as is the pipe 
leading to it. The sulphur condenses in the pipe 
and runs into the receiver in liquid form. Another 
source of sulphur, which has come to the front 
only within recent years, is the Chance process for 
the recovery of sulphur from the waste-heaps of 
the soda factories. The sulphur obtained by this 
process is purified as described above, 
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Charcoal . Charcoal was formerly obtained by 
burning wood in large heaps in such a way that it was 
only partially consumed. This old and extravagant 
method is now entirely superseded. The wood is 
subjected to a destructive distillation in closed 
cylindrical vessels. At Waltham Abbey the plant 
consists of a large cylinder into which a number 
of smaller cylinders, charged with wood and closed, 
are packed. The large cylinder (which is built into 
a furnace) is heated, the wood is charred and the 
small cylinders, still closed, are removed while hot, 
and cooled before they are opened. In this way 
a great loss of charcoal, due to contact with the 
oxygen of the air while hot, is avoided. The 
charring of the wood is also easily regulated. 

Within the past century many changes have 
naturally been suggested in the composition of 
gunpowder. The use of sodium nitrate as a sub- 
stitute for potassium nitrate is found unsatisfactory, 
as the former is a very deliquescent salt. Am- 
monium nitrate is even loss .suited to replace salt- 
petre for the same reason. Potassium chlorate is 
a salt very rich in oxygen, and many attempts have 
been made to introduce it into gunpowder, but 
there are many objections to its use. It is a very 
dangerous salt to manu- 
facture on account of its 
great oxidising power and 
sensitiveness to friction, 
and powders containing it 
evolve hydrochloric acid 
in the gun when fired. 

The introduction of 
charred straws to replace 
charcoal was an impor- 
tant advance, producing 
a slow-burning powder 
suitable for largo guns, 
of high efficiency, especi- 
ally when moulde 1 in the 
prismatic form, which i.s 
described 1 itcr. 

The Grinding 
Mill. Tlie sulphur, salt- 
petre, and charcoal are 
ground to fine powder 
separately in a grinding 
mill, which may be of 
almost any form. In early 
t imes the ingredients were 
mixed, and then ground 
and incorporated in one 
ojjeration ; but this plan 
was very unsatisfactory, as the mixture was never 
sufficiently intimate, and the danger of explosion 
from friction was much greater. The powdered 
ingredients are weighed out in the proportions 
desired, and mixed roughly in a copper drum by 
means of a revolving shaft fitted with forked arms. 
Great precautions are taken to prevent any foreign 
matter, such ns scraps of iron, from getting into 
the charge. 

The roughly mixed charge — a “ green charge,” 
as it is called — is thoroughly mixed in an incor- 
porating mill of the edgo-rimner type [1], the more 
modern of which have suspended runners, never 
actually touching the bed. The runners w'eigh 
about four tons, and the largest charge mixed at 
a time is 50 lb. to 60 lb., depending on the nature 
of the powder. The charge is spread upon the bed 
of the mill, and sufficient water added to prevent 
the material rising as dust, but not enough to 
cause the powder to cake on the runners. During 
the mixing, additional quantities of water are 
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added as the early supply is evaporated. The mixing 
lasts from three hours to six hours, varying with 
the type of powder. A special drenching apparatus 
is fitted up, which pours water over the incorporat- 
ing mill in the event of the ignition of the charge. 
When the mixing is completed, the powder is in the 
condition of mill-cakc. 

Breaking the Mill-cake. This mill-cake 
is broken to a convenient size by wooden 
hammers, and then passed through a breaking- 
down machine, which consists essentially of two 
pairs of brass rolls. The cake is roughly ground 
on the upper rolls, and falls through on to the 
second pair, where it is crushed to a fine powder. 
The pressing of this powder into a hard cake is 
now carried out, as a rule, by means of a hydraulic 
press. Alternate layers, consisting of powder and 
ebonite plates, are built on top of one another 
on a trench which runs upon the bed-plate of the 
press [2J. When the pile is of sufficient height, the 
trench is run on to the bed-plate, and pressure is 
applied gradually. Naturally, there are many 
pr<‘cautions to be observed, and certain peculiarities 
in the press and method of manipulation ; but 
pra itical experience is the best, and is, in fact, the 
only means of becoming 
acquainted with the details 
of the proce.ss. The pres- 
sure is continued for a 
time, averaging about half 
an hour. The trench is 
then withdrawn, and the 
edges of the cakes cut 
off, as they are not pressed 
to the same density as the 
body of the cake. 

The cake has now to 
be transformed into the 
shape of grains. It is first 
broken to suitable size by 
menn.s of wooden ham- 
mers, and then run through 
a breaking-down machine 
and sieved to size. The 
revolution of the disc 
breaks down the lumps of 
cake, which, when they 
are sufficiently small, fall 
through the perforations 
on to a second perforated 
tray with very small 
holes, through which the 
too finely pulverised por- 
tion is sifted off. This second sieve may be made 
of hair instead of being perforated, and the first 
sieve is often in the form of finely-meshed brass puze. 
A number of these granulating sieves, with weighted 
discs, arc connected together for economical working. 
By passing the grains through sieves of various-sized 
mesh, the powder may bo sorted out into the sizes 
required for various purposes. 

Glazing and Drying Gunpowder. 'Tke 
powder is glazed by being rotated in a druni 
for some hours, the time varying with the size of 
the granules. After this it is dried. The drying- 
room is a large chamber heated by steam, in which 
trays containing the powder are laid out in racks. 
The temperature employed varies from 1W° to 
140'’ F., and the powder takes from six to 
twelve hours to dry. When dry, the dust which is 
present among the grains is separated by rotating 
the powder for some hours in a closed cylindrical 
sieve, a small quantity of graphite being added to 
give a final gloss. The powder is again passed 



through 8ieveB of various sizes in a final sorting 
oration to separate the different sizes of grains, 
llie powder is now finished, and requires only to 
be blended to be ready for use. 

Composition of Gunpowder. The com- 
position of gunpowder varies in different countries, 
and also in accordance with the purpose for 
which it i& destined ; but the most largely uacd 
formula, and the one most genera lly accepted, is : 
saltpetre, 75 parts ; sulphur, 10 parts ; charcoal, 
15 parts. All other formulae approximate closely 
to this. 

In addition to ordinary rifle, sporting, and 
blasting powders, there are many varieties of gun- 
powder manufactured of which space does not 
permit description. Compressed powder is, how^- 
evcr, of sumcient importance to receive some 
mention. The object of using compressed powder 
for large guns is* to prevent too rapid combustion 
at the actual moment of firing. It is desired that 
the pressure in the gun should be small to begin 
with, and then rapidly increasing as the projectile 
nears the muzzle of the gun. By having the pow^ler 
in blocks with holes through the centre of them — the 
so-called “ prism powder a small burning surface 
is obtained, which increases as the com- 
Inistion goes on ; and as it increases the 
pressure grows greater, and the projectile 
is invested with greater carrying power. 

Prism powder is made in regular hexagons 
with a number of holes running through 
them. These hexagons can be fitted 
accurately together so that no space lies 
between in any direction. Large charges 
are made up by fitting a number of the 
liexagons together, and the (;ornbuslion 
takes place from the interior of the charge, 
thus giving the required inerense in 
surface. It will readily he seen that 
did the burning begin on the outer 
surface, the burning area would be 
steadily decreasing instead of increas- 
ing. The prisms are made by hy- 
^aulic pressure, and the composition 
is practically identical with that of 
ordinary black pow’der, except in the 
case of cocoa, or brown powder, 
which consists of : potassium nitrate, 

79 ; sulphur, 3 ; and charcoal, 18. 

Nitro-glycerin. When Alfred 
Nobel attempted to adapt nitro-glycerin to practical 
purposes, he experienced great difficulty in finding a 
suitable form in which to use it. The first method, 
that of running the explosive in its liquid form into 
ooreholes, and then exploding it, was attended 
with great danger, and many disastrous accidents 
occurred. The carriage of the “ blasting oil,” as it 
was called, was another source of trouble, until 
It was found that the solution in methyl alcohol 
greatly decreased the liability to explosion. The 
al^hol was evaporated immediately before the 
nitro-glycerin was required for use. Even then, 
liowever, the disadvantages of a liquid explosive 
jiuinwous, and it was not until Nobel suo- 
c^ded in finding a suitable absorbent that nitro- 
giycerm became a success. 

i^tro-glycerin is a chemical compound, formed 
y the action of nitric acid on ordinary glycerin, 
he glycerin used for the nitration is practically 
pure. It must contain only minute traces of 
nnnerw matter, and its ash should be below 0*10 per 
cent. It M prepared by the distillation of the crude 
^ycenn from the soap and candle factories, and 
some osees is purified in the explosive factory. 
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Needless to say, the glycerin is thoroughly tested 
m the laboratory before being used on the manu- 
facturing scale. 

Ingredients in Nitre « glycerin. Al- 
though the active agent in the nitration of 
glycerin is nitric acid, in practice a mixture of 
nitric and sulphuric acids is used. When nitric 
acid acts on glyi'erin, nitro-glycerin and water are 
formed. As the action goes on the increasing 
quantity of w^ater rapidly dilutes the nitric acid, 
with the result that the action slackens and side 
reactions are set up. To obviate this, some body 
is required which has an affinity for water, and 
which will absorb it as soon as it is formed. Strong 
sulphuric acid is found to be best suited for this 
purpose, as in the mixture with nitric acid it has 
no action on the nitro-glycerin. The nitric acid 
used is> as a rule, prepared in the factory where it 
is to be consumed, and in come cases sulphuric 
acid plant has been fitted up. The strongest acids 
are used, the nitric being of 1*5 specific gravity, 
and the sulphuric about 1-842. The proportions 
of the mixed acid vary in different factories, but 
on the average the mixture is about tliree-parts 
of sulphuric to two parts of nitric. The mixing is 
carried out in large w^rought-iron cylindrical 
vessels supplied with air to agitate the 
liquids, and the acid is run from them 
to “ moutejus,” or “ eggs,” from which it 
is blown under high pressure to the nitrat- 
ing apparatus. 

The waste acid — that is, the acid after 
nitration, from whicli the nitro-glycerin 
has been completely separated — varies in 
composition, but averages 07 per cent, of 
siil])huric acid, 11 per cent, of nitric acid, 
and 22 per cent, of water. It is not found 
to be jiracticable to make up this 
w'aste acid to its original strength, 
and use it to nitrate a fresh charge 
of glycerin, ho it is subjected to a pro- 
cess of denitration. Various methods 
are used to separate and recover the 
acids, and of these the following has 
been widely adopted. The waste 
acid, freed from nitro-glycerin, is 
allowed to percolate from top to 
bottom of a tower, various devices 
being made use of to expose as large 
--x«/ a surface of the liquid as possible. 

Steam is passed in at the bottom of the tower, and 
as it rises it carries away the nitric acid, which is 
collected in a dilute state in earthenware receivers. 
The waste acid, freed from nitric acid, is collected 
at the bottom of the tower, and consists of dilute 
sulphuric acid, which is concentrated by evapora- 
tion of the water from it. 

The amount of acid required to nitrate one part 
of glycerin varies in different works, but is usually 
from seven to eight parts, and the yield of nitro- 
glycerin is from 200 per cent, to 220 per cent, of 
the glycerin used. 

Nitrating Apparatus. The first opera- 
tion in the actual manufacture is the nitration. 
For convenience of working, the whole plant is 
arranged so that at the conclusion of eacn opera- 
tion the nitro-glycerin may flow downwards to 
the building in which the next stage is carried 
out. Thus, the nitrating house is, if possible, 
situated at the summit of a small hill. If such be 
not available, the buildings are arrang 
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wlUch are a number of lead coils, through which cold 
water flows during the nitration, the object being 
to keep the temperature down. At the bottom 
of the tank is a perforated lead pipe, for the admission 
of air, to keep the contents in a continual state of 
movement. A lead cover is fitted over the tank, 
perforated with a small hole through which the 
thermometer bulb passes down into the acid, and 
with a large hole connected with a pipe to carry 
off the acid fumes to a condensing apparatus. 
Several thick glass windows, li, circular in shape, 
are inserted in the cover, so that the contents of the 
tank may be observed. There is an inlet pipe for 
the mixed acid, and another for the glycerin, the 
latter being sometimes sprayed in by means of an 
air- jet. At the bottom of the tank is an outlet pipe 
through which the charge is run off when the nitration 
is finished. During the nitration the outlet pipe is 
invariably in connection with a large tank of water 
called the “ drowning tank,” so that in the event of 
any abnormality in the nitration the whole charge 
may be drowned by the turning of a cock. 

Working the Nitrating Apparatus. 

The mixed acid is weighed out and run into the 
nitrating appai*atuR. When the man in charge is 
satisfied that everything is in order, he turns on 
the air pressure so tint the acid is kept in con- 
tinual movement. Meanwhile, the weighed quantity 
of glycerin (from 700 lb. to 900 lb.) has been run into 
a small tank M, at some height above the nitrator, 
and connected to it by a pipe. In winter it is 
necessary to have the glycerin slightly warmed, 
80 that it will pass readily through the injector. 
The glycerin is now added m a thin stream, the man 
in charge of the operation keeping his attention 
oontinually fixed on the seals of the thermometer, 
where a red line at the figure 22'’ C. denotes the point 
above which the mercury must not be allowed to 
rise. In Germany and other Continental countries 
nitration is carried out at from 25° C. to 30° C., but 
in Great Britain 22° C is the usual limit. By regulat- 
ing the flow’-of glycerin, and the supply of water 
to the coils, the temperature can be maintained 
constant to a degree during the nitration. 

The Separating Tank. When the whole 
of the glycerin has been added, the charge is 
allowed to remain in the nitrator until the 
temperature falls to about 17° C. The outlet 
pipe is then disconnected from the drowning tank, 
and connected to the separating tank in the building 
below — the separating house — and the whole charge 
run into this tank. The separating tank varies in 
construction according to the method of separation 
used. In this country the nitro-glycerin is usually 
skimmed by hand, and the tank is a lead- lined 
rectangular apparatus whose bottom slopes towards 
one end, where the outlet pipe is situated. In this 
tank the charge remains until the nitro-glycerin 
has all risen to the top. This takes from to 2| 
hours. The nitro-glycerin is skimmed off by*means 
of an aluminium skimmer, shaped like a soup-plate 
with a handle over the top. As it is skimm^ it is 
poured into a sloping trough, from which it runs 
through a lead pipe to the tank in which it receives 
its first washing, to remove the greater part of the 
acid from it — the “ pre-wash tank.” When all the 
nitro-glycerin has been removed by skimming as 
fiir as possible, the charge of waste acid is run out 
t>f the separating tank and conducted to a large 
building nlled with lead vats. These are filled up 
Udth the waste acid and the lattiw allowed to rest lor 
lOtne days so that the last of the nitro-glyo^in may 
risetothetop. The vats* which are wide at tjto 
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taper aS the neek, so that the smtnl^ quaktity of 
nitio-glyoerin may be readily sl^iiiamed off wi^ 
a dipping ladle, or this process .^^of after separatioa 
may be obviated by the ^ditio!^ of small quantities 
of water to the waste acid, vrihich prevents farther 
formation of nitro-glycerin, permits of immediate 

denitration of the acid (pate Nathan, etc.). 

Meanwhile, the mkin bof^y of the nitro-glycerin, 
which has been skimmed \ the separating house, 
is subjected to a preliminai^y washing with dilute 
sodium carbonate in a tank sifft^^^ted in separating 
house. 

Washing Nitro-glyceri n. The nitro- 
glycerin is now run out of thr pro-wash tank 
through a series of pipes or oovf .j-ed gutters (the 
latter being often preferred, as ^ they are more 
easily cleaned in case of stoppage) k ^ the wash-tank 
in the washing-house. The wash-hous^ contains large 
tanks each capable of washing about a io»in. of nitro- 
glycerin. At the back ()f this building is a 
shed in which the solutions of soda are made up 
and heated by steam. Tho sodium carbonate 
solution and hot water arc run into the washing- tank 
and mixed by air pressure with the nitro-glycerin, 
the temperature of the whole not exceeding 30° C. 

After fifteen minutes’ agitation with the soda, 
the air supply is shut off, and the soda rises to the 
top. A few minutes are allowed for the separation of 
the soda, and it is then skimmed off, or run off 
by means of rubber tubes situat/od at different levels 
in the tank, so that the top layer may be completely 
removed without loss of nitro-glycerin. The wash- 
ings with soda are repeated three or more times until 
purification is complete. In early work with nitro- 
glycerin many of the serious accidents were due to 
the presjence of traces of arid in the explosive. 
Slight decompositions set in and the nitro-glycerin 
gradually became very unstable. 

To free the nitro-glycerin from sodium carbonate, 
one or more water washes are given after the soda 
has been drawn off. 

The Process of Filtering, As a rule, 
the nitro-glycerin is weighed off in the washing- 
house. From the wash tanks it is run into a 
reservoir tank through a filter, which renders it 
clear in colour, removing the minute particles of 
water with which it is mixed. The filter consists 
of a cloth filled with dry common salt or sponges. 
Below the reservoir tank stands a weigning machine, 
or measuring vessels may be used to avoid th’s. 
Boxes are brought in containing the weighed quan- 
tities of the other ingredients of the explosives. Thiiso 
are placed upon the weighing machine, tared care- 
fully, and the requisite amount of nitro-glycerin 
weighed in. Tho boxes are then removed from the 
platform of the machine, and the nitio-glycerin 
mixed roughly with the solid ingredients by hand. 
This obviates the difficulty of conveying the iiitro- 
glycerin from place to place in the liquid state, a 
proceeding which is fraught with some danger. 

Throughout the whole of the operations described 
above great preca* . tions are taken to avoid all chances 
of expulsion. The clothes of the men engaged in the 
manufacture are made specially for them, and are 
without, any metal buttons. Pockets are also 
forbidden, so that there may be no temptation to 
bring unauthorised articles into the danger area. 
At the door of each building rubber shoes are put on 
over the boots, so that no grit from outside may be 
brought into the buildings. The Government and 
faf‘tory regulations ore posted prominently in every 
building, and they are read over to t||e men by their 
i(areman at Ire^uekt tOterrala, 
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soluble in benzene, ether, alcohol, and other 
organic solvents, but insoluble in water. A drop of 
nitro-glycerin explodes when struck with a hammer 
on an anvil. When the liquid is heated in any 
quantity, ‘it explodes at about 180® C., though very 
small quantities have been raised to much higher 
temperatures without detonating. Of course, com- 
bined heating at much lower temperatures (below 
100® C.) gradually decomposes nitro-glycerin, and 
it explodes with violence. 

Dynamite and Other Nitro-glycerin 
Explosives. As stated above, it was found 
that the use of nitro-glycerin in the liquid state 
was too dangerous, and it became necessary to 
find some means wiiereby it could be obtained 
in a more suitable form. The attention of 
Nobel, among other investigators, turned to 
the discovery of some substance with which it 
could bo mixed to give a plastic mass which 
could be easily handled, and which would at 
the same time retain the explosive properties 
of nitro-glycerin. Amongst the early attempts 
may be noted that of mixing the liquid with 
black gunpowder and filling the cartridges 
with the mixture. Alfred Noble discovered 
the suitability of kicselguhr for the pur- 
pose, and the explosive made with its 
; i I is used in large quantities to the 
present day. 

Kicselguhr is an infusorial earth, made 
up of the shells of minute diatoms. It is 
found in some parts of Germany, and in 
the north of Scotland, near Aberdeen. The 
earth varies very much in appearance, that 
found in Germany being 
almost pure white, while 
Scotch guhr ** is dark grey, 
almost black. As found in 
nature, kicselguhr contains a 
largo proportion of organic 
matter, which has to be burnt 
off before the earth is used. 
It may either be piled in 
heaps and burned — which 
process takes some days — or 
roasted in furnaces. When 
calcined in this way, kiesel- 
guhr is usually of a salmon- 
pink colour, and very light 
and impalpable. Under the 
microscope it is seen to consist 
of innumerable minute struc- 
tures of many different shapes. 
The source of the guhr may 
often be told by an examina- 
Kl^^^^^tion of the structures. The 
ness, with violent vomiting, latter are hollow or tubular, 

ocowg. These s:^ptom8 capable of absorbing 

most marked when the ex- b. i.-coiine '“''go qnantity of nitro- 

plosive comes into contact worms E. • hennometerB F. Fume pipe <i. Inlet pip<> for glycOFin. Ujmamite USUally 
with the skin, as it is absorbed ' m^w contains 26 parts of guhr 

through the pores and thus ® pipe for wimitting compressed *ir to 76 parts of nitro-glycerin,' 


of Niiro»Rlycer|n. Of ail ex- 
plosive* nitro-glycerin is the most danmous 
to handle and manufacture.^ It will readily be 
seen that a liquid is less easily removed entirely 
when the vessels containing it nave to be cleaned 
out. In the case of a spill, also, it is extremely 
difficult to clean up the last traces. At one time, 
the doors of all buildings in which nitro-glvcerin 
was used were composed of fine sand, which was 
frequently changed ; but the advantages accruing 
from this plan were more than neutralised by 
the danger of OTit getting into the apparatus. 

In winter, the liability of nitro-glycerin to 
freeze is a source of much trouble. The build- 
ings are kept heated by steam heaters, but the 
pipes and gutters connecting the buildings are 
ve y apt to be frozen up in the morning when 
work is due to begin, notwithstanding all precau- 
tions. Nitro-glycerin solidifies at 80"" C., so that 
in even moderately cold 
weather this trouble occurs. 

Unfortunately, also, in the 
solid state, it is much more 
dangerous to handle. Thus, 
the mere fracturing of a 
crystal has been known to 
cause explosion. Strangely 
enough, if proper precautions 
are taken, nitro-glycerin may 
be cooled far below its ordin- 
ary freezing - point without 
becoming solid ; but the least 
shaking of the liquid, or the 
addition of a small crystal 
of solid nitro - glycerin 
sufficient to cause it to 
solidify suddenly. This is he 
phenomenon of super-cooling. 

The only safe method of thaw- 
ing nitro-glycerin is by means 
of warm water, but this will 
be referred to in detail later. 

Medicinal Use of 
Nitro ■ i^lycerin. Nitro- 
glycerin has a very strong 
action on the heart, and is 
used medicinally in infinitesi- 
mal doses in cases of angina 
pectoris. The novice, on enter- 
ing a building where the manu- 
facture is being carried on, is 
seized with a violent throbbing 
of the head which develops 
into a bad headache, lasting 
throughout the remainder of 
the day. In bad cases, sick- 



enters the system. In a few weeks most of the 
workers become quite inured to nitro-glycerin, 
and though their arms may be soaked in it 
above the elbow, they suffer no ill effects. Should 
they be away for a week or two, however, on 
retiiming to work they are again subject to head- 
aches. There seems to be no permanent ill effect to 
the workers, as they appear as healthy as workers 
employed in any otW class of labour. 

When pure, nitro - glycerin is colourless, but the 
comj^eroiAl variety is generally slightly yellow. It 
is without smell, and hss a sweetish taste. It is 


and is only sufficiently moist to adhere when 


Preparing Dynam'te. Dynamite is pre- 
pared almost entirely by hand. The kieselguhr, 
after it has been calcined, is ground in a mill, 
and then weighed out in suitable quantities. Con- 
siderable care has to be taken with the grinding. 
It is necessary to break the oalcined lumps to 
powder, but if the milling be carried on over long, 
the structures of the shells will be broken down and 
the absorptive power of the guhr greatly decreased. 
Thus, samples calcined and mixed with nitro- 
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glycerin in the laboratory show an absorption 
greater by several points per cent, than the same 
guhr calcined and ground on the larger scale. The 
weighed quantities of guhr are placed in large 
wooden boxes with brass fittings^ and conveyed on 
trucks to the wash-house where the nitro-glyoerin 
is stored. The necessary amount of the latter is 
weighed in and the box removed from the weighing 
machine to a bench, where a workman, with sleeves 
rolled up to the shoulder, roughly mixes the ingre- 
dients with his hands. This rough mixing is given 
in order that the nitro-glycorin may not be Tying 
in pools in the box during its conveyance from the 
wash-house to the mixing-houao. The boxes are 
again placed on a truck, and taken to the mixing- 
house, where the dynamito is thoroughly mixed. A 
small quantity (usually about J per cent.) of sodium 
carbonate is added, and uniformity of composition 
is obtained by repeated rubbing by hand through 
brass sieves. The consistence of the dynamite is of 
great importance. As it is mostly used by miners, 
who have their OAvn ideas— mostly without founda- 
tion — as to what good dynamite should look like, 
it has to be prepared to meet their requirements. 
Thus, in our part of the world, dynamite is not 
thought worthy of the name unless the nitro- 
glycerin may bo seen exuding in the liquid form 
on the cartridge paper ; while in other countries 
an exudation such as this is 
considered a proof of in- 
feriority. The manufacturer 
must consider tlicso pre- 
judices, and bear in mind 
the destination of a batch 
while it is being made, so that 
he may regulate the propor- 
tions* As a matter of fact, 
the slight dilToronce in pro- 
portion required to change 
the dynamite from dry to 
damp will make little if any 
difference on its explosive' 
power. 

Making Dynamite 
Cartridges. When mixed 
and sieved, dynamite is 
a chocolate-coloured, soft, 
mealy material, and is ready 
to be pressed into cartridges, 
generally carried out in a machine worked by hand. 
\ funnel-shaped cavity tapers at the bottom into a 
brass tube the diameter of the cartridge which it is 
desired to make. A plunger with a brass, or 
preferably a hard wood, heaa, works up and down 
in the funnel, press ng the dynamite with which the 
lat ter is filled through the tube. The plunger is 
worked by a lever handle at right angles to it. The 
handle is pressed down, carrying the plunger down 
through the funnel, and by means of a spring it 
rises ready for the next stroke. The operator rolls 
a cartridge paper round the tube at the bottom of 
the funnel, folds in the ends, and presses down the 
lever several times until the paper is filled. The 
cartridge is then removed from the machine, the 
upper end of the paper folded in, and the operation 
is finished. A considerable amount of practice is 
required in order to know just how muen pressure 
to apply with each stroke of the plunger. Too 
great pressure forces the dynamite into a solid lump 
and causes the nitro - glycerin to exude on to the 
cartridge paper. 

The earlier forms of this machine were very 
unsatisfactory. The loose dynamite worked its 
way Into the joints of the machine, and in the course 
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of time a bearing heated, or a sharp tap of metal 
on metal caused the explosive to fire. Immediately 
the whole stock in the building flared up and tbie 
occupants were lucky if they escaped with their 
lives. So many modifications and improvements 
have been introduced that the machine is now 
almost entirely without danger to the operator. 
As a rule, several cartridge machines are fitted to the 
walls of a small wooden hut, which is isolated — as 
are all explosive buildings — by high banks of earth 
or sand. 

Disadvantages of Dynamite. /1?he great 
disadvantage of dynamite in pract^al use is 
its liability to freeze in winter. Whfen frozen, it 
is as hard as stone, and an attempt^ to insert a 
detonator into 'the cartridge would be not only 
difficult, but highly dangerous. Cons^jauently, 
dynamite must always bo thawed in winter before 
use, and the only safe method of thawing it\^3 to 
place the cartridge in a warming-pan, which is^ 
water-jacketed pan, within the double walls of whicfe\ 
water at 60'^ C. is contained. A great many of the 
accidents which take place in the use of nitro- 
glycerin are duo to careless methods of thawing. 
Ignorant workmen heat the cartridges in many 
reckless ways — by carrying them about in their 
trousers- pockets ; heating them by placing near 
an open fire; heating in a tea-can over an open 

fire, etc. A glance 
through the annual 
report of the Chi?f 
Inspector of Kx- 
plosivos would 
furnisli many 
such instance.**. 

There are 
many modi- 
fications of 
dynamite on 
the market, 
containing such 
ingredients as 
wood - pulp, etc. 
Potassium nitrate, 
sodium nitrate, 
ammonium oxa- 
late, and other 
salts are incor- 
porated with other modifications, each being used 
to gain some special advantage for the explosive. 

Blasting Gelatin. The invention, by 
Nobel, of blasting gelatin greatly reduced 
the consumption of dynamite. He found that 
by mixing nitro-glycerin with collodion cotton, 
a weakly nitrated cotton soluble in ether al- 
cohol, and heating the mixture, a homogeneous 
gelatinous mass was obtained, which possessed 
great advantages over any existing explosive. 
Roughly speaking, the proportions of the mixture 
are about 90 parts nitro-glycerin to 10 parts of 
nitro-cotton, but the quantities vary with 
different makers. The nitro-glycerin is added to 
the nitro-cotton in the wash-house, and mixed there 
roughly, as mentioned above. The mixture is con- 
veyed to the gelatin house, where it is heated in a 
copper or brass pan, by means of a water-jacket, to a 
temperature of about 45® — 60° C. The pan is fitted 
with stirrers which keep the mass in movement. 
Specially modified Werner and Pfleiderer mixers 
[4 and 5J are generally used. A batch of blasting 
gelatin is mixed and gelatinised in about an hour. 

The solid gelatinised mass is cut into smaller 
lumps and carried to the cartridge-making huts, 
whioh differ from the dynamite huts in the cartridge 



4. EXPLOSIVE MIXING MACHINE 
(Werner. Pfleiderer A Terklns, Ltd.) 

This operation is 
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maohiueB used. The machine is practioally an 
ordinary sausage machine. It oonsists essentially 
of a spiral wooing within a cover. The gelatin is 
placed in a small hopper and the first coil of tho 
spiral catches it and carries it along towards the 
nozzle, from which it appears in the form of a long 
continuous sausage. The whole machine is made 
of brass, and tho spiral is actuated by a shaft turned 
by hand. Nozzles of different sizes can be fitted to 
the machine, according to the size of the cartridge 
desired. The continuous gelatin sausage is cut 
into suitable lengths by means of a wooden hinge, 
the lengths are rolled in paper, and the cartridges 
jire ready to bo packed. 


Batlistite. Another smokeless powder similar to 
cordite in some respects is hcdlistite^ the invention of 
Alfred Nobel. It is composed of 50 per cent, of 
soluble nitro-cotton and 60 per cent, of nitro-glycerin. 
In this case tho soluble cotton will not dissolve 
directly in tho nitro-glycerin, as it does in the case 
of blasting gelatin, as tho proportion of nitro-cotton 
is too great. Consequently, a solvent is used as 
with cordite, in this case, benzene. In many respects 
tho process of manufacture is similar to that of 
cordite, but the form of the finished explosive is 
different. Tho gelatinised mass is pressed through 
heated rolls and emerges in the form of a thin sheet, 
which is cut up by another machine into small 


There are many modifications of blasting gelatin, 
just as there are of dynamite. The method of manu- 
facture is, however, essentially tho same. Tho best 
known of these are gelatin-dynamite and gelignite, 
the former being a blasting gelatin containing a 
certain proportion of wood-pulp, and the latter 
containing wood - pulp and potassium nitrate. 
These ingredients are incorporated with the 
explosive during gelatination. Other gelatin 
explosives are manufactured, containing ammon- 
ium oxalate. 

Cordite. Cordite, which was patented by Sir 
F. A. Nobel and Professor Dewar, is also a gelatinised 
mixture of nitrated 

cotton and nitro- ; ^ ■. ^ 

glycerin; but in this ' ' 
case the cotton used ' 
is guncotton, the 
most highly nitrated 
cotton. The mixture 
cannot be gelatinised 
simply by dissolving 
the guncotton in 
nitro-glycerin, as it 
is not soluble. Con- 
sequently, some 
medium is required i 
to render the 
gelatinisation possi 
ble, and for this 
purpose acetone is 
used. The guncotton 
and nitro-glycerin are 

mixed together in the 

required proportions 5 _ explosive I 

(cordite as originally (Showing t 

used consisted of 58 



5. EXPLOSIVE MIXING MACHINE 
(Showing trough tilted) 


squares. 

Nitro-cotton. Tho principle of the manu- 
facture of nitro-cotton is the same as that of the 
manufacture of nitro-gylcerin — namely, tho treat- 
ment of tho substance to be nitrated with strong 
nitric acid. Here, also, a mixture of nitric and 
sulphuric acids is used, with the object of removing 
the excess of water formed. Tho cotton used is 
received in the explosive factory in largo compressed 
bales. It is the waste from tho cotton mills. Before 
it can be nitrated it must bo subjected to a prelimi- 
nary purification to free it from dirt, grit, oily 
matter, etc., and to get it into a suitable state of 
division for nitration. 

^ ^ ' It is then placed in 

stoves and dried at 
about 100° C., being 
withdrawn from the 
stoves and weighed 
just when required 
for use. 

The great difference 
between the nitfhtion 
of glycerin and cot- 
ton lies in tho fact 
that tho former, on 
treatment with nitric 
acid, always — with 
one exception — gives 
tho same product — 
tri • nitro - glycerin ; 
whereas cotton gives 
a whole series of 
nitro-dcrivatives ac- 

IXINO MACHINE Hu -A 

ough tiitc.1) tu‘ion of the acid 

mixture. Guncotton 


per cent, of nitro-glycerin, 37 per cent, gun- 
cotton, and 6 per cent, vaseline), and acetone 
is added and hardened into the mass. To 
this, after about 3^ hours mixing, the correct 
amount of vaseline is added, and tho whole mixed 
for 3J hours more in a Werner and Pfleiderer 
mixing machine. When tho mixture is thoroughly 
gelatinised, it is removed to the press-house to bo 
formed into the cords in which it is used. For this, 
hydraulic pressure is required, and special presses 
have been designed to moot the requirements. The 
soft gelatin is placed in a steel cylinder and pressed 
by a tightly-fitting plunger through a hole situated 
at the other end of the cylinder. As the cords are 
pressed out, they axe roll^ upon reels and removed 
to a drying-house where the acetone is evaporated. 
Large sizes of cordite are not reeled up, but are cut 
to the required length at once and dried in trays. 
The tem^rature at which drying is carried out is 
about 100® F. Recently, the composition of cordite 
has been altered, and the new explosive is known as 
‘ Modified Cordite.** The process of manufacture 
is, however, essentially the same. 


is tho compound in which the greatest amount 
of nitration has taken place, six molecu.es of 
nitric acid being combined with two molecules 
of cotton. Other nitro-cottons have been isolated, 
containing five, four, three, and two nitro 
groups. Soluble cotton or collodion cotton is a 
mixture of these lower nitrated cottons. It is used 
in tho manufacture of blasting gelatin, and also in 
many other industries. Nitro-cotton of a very low 
degree of nitration is used for the manufacture of 
articles of the celluloid class. When very slightly 
nitrated, its liability to explosion is slight, though 
it is still highly inflammable. In the following 
description of tho method of manufacture we shall 
consider guncotton, the most highly nitrated cotton, 
to be tho variety under treatment. 

The mixed acid used is prepared as described under 
Nitro-glycerin. It consists, on an average, of one part 
of nitric acid to three parts of sulphuric acid, both 
being highly concentrated. A very large excess 
of mixed acid is required, compared to that actually 
taken up by the ootton. As a result, the waste acid 
is still fairly strong, and is made up to its former 
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composition by adding more strong acid, and 
used again for another batch of cotton. 

Manufacturing Guncotton. As a typical 
example of the manufacture of guncotton, the 
main lines of the method employed at Waltham 
Abbey may be followed, although it must be 
remembered that each factory has its own 
peculiarities. The years t lat have been spent on the 
investigition of nitro-cotton have produced much 
information, a great deal of which has never reached 
beyond the works in which it originated. 

Quantities of dried cotton of about lb. weight 
are dipped into a tank or “ dipping-pot” containing 
a large excess of mixed acid. The mass is removed 
with a large pronged fork as soon as it is soaked with 
acid, and placed in small earthenware jars shaped 
li<e ord nary pails and h iving earthenware covers. 
The cotton soaks up about eleven times its own weight 
of acid in the dipping-pot, and is allowed to retain 
it in the earthenware jai for about twenty-four hours. 
A large number of these jars arc placed on a tiled 
floor or pit, a little lower in level than the surround- 
ing floor, so that water may circulate round the jars 
and keep the temperature down. Even with this 
precaution there is some danger of the acid cotton 

fuming off.” One of the jars may become over- 
heated, and rapid decomposition takes place, 
with liberation of great volumes of brown fumes. 
The decomposition spreads to other jars, and unless 
the area affected is isolated at once, decomposition 
may become general. The men in charge immediately 
remove the pots in the neighbourhood, and allow 
those which have fumed off to die down. No ex- 
plosion takes place, the only danger being from the 
fumes which are generated and affect the lungs. 

Treatment After Nitration. When the 
nitration is completed, the contents of the jars 
are emptied into a centri'ugal machine, the basket 
of which is made of finely perforated wrought 
iron. The transference from the nitrating jars to the 
centrifugal is ns rapid as possible, as it is deshablo 
that the nitro-cotton should not be in contact with 
the air while it contains a largo proportion of acid. 
Even while in the centrifugal, fuming-off or firing is 
not at all uncommon. When the basket is charged 
with acid cotton, the centrifugal is set in motion 
and the excess of acid is forced out through the per- 
forations. When this operation is completed, the 
nitro-cotton is removed as quickly as possible 
from the basket and put under water in a wash tank. 
Fresh water flows through the tank, loss of nitro- 
cotton being prevented by a sieve over the outlet 
pipe. The continuous changing of the water, and the 
agitation and pressing caused by the paddle-wheel, 
remove the excess of acid from the cotton. When it 
is at last neutral to litmus paper the excess of water 
is removed in a centrifugal machine. Although the 
nitro-cotton after this preliminary washing is appar- 
ently free from acid, it has been found that this is far 
from being the case. In the early days of nitro- 
explosives numerous decompositions accompanied 
by explosion took place when guncotton was stored 
for any length of time. Sir Frederick Abel was the 
first to point out the reason of this. The fibres of the 
cotton are hollow, and at the end of the nitration 
are filled with acid. It was found that no amount 
of washing was sufficient to remove this acid com- 
pletely, and until Sir Frederick Abel proposed the 
disintenation of the fibre, nitro-cotton was a 
hi^ly dangerous body in practice. 

Eefore gulping, however, the guncotton is boiled 
for some time in large wooden vats. The vats are 
filled with guncotton and water, steam is pass^ 
in from below, and the boiling continued for a vary- 


ing time, as much as threb to foiif days being aome- 
timbs given. 

Purifying and Drying Guheoiton. 

As mentioned above, it is necessary to destroy 
the tubes of the cotton fibres be. ore the purification 
can be complete. This is done in the pulping 
machine 1 6 j. A revolving drum, the circumference of 
which is fitted with knives, rotates in a trough. At 
one part of its course is a set of olosely-set Iraiives, 
between which and the knives of the drum the gun- 
cotton is crushed and cut. The trou.^h contains a 
quantity of gi ni otton in water, and as the drum 
rotates it carries part of the guncotton round to the 
fixed set of knives. The space between the rotating 
knives and the fixed set can bo regulated, so that it 
is comparatively large towards the beginning of 
the pulping, and is decreased as the operation goes 
on. The water in the trough may be changed con- 
tinually as in the preliminary washing, or the pulping 
may bo carried out with one water, and the pulped 
cotton washed afterwards with repeated quantities 
of warm water. When the pulping and washing are 
finished, the guncotton should be perfectly free 
from acid. Samples are drawn from it, and the 
“ heat test ” is applied. The guncotton must now 
stand the test for the regulation time. The excess 
of water is removed bv again centrifugalising or by a 
moulding machine, tKis time a flannel cloth or bag 
being placed inside the basket of the machine, as 
the guncotton is in such a fine state of division 
that ordinary perforations would not keep it back 
If not required for immediate use, guncotton is 
iisually stored wet. As it comes from the centrifugal 
it contains from 25 per cent, to 30 per cent, of water, 
and it is stored in closed boxes until required. 

The drying of guncotton is carried out in a build- 
ing with a lead floor and zinc-lined walls. It is 
fitted with racks for the trays on which the explosive 
is to be placed. Great care is exorcised to prevent 
grit of any kind from getting into the building, 
neat is s ippliod by blowing in hot air, and the 
temperature is kept at about 40" C. Guncotton is 
not usually dried until it is required for incorpora- 
tion with the other ingredients of the explosive to be 
made, as it is so much more safely stored wot. 

Compressed Guncotton. .A very large 
proportion of the guncotton manufactured is 
used in the form of compressed slabs. In 
making compressed cotton the drying described 
above is not carried out. Guncotton is uniformly 
mixed with pure water, when the exact weight 
required for the slab has been weighed out, by means 
of a stirring arrangement. This wet cotton is placed 
in moulds, in which the required slab is shaped, 
and a large part of the water pressed out. The pres- 
sure at this stage is usually applied by hand, and the 
slab, though of the correct sha{>e and area, is still 
about three times the weight required, after it has 
been moulded. In order to reduce it to the right 
thickness and the desired solidity, hydraulic pres- 
sure is necessary. The pressure used is very similar 
to an ordinary hydraulic press, capable of exerting 
a pressure of from 7,000 lb. to 15,000 lb. to the 
square inch, but has certain slight modifications. 
The finished compressed slabs, if required for build- 
ing up charges for mines, etc., must be of a smooth 
surface so that thev will fit closely together. In 
order to wt the surface smooth and even, the slabs 
have to be planed, filed or turned, as their shape 
makes convenient. The compressed cotton should 
contain at least 30 per cent, of water in or^or that 
this trimming may be done safely, and the surface 
coming in contact with the tool must be kept cool 
by a constant application of cold water. Whpn 



4re requked with holes through them too 
smell to be conveniently made under the press, they 
ore drilled out in the ordinary way, heating being 
prevented by means of cold water 

C<>llodlon Cotton. The manufacture of 
collodion cotton, or soluble cotton, depends for its 
success greatly on the proportions and strength of 
the acid mixture. The process of nitrating and 
washing is the same as for guncotton. The pro- 
portion of the acids averages about 60 parts of 
nitric to 60 parts of sulphuric, and more water 
is present, but the time during which the cotton is 
allowed to remain in contact with the mixed acid 
is much shorter than in the case of guncotton. 

There is no difference in appearance between 
cotton fibre and nitrated cotton fibre. Of course, 
after the fibre has been destroyed in the pulping 
machine the nitro-cotton loses its characteristic 
appearance, and on drying is a fine soft white dust. 
Wet guncotton is not considered an explosive, and 
the rules and regulations regarding explosives do 
not apply to it until it is dried. Thus the buildings 
in which it is stored while wet do not need to be 
isolated like nitro-glycerin buildings. The dry- 
ing-rooms or stores, however, into which the cotton 
goes wet, to come 
out again dry, are 
considered as explo- 
sive buildings, and 
arranged accord- 
ingly. 

Other Nitro« 
bodies. Many 
other substances 
have been experi- 
mented with, with a 
view to forming ex- 
plosive nitro-deriva- 
tives, and a number 
of such compounds 
are actually in use. 

Picric acid, which 
is the tri-nitro deri- 
vative of phenol, or 
carbolic acid, is the most important of these. It is 
formed from phenol by first forming a compound 
of the latter with sulphuric acid and then precipita- 
ting the phenol-sulphuric acid by means of nitric 
acid. The picric acid thus formed must be washed 
free from sulphuric acid. Picric acid is a bright 
j^ellow crystalline solid which has a very bitter taste, 
and is slightly soluble in cold water, and more readily 
in hot water. It was long used as a dye before its 
explosive properties .were discovered. Its principal 
application in tho ex plo fives industry is in the 
manufacture of the French explosive, melinite, and 
the British lyddite. In its original form, mclinito 
consisted of 30 per cent, of guncotton and 70 per 
cent, of picric acid, but it is stated to be greatly 
altered. Tho composition of lyddite is not generally 
known, but it is stated to bo picric acid molted, and 
run into moulds, together with an oxidising agent. 

The nitro-derivati ves of benzene and its hornologiics 
are also used in tho preparation of explosives. 
They are not so highly explosive as nitro-glycerin 
or nitro-cotton, but in combination with oxidising 
agents they are frequently used. Thus roburite 
is a mixture of di-nitro-benzol with ammonium 
nitrate. Another su^’h explosive is composed of 
nitro-toluol and potassium chlorate. 


ARMft ARD AMMUNITION 

Betonators* A considerable industry oon- 
neoted with explosives is that of makingj>6rous8ion 
caps [see page 6618| and detonators. The detona- 
tors now used for exploding charges in mines, etc,, 
may be said to be simply very large percussion 
caps. Merourio fulminate is the substance always 
employed. It is prepared by acting on 1 part by 
weight of mercury with 10 parts by weight of 
nitric acid (Sp. gr. 1 ‘4), the solution heated and S'3 
parts by weight of methylated spirit added. The 
fulminate settles in crystals, which are thoroughly 
washed. Still in its wet state the fulminate is 
taken to drying-rooms, where it is spread on the 
topmost of a series of layers of cloth, which cover 
a steam-heated copper tab’e. The water is driven 
off at a low heat, and when cool the fulminate is 
taken to the mixing-room, where it is mixed with 
26 per cent, of chlorate of potash. 

The detonator factory, for its size, occupies 
a good deal of CTOund, tho huts being placed 
widely apart, and surrounded with high brick 
walls or mounds of earth. The detonator tubes 
are made of drawn copper, and vary in length 
from IJ in. up to 6 in. The average diameter 
is about the thickness of an ordinary lead-pencil. 

The tubes are filled 
into plates contain- 
ing one hundred, 
and are charged 
with the mixed 
fulminate. The 
fulminate is sub- 
jected to pressure 
sufficient to reduce 
its bulk to one-half 
its loose state. The 
detonators are. then 
cleaned and packed 
in boxes containing 
sawdust. Fulminate 
of mercury is an 
extremely sensitive, 
substance, a scratch 
with a pin being 
sufficient at times to explode it. Theso detonators 
in use are ignited by means of safety fuses, or 
by moans of electricity. Safety fuses are simply 
a train of gunpowder contained in a tube of 
fabric covered with a more or less water-resistant 
material such as pitch. Electric fuses are made 
on two systems, which have been named High 
and Low Tension. The former consists of a readUy 
ignitable mixture covering tho ends of the wires, 
which are fixed in the detonator tube in close 
proximity to the fulminate. The latter consists 
of a bridge of fine platinum wire connecting the 
ends of the two wires and surrounded by a fine dry 
guncotton. When a current of electricity is passed 
over the wire it sets fire to the combustible substance, 
which in turn ignites the fulminate, and this, being 
placed within or in close contact to the charge of 
explosive, detonates the latter. 

There are six factories in Great Britain engaged 
in the manufacture of djmamite and blasting 
jiowders generally ; twenty-two factories for mak- 
ing nitro-compound explosives (dynamite, gun- 
cotton, smokeless powders) ; fourteen factories 
for making fuses and fog-signals ; and in the aggre- 
gate the number of factories authorised for the manu- 
facture of all kinds of explosives was 160 in 1902. 
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diffeitat abmptive powers of various parts 
of .t|i9 stone are to a great extent discounted. 

however, there is a regularity in the 
differences of texture in various parts of a stone 
a skilful dyer can take advantage of the fact to 
produce ornamental effects. For example, agates 
are soaked in solutions of aniline dyes, whereby 
beautiful bands of colour are produced and show 
up the striped structure of the agate to perfection 
when it is polished and cut. 

Dyeing Sand. Apart from a rather old- 
fashioned ornamental use, coloured sand is employed 
by hydraulic engineers. It is not an easy thing to 
dye, as the colour must resist water and rubbing. 
Good effects, however, can be got with the azo 
colouring matters. For instance, 100 lb. of sand 
can be dyed by dissolving 1 lb. of beta-naphthol 
and IJ lb. of caustic soda in 3 gallons of water. 
The sand is stirred up slowly in this and then, 
according to the tint desired, the requisite quantity 
of azo c<3our is added. 

Dyeing Horn. Horns are outgrowths of the 
skin of the head of cattle, goats, sheep, the rhino- 
ceros, etc., and are formed round bony processes of 
the skull called horn coraa. They arc of the same 
substance as hair and finger-nails and the feathers 
and beaks of birds. The antlers of a deer are bony 
and are not composed of horn. The horn of com- 
merce is chiefly obtained from oxen, cows, sheep, 
and goats. The horn substance, like wool, is com- 
posed of carbon, oxygen, nitrogen, hydrogen and 
sulphur. The presence of sulphur is important to 
the dyer. Horn often requires bleaching before 
dyeing, on account of its strong natural colour in 
many cases. There is much difficulty in bleaching 
horn without injuring the fibre and loosening the 
cohesion of the tissue. Peroxide of hydrogen seems 
to be the safest agent and gives good results in 
careful hands. Andes recommends whitening 
horn with chloride of lead. This process has, how- 
ever, the drawback that the lead salt blackens in 
time in the air of towns owing to the formation of 
lead sulyjhide. 

Horn is dyed principally with coal-tar dyes, but 
dyewoods are {tlso used to some extent. Black, 
though it can bo dyed with anilines, is more 
commonly got by the use of a warm solution of 
lead salt, which forms lead sulphide with the sulphur 
of the horn. An equally good result is obtained 
with mercury sulphide instead of lead sulphide. 
Nigrosine or aniline and bichromate gives, however, 
better results. Logwood on an kon mordant is 
also sometimes used for black dyeing, the black 
being tinted with fustic in the usual way. Aniline 
dyes are best used in alcoholic solution. Methyl 
Violet, Bismarck Brown, Aniline Yellow, indigo- 
carmine, and Malachite Green are all favourite 
dves. Greens are dyed on horn by combining a 
blue with a yellcw. Heat should always be avoided 
in horn dyeing as it tends to warp the material, 
and this is one of the reasons for using spirit solu- 
tions of anilines. They require no mordanting, 
while the water-soluble anilines require a mordant- 
ing with caustic potash or soda and the penetration 
of the mordant is not very satisfactory if it is 
used cold. 

Dyeing Ivory, Ivory has no chemical affinity 
for colouriM matters. The permanence of any arti- 
ncially produced colour upon ivory depends, there- 
fore, on the protection of the bony matter into 
^ichthe colour has penetrated to some extent, 
^e processes emploved in dyeing ivory are very 
similar to those used for bone, but there are two 
points of difference between bone and ivory which 


have to be kept in view. In the first place, ivory 
has far less organic matter in its constitution than 
bone, and, in the second place, it is much denser 
and closer in texture than bone. 

The first of these differences is in the favour of 
the ivory dyer. He has no fatty constituents to 
contend with, and these are perhaps the worst 
difficulties in the way of getting level shades, and 
are very troublesome to remove. The second, how- 
ever, cuts the other way. Successful dyeing of ivory 
depends little on the colouring matter used. Once a 
dye or a lake has been formed in the superficial 
layers of the mass the ivory is coloured, and the 
colour is })r()te(;ted by the liard tissue of the bone. 
Penetration is, therefore, the main thing to be 
<*onsidered, and it will be evident that prolonged 
heating is usually recpiired in dyeing such a closely- 
knit substance as ivory. 

Nearly all the ivory of commerce is made from 
elephant tusks, the canine teeth of that great 
quadruped, and weighing sometimes as mu(m as 
2 cwt. each. Khartoum, on the Upper Nile, has an 
important ivory market, but signs are not wanting 
that the African elephant will soon be a rarity. 

Seasoning Ivory for Dyeing. Ivory 

must be seasoned before dyeing. If this pre- 
caution is not taken, the colour will be very 
liable to change or to rub off. The cutting of ivory 
has also a great influence on the subsequent dyeing. 
Sawing has a marked tendency to colour the ivory 
yellow, probably by reason of the heat developed 
during tne process, and also possibly on account of 
rust particles u})on the saw. It is a good plan when 
sawing ivory with a circular saw to have the lowest 
third or so of the saw immersed in water, whereby 
heating of the saw is jnevonted. Six months is a 
fair average time to store ivory for seasoning. 

As will be gathered from preceding remarks, 
ivory is perfectly catholic in its reception of colouring 
matters, whether dyes, pigments, or lakes. Never- 
theless, the whole art of ivory dyeing consists in a 
proper handling of the various synthetic coal-tar 
dyes. A few mineral pigments are used for orna- 
mental work, but the methods of applying them are 
troublesome, and they are employed only when 
brilliant colours have to show some amount of 
resistance to exposure to the elements. Provided 
that time is allowed for proper penetration of the 
liquids used, ivory can be dyed by any of the 
processes in vogue in textile dyeing. It can be dyed 
in one bath with a substantive dye, or in two baths 
with an adjective dye and a mordant, or by reagents, 
which will cause the precipitation of an insoluble 
pigment in the cells of the tissue. The absorption of 
dyes of any kind is freciuontly assisted by a previous 
treatment of the ivory with dilute nitric or hydro- 
chloric acid. The acid dissolves out some of the 
mineral matter of the ivory, especially from the very 
hard sui^erfioial layers, and thereby is a great 
assistance to penetration. The action of the acid 
requires skilled supervision, however. The hardness 
of the original ivory can be restored after the ivory 
has been scoured, rinsed, and dried by heating it in 
dry common salt, but the loss of strength is 
irremediable, and must not be carried too far. 

Bleaching Ivory. As regards bleaching, 
which is often a necessary preliminary to dyeing 
light shades on ivory, one of the best bleaching 
baths is one of bran, unslaked lime, and water. 
Bleaching powder answers well, but must be used 
for a long time in a weak bath, and on removal 
therefrom the ivory must be rinsed carefully 
at once, and then dried in hot sawdust. If the 
rinsing is not thorough, the ivory is very apt to 
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oraok on drying. Peroxide of hydr(^n and sodium 
peroxide are^o excellent for bleaching ivory, as is 
solution of sulphurous acid. Gaseous sulphurous acid 
— that is, the fumes of burning sulphur— must on no 
account be used, as the sulphuric. acid formed rots 
the ivory. Old yellow ivory can be restored to its 
original colour by exposure to the direct rays of 
the sun. This fact is well known to pianoforte players, 
who preserve the whiteness of the keys by leaving 
the lid open in the sunlight. 

Dyes for Ivory. Black is dyed on ivory 
with logwood and bichromate in two baths, 
and also with Nigrosine. Red is dyed with 
cochineal or Brazil wood. Another method is to 
boil scarlet wool in water, adding carbonate of 
potash at intervals until the dye is extracted. 
A little alum is then added, the solution is filtered, 
and the ivory is soaked to shade in the filtrate. 
The dye-liquor must on no account bo hot, 
but it is advisable to have it warm to save 
time. Picric acid or other soluble dye gives an 
excellent yellow, as does fustic on a tin mordant. 
Blues are dyed almost exclusively with anilines, 
which have practically ousted indigo-carmine from 
the ivory painter’s palette. Methyl Violet of various 
shades is used for violet. Alkanet was used before 
the discovery of the coal-tar colours, but its colours 
are very loose to light. Greens are dyed with anilines, 
or by combining a yellow with a blue. The old 
method was to dye a blue with indigo-carmine, fix 
with tin salt, and then turn to green in a fustic 
bath. Browns are dyed with anilines — such as 
Bismarck Brown — and with cutch, but most of the 
ivory in this country is dyed with permanganate 
of potash, like wood. Most of the aniline browns 
can be shaded with red or other colours. Greys 
are got with baths which are the same as for 
black, but weaker. 

There is yet one method of treating ivory which, 
although it is scarcely a dyeing process, is well worth 
mentioning. The ivory is soaked in a weak solution 
of nitrate of silver in the dark until it has acquired 
a dark-yellow colour. It is then taken out, rinsed, 
and exposed below the surface of water to the direct 
rays of the sun. In a few hours the ivory will have 
assumed a deep velvety black colour, and it is then 
removed and rubbed dry with a clean cloth. 
Chamois leather will give a bright silvery lustre to 
the objects treated by the above process. When 
adjective colours are made use of, and the dye and 
mordant baths cannot bo combined, the dyebath 
must always come first, and the ivory should bo 
rinsed before going into the mordanting bath. The 
great rules are never to hurry the process, and to 
aid the absorption by a moderate amount of heat. 
In the case ot very hard and close ivory a prelimi- 
nary boiling in water, the ivory going hot from the 
water into the dye or mordant bath, is of great 
assistance. Solutions of coal-tar dyes in alcohol 
generally penetrate better than aqueous solutions, 
but the latter are, of course, cheaper than the former. 

Dyeing Vegetable Ivory. Vegetable ivory 
is the kernel or albumen of the seeds of a South 
American plant known as Phytelephas macrocarpa. 
The seeds are about the size of a hen’s egg, and 
grow from four to nine together in clusters, which 
sometimes weigh 26 lb. or even 30 lb. It is always 
dyed with coal-tar colours, but the dyeing requires 
special experience, as the texture of the substance 
varies g^atly with the age of the plant, the time of 
harvesting, and with the variations in the climate 
which occurred during the ripening of the fruit. 

A few general rules, however, can be laid down. 
The itory must be perfectly clean to begin with. 
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It must be ^tered into plain water, and the dve 
gradually added when the bath has been brought 
to the boil. Great care must be taken to keep the 
bath constantly boiling during the dyeing, and 
to add the dye only as it is taken up by the ivory— 
that is, to keep the bath itself clear and light in 
colour. As soon as the proper shade is reach^ the 
ivory is at once removed and dried without rinsing. 
It is then carefully polished with a clean and very 
soft woollen rag. 

With the softer kinds of vegetable ivory a boiling 
with soap, followed by a good rinse, helps the 
absorption of the dye. Among the coal-tar colours 
u^d, Nigrosine, picric acid, Malachite Green, Methyl 
Violet, and Fuchsine are the most generally em- 
ployed. Dyewoods are still used, however, to some 
extent, especially cutch and logwood. A good black, 
is got by boiling in a strong solution of logwood 
extract for half an hour or more, according to the 
closeness of the texture, and then mordanting in 
a cold bichromate bath. With cutch for brown, 
the mordant used depends on the shade. Ferrous 
sulphate, bichromate of potash, and sulphate of 
copper are all used. 

Dyeing Bone. The dyeing of bone is a 
comparatively easy matter, as the coal-tar dyes 
penetrate it very readily, especially in hot solutions. 
In the great majority of cases no mordant is 
required, as the substantive dyes answer every 
requirement. In the case of the basic dyes, the best 
mordant is tin-salt. It is a good .plan to facilitate* 
the penetration of the substantive dyes, and also of 
any mordant that may bo used as a preliminary to 
working with any adjective dye, by dissolving out 
part of the lime salts of the bone by means of dilute 
nitric or hydrochloric acid. This is, however, a 
very delicate operation, as, if it is carried too far, 
the appearance will bo spoiled and it will become 
apt to crack or even to crumble. It is never- 
theless an indispensable preliminary to treatment 
with aqueous solutions, although in most cases 
alcoholic li(piids penetrate well without its aid. 

Tannin must not be employed as a mordant. 
It acts upon the gelatin in the bone, and not only 
prevents proper penetration of the dye, but is abso- 
lutely destructive to all uniformity of shade. 

Dyewoods, especially logwood for black, are used 
in bone dyeing, but, as in other departments of dye- 
ing, they are rapidly giving place to the artificial 
colouring matters. Nigrosine dyes bone black 
without any mordant, and without heat, for example, 
and has therefore an advantage over logwood in 
every possible way. The best yellow dye for bones 
is picric acid, which can be toned by the simultaneous 
use of other yellows. The faster colour got by 
mordanting in a hot solution of bichromate and 
then dyeing in a hot solution of a lead salt is now 
rarely seen. Reds and blues are dyed with many 
substantive coal-tar dyes. Blue can also be dyed 
with indigo-carmine, but the bones must be nrst 
treated with dilute acid. 

In all cases, the coal-tar dyes should bo used in 
solution in spirit. It is an excellent plan to dye in a 
still, by which means a large proportion of the 
methylated spirit used is recovered, while the heat 
greatly favours the penetration of the dye. The 
use of water should be avoided in dyeing bones 
with artificial dyes on account of its softening 
and dissolving action upon the gelatin of the bone. 
In some cases, however, the gelatin has been 
to a laree extent removed by bleaching the bones in 
boiling lyes or in a solution of chloride of lime or 
sulphurous acid. In this case the use of water in 
dyeing is not so objectionable. 
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The best results are always got by dyeing perfectly 
fresh bones. These, when thoroughly cleaned from 
adhering particles, want no bleaching as a rule even 
for dyeing light shades. When bleaching is indis< 
pensable, the best agent is peroxide of hydrogen, 
used after the exterior of the bone has been freed 
from grease by rubbing with petroleum other. 
If sulphurous acid is used it should be employed in 
concentrated aqueous solution so as to act quickly. 
The gqseous acid is not suitable for bleaching bones 
as it has a tendency to warp the fibre. 

Dyeing Mother-of-pearl. Mother-of-pearl 
is difficult to dye on account of its hardness and 
close texture. It is usual to dye the finished 
object, such as a button, as it is imposable to dyo 
through thick material without injuring the lustre ; 
articles made out of raother-of-i)carl dyed before 
fashioning remain colourless at the edge. The 
rough ana damaged places of the button or other 
article are first dyed; the dyo goes most strongly 
into defective places, such as edges and cracks, so 
they become coloured before the lustrous surface is 
dyed. Mother-of-pearl is sensitive to the action of 
chemicals, and hence it is necessary to use very 
weak acid solutions, only lukewarm, and to let 
them act for the shortest possible time only. 

Mother-of-pearl is yielded by a large number 
of mollusca, and various kinds of it are recognised 
in commerce, such as white, black, goldfish, burgos, 
etc. The various kinds differ in hardness, strength, 
lustre and colour, and in their receptivity of dyes 
and in the dyed effects they produce. 

The following arc the most important sorts : 

Egyptian mother-of-pearl, from the Red Sea and 
the Persian Gulf. 'Phis has little lustre and is f)cnt 
into small trough like shapes. 

Macasoar mother-of-pearl, from Australia. This 
consists of white flat shells with a high lustre. A 
single shell may weigh over 4 lb. 

Manila mothcr-of-pcarl, which is yellowish, and 
very lustrous and iridescent. 

Lingah shells, trough-shaped, and having a bluish 
green shimmer. 

Eahiti mother-of-pearl, the best blaek sort; the 
inferior sorts are called Gambia. 

Auckland mother -of-pearl, flat, thin and greyislu 

Banda Onithisif pearl, consisting of second rab* 
bluish shells with yellowish green edges. 

Mullcs, consisting of whitey-blue sliells with red 
edges. 

Sea ears, especially Japanese, having a sjjendid 
lustre, are chiefly used for panels. 

Burgos, which gives good effects on dyeing. 

Mississippi. This variety consists of thick shells, 
white and very hard, and difficult to work. 

Preparing Mother-of-pearl for Dyeing. 

The first thing to be done is to free the mother -of- 
])eaj l from grease, and, if light colours arc to bo dyed, 
it must then bo bleached. The grease is removed by 
treatment with benzene, ether, or tetra-chloride or 
carbon, followeil by ammonia, or a three to five 
|)0r cent, solution of carbonate of potash or soda. 
Caustic soda corrodes some kinds of mother-of-pearl. 
The cleansed material is rinsed in water, and should 
be fingered as little as possible. 

The dyeing is done cold, if possible, and it is 
better to dye for a long time in a warm bath than 
to hasten the process by greater heat. I\rany dyes— 
for instance, Ohrysoidine — go on nearly instan- 
taneously. Others, such as Tartrazine and Quino- 
line dye only slightly after long standing. The 
greater the lustre of the mother-of-pearl the harder 
it is to dye it. As the dye ought not to injure the 
lustre, time should only be allowed for the dye to 
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get into fine cracks, and between the layers, watching 
the process with a good magnifying glass. 

The organic matter generally takes the dye before 
the mineral portion of the shell, and in many cases 
forms lakes, which hide the iridescence too much. 

Dyeing in Aqueous Solution. The old 
process with silver salts often combined with aniline 
dyeing with the idea that the colour is then faster. 
To imitate black mother-of-pearl, the most prized 
variety, immerse it in a solution of 4 oz. of nitrate 
of silver in 100 oz. of ammonia; tilt the vessel 
about from time to time, and after a few days* 
immersion in the dark expose it to diffused sunlight. 
"I'ho colour can be strengthened with pyrogaTlol. 
In dyeing “ natural black ’* the object is exposed 
to sulphuretted hydrogen as well as daylight. 
Whatever may bo done the black is really nothing 
more than a slate grey. It can be browned with 
dilute tincture of iodine. 

A solution of indigo-carmine in twenty limes its 
weight of boiling water is used for blues ; and picric 
acid and indigo-carmine for greens ; ciircuma for 
yellows. A fine cheap brown is got with per- 
manganate of potash. 

Of the artificial dyes, the basic ones go on faster 
for the most j)art, and they eombine also with the 
mineral matter. The acid dyes combine with the 
organic matter only, as can be seen on microscopic 
examination. No mordant is needed with the basic 
dyes, hut a little acetic acid should be added to the 
water used to dissolve the dye. Before dyeing, the 
mother-of-pearl must be cleansed and well soaked 
with water. Dissolve from 1 to 3 per cent, of dye 
in water, warm if necessary, to from 50*^ to 60® C., 
and leave the j)oarl in the bath (ill it has the right 
shade. The following basic shades answer very 
well in a warm neutral bath : Ohrysoidine, Bismarck 
Brown, Leather Brown, Leather Yellow, Phosphine, 
Auramine, Magenta, Victoria Blue, Methylene Blue, 
Methylene Grey O or NO, Navy Blue, Methyl 
\'iolct 2R, OB, or R, Crystal Violety Brilliant Green, 
]\Ialaclute Green, Safraiiine, and Khodarnine B, 5B, 
or V. Ohrysoidine and Vesuvine dye very quickly. 
Victoria Blue, Bhodamine, Indoin Blue BB. Rubine, 
Brilliant Green, and Guinea Green dye quickly with 
2 per cent, of alum. 

Dyeing Mother-of-pearl with Acid 
Dyes. In dyeing with acid dyes, make the dye (o 
ji paste with acetic acid, adding to the bath a little 
oxalic acid. This addition should be always made 
with Fast Red A, Navy Blue, Ponceau R and 3R, 
Cotton Blue, and Azo Yellow. The following are the 
best acid dyes for mother-of-pearl; Acid Green, 
(hiinea Green, Acid Magenta, Acid Violets N, 6B, 
and OB, Water Blue, Lyons Blue, Naphthol Blue, 
Fast Blue, Ponceau 2R and 3R, Orange 11., Man- 
darine Fast Yellow, Fast Blue, and Induline. All 
cosines and erytlirosines do well. Nigrosine answers 
well, but Quinoline Yellow and Uranino do not. 

Fine browns and blacks are got by combining 
Magenta anti Malachite Green, Bordeaux by com- 
bining Magenta with Bismarck Brown. To get a 
fine black with a greenish shade, dye with 3Ialachite 
or Acid Green, and cover with Nigrosine. 

Fine beiges and Havanas are got by combining 
Ohrysoidine or Bismarck Brown and Fast Blue or 
Nigrosine. Equal parts of Rhodamine B and 
Orange If. give a brilliant red. 

In dyeing with adjective dyes, the result is 
usually dull. The best dyes are Alizarine Red, PS 
or W, Alizarine Blue W and Blaek W, Anthracene 
Brown W, and Alizarine Orange W. Dye at the 
boil with Turkey red oil and ammonia, or ammonia 
only. Dyeings with the zinc dust and alkali indigo 
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vat do not answer very well. Indigo-carmine gives 
bettor results. Fine shades can be got by the 
prolonged action of organic compounds which 
become coloured on exposure to air — for instance, 
paraphenolcnc diamine, amidophenol dioxynaphtlia- 
linc and pyrogallol — ^mordanting first with cuprate of 
ammonia or wifh pyrolignate of iron. We can also 
use the substantive dyes, such as Congo, Benzo- 
purpurino. Diamine Blue, or Bordeaux Oxamino 
Blue, and the Immedial dyes ; but the results have 
no good lustre, and the mother- of- iwarl is often 
attacked by the alkaline bath. 

Dyeing Mother-of-pearl in Spirit Dyes« 

This method is the easiest, but the colours obtained 
are looser than the above. The first process is to 
.soak the mother-of-pearl in a solution of carbonate 
of i)otaah in ten to twelve times its weight of warm 
water. In this solution the mother-of-pearl is kept 
for an hour or so. This opens the pores and permits 
the absorption of the dye, and also gets rid of any 
^case that may be present. The mofhcr-of-|K‘arl 
is then rinsed and dried. No exact time for the 
action of the lye can be given, as it depends on the 
shade required. Up to a certain point, the longer 
the carbonate of potash is allowed to act the more 
dye the mother-of-pearl can absorb, and .so the 
darker will bo the shade. Reds are dyed with 
spirit solutions of any spirit-soluble red dye ; 
yellows with tinctm-e of picric acid or Aniline 
Yellow, (/urcuma, gamboge, or Persian berries can 
also be used as tinctures. Blues are dyed with a 
spirit coal-tar blue, or with sulpli indigo tic acid 
diluted with water according to shade. Indigo- 
carmine is also employed. Creena are got cither 
with a spirit-soluble green, or l>y combining a yellow 
and a blue ; hrown.s with a s])irit solution of a coal- 
tar dye, or with tincture of iodine. Violets are 
dyed with spirit-soluble anilines, or with a solution 
in water of indigo-carminc turned to shade with 
liquid ammonia. 

Dyeing Celluloid. Celluloid was acoideii- 
tally discovered in the search for high ox])losiv(‘s, 
and is a compound of guncotton and eaiiqdior. 
Its dangerous c-haracter has Ix'cn enlarged 
upon, but it is entirely harmless if it is kept 
out of the way of sparks or llame, and it is very 
easily worked and dyed. It can be carved or 
tinned like wood or ivory, and, moreover, unlike 
these materials, it can be moulded. When it is 
steeped in boiling water it becomes malleable, and 
can then be moulded into any desired shape, which 
it will retain on cooling. This ease of manipulation 
has caused it to find a large number f»f uses, and 
although many of the.se are to bo eondemned, it is 
very suitable for some purposes. 

It is largely used for the handles of surgical and 
optical inslniments, and in these articles it has 
to a great extent su])plantcd ebonite, on account of 
its far lower price. Washalfio collars, fronts, and 
cuffs are made by covering both sides of a piece of 
linen or calico with a thin coating of celluloid, 
securing a. smooth surface and adhesion to the 
fabric at the same time by subjecting the material 
to heavy pressure bet ween rollers. 

As it is translucent anti easily dyed, celluloid is 
largely used for cigarette and cigar holders and for 
mouthpieces of pipes. Quantities of “ tortoise- 
shell ” combs are made of it, and it masquerades us 
“ ivory ” for card-eases, visiting cards, photografdiic 
mounts, fiower vases, cane and umbrella handles, 
piano keys, billiard balls, toy balloons, napkin rings, 
and many other small article.s. It is dyed also for 
these uses and for making artificial flowers. It 
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forms an excellent sheathing for ships’ hulls, being 
far cheaper than coyjper, and far more durable. 
Curiously enougli, however, although this fact has 
been known since 1881 , prejudice and conservatism 
have successfully resisted hitherto the introduction 
of celluloid into the shipbuilding trade. This use 
of <!cIluloid will undoubtedly become one day the 
most important of all. No marine organisms will 
grow upon it, so that its use would obviate all 
necessity for using poisonous and expensive anti- 
fouling compositions. 

The only objection to celluloid is its inflam- 
mability, and when articles formed of it are worn, 
such as combs and collans, this has caused very 
Heriou.s aeoidcnt.s. All the numerous attempts so 
far to make celluloid uninflammable without 
affecting its ii.sefiilne.ss have failed. So far they 
have taken two directions. On the one hand, 
chemists have tried to make a “ non-flam ” cellnloi(l 
by adding a third .substance, such as a silicate or 
borax. On the other liaiid, attempts have been 
made to .sub.stitufc an uninflammable substance for 
the camphor. Inhere is no doubt that a fortune 
awaits the inventor of an absolutely harmless 
celluloid. 

Celluloid Is invariably dyed with coal-tar colours. 
For single colours the coal-tar dye is added to the 
materials in the process of incorporation. For 
dyeing patterns on celluloid, the finished article is 
coated with a resist, usually paraffin or beeswax, 
and the parts to be dyed are then laid bare. The 
whole article is then immersed in a cold solution of 
the dye. In a few cases heat may be re(|uired to 
make the dye penetrate, in which ca.se a com- 
paratively infusible resist, such as asplialt, is irsed. 
In no case, however, may too mueli heat be used, 
or the celluloid its(df will be softened and lose 
its shape. 

Dyeing Glue and Gelatin. Dyeing these 
suh.staiiecs, which are virtually the same, glue 
being merely impure gelatin, is a .sjnqfle 
matter enough. The uses of both glue and 
gelatin depend upon tlufir complete solubility in 
hot water, and hence it is evident that only .such 
dyes as po.ssess ecpial solubility arc .suitable for 
dyeing them. At the .same time any dye which 
has that property can be used, provided also that 
if the gelatin is to be used as food the dye is 
a non-poisonou.s one. 

Dyeing Soap. The dyeing of soap apj)ears to be 
merely an act of making a mccbanical mixture of the 
dyest uff and the soap, 'rhen^ is no chemical combina- 
tion between essential constituents of a soap and 
the colouring matter, such as oeenrs when vegetable 
fibres are dyed, and with animal fibres to a still 
greater extent. Nor is it closiralfie that such should 
ha ppen with soap. The dyes wliieh dye textile fabrics 
.substantively— that, is, without the intervention of 
any third .substaneo or mordant — do so by forming 
with the fibre a substance or subslaneea insoluble in 
the liquids which come into contact with the fabric 
under ordinary eireumslanees. It is evident that 
the formation of such bodies when soap was dyed 
woidd be quite out of place. A soap is not intended 
to be iiisol\ible in water, and all of it that goes to 
form a lake is wasted, besides forming an unjfieasant 
sediment in the water. For the same reason, the use 
of mordants is, of course, to be avoided in soap- 
dyeing, as their function is to form insoluble lalCi'« 
with the dyes. It is true that in this case there is 
no loss of soap, hut the objectionable sediment will 
still be there and will be very apt to stain the skin 
or articles washed with the soap. 
concluded 
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still takes in primitive peoples or in minds of 
the primitive type. There has been wide dis- 
cussion, that still persists, as to which form of 
primitive religion was really the first. It is 
impossible to discuss this matter here, but 
the controversy rages between those who insist 
that ancestor-worship is the primitive religion 
and those who iiusist that Nature- worship is the 
primitive religion. 

The Worship of the Dead. Ancestor- 
worship is, at any rate, an indisputable form of 
religion. According to Herbert Spencer, vrho 
based his theory upon very wide study of the 
psychology of the savage, religion took its first 
form in am'cstor-worship, which itself arose 
in dreams. As John Fiskc says (“ The Idea of 
God,” page fifi) ; “ No one has ever discovered a 
race of men devoid of a belief in ghosts. This 
belief may clearly be traced to the facts of 
dreams. Tlui savage, unlikes the educated man 
of to-day, makes no sharp distinction between 
the reality and validity of his waking experiences 
on the one hand, and the experiences of sleep — 
nam(‘ly, dreams — on the other hand. The con- 
templation of the facts of sleep, which to the 
observer suggest the absence of the informing 
inhabit ant of the body, and of the facts of dreams, 
which seem to prove that the inhabitant, while 
out of the body, may roam afar and then return — 
these gave ris(^ to what is, perhaps, the first 
speculative belief of the human mind— the 
belief in ghosts.” 

If now we consider the case of d(‘.ath, we shall 
see how the same thc()i*y is appli(’al)lo to it ; nor 
is it difficult to understand how the ghost of, for 
instance, a groat chief may bo regarded as still 
powerful an(l demanding obedience and respect. 
As to the absolute priority of this kind of belief 
as against a Ix^Iief in the f)r(^sence of informing 
spirits in tlie sun, the tre(*s and other phenomena 
of Nature, we may merely quote, without com- 
menting upon it, the argument of Herbert 
Spencer that surely a belief in the spirits of the 
dead — who have lived — must have preceded a 
Ixilief in spiiits of such an object as a rock ; 
this second belief would spring from the Hist. 

The Fear of the Dead. However that 
may he, we find this elimient of the worship of 
the dead in primitive religion, probably as the 
primitive religion ; and it is our duly lx?fore Ave 
go any further to rid ourselves of a vxuy common 
misc()nc(;j)tion as to its character. We rommonly 
think this form of religion as an rest or- worship, 
and t^iiis Avord suggests to us tlu^ naiiu^ of such 
a groat moral teacher as Confucius and the prae- 
tico of ancestor- worship as it may now he seem 
in China and .lapan. But avc? arc profoundly in 
error if we imagine that m(xlci-n aneestor- 
Avorship, moralised and Ixxxutified by the sIoav 
progress of the human mind, is one and the same 
thing as primitives aneestor-Avorshiji. J’hat tliero 
are beautiful elemesnts in the modern practices 
we all admit. We read esf simislo and noble 
Japanese cesresmonios, Avhicli, though avc may 
believe them te) be based upon erroneous beliefs, 
yet undoubtedly have fine e^lemcnts in them. 
But the primitive Avorship of the)se Avho had 
been poAverful in their lives was a thing aAvful 
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and horrible to contemplate. It had no vestige 
of a moral element. It was rooted in fear, and 
fear alone kept it alive ; it was not originally 
the worship by a given man of his OAvn especial 
ancestors ; it was simply the fear of those who 
had been dangerous and tyrannous in their lives, 
and Avho in their now invisible shape were more 
terrible than ever. In order to placate the feared 
departed, the living were burdened, were tor- 
tured in body and in mind, and untliinkahle 
thousands of men, women, and children were 
slain. 'Fhere has been no more horrible thing upon 
the earth than the beginnings of religion. Primi- 
tive religion contains no moral elements, but, 
on the contrary, constantly defies and denies the 
laAvs of lo\m and the 8an(;tity of life. It contains 
no elements of value to the intellect of man or 
to his sense of beauty. That anything good and 
groat should arise from su(’h ghastly beginnings is 
one of the great marvels, as it is, perhaps, one of 
the great li^ssons and parables, of human history. 

Nature-worship. The other form of 
primitiA'c religion is Nature- womb ip. Here wo do 
not Jisk Avhether it vv'as later than ancestor- 
Avorship, or earlier, or of independent origin. 
Of its essential superiority to the primitive 
Avoi’ship of the spirits of the dead — which, be it 
romemhered, avjis only a Avorship of the spirits of 
the dangerous dearl -there can bo no question. 
HoAvcA^er gross its supei'slition, it liad in it ele- 
ments which made for higher things, just as 
primitive anccstor-Avorship, as avo have seen, was 
capable of developing into such things as rever- 
ence for aged parents. Primitive nature- worslii]) 
began as a belief in the incarnation, so to speak, 
of active and more or less potent intelligences in 
the great material phenomena of the world around 
us. Its particular form depends, of course, upon 
the particular aspects of nature in various phwics. 
Th(^ mountain or the forest or the sea or the clilf 
may acquire special importance according to 
local circumstances. Certain great ])licn()mena of 
nature, hoAAeA^er, are common to all men, and 
chi(‘f among these are the heavenly bodies. The 
evident potency and majesty of the sun m.'wle him 
a more or less universal object of Nature-wqrshii) 
in innumerabh} forms. These take, of course, 
vai’ious more or less poetic; sha])es — poetic ima- 
gination being a veiy ancient attribute of man ; 
and, according to the measure of the individual 
Intel lig(;neo, the sun may be (xmeeived as himself 
a living god or as a fiery chariot Avhieh daily 
earri(‘s the sun-god across the sky, or, more 
philosoplii(;ally, as the symbol or sign of a god 
that is somewhere behind him. 

The Forms of Science. Or the former 
b(;lief may become still more subtle, as where, 
for inslanee, fire is conceived as the origin and 
regenerator of all things, and the sun is wor- 
shipped as the greatest visible manifestation of 
this (Tcative })t)wer. From the remotest ages the 
sun hjxs been an objo(!t of the worship of mankind, 
and it need hardly be said that the study of that 
single branch of comparative religion, which may 
be called solar myths, is a matter for endless 
A'olumes. 

In primitive religions wo find varying pro- 
portions of both of these primitive elements — 
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ancestor- worship and Nature-worship. That both 
arose in fear, there can be no question ; that it is 
difficult to observe in the beginnings of either 
much or anything that commands our respect 
can also not be questioned. Yet, as wo have 
seen that the worship of the dead is capable of 
vast elevation, so also we must recognise, even 
in the rudest forms of Nature- worship, the germs 
of philosophy and science. 

This last point must bo insisted upon. It is 
perfectly evident that the fear of the great 
phenomena of Nature necessarily involves an 
interest in them, and that this interest necessarily 
involves their study ; but this study, w'hilst, 
among other things, it will assuredly diminish 
the original fear, so also gradually reveals many 
aspects of Nature hitherto unsuspected. The fear 
of eclipses, for instance, leads to an interest in 
eclipses, and this to their study, until it is found 
that certain eclipses recur at regular intervals, 
^rhe fear has now vanished, and may well l>e 
replaced by a fine and all but religious wonder ; 
while there is slowly born the idea of natural law. 
In a thousand cases this process has occurred, 
until at last there is fully realised the idea, gradu- 
ally becoming familiar to our own iige, of the 
supreme unity and orderliness of Nature — and, 
therefore, of That of which Nature is only the 
manifestation. Thus it is not impossible to trace 
from Hide bcginnirige, even from the agonies of 
fear in the savage heart at nothing worse i>r 
more significant than a 8hadow% the gradual 
development of one of the sublirnost ideas which 
have yet found their way into the human mind. 

The Birth of Knowledge. Observe 
how this fear, and interest born of feai\ and 
stud}/ born of interest, and know'ledge born of 
Jttudy, affects the idea of God. When Nature 
was conceived as an awful coIl(H;tion of 
more or less independent powers, who might 
war among themselves, but all of whom domi- 
nated over man, then evidently was the age of 
polytheism. Only with the growth of knowledge 
was it possible for this to be replaced by the 
immeasurably higher idea of monotheism. This 
step in the development of religion lias unques- 
tionably been due to the growth of knoAvh'dgo. 
(’ontrary to the ordinary belief, science —which 
is the pursuit of truth — so far from being the 
enemy of true religion, is necessarily its best friend. 
Doubtless it has destroyed innumerable false 
religions, and that great work is not yet done ; 
doubtless the official exponents of those religions 
have had to suffer, and have soinetinu's honestly 
and sometimes dishonestly (rondemned the 
growth of knowledge as impious, and declared 
that there were things whioli we were not meant 
to know' — as, for instance, when it was an 
immoral and legally condemned act to make* any 
anatomical inquiry into the struct ture of the 
human body. But, on the other hand, it may 
assuredly be demonstrated that the growdh of 
any order of truth, while it involves the destruc- 
tion of falsehood, can never injure any other 
order of truth, but must, on the contrary, purify 
and help it. 

Hitherto, we have considered briefly the main 
aspects of the genesis and development of 


religion in general in terms of its beliefs. There 
are, however, two other great facts of religion 
as history reveals it; one is the relation of 
religion to morality, and the other is the fact 
of religious institutions, which, in the widest 
sense of the w'ord, may lie called Established 
Churches. And first, as to the relation of religion 
to morality. It is one of the commonest and 
mo.st erroneous of all popular beliefs that there 
is an essential relation bctw^ccn all religion and 
all morality. This belief dot's not withstand a 
moment’s refltitjtion or the observation of a 
single day. On the contrary, it is definitely 
known that w'hilst the gicater part of past 
religion has been closely assocriated with the 
most horribly immoral practices, religion at its 
birth had no relation whatever, essential or 
accidental, to morality. 

Morality is Older than Religion.. 
Furthermore, it is an indisputable truth that 
morality, just as it precedes any kind of religious 
idea in a tiny growing child, so is also immeasur- 
ably older than any religion, even if we grant, as 
we must, tliat religion is probably as old, or very 
nearly as old, as man himself. Tlie tigress that 
will give her life for her cubs ; the baboon W'hose 
case is mentioned by Danvin, and who, having 
gained a place of safety, returned, through his 
enemies, to rescue a little one that had been left 
behind —these are instances which demon- 
strate, what no one in the tw'ontieth century 
can dispute, that the beginnings of morality 
(;an be traced far down in the scale of animal 
life. The lowest of known vertebrates is tho 
fish, and among certain fishes there is found 
not merely maternal (rare — one of the oldest, tho 
noblest, and most purely moral things in the 
whole w'orld — but even a very much later thing, 
paternal care. Morality and religion have w'holly 
indcqiendcnt origins, love bi'ing older and stronger 
than any chiu'ch or any system of religious beliefs 
or practices that has yet expired, or has yet to 
expire, upon the earth ; W'hili^ we observe also 
that the association of morality and religion in 
more recent times furnishes promise of the most 
precious kind for both. Among all living stu- 
dents of religion, not in its histmical and com- 
parative aspects, but in its aspects as a great fact 
ill human life to-day, there stands out a sincere 
and noble and profound thinker, Professor 
Harald Hoffding, of Copenhagen. In his 
“ Philosophy of Religion” ho insists that past 
students have ])aid too much attention to the 
transition in the liistory of religion between 
polytheism and monotheism, and thal, as was 
originally asserted by Tiole, “ the transition from 
Nature religious to ethical religions is the most 
important transition in the liistory of religion.” 

The Gap Between Morality and Re- 
ligion. This is not to assert that before such 
a great transition occurred there was no moral 
elciiK'nt in religion. As Hoffding says : “ Since 
the worship of the family, of the clan, or of tho 
nation is shared in by all, it helps to nourish a 
feeling of solidarity which may acquire ethical 
significance.” In such a case, the fact of having 
common fears, if no more, may increase a man’s 
sympathy with his neighbour, which is the 
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beginning, the end, and the whole of morality ; 
but how tremendous is the gap between this 
stage, which may involve implacable hatred of 
those who have a different religion, and the 
command of Confucniis, that wo should do as we 
would be done by, or the final statement of 
morality in the words of Him who said, “ Bvit I 
say unto you, love your enemies, bless them that 
curse you, do good to them that hate you, and 
pray for them which dcspitefully use you and 
persecute you.” (St. Matt. v. 41.) 

Ecclesiasticism. There remains the 
necessity for alluding to a great world fact, 
which in modem terms is sometimes called 
Ecclesiasticism and sometimes Clericalism, With 
the birth of religion, or closely following upon it, 
there came the appointment or self-api)ointment 
of special individuals who had a .specual associa- 
tion w'ith it. This fact makes the })rimitive 
“ medicine-man ” one of the most interesting 
figures in liistory, as the evolutionary germ of 
churches on the one hand and of science on the 
other. In him the differentiation had not yet 
occurred. Such scientific knowledge as he had 
or pretended to liavc w^as one witJi such religious 
knowl<‘dgc as he had or pretended to have. 
He would transmit his pretended secrets, together 
with some small measure of real Nature-know- 
ledge, to his children or to initiates. IMms, there 
arises a priestly race or caste or class, in its 
remoter past the existence of this class, together 
with the institutions which it creates, and with 
its close associations with any other governing 
pow'crs that there may be - the union of Church 
and State h(‘ing one of the primitive facts of 
society, preced(?d only by a still more primitive 
stage in which they were identical — was by no 
means a wholly undesirable fac^t. 

Ecclesiasticism is not Religion. All 
students of primitive religion arc compelled to 
agree as to the disciplinary importancti of early 
religious institutions. The same is, of course, true 
ot early military institutions. Tlic record of war 
and of Eccl(‘siastieisiii is not a wholly pernicious 
one. They had their place and their function, 
constantly and closely linked, so that there was 
always the Ecclesiastical sanction for war which, 
when successful, of course increased the power 
and reign of the Ee(!lesiastical system. They 
made for the preservation and success of larger 
and larger societies, which at last could spare 
some of their own energies for their internal 
concerns, and thus made the first steps in the 
direction of civilisation. »Such propositions as 
th(ise are (juite distinct from any assertions as 
to the relations of Ecclesiasticism to essential 
morality. There is no essential morality in 
disci})line, for instance, any more than there is 
essential morality in obedience — which, in tlie 
history of man, has far oftener been vicious than 
virtuous. But such things as discipline and 
obedience, strongly aided by the Church with its 
secailar arm, have playcnl an apparently necessary 
part in the past devclopimmt of large societies. 

That there is no essential relation between 


matt-or or not really religion at all ; it is demon- 
strated by the fact that there have been and are 
unquestionably religious people who own no 
Ecclesiastical form or system ; and far more 
by the fact that the supreme religious figures of 
history have been supreme because they luive 
raised their brave and solitary voices against 
the established Ecclesiasticism of their day. 
By such Ecclesiasticism they have commonly 
been murdered. 

The Greatest Murderer in History. 

The actual record of the so-called religion which 
establishes itself as a human institution is one 
of the few unmitigated horrors of the past. 
Ecclesiasticism has initiated and carried on 
countless unnecessary wars ; it has made number- 
less martyrs ; it is the greatest murderer in 
history ; its murders have taken many forms, 
whether those of human sacrifices to a fetish 
in the heart of Africa or the burning of witches 
in our country only a century or two ago, or 
the burning of such great philosophers as 
Giordano Bruno, or the poisoning of Socrates, 
or the throwing of Christians to the lions by 
Roman Plcclcsiasticism, or the murder of tens 
of thousands of Christians by Christian Ecclc- 
siasticism. Catholics by Protestants, Protestants 
by Catholics, C-hristian missionaries by African 
head-hunters, or brave and faithful savages by 
a militant (liristianity. Religious persecution 
has been initiated by all forms of Ecclesiasticism 
in all ages in precise proportion to their power. 

Churches have at times displayed an interest 
in the advance of knowledge within duo 
limits. Sincere and honest thinkeis have freed 
their souls, even while their bodies still wore 
the garments of one Ecclesiasticism or another. 
1"hcir reward has been the reward of Bruno. 
Ecclesiasticism, however, has nov(*T desired to 
share its knowledge with the people. In its 
own interests it has always desired to teach 
the people ct^rtain things — namely, suc^h things 
as make for its own inti^rests. To the growth of 
knowledge outside its own limits, and indepen- 
dently of its sanction, Ecclesiasticism, whether 
as Feticliisiii, or wlien taking to itself the noblest 
Name named of men, has necessarily been, and 
must continue to he until the hour of its death, 
an implacable foe. 

The Dying Empire of Ecclesiastic 
cism. There is no historian of human know - 
ledge hut lends his testimony, willingly or 
unwillingly, to this most shocking truth. 
E(;clesiasticism, however, is dying, and that 
rapidly. All over the world its empire can be 
seen to crack from day to day. If its almost 
measureless past be gazed upon, and its past 
potency, w-e may recognise that it is as good 
as dead. The immediate problem which faces 
mankind, and especially those who love tlie 
great religious truths, is as to how this noisome 
corpse is most decently and expeditiously to be 
buried. Tliereafter these words of John Ruskiri 
may he men’s guide: “For there is a true 
C-hurch w^hcrever one hand meets another hclp- 


Ecclesiasticism and religion is evident directly 
we grasp the idea that ndigion is eit her a personal 


fully, and that is the only holy or Mother 
Church wdiich ever w^as, or ever shall be.” 


Continued 
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The Characteristics of Good and Cheap Binding's. Sewing* with Cords and 
Tapes. Covering and Tooling. The Attractive Trade of Book-publishing Following 


BOOKBINDING 

By F. Sangorski and G. Sutcliffe 

B efore entering upon the technical details of 
bookbinding, it will be advisable to give an 
explanation of the composition of a book, and of the 
sizes in which books are made. A book is printed 
on sheets, and the size of these sheets and the 
number of times which they are folded decide the 
size of the volume. The sheets are generally used 
in the following sizes : Foolscap, 17 in. by 13 J in. ; 
medium, 24 in. by 19 in. ; crown, 20 in. by 15 in. ; 
royal, 25 in. by 20 in. ; post, 19 J in. by ISJ in. ; 
super-royal, 27 in. by 21 in. ; demy, 22^ in. by 
1 7 J in. ; imperial, 30 in. by 22 in. 

When the sheets arc folded once they make a 
folio-sized volume ; twice, quarto (4to) ; three 
times, octavo (8vo) ; four times, 16mo; and live 
times, 32ino. 

A book is said to be a “ crowm 8vo,” or a “ demy 
8vo,” when sheets of “ crown ” or “ demy ” size 
are folded three times. When folded, each sheet 
is called a section, and consists of the number of 
“ leaves ” into which the sheet has been folded — 
an 8vo volume having, for instance, eight leaves 
in each section — each leaf consisting of two 
])ages. The top edge of a book is termed the 
head, the bottom edge the tail, and the front edge 
the fore-edge. 

Bookbinding is divided into three branches — 
sewing, forwarding, and finishing. With sewing 
are included all the processes which ultimately end 
in the sewing of the sections together. Forward- 
ing comprises the processes which comjiletc Ihe 
binding of the book ; and finishing, the processes 
which result in the decoration of the binding. 

Machine Binding. The demand for inexpen- 
sive binding, brought about by the inerensc in 
cheap literature, has led to the introduction of 
machinery into the craft. With publishers’ cloth 
bindings, the ])rocesses from beginning to end are 
carried out by machinery. But though by this 
moans cheap work is jiroduced, it is usually at the 
expense of the quality of the binding. If tin; 
best w'ork be re(|uired, it must be done entirely by 
hand, with just the aid of such ap])liances as have 
been in use almost since the invention of book- 
binding. As, however, there arc now so many 
books that are not worth the ex])cndituro necessary 
for the b(‘st binding, the use of machinery is com- 
pulsory ; but a method should be adopted that 
will allow the use of machinery without seriously 
damaging the binding. The essential reijuircmenta 
of a soundly constructed binding are: (1) All 
sections broken at the back should be mended, 
and all loose leaves and plates secured to the sec- 
tions with a guard ; (2) the book should be sewn 
on at least five cords or four tapes, which should 
project from the backs of the sections : (3) the 
boards should be firmly attachetl to the book, 
all the cords and tapes being interlaced into the 
board ; (4) the leather should be directly attached 
to the back ; and (5) all materials used should be 
of sound quality, uninjured during manufacture. 

With the exception of the cheajiest work — 
cloth binding — there is no reason why all these 


requirements should not be met ; but owing to the 
demand for a showy exterior at a low price they 
are not usually considered by the modem binder. 

Modern Cheap Binding- Usually, if the 
sections are broken at the back, the practice is to 
cut off a ]>iece of the back, thus making the section 
into single leaves, and to sew these leaves together 
in the manner shown in 1 A. This is called over- 
casting, blit a section so sewn together will always 
be liable to break away from the rest of the book 
and will never ojien freely. 

With sewing, the cords, instead of projecting 
from the back of the book, are sunk into the 
sections, saw cuts being made in the back, the 
level back thus obtained enabling the book to bo 
backed by machinery. But the sewing is not nearly 
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as secure, for instead of the thread passing round 
the cords as st*cn in 1 C, it merely passes across 
them as in 1 B ; and if broken, the probability 
is that the section will come out. 

All books that are to be backed by machine 
should be sevTi on tapes. The sewing is secure 
fl D], and the tape does not make sufficient pro- 
jection to ])revent the machine being ii.sed. 

Too thin a cord is generally used, and often two 
are cut off, and only the remainder interlaced into 
ihe board. 

The sinking of the cords prevents the book 
0 ]>ening well, and to get over this to some extent, 
the leather is not attached to the back. A hollow 
casing made of brown pajv^r is glued on. and the 
leather attached to this. The leather is attached 
to the hoards, and the boai’ds to the book merely 
by the cords laced into them : i^onsequently, all 
the strain of opening and shutting the book is 
placed on these i‘ords, and they often break away, 
the book then coming away from its cover. If tho 
leather is stuck dircidly on the hack, it a.^sists the 
cords in attaching the cover to the book [16]. 
The cords have been sunk into the book, but as the 
public have been accustomed to see the projections 
on the back made by the cords, false ones are 
stuck on. 

Good Inexpensive Binding. For the 

best binding tho hook should be sewn on cords, 
and meet all the requirements W'e have men- 
tioned. If the question of expense has to be con- 
sidered, the decoration should first be disoarded. 
After that, leather being needed principally on 
the back and corners, only these jxirtions need 
be covered with leather, and the remainder with a 
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TOOLS AND APPLIANCES USED IN BOOKBINDINO 

2. Puri n;,' knife ;i. Fnliler 4. Kiio<’kin;t ciowii iron f». Triiidle l». Bniid-nipper 7. Flih t S. Polisliiiijr iron !i. Bodkin 10. ARjite biirnit.hcr 
11. llloodHtono bnrul>(luT 12. OriKiineirtH Kl. Sheets for fold iix 1 1. Stand iii(t -7. Sewing-key l.'i. Pr^•H^ with plough and pin 10. (Jorreet and 

ordin.trv binding 17. FiniMliing press 


less expensive material. Tliis is what is called 
“ h.alf binding.” For a further reduction the book 
should be sewn on tapes, and by this means an 
inexpensive and durable binding can be obtained. 

Following is a list of tools an<l a})])liances neces- 
sary ; Standing press; sewing ])res.s 1 14 1 ; sewing 
keys (14 A] ; bloodstone burnisher [11]; agate 
burnisher (10]; 8({uare ; band slick; tenon 
saw; trindle.s (5] : bodkin [9); prc.ssing boards; 
cutting boards; backing boards; nickel jircssing 
plates ; set of letters, dots, rings, punches, leaves, 
floM'ers, gougfis, straight lines, and other orna- 
ments [l2j; press with plough and ])in fl5|; 
jiaring stone ; paring knife |2J ; hnnimcr ; folders 
13 1 ; gdue pot; compasses; band nippers (6|; 
knoeking-dowii iron [4[; gold cushion and 
knife; pressing tins; millboard .shears; finish- 
ing press (171 ; finishing stove ; fillet [71 ; polish- 
ing iron (8!- 

Jf the book is received in sheets, these sheets 
have to he folded. We will su])posc they are to be 
folded three time.s, making an Svo volume. 
The sheds are lettered Hljdiabctically in one of the 
eornors [13]: these are called idgiuiiurvfi. Usually, 
.7, V, and \\ are omitted. The sheids are placed in 
al])habetical order with the signatures in the 
right-hand bottom corner. The first sheet is turned 
over, so that^ the signature (;omes f;iee downwards 
on the left-hand bottom corner, and is folded in 
half from right to left, care being taken that the 
printing corresponds. A folder j3l is used to crease 
the fold. Pages 2 and 3 will now face. The top 
right-hand corner is tlion folded, and ]»ages 12 and 
13 will face. Folding in half, so that S and 0 face, 
completes the folding of the first section. The 
remainder are folded in a similar manner 
Washing Stained Sheets. Any stained 
sheets are washed in the following manner: An 
ounce of permanganate of j)otash i.s dissolved in a 
quart of slightly warmed water. The stained 
sheets are put into this solution for about an hour, 
causing them to turn a dark brown colour ; they 
arc then taken out and washed in clean water. 
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One ounce of sulphurous acid is put into a pint 
of water, and the sheets washed in this until all 
the stains have disappeared. Ihcy are again 
washed in clean water, and hung up on lines to 
dry. When dry, they are sized by dipping them 
into a solution of one ounce of isinglass di.ssolved 
in a (juart of water, applying heat and again 
hanging up to dry. If the sheets arc too white 
when taken out of the acid, the size is slightly 
tinted with tea, coffee, or any other staining fluid. 

MaXing Endpapers. When all the sections 
have been made sound anti the plates guarded on, 
endpapers arc made. Th(‘y arc at tached in the follow- 
ing way. Two folded sheets of white paper, similar in 
tone to that on which the book is lainted, and a folded 
sheet of eoioui-cd i)aper, arc re(|uired. 3’ho coloured 
sheet is pasted on to one of the white sheets as 
shown in 18 A. When dry, the white leaf marked 
” waste sheet ” is folded over one coloured leaf, 
and the other white leaf folded back ovtt the 
remaining coloured one, as in 18 B. The other 
folded sheet of white is then inserted where marked, 
and the end ])aper is sewn on to the book through 
this. 1’hc waste sheet is for the purpose of ])rotocting 
the end papers during the binding, and is torn out 
wdien the end])ai)ers arc finally pasted down. 

If a leather joint is used, the end])apors would be 
» cc made uj) in 

— --- the following 

’ manner. A 

white sheet is 
folded as in 
18 0 , and the 
coloured fly- 
leaf, leather 
joint, and 
waste sheet, 
are pasted on 
18. ENDPAPERS to this as in 

18 D. A folded 

sheet of white is inserted, thus completing the end- 
pajK'r, which is sewn on in the two places marked 
in 18 I). The endpapers are placed in their positions 
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at either end of the book and then tins covered 
with l^aper arc placed between every three or four 
sections aftd the book placed in tlie standing press 
for about twelve hours. 

The positions of the cords or tapes on which the 
book is to be sewn arc then marked up on the back. 
"J’he book is knocked u]) square at the head and 
held in the lying press between a pair of pressing 
boards and tlie back is divided into six divisions. 
Fiv^e of these are made ecpial and the tail one 
slightly longer. On the five points thick ]ieneil lines 
are drawn across the buck. If ta{)es are used for 
sewing four are usually sufficient and two lines are 
jnarked for each ta])e. A slight saw cut is then 
made at the head and tail about half an inch away 
from the edge, and the book is ready for sewing. 

Sewing the Sections Together. The 
hook is sewn on live cords ; the number sometimes 
varies with the si/c of the book, but live is the 
nmst usual ; the thickness of tin* cords also varies 
according to ilie size of the volume. Five loo]>s arc 
made of ordinary string over the crossbar of the 
press ; these are callccl lay cvrds^ and are used 
repeatedly. To these loops are attached the cords 
on which the book is to be sewn, which are then 
passed down through the slit in the bed of the frame 
and fastened by moans of keys 1 14 ]. 

The book is laid down on the bed of the ])ress 
with the l)ack against the cords, which are moved 
into position so that they correH])ond with the lines 
marked on the back of the book. Tlio cords are then 
tightened by screwing up the crossbar. 

The end])apcr is first sewn, the needle with thread 
or silk being passed into the section at the head 
and round each cord in turn and brought out at the 
ta-il [1 Cj. The first sheet is then sewn from tail lo 
head in the same way, anrl the silk is tied to tho 
loose end hanging from the endpaper. Another 
section is sew'ii on and the needle is inserted between 
the 2 )revioii.s sections and catches iqi (he silk (hat 
joins them; (liis is called a kettle >stiteh. The re- 
maining sections and endpaper are sewn on in 
(he same way, the silk being fastened o(T at the last 
kettle stitch W'ith a double knot. The cords arc 
kxjsenerl, by lowering tho crossbar, and arc cut off 
about in. from the book ; the loose ends arc then 
frayed out with a bodkin. 

If the book is to be sewn on ta])cs, the tai)es are 
set up on the sowung frame as with cords. The 
sewing is done as described above, with (he excep- 
tion that, owing to the width of the tape, the thread 
j>asses out and back into the section again at dilTcrent 
[joints instead of jjassing out and in at the same 
point as Avith cord sewing [1 1)]. 

Gluing Up, Rounding and Backing. 

The book is placed in Ihejiress w ith a piece of mill- 
board on each side, and tho back is ixlned. AVhen 
the glue has set (he book is laid down on its side 
and half of the back is rounded over with a haunner, 
it is then turned over <a ml the other half rounded. 

Backing is sharply emphasising part of the sw'cll- 
iug caused by the thread 
used in sewing, by com- 
l)r(‘ssing the book near the 
back and beating the back 
of the sections, one over the 
other, making a sharp ridge 
^•gainst w'hich the cover w'ill 
be. Placed botwoen a [xiir 
of backing boards with the 
back [Projecting slightly 
above tlic boards^ the book 
is low'erod into the lying 
press. AVith a hammer the 


sections are then beaten one over tho other, starting 
from the centre and going over equally on either 
side. The two outside sections are well beaten 
over the backing boards, for this makes a sharf) 
groove for the boards to lit 1 19]. 

Preparing and Attaching the Boards. 

The best material for the boards is millboard owing, 
to its toughness and thin substance. Two pieces 
are cut with the millboard shears about a quarter 
of an inch larger all round than the book. The 
edges that are to go to the back of the book arc 
then cut smooth in the lying [press with the plough. 
The boards are screwed up in the [press with the 
amount that has to be cut off [jrojecting above the 
bed of the [Press. The knife in the plough (ravels 
backwards and forwards level wuth the bed of the 
press, and whatever projects is cut off. 

The boards are then each lined on one side with a 
piece of wliifc pajper pasted on. Two other [pieces of 
paper, double the size, are pasted and the boards 
covered w'ith these on both sides. The extra lining 
of [>aper on one side will cause the board to war[) 
that way, and this side will be placed against the 
book to counteract the pull of the leather which will 
ultimately be [pasted on the other side of the cover. 

The boards whcn*drv arc cut to the size required, 
with the press and [plough, and are then attached to 
the Ipook. One board is laid in [position on the book 
and a line is drawn on the board from tail to head 
about half an inch from the back. Lines are then 
drawn from the cords to this line. On these cross 
lines small A^-shajpcd pieces are cut out of the boards 
to allow the cords to sink in level when laced, 
and holes arc punched with a bodkin at the points 
w'hore tho lines meet. TIkp boards are then turned 
over and holes are [Punched about half an inch 
from the [previous ones. To attach the boap’ds the 
slips arc pasted and passed through the liok'S first 
jnado and then back through the other holes. They 
are then drawn tight, tapjped with the hammer to 
fix them, and the ends cut <p(f level W'ith the boards. 

If the })0(pk is sewn on tapes tlu^ selvedge of tho 
ta[pe is cut off and the tape can (hen be^ frayed out 
and interlaced, like a cord. When both boards are 
attached the book is put in the lying [press, with 
the back projecting slightly; it is then pasted to 
moisten the glue on the surface, which is scraped (pff 
with a folder. The ciprdsare ni[p]Ped u[p and straight- 
ened with the hand-nip[HM‘K, tins are put on Ipoth 
sides of the hoards, well u[p t(P the groove, and the 
bo<pk is left in the staiuling [press, tightly scrcw'od u]p, 
for about twelve hours. 'I'lie knockiiig-dowu iron is 
then screwed up in the [press, and the slips hammered 
down until (hey arc impressed level with the board. 

To cut the to]p c<lgc the hook is screwed u[p in the 
lying [press with the back to the worker, the front 
b<pard Ix'ing lowcit'd just the distance required for 
the “ s<[uare,’’ and the edge is cpit with the j)lough 
[15]. Tin* tail is next cut in the sanu* ippanncr. 

For cutting the fore-(*dge the e<lgr has first to ho 
made flat hy inserting triiidl(*s fS] hetw'cen the 
bo<pk and the Ipoanls aeross (he back. A cutting 
board is placed on each side and held in [place while 
the trimllcs are rcnupvotl. The lpo<pk is th(‘n Icpwered, 
with the boards harpging d<pwm, into the press and 
the edge rut with the plough. 

Gilding Bdges* The back is knocked flat, 
and a cutting board [placed on either side of the 
leaves, level wu’th the fore-edge, and the book is 
[Placed in the press. The edge is scraped and finely 
sandpapered. A [Paste, made of [powdered rod 
chalk and water, is ap[plied to tho edge with a s]pongo 
and polished with a hard brush. The edge is then 
painted with a preparation of the white of an egg, 
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beaten up and diluted with water, called glaire. 
The gold leaf is cut into strips the width of the edge 
and applied to the edge with a soft flat brush. The 
book is left to dry and the edge finally burnished 
with a flat bloodstone burnisher. The other edges 
are gilt in a similar manner. The edges can also be 
stained. Water stains answer the purpose, and are 
applied to the edge with a soft brush, the edges being 
afterwards burnished with an agate burniUier. 

Headbanding. Headbanding is the stitching 
on the head and tail of a strip of vellum, gut, or 
cord, to make a similar projection from the back as 
is made by the boards projecting beyond the edges 
of the book. As a book is usually pulled out of the 
bookshelf by the headband, it is important that this 
should be firmly attached to the book, and one that 
is made on the book is far preferable to one bought 
ready-made and stuck on. 

The boards are lowered level with the edge of the 
book hold in the lying press or ])lough, and a needle, 
threaded with silk, is passed into the edge and out 
at the back below the kettle stitch. Half the silk 
is drawn through, and then the needle is again 
inserted and drawn out. The silk now has made a 
loop into which a strip of vellum, slightly narrower 
than the “ squares,” and a little longer than the 
width of the book, is placed. The silk is drawn 
tight and a pin inserted in the edge at the left-hand 
side, behind the vellum, to keep it in position. The 
needle end of the silk is brought over the vellum and 
the other end crosses it and goes behind. This end 
is then brought over and is crossed by the needle 
end. The headbanding is continued in the same man- 
ner, being fastened down to the book about every 
quartor-inch. To do this when the needle end is at 
the back, it is brought over the vellum and inserted 
into the book and out at the back, and the head- 
band is then proceeded with as above. To finish it 
off, the needle end is inserted into the book twice, 
and the other end then pressed behind, and bolli 
are cut off, leaving short ends, which arc frayed out 
and pasted down to the back. Tlie ends of the 
vellum are then cut off. 

This kind of headband would be too expensive 
for the cheaper bindings. In their place the leather 
at head and tail can be turned over a ])iece of string 
when covering. 

Leather for Bindings. A’arious kinds of 
skins are used in bookbinding, chief among them 
being those of sheep, oxen, calves, goats, and pigs. 
Sheep skins are cheap, and, when not subjected to 
hard wear, last well. Those classes of skins tanned 
in India, and known as “ Persians,” both shcc]> and 
goat, have little durability. (Jalf skin, although 
capable of receiving a beautiful finish, does not wear 
well. Ox hide, has to be reduced so much in sub- 
stance to bo fit for binding books that the greater 
part of its strength is lost. Gnat skins furnish 
” Morocco ” leather of several kinds. Of these, the 
finest is that of the Cape of Good Hope, known when 
finished as “ Levant Caj)e Goat ” ; it has a bold, 
natural grain, and is perhaps the most beautiful 
leather for bookbinding. Pig ^kin is very durable, 
and is best adapted for large work. A leather 
which has great beauty and strength is made from 
the Greenland seal, but much depends on its 
preparat ion. 

In cutting out the leather a piece of paper is 
first cut to the size of the leather required, and 
the leather is then cut to the size of the proper. 
The leather requires thinning (termed paring) in 
several places : ( 1 ) where it is turned in, to enable it 
to turn neatly over the edges of the hoards ; (2) 
where it M'ill go over the back, to allow the cords to 
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1^ sharply emphasised ; and (3) where it will go in the 
joints, to enable the boards to open freely. 

As there is a double thickness of leather where 
it is turned in on the back, it is pared especially 
thin there. The cover is marked in pencil to show 
where the paring is required, and is laid on a 
smooth stone and pared with a knife to the 
nocossnry degree of thinness. 

Covering the Book. Before covering, the 
edges of the book are “ capped up ” to prevent 
damage from the paste used in the process. Two 
pieces of thin celluloid are placed on either side of 
the book itself, which is then completely covered up 
with paper. Small pieces are next cut from the 
back corners of the boards to allow for the leather 
being turned in there. 

The leather is well pasted, the book, closed, is laid 
down in the place marked for it, and the remainder 
of the cover is drawn over the back and the other 
side. The book is then stood on its fore-edge, and 
the leather pressed from the back towards the fore- 
edge. The leather is slightly damped on the back 
with water, and the bands are nipped up with band- 
ni])pers. The cover is next smoothed on the sides 
and the leather is tiirned in over the fore-edges of the 
boards and smoothed down with the folder ; finally, 
the cover is turned in at the head and tail. 

At the corners the leather meets at an angle 
of 45'’, and the surplus is cut off with scissors just 
above the board, and one edge of the leather is 
lapped over the other. A piece of thread is now 
tied tightly along the joints passing across the head 
and tail, and pressing the leather in where the back 
corners of the board have been rut aw^ay. 

The bands are again ni])ped up, and the leather 
between the bands well rubbed down with a band 
stick. Finally, the cover is S])ongcd over with 
water to remove any ])i\ste that may have got on 
the book, and, with a piece of paper on each side, 
the book is placed between a pair of ])ressing boards 
and left for at least twelve hours. When the 
leather is set, though not actually dry, it is trimmed 
on the inside of each board. 

Half Binding. If the book is to be half 
bound, the processes are just the same up to cover- 
ing, and then only the back, about one-third of the 
sides, and the corners are covered with leather. 

The ])roportion between the back, corners, nid 
the remainder of the sides can be seen in 20. The 
dotted lines A and B should be 
of the same length. When dry, 
the leather is trimmed straight 
at the back and corners, and 
the material for the side is cut 
out. This is usually either 
j)ai)er, cloth, or buckram. It 
is cut to the shape shown in 
20, and then glued on, the 
edges being turned in over t he 
edge of the boards. With the 
cheaper bindings, the corners 
are sometimes omitted, and it 
is then called a quarter binding. 20. HALF BlNDlNtJ 

Pasting Down Endpapers- The wavste 
sheet is torn out and any pieces that remain in the 
joint arc removc^l with a knife. The inside edge of 
the board is then sandpapered or scraped with a 
knife to remove any glue or paste that may have 
adhered. The width of the margin of the leather 
is then taken with a pair of dividers, the pasting- 
down paper drawn over the board, and the measure- 
ment marked off all round on the paper. A tin is 
then placed on the book and the paper laid down on 
this, cut round with a knife, and pasted down on the 
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board. It is rubbed down through a pieee of waste 
paper, particular attention being paid to tlie joint. 

Finishing and Decorating. Toolinfj is 
the usual method adopted for the decoration 
of leather bindings. It is divided into two classes 
— ‘‘gold tooling” and “blind tooling.” Finish- 
ing tools arc made in cither brass or steel, and 
have surfaces cut in the forms of lines, dots, or 
engraved with ])attern (121. For long lines a fillet 
is used. This is a wheel with an edge cut to the 
thickness of the line re((uired [7]. 

If an elaborate jiattern is required, a thin, tough 
paper is used for a working pattern, slightly pasted 
at the corners, and placed in jiosition on the cover. 
Then all the tools of which the p:ittern is made up 
are heated and stamped in through the paper. A 
pad of wet cotton-w’ool is kept close by, and the tools 
are used when they just cease to hiss on the wool. 
They are held in the right hand, and wlicn striking, 
the tool is guided into its jilace with the thumbnail 
of the left hand. 

If the pattern is to be in blind tooling, the leather 
is damped and the tools again stamped in. The 
heated tool coming in contact with the damp leather 
makes a rich, dark impression. 

If the pattern is to he in gold, the leather is washed 
with vinegar, and when dry, the iiiqaessions are 
painted with glaire, very slightly diluted Avith 
vinegar. When the glaire is dry, the gold leaf is cut 
into pieces of a convenient size to lay on, the 
leather is slightly greased with a piece of cotton- 
wool and vaseline, and the gold is picked nj) with 
another })iece of wool and laid on the pattern and 
firmly ]>reased dowm. The])atlern should be clearly 
seen tbrough the gold, and the tools are now stamped 
in again. When all the pattern has been inqu-essed, 
the siiiqdus gold is rubbed off, leaving just the gilded 
impressions of the tools. 

The book is then placed in the press, with tins 
on tin; inside of the boards, and nickel plates on 
the outside, and slight pressure is a])])lie(l ; this 
causes the boards to close pi ojicrly, and completes 
the binding of the book. 

PUBLISHING 

The publishing of hooks is admittedly one of 
the most attractive trades to which a young 
man can turn his attention. Fven old men are 
U*.mj)ted to .set up as ])ublishers by the general 
notion that it is about tlie most lucrative business 
in which one may engage, 'fliis latter is, now', a 
mistaken idea, whatever reason then^ may have 
been for it in the past, and certainly a review of the 
fortunes made in ])ublishing w^ould go far to sup- 
port the proposition that it is a ])aying business. 
The shrewd Scotsman who founded the house 
Murray in the year 1708 had been in the Navy, aiul 
was induced to tun? publisher because he observed 
” many blockheads ” w'cre then “ making fortunes ” 
in that very jdeasant (uaMipation. Modern com- 
petition has long since, made it imjiossible for any 
but the most resourceful of men to succeed in the 
world of publishing, and only a few businesses, which 
exist very largely on their old rcjiutations, can bo 
conducted on the easy methods of half a century ago. 
There is undoubtedly no room for blockheails to- 
day. In point of fact, after newspaper jmhlishiiig, 
there are few businesses in which one can more 
speedily get rid of a considerable fortune than in 
book-publishing. To secure any substantial succos.s, 
a large capital investment is absolutely es.sential, 
and this none the less when it is associateil with 
brains and intimate knowledge of the trade. 


Value of an “ All«round ” £xperi« 
ence. There is, of course, a “royal road” to 
publishing as to most other trades, although our 
moralisers may deny this. But few of us are in the 
position to follow the royal road, and have, instead, 
to take the toilsome way which, in the end, is likely 
to be more solidly successful, and may, on the whole, 
by honest endeavour, be. made as pleasant. If w'c 
cannot, by paying a substantial fee to some 
juiblisher for the jaivilcge of receiving an insight 
into all his dcj)artmenls — as so many Germans do 
nowadays in London — we must needs begin at the 
bottom of the ladder. Naturally, the earlier one 
enters the trade the better. We know one of the 
most successful of the younger publishers who 
practically went through every deyiartmeiit, be- 
giiuiiug as a shop-lad in a. large wholesale firm 
of distributors, with his mind constantly set on 
liceoining a book-publisher. As Ik^ had realised his 
ambition before he was thirty, it will be seen that, 
given sufficient ])ertinacity and resource, even 
the humble sho]).lad may look forward to seeing 
liis name as the imx)rint of thousands of books 
some day. 

In all the leading ))rovincial cities there are large 
firms of wholesale dealers in any one of which invalu- 
able experience may be olitained, provided always 
that one enters their service early enough — say, from 
fourteen to sixteen years of agi*!. By passing through 
tlie various departments in a largo wholesale house, 
tlic Town I)c))artment, the (Vinntry, the Postal, 
the Stock, and other departments, a thorough 
knowledge of a most imjiortant side of the pub- 
ishing business may be obtained. One might 
come somcwdiat later to the wholesale trade, if one 
had ])reviously secured some experience in a retail 
booksellers [see Booksktxixi!, jiage 101)6], and, 
indeed, this would be a wise course to pursue. 

The Producing of Books. But after 
everything has been learned, both in the whole- 
sale and ret-ail, there would still remain the 
most important kmiwlodgi? of all to be acijuired — 
namely, the inanufaidmv of books. The book- 
seller and the wholesaler only come in after the 
]ml)lisher has done his work. It is by no means 
usual that one man should have cx])crHuic(‘ in every 
detail of the trade from the jiroducing to the selling 
of books, and in every publishing house in the 
country there an‘ many cnqiloyccs who have served 
for years, and arc content to serve, in some jiartiou- 
lar department without accjniring a. general know- 
ledgeof the trade. Indeed, such men necessarily form 
a majority of those engaged in the business, but 
it is not from such that successful ])ublishcrs arc 
made, and iiolbing is more fatal to j)romotion than 
remaining too long in any one department. 

Ilcforc turning to the consideration of the actual 
business of a ])ul)lislicr, wt should jioint out that 
most valuable experience can be obtained by 
engaging as travelliT with a. wholesale house 
Of course, every jmhlisliing lirm rd any standing 
cmj)loys a number of travellers from whose ranks 
many of our most successful jaiblishcrs have risen. 
We have })refcrn‘(l to mention the great wholesale 
houses lirst, as these arc not conlined to l^ondon, 
w'hcrcas, excej)ting a few^ notable linns in Edinburgh 
and (dasgow, there are practically no important pub- 
lisliing houses outside of London, 'fhe jirovincial 
youth has thus to turn his attention — in the first 
place, at least — to the wholesale distributors and 
the large booksellers, who very often do a small 
amount of original })ublishing. 

London is essentially the Mecca of publishing, and 
the young man W'ho is ambitious of becoming a 
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publisher will do well if he can secure an engagement 
with a London publisher when he is about twenty 
years of age. 

The Young Publisher’s Progress. 

Assuming that ho is determined to be no mere 
employee in a department, but has set his mind 
on a managerial post at least, wo shall suppose 
him to have had, first of all, a reasonable 
knowledge of English literature [see Litkraturi?], 
and if he gives evidence of any. literary taste and 
judgment, he will not find it difficult, after he has 
spent some time in the Costing Department, where 
he will have become familiar with the cost of pro- 
ducing a book and the various qualities of material 
used, in getting into the Production Department, 
the scope of which varies greatly in accordance 
with the importance of the firm. Here the duties 
consist of keeping account of all accepted MSS., 
arranging with the printers for specimen pages, 
and estimating the size of books, deciding upon the 
stylo of title-pages, bindings, general get-up, and 
proof reading. It is, in a word, tlio department in 
which all the i)ractical detail of production occurs, 
from which the MS. of a book is handed to the 
printer, and from which the first completed book 
is handed over to the manager. In the smaller 
firms this department is concerned also with draw- 
ing up the spring and autumn catalogues, but 
in the large houses that important part of a pub- 
lisher’s business usually falls to the lot of the 
Publicity Department. 

It will be gathered from our qualifying references 
that it is very difficult to speak of the publishing 
trade in general terms. There are many publishers 
earning a good livelihood who cmj)loy no more than 
half-a-dozen assistants, and unite in themselves all 
the different departments wc have mentioned. In 
fact, it is no bad plan for a young man to attach 
himself to ono of these smaller ])ublishers, as the 
variety of work which will fall to his share every day 
w'ill result in his acquiring a very good knowledge of 
the trade more sj)cedily than it could bo acquired 
in one of the larger firms. 

The WorR of the “ Literary Adviser.” 
The office routine of a large publishing house is, 
of course, very much the stime as that of any other 
business, but the young man who lias shown 
sufficient literary ai>titude to be placed in the 
Production Department is fairly certain to bo 
employed sooner or later in tlie reading of MSS., and 
in consultation with the manager preliminary to the 
acceptance of a work. The “ literary adviser ” 
used to be a somewhat mysterious person who read 
all the MSS. received, and supjilied reports as to 
their literary qualities and (he likelihood of their 
success. He was sometimes himself a distinguished 
novelist, wdio thus eked out some extra income by 
giving what was very frequently the most misleading 
advice. This old-fashioned type of adviser is 
disappearing. The successful publislier of to-day 
depends hardly at all upon the unsolicited MSS. 
he receives. They are read and reported on as of 
old, but his reader, if he himself does not do the work, 
is more likely to l)c some alert person with the real 
journalist’s knowledge of w'hat is calculated to 
interest the public, and it will be found that he or 
the publisher himself will be the first to think of 
most of the books they will publish. As a matter 
of fact, the ideal publisher, or literary advisor, is 
essentially an ideal editor. The editor of a success- 
ful magazine has a certain public, or perhaps several 


publics, in mind when he sits down to plan out liis 
next number. In order to secure an attractive 
programme, he will ask a certain number of dis- 
tinguished writers each to contribute a story of a 
certain kind and a given length. He will arrange 
so many articles to suit this section or that section 
of his readers, and he will ask certain wrriters to 
prepare them. He will then decide how many pages 
each is to occupy, including illustrations, and will 
carefully choose the artist who can best do the 
different kinds of pictures he requires. Hence, 
although ho may receive 200 MSS. per week, he will 
seldom retain more than two, and nothing but the 
fear of missing a good article by an unknowm writer 
induces him to wade tlirough the MSS. Now, if for 
stories and articles we substitute novels and books 
of biography, travel, and general literature, the pub- 
lisher is engaged in precisely the same work as the 
editor. This indicates that one may come to publish- 
ing through editing; but, of course, for such a one 
the SEr.F-EDUCATOR is hardly likely to bo a guide. 

“A Genius for Publishing.” It is 

unnecessary hero to dwell upon such technical 
details as the ar?’angement of a book, tho various 
sizes of p>aper, types, illustrations, printing, and 
book-binding. All those matters are dealt with in 
other parts of tho present course, and with thorn the 
beginner in book production must neces.sarily and 
sjx^edily familiarise himself. In the little space that 
remains to us we must confine ourselves to the 
general as})ects of publishing, and need we say that 
after every possible tittle of information touching 
the practical side of the business has Ixrcn acquired, 
if the intending publisher is not gifted with the 
peculiar acumen that makes tho successful editor 
and the ))rosporous ])ublisher, he may have studied 
and prepared for the work in vain ? Tliore is some 
touch of geniug in knowing just wluit is likely to 
meet the tastes of tho many different sections of the 
public, and without this all the tochnioid knowledge 
in tho world wuil avail nothing. Every day of our 
life wo see books being published wiiich wc know' 
cannot possibly succeed. Sometimes this is the bad 
judgment of the publisher ; again, it may be the 
foolishness of the vain writer, who h is f)aid some 
publisher to issue the work, but publi.shers who do 
this never rank higli in the profession. . 

Risky Publishing and Safe. Not 

very well can we lay down any rule as to the 
amount of capital that is required to engage in 
publishing. Everything will depend upon one’s 
jx'rsonal requirements and liow' soon a return for 
one’s money will be ex}x>otcd. This, however, (*an 
bo said, that cheap publishing requires by far the 
largest amount of capital. That is to say, to deal 
largely in attractive editions of non-coi)yright books 
at cheap prices involves a much greater risk than tho 
Ijublishing of original works in general literature, in 
editions of, say, ono thousand co])ies, at good prices, 
from six shillings u])wards ; and if the possibilities 
of the more cxj)cnsive publishing are not quite so 
great,, tho money invested is far safer and likely to 
produce a substantial return. Novels, and fiction 
of all kinds, involve a nnich greater element of risk 
than works of biography and travel ; but it is an 
ajduin of the trade that educational and technical 
books are of all tho most desirable to publish, as 
they supply a demand that can be easily gauged, 
ana if at all well done, cannot easily fail to bo 
profitable. 


Books conelvded; followed by Libraries 
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B efore proceeding to the next iiortion of our 
subject, it will bo well to summarise brielly the 
important bacteriological facts bearing upon the 
causation of disease and production of immunity. 

Bacteria produce their effccta cither by their own 
nuilti plication or by the manufacture of poisonous 
toxin. Some diseases, such as anthrax, arc due 
mainly to the former i^roeess. These are termed 
septicajiniaa. Others arc chiefly dangerous from the 
toxic action of the microbe — for exam])le, tetanus 
or lockjaw. Ifence, substances which prevent or 
cure mierobic disease arc either anti-baeterial or 
anti-toxic, according to the nature of the particular 
disease. Immunity is of two different ty])e.s — 
natural or acquired. Natural immunity belongs to 
the individual in virtue of his being the person ho is, 
a person of a given species, race, family, tempera- 
ment, and idiosyncrasy. It is a product of evolu- 
tion, and hence is found to show itself in various 
directions in different s]>ecies and races. Because 
it is inborn, it can be, and is, transmitted by 
heredity ; it cannot be transferred from one indi- 
vidual to another. Aeipiired immunity, on the 
other hand, comes to a person in one of two ways — 
either as the result of recovering from disease, or as 
the result of artificial inoculation. Because it is 
acquired, it cannot be, and is not, transmitted by 
heredity. But it can, by suitable methods, be 
transfeiTCn;! from one individual to another. 

Disease Cured by Horse Serum. 

The most perfect method of thus transmitting an 
acquire I immunity is to be seen in th(‘ siTum treat- 
ment of disease. This de])ends upon the fact that when 
a suseejdible animal is artilieially made to aeipiirc 
immunity, the serum of that animal oontains sub- 
stances which arc either anti-baeterial or auti-toxie. 
This serum can be readily withdrawn from the 
animal in question, can he preserved for a consider- 
able length of time, while it retains its properties, 
and can thus be used at any moment when reipn'red 
as a curative agent. Such a serum, to be depended 
u]>on, must be taken from a highly immunised 
animal ; it must have, in other words, a high anti- 
toxic value. By tliis is meant that a given quantity 
of that serum must be of such poteni y as will enable 
it to antagonise a large (piantit y of toxin in a patient. 
It is not sufiiiMcnt that it merely be anti-toxie: it 
must be bighly anti-toxie. The reason is obvious. 
It is impossible for the ])hysieian to estimate in n 
ease, for example, of diphtheria, how much toxin is 
present in the body of his patient ns the result of tho 
action of the microbe of that disease. There may be 
little ; there may be much. Inhere may be little 
to-day, but sufficient to-morrow to kill the patient. 
Ill order that tlic anti-toxic scrum may be reliable, 
it follows that the dose of that serum must eontain 
sufficient anti-toxin to antagonise the largest 
quantity of toxin which is likely to be present in 
any ease of diphtheria. 

A serum of this high immunising power is obtained 
from the horse by rendering that animal immune, not 
merely from ordinary doses of diphtheria anti-toxin, 
hut from doses which, under ordinary circum- 
stances — that is, were the animal not immunised— 


would be much more than sufficient to cause a 
fatal result. The bacteriologist, whose business it is 
to prepare a serum has delinite tests by which he is 
abh; to “ standardise ” his .serum, which is therefore 
idways of a known potency. Not only so, but he is 
able to increase or decrease the virulence of diseasc- 
)>rodueing microbes by various methods of cultiva- 
tion, and so able to produce immunity from a more 
viruhmt microbe than the one which usually causes 
the disease itself. 

The advantage of using a siTum to confer 
ac(piired immunity is that its anti-toxic properties 
are available for instant service. It is a curative 
ag(‘!it. The disadvantage of conferring an acquired 
immunity by a serum is that such an immunity 
lasts but a short time. 'I’he serum is a foreign 
substance, and, as such, tends to bo eliminated 
from tho system before very long. Meantime, 
however, it has done its work of healing. The 
advantage of acijiiiring immunity by recovery 
from disease is that sneli an aerpiired immunity lasts 
for a long period — ])erhaps years, perhaps a lifetime. 
The disadvantage of this process is that the patient 
has to make his own anti-toxie substance while 
suffering from the disease. It is therefore only of 
value as a iireventive agent against future infection. 

The Place of Bacteria in Evolution. 

It is surely a wonderful thought that these micr-o- 
seopie bacteria contain witliin them the fate of 
nations ; but such is indeed the ease. It would be 
difficult to think of any one class of agency wliii'h 
has been su<‘h a ]>otcnt factor in the past history of 
the evolution of mankind, and which is still in active 
operation to-day. We have seen in another ])art of 
this work jsee Biology] that organic evolution 
means adapfinr cIkukjc, and that the most powerful 
factor in its production is natural si'leetion of the 
tittest to siir'vive. Any agency, therefore, which 
o])ei-ates by eliminating huge numbers of individuals 
must be a most potent cause of racial evolution. In 
fact, the evolution of any nation is that of its 
immunities from the variousdeletia ioes intluenees to 
^^hich it is subjected. Bestrictiug ourselves for the 
moment to wliat wo term the. ])hysit;al spher-e, and 
in that s])here to the domain of disease, it is thus 
(piite obvious that the evolution of a nation or a 
race will dcjiend upon the (‘volution of immunity 
fi-oin various disease's, or else u])on the evolution of 
the power of aeipiiring immunity. Take our own race 
as a ease in point. 

For very many generations the people in these 
isles have been siibjeet to the infection of tubercu- 
losis, or eonsumpliou. Now. llu* mici’obe of this 
disease, the tubercle bacillus, lloiirislu'S best in the 
cnviroiinK'fit of what we term “ slums.” In these 

slums ” are gathered together in d(‘nse crowds 
great numbers of our po]iulation. Nothing but a 
strong })Ower of resistance- that is, immunity— could 
possibly prevent the utter exlerminalion of people 
under sut^h conditions, and, as a matter of fact, as 
we know, many do so perish. But why not all, or a 
great many more than do ? Obviously, there lias 
been evolved in onr race an inborn power of 
resistanc^e, an inborn iiiiinimity. How has it been 
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evolved ? In the usual way, by natural selection of 
the fittest to survive. Who were the fittest in this 
particular ease ? Those who possessed by nature 
already some power of resistance. I’he others, tlie 
less resistant, have been in process of elimination 
for generations. Thus i.? gradually being evolved 
in our race an inborn immunity from this particular 
disease. If we wish to see what happens in the 
absence of such evolution we have only to notice 
the effect of this disease upon a race previously 
imexposed to it. Its ravages are terrible. 

Measles as a National Disaster. Take 
another case — that of measles. Hero we have a 
disease to which every Englishman is still suscep- 
tible, but against which, all the same, there has 
been great racial evolution in a different direction. 
Measles in this country, apart from any com[)lica- 
tions, is coHsidt^red a trifling comjdaint. We know 
from experience that nearly every ca.se will end in 
recovery. But when mea.sles is introduced amongst 
a race to which it was previously unknown, the 
Polynesians, for example, its etfects are so severe 
that a large proportion will ]>erisli. Why ? Because 
the Englishman has undergone a process of evolu- 
tion against measles of which the Polynesian has 
had no opportunity. But note the Engiiahmari still 
gets measles. Ho has not evolved any immunity 
from infection. He is as susceptible as ever, ap- 
parently. What ho has evolved is the cajmeity to 
recover — in other w’ords, the ])ower of acquiring 
immunity. How has this been accomplished ? 

Obviously, again, it is a (|uestion of natural 
selection. Once more the unfit have gone to the 
wall. When measles first attacked us, those indi- 
viduals only who had the power of recover}” and of 
acquiring immunity survived. This was an inborn 
power capable of transmission ))y heredity to their 
descendants. In this way each succeeding genera- 
tion became more and more capable of acquiring 
immunity from measles. And this would go on as 
long as measles was a .selective agent. 

Thus, in some infectious diseases which affect 
large numbers of people there is evolved by natural 
selection an inborn imm\inity from infection. In 
other diseases there is evolved the power of acquiring 
immunity from the effects of the disease. Those 
two ]iroceases are perfectly dustinet, but both 
proceed along similar lines of evolution and are 
the cause of the racial differences of susceptibility 
to disease which we sec in the world to-day. 

“ Modern examples of ancient epidemics,” as Dr. 
Archdall.Peid .says, “may be seen in isolated regions. 
Til Pacific islands, for example, air- borne disoa.so 
spreads like a flame. 1’he whole eorimninity is 
stricken down. The sick are left untended and 
perish in multitudes. The fields, the entire busines.s 
of the community, are neglected, and famine fre- 
quently follows. Under .such conditions measles or 
whooping-cough — diseases which we in England are 
neenstoined to regard as scarcely more than nuisances 
— may rise to the level of a great national disaster. 
Thu.s, in 1741), thirty thousand natives peri.slied of 
measles on the banks of the Amazon. In 1829 half 
the population died in Astoria, In 1840 measles 
eoinmittod frightful ravages in the Hudson Bay 
Territory. More recently a quarter of the total 
inhabitants was swept away in the Fiji group.” 

Evolution against Consumption. ”Thc 
progress of consumption was different. It was 
never truly epidemic. Owing to its low infectivity, to 
its lingering nature, to the fact that no immunity 
from it could bo acquired, it did not spread suddenly 
when first introduced, but when once established its 
virulence did not abate within measurable time. In 
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other words, it was endemic from the beginning. It 
made its home in th« hovels of the early settlers on 
the land. In such situations — as in Polynesian vil- 
lages — modern Englishmen do not take the disease. 
But their remote ancestors were more susceptible \ 
they could be infected by a smaller dose of bacilli. 
Gradually, as civilisation advanced, the conditions 
became more stringent; men gathered into larger 
and denser commimitie.s, into hamlets and villages, 
in which they built houses ill-lighted and worse 
v”entilated. With the rise of towns, and ultimately 
of great cities, the stringeney of selection continu- 
ally increased, and with it, step by stop, the resist- 
ing power of the race. To-day Englishmen dwell 
under conditions as impos.siblo to their remote 
ancestors as to the modern Red Indians. In fact, no 
race, especially in cold and tcmjierate climates, is 
now able to achieve civilisation, to dwell in dense 
communities, unbss it has previously undergone 
evolution against tuberculosis. 

“So during the long sweep of the ages the microbio 
diseases strengthened their hold on the inhabitants 
of the eastern hemisphere, who, in turn, slowly 
evolved powers of resistance. In like manner anto- 
lojies grow .swift and wild sheep active when perse- 
cuted by beasts of prey. Then, when the germs of 
disease were rife in every home and thick on the 
garments of every man, there occurred the greatest 
event in human history, the vastest tragedy. 
Columbus, sailing across an untracked ocean, dis- 
covered the western hemisphere. The long siqiaration 
between the inhabitants of the East and the West 
ended. The diseases of the Old World burst with 
cataclysmal results on the New.” 

Bacteria as Empire Builders. Then, of 
course, what had already happened in the Old 
World had all to be undergone again in the New. 
Once more plague and pestilence held the field, 
with great epidemics, followed by famine. In the 
same way, when sniall])ox w'as taken to the West 
Indies in 1507, whole tribes were exterminated, and 
shortly afterw'ards the same fell disease de])opulatod 
San Domingo. Three-and-a-half million human 
beings perished from it in Mexico. Catlin, in 1841, 
WTotc of the United States, that “ thirty millions of 
wdiito men are now' scuffling for the goods and 
luxuries of life over the bones of twelve millions of 
rod men, six millions of whom have fallen victims to 
smallpox.” And so the white man spreads over 
the .so-called uncivilised portion of the globe and 
inhabits the ehoieest places previously occupied by 
others, simply because it has been bis lot to have 
evolved in the course of ages an immunity from 
.<»oiuc infections and a power of acquiring immunity 
from others. So the Spanish conquest of the West 
Indies w'as followed by the rapid disappearance of 
the natives, who acquired the diseases imported by 
every vessel. The striking lesson that bacteriology 
teaches the ernpire-builder is that any conquest, in 
order to be permanent, must be accompanied by 
extermination, for otherwise, in the course of 
time, the native will either absorb or expel the 
coniiucrors. Dr. Reid says ” The Saxon conquest 
of England was permanent ; of the Norman 
conquest there remains scarcely a trace. The Huns 
and the Franks founded permanent empires in 
Europe : the Roman Empire and that of the vSara- 
cens in Spain soon tumbled into ruins. It is highly 
improbable, therefore, that the British will retain 
their hold on their Old World dependencies. A 
handful of aliens cannot for ever keep in subjugation 
large and increasing races that yearly become more 
intelligent and insistent in their demands for self- 
government. But no probable conjunction ef 
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oircu instances can bo thought of that will u|)i'OOt 
the Anglo-Saxons from their wide possession in tlic 
New World. The wars of extermination arc ceasing 
with the spread of civilisation. We have ransacked 
the w’orld, and now know every important disease. 
Diseases cannot come to ns as they came to our 
forefathers and to the Red Indians, like visitations 
from on high. All the diseases that are capable 
of travelling have nearly reached their limits ; the 
rest wo are able to check. Even in the unlikely event 
of a new disease arising it would affect other races 
ecpially. Canada and Australasia, like* the tTnitcd 
States, may separate from the parent stem, but the 
race will persist. If over a New Zealander broods 
over the ruin of Tendon he will be a New Zealander 
of British descent.” 

New Empires no longer Possible. 

Thus in plain fact is the natural history of man 
nothing more than the story of his evolution against 
bacterial diseases. It is a humbling thought but a 
true one that the conscious efforts of man have had 
but little intluence upon his destiny in compaiison 
with his unconscious struggle to evolve against the 
most minute of living creatures. 'J'lic time for 
founding new empires lias gone for ever. Only a 
few malarious districts remain. Other nations had 
their opportunity and threw it away by choosing the 
tropics for their empire instead of the temperate 


clinics, as was the case with Sjiain and Portugal. 
“ France lost her opportunity on the Heights of 
Abraham. Germany is more than a century too 
late in the start. Russia can compier only hardy 
aliens, who will multiply under her rule and ulti- 
mately assert their su])remaey.” To Great Britain 
alone was it given early enough to evolve im- 
munity from the most devastating of bacterial 
tliseases, and the wisdom or good fortune to colonise 
those portions of the world whore this advantage 
jilaced the land at her mercy. 

In this brief survey of modern bacteriology we 
have seen the dawn of a revolution in the methods of 
medical treatment of disease, a revolution whose 
future results it is impossible to foresee. In the 
future of bacteriology lies the hoix^ of the healing 
art. We have sc(*ii how baetteria have moulded the 
history of the world and particularly of our own 
race. It only remains to show that these same 
great ]>rinci])les are in operation in other spheres 
than those of bacteriology, and that the laws of 
immunity havi? a far wider apiilication than has 
hitherto been sup^iosed. 'I'lie greatest discovery of 
all is made plain by the dfseovery of the laws of 
immunity in bacteriology— namely, the fact that 
these laws are o])erative also in the mental, moral, 
and religious life of man, as well as in his physical 
body. 


THE HIGHEST AIM OF MAN, PHYSICAL AND MORAL 


A great number of readers have now followed the 
present writer in the sections of this work dealing 
with the sciences of biology and bacteriology. 
In the former of these courses wc studied the ])ro- 
blom of organic evolution, and endeavoured to 
gain some clear idea as to how that evolution had 
come about. Wo watched the relentless principle 
of natural selection at work, soleoting the tit in the 
struggle for existence and rejecting the unlit, the 
suppression of the individual for tlic good of the 
race. That is Nature’s method of progress. Then in 
the emirso of bacteriology wt have studied a s])ccial 
asjiect of organic evolution, evolution against 
microbie disease, and realised something of what 
has taken jilace in past ages which makes it possible 
for modern civilisation to exist as we see it in our 
teeming cities. We have learnt that it is ])ossible 
for a race to become immune from a di.seasc, ami 
for an individual to possess the ]iow<*r of aCMpiiring 
immunity. More, we clearly see that, unless evolu- 
tion ])roduces individuals who are either immune, 
or can acquire immunity from discNise, the nation 
composed of those individuals must intvitahbj puish. 

Evolution Against Moral Disease. 
In what foliow'S here the writer wishes to apply 
these same prim:i])les and laws to other phases 
of man’s life, to show what, in his opinion, must 
constitute the scienl itie base of evolution in other 
spheres than those of disease— spheres to which, ns 
far us ho is aware, these laws have not been dclinitcly 
applied. I’he view' to be here sta ted is gi ven with all 
humility ; it will not appeal to all — no view can do 
that, beoanse a hundred minds see the mmc truth 
from a hundred different aspects — but it is hoped 
that, as it has helped a few already, it may bo of 
cissistance to many more in showing tliat there 
is solid scientific ground for expecting certain defi- 
nite results to follow equally definite lines of pro- 
cedure in other parts of man’s nature. 

It will be taken for granted in what follows that 
the reader has made himself familiar with wdiat 
IS meant by “ Immunity,” and that ho has clearly 
understood the two types of immunity described in 


Bai’terioi.ixsv under the names “ Natural or Inborn 
Tmimmity” and Accpiired Immunity.” It must 
also be clearly understood that we arc not hero 
attempting to construct an elaborate .analogy. An 
analogy is a likeness between tilings in some 
res]>eets when the lliings are otherwise entirely 
ditlerent. The att(‘m]>t here is io a])])ly the same 
identical laws to additional aspects of man’s nature. 

Wider Application of Laws of Im* 
munity. If the laws of immunity mean anything, 
they convey the greatest truth in the world — 
namely, that by imdergoing certain proees.ses a man 
c;ui become immune from certain agencies. This 
is the highest aim of man. Physically, mentally, 
morally, he who is immune from all that can w'ork 
him evil is the perfect man. 'riiere can be no 
higher ideal for man than to become immune 
from all that will intcrfcMO w'itli the ])crfect develop- 
ment of his ])hysical, intellectual, and moral nature. 

'rherefore. we say .‘idvisedly that the laws which 
govern the production of immunity convey the 
greatest truth in the W'urld. What is hero advanced 
is the .scientific apjilicatioii of those same laws of 
immunity in disease to other ])arts of man’s 
nature. " Di.seasc is mer(‘ly one ])haae of human life, 
and is not entirely ]ihysica1. It has its menial and 
moral aspects. Wo therefore assume that these 
asjioets arc involveil in the working out of immunity. 
It is contended that the mental and moral processes, 
as well as those of disease, c;ni be explained, and 
their nature demonstrated, by the a])plication 
of the well-known laws of immunity to that part 
of man’s nature of which they are the outward 
expression. One cannot separate these from the 
rest of a man. They arc just as much a part of him 
as is his bodily health, .lust as the latter is first 
developed, and subse<juently modified by various 
natural agencies, so we must believe that these 
mental and moral processes are similarly brought 
forth and modified. In a word, a man has been 
what he wa.s, is what he now is, can be what ho 
hopes to be, in virtue only of one great set of prin- 
ciples which wc know as the law's of immunity. 
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We may now examine the facts of immunity in 
the non-physical world, just as wc did in the course 
on BACTEHiohoaY in relation to disease. In the 
realm of moral disease the definition of the term 
would be as follows : Immunity is that condition 
of an individual in virtue of which he is able, 
either partially or absolutely, to resist temptation. 

Immunity from Temptation. A close 
examination of the lives of men and w'omen 
around us will soon make clear the fact that all 
have some power of resistance to the variety of moral 
infections— that is, temptations— by which they 
are surrounded, and to which they arc continually 
exposed. If this were not so, all would bo hoijelessly 
immoral. The righteous and sober life would be 
impossible. Now, this capacity for resistance, 
which all possess more or less, is inborn, and, 
like that against disease, it varies immensely in 
different individuals. It also varies with the 
nature of the infection in the same individuals. 
The tcni])ta lions of one man are not necessarily 
those of another, any more than are the weak points 
in his physical armour. Everyone knows that there 
are people who can, by virtue of this ])Ower of 
natural resistance, ])ass unscathed through certain 
moral infections whi(di in others would inevitably 
])roduce moral death. Tims some are naturally 
sober, innately resistant to the special infection 
of alcohol. It is no credit to them, but it is some- 
thing for which they should be profoundly thankful. 
Others arc naturally honest ; the temptation to 
steal simply docs not touch them. On the other 
hand, there are individuals who arc especially 
susceptible to one or other of what we term vices, 
in whom, that is to say, this natural power of re- 
sistance is lacking. 

The next point to note is that this inborn imiuuuity 
of the individual cannot be transferred from one to 
another. It is useless as a help to his fcllow-man. 
It is only the man of like passions and suscepti- 
bilities as ourselves wlio, having become immune, 
can transfer his immunity' to others, 'flie person 
who has been vaccinated can [)rovide vaccine lymph 
which (!an be used ns a proU'ction to others: but 
if he be insuscc])tib]o to vaccination by nature, 
he is useless for this ]>urposc. So it is that some are 
born saints, .so to s])eak, wliilc others are bom 
susceptible to moral infection. 

In luldiiiun to this universal resistance, which 
all possess iti varying degrees, wc observe that 
after passing through some s])ecial temptations 
the individual has acquired an immunity frou» 
that special condition, an immunity which did not 
exist before i)assing through the cx])erience in 
(piestioii. If the law o])erates here as it does in (he 
case of disease, wc should cx])cct to find that this 
special immunity lasts in some cases for years, 
in others for a lifetime. So it is. 

The Fallacy of “ Sowing Wild Oats.” 
The thought then occurs that since experience of 
temptations and sin (infection and disease) siiccess- 
fiilly overcome (recov<u’y) may confer immunity, 
why not try and confer this ijnimmity artifici- 
ally by exposing individuals to the contagion Y 
There arc those who believe in the efficacy of tliis 
process, and who think it a good thing that 
“ wild oats should be sow^n ” in the ho^x^ of reaping 
immunity. Hut it must be remembered that those 
who are thus exposed to moral infection run the 
risk of moral death for themselves, and, for the 
time being, are centres of infection for others. 
As a simple matter of fact, experience teaches 

Bacteriology conelvded ; fo\ 


that large numbers who try the process die morally 
under its poisonous action. In the case of disease 
we saw that this deliberate exposure to infection 
on the chance of recovery with immunity has been 
made illegal. It is too dangerous* both for the 
individual and the community. Too many w'ill 
])erish. Only those of high natural resistance will 
survive. The process i.s effective in eliminating 
the unfit, and it is Nature’s method, but it is too 
cruel. In the same way, and for the same reason, 
the moral and religious law steps in, and says to 
the individual “ Thou shalt not ! ” 

Finally there comes the tremendous claim made 
by the founders of all moral systems — the claim 
that they can confer upon mankind an artificial 
imnninity from the moral infection of temptation 
and the moral disease of sin. The claim is not put 
in these words, but, translated into modern science, 
and c.xpressed in terms of immunity, that is what it 
moans. The modern physician is not content 
to trust to the chance of hi.s patient’s recovery to 
make him immune. The risk is too great. The 
moral teacher likewise sees the danger of such a 
process. The ])hysieian urges upon his patient not 
to wait until he be exposed to infection, but 
to protect himself beforehand by acquiring an 
artificial immunity. The moral teacher takes the 
same line, and offers a method of treatment which 
he claims will confer upon the person an acquired 
immunity foi* a lime. IVuc, the effect is temporary. 
All artificial immunity is so, more or less. But 
the sup])ly is incxhaiistible, the process safe, the 
result certain. 

Immunity from Alcoholism. To make 
all this perfectly clear we may take one concrete 
example — -that of alcohol. Some people have • 
marked degree of natural inborn immunity from 
the tcm])tation or the effect of alcohol. Theyconsti- 
tutc the great majority of the sober momberi 
of the population. Tlu‘y arc sober because they 
are immune. If any habitually sober man ima- 
gines that he is so because of his strong efforts 
to struggle against the tem])tation of alcohol every 
Iiour of his life, he deceives himself. It is not so. 
•^riie sober man w^ho is at the same time honest will 
admit, if he thinks, that to him alcohol is no tempta- 
tion. He is immune. The present writer has asked 
hundreds of sober men why they w^ero so, and every 
one, after consideration, has admitted the truth of 
the above statement. To most of us, therefore, it is 
no credit to be sober, but it should be a matter ot 
great thankfulness that we arc naturally immune. 

Of those who are naturally susceptible or who 
accpiire a taste for alcohol, a certain number in 
time become immune. But it is after such an 
exjKTienre as few would care to risk. It is a test 
umler which most succumb, and is far too dangerous 
to be made a routine process. All moral and reli- 
gious teachers have clearly recognised this, and they 
therefore offer a method of acquiring immunity 
whicli they claim to be safe, speedy, and certain. 
They claim that the power of the influence which they 
prescribe is so strong that it will protect not merely 
from one, but from all moral infection. In this one 
point they go beyond anything that science has 
yet discovered in the sphere of infection disease ; 
but ill every other detail the offer which they make 
appears to be perfectly scientific and practical. 
It is the method which wc ourselves adopt in dealing 
with our fellow-men. It is the only method by 
which man can become immune from all deleterious 
influences, mental, moral, or physicaL 

wed by Natural Products 
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G as, oil, and petrol cnginc.s arc all cla.ssod as 
internal coinbustion engines, because the fuel 
is burned within the cylinder instead of in a boiler 
separate therefrom. Though the heat problems in- 
volved are similar to those of steam-engines, the 
jiraciical working conditions are different in inafiy 
details. In each case the effect of heat is expan- 
sion and pre.s.sure, but the pressure of tlie clastic 
fluid steam is not of so violent a character as that 
in the gas-engine. In the latter, an explosive mix- 
ture of gas with atmospheric air in certain definite 
])roportions is made and ignited, and so exploded. 
The resulting heat is so intense that the cylinder 
would become rajiidly overheated unless it were 
water-jacketed. This, of course, entails much loss 
of heat, and is exactly contrary to that which exists 
in steam-engine practice, in which the cylinder is 
jacketed to lessen escape of heat. Yet the heat 
cflicicney of the gas-engine is greater than that of 
the steam-engine, because there is no loss conse- 
<jucnt on the use of a steam-boiler, and the fuel is 
therefore used directly. 

The term “ gas ” covers a wide range of product, 
from town’s gas and producor-gas to blast-furnaco 
waste and Mond gas. The only dilleronce in the 
gas, and the oil and petrol engines, is that (ho 
first is all ready for use, and the two last li:i\e 
to he gasified. 

Cycles. A cycle means the entire seric.s of 
operations involved in the utilisation of a givtni 
charge from the period of its introduction to dis- 
charge or exhaust. 

The Otto cycle is that 
w'hi(rli is now nearly 
always used. It in- 
cludes the drawing in 
of the gas and air 
into the cylinder, 
following behind one 
stroke of the piston, 
the compression of 
the mixed chargo 
during the return 
stroke, and firing at 
the termination of 
the in-stroke. It Is 
burnt and exploded 
in the next forward 
stroke. There is thus 
only one actual 
working .stroke in 
four in an Otto 
single-acting engine; 
but further economy is ensured by governing on the 
hit-and-miss principle. The governor opc.ns or 
close.s the gas valve, responsive to the load on the 
engine. Most large engines, how^cver, are now often 
governed in another way, by varying the volnmo 
of the gas admitted. The amount of compression 
possible varies with different gases from about 
4 atmospheres to 10, being dependent on the pro- 
portion of hydrogen present. The larger the 
proportion of hydrogen, the less compression is 


possible. Ignition is ctfceled by an electric .spark, 
or by a red-hot tube. 

Gases. The ga.ses used vary much in calorific 
or heat-giving poww. Town’s gas alone was u.sed 
in the early days of the ga.s-cnginc. It has a higher 
percentage of hcat-mving powder than any other; 
but its iLse has long been discarded for large engines 
in favour of gases lower in calorific jiower, but 
much cheaper. The calorific capacity of ])roducor 
gas is only about one-fourth that of retort gas, 
tliat of Mond gas about tlic same, while that of 
blast-furnace gas is only about one-.sixth. But 
the nitrogen in the latter takes the place of much 
of the air ordinarily reipiired in retort gas, and 
hence tlio engine efficiency is higher than the 
calorific value of the gas alone would indicate. 
In the gas producers, fuel generally of a cheap and 
inferior kind is fed from a hopper to a brick-lined 
cylindrical vessel containing a grate. Air is fed 
by a fun, and crarbonii; oxide is formed, with nitrogen 
and other elements in various proportions, accord- 
ing as the method adopted is dry, or wet, or water- 
gas. 

Blast-furnace Gas. Nothing has given so 
much impetus to the growth of the large gas-engine 
us the utilisation of blast-furnace gas. The first 
large engine of this kind exhibited was at the 
Paris Exhibition of 1900, being of about GOO-h.j)., 
which has been more than doubled since. As long 
as town gas or Dowson producer gas were tho only 
sources available, engines of over lOO-h.p. were 
rarely made. The 
.space occupied by 
gcneratingplant, and 
the co.st, did not com- 
pare very favour.ably 
w’ith the steam-boiler 
])lant. In the develop- 
ment of these vast 
engines, the Cockcrill 
(Jo., of Belgium, and 
some Cennaii firm.s 
led the way. The 
result is that these 
engines are now 
scarcely discernible 
from steam-engines 
in external apiR^ar- 
ance ; they are 
double-acting, and 
the valves of the drop 
typo resemble those 
of steam-engines. 
Tho hit-and-miss regulation is abandoned in favour 
of a governor-actuated cam, which regulates the 
amount of lift of the gas valve, beside.s which, an 
jmmen.se number of special details are included. At 
Obi'rhausen there are seven double-acting engines 
of this kind, four of w'hich are 1,000-h.p. By 
designing enginc.s tandem, with two, or four cylin- 
ders, tho power is multiplied ; so that there arc 
engines of 2,0()0-h.ii. and over at work, and there i.s 
no i-eason why from 6,0()0'li.p. to 6,000-h.p. should 
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not be made if required. In the early days of 
blast-fnrnaco gas-onginos, imich trouble arose from 
the presence of dust and of bir. Tlie dust is now 
readily got rid of, but the tar still causes trouble, 
lodging in the eylindcr and causing the valves and 
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93. T1IOBNYCKOKT KXIJINE 

jiisloii rings to stiok in (lioir 
s«‘a lings. 

Oil-engines. 'I'licse 
arc gas-engines to which the 
fuel is su])|)lic(l in the liquid 
form. Their value lies 
chii‘!ly in isolated districts 
in wliicli no power-gas is 
available. Ordinary ])etro- 
Icum is generally used, 'riie 
oil is introduced in definite 
volume into a highly heated 
(iliaml)(*r — the vaporiser - 
along with a. suitable su])])Iy 
of air. 'J’he mixture is then 
drawn into the working 
eylindcr by the suction 
stroke. It is then com- 
])rcsscd on (he return or in-stroke, .and ignited. 
ex])l(»sion gives the working stroke*, and in 
r(‘tuni stroke the ]jrodncts of combust i«)n are ex 
liaiisted, thus embodying the Otto cycle, 
governor lessens the number (^f ex])losiotjs 
when the engine is running light, liisome 
engines the oil is s])rayed and mixed with 
air before it is ])as.sed into the working 
cylinder to Ixi compressed. In others th(^ 
air is eom])ressetl in the vapori.ser. The 
charge of oil and air when it enters (lu^ 

(•ylincb‘r should have a, tem])erature of 
from 170 ’ F. to llOtr F. About 1 lb. of oil 
is recjuircd ]>er bf ake horse-])ower ])er hour. 
Fctroleum suitable for engines should have 
a s})ocifie. gravity of O’S, and 150” its 
flash point. Cylinders are jacketed as in 
gas-engines. The thermal cffleaency of oil- 
engin(‘s ranges between about 12 ])er cent, 
and 18 per cent., the latter being high. By thermal 
ettieiency is meant the ratio of the actual work done 
by the engine at the brake (B.H.P.) in a given time 
to the total heat supplied per minute by the complete 
combustion of the oil required to do that work. Or, 
. . work done i»er mimit»‘ 

Thermal <^ftciency per iniihiU, 
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Onc-horsc power — 33,000 foot-pounds per minute, 
or 42*63 heat units. The heat unit is the quantity of 
heat required to raise the temperature of 1 lb. of water 
through I® F., and is equivalent to 774 foot-pounds. 
The Diesel Engine. This [94 and 95J is a, 
remarkable type of oil-engine which has been 
developed rapidly of late years. The leading 
feature by wliieh it is distinguished is the very 
high compression and temperature employed, 
from which various re.sults follow. It o[)erates 
upon the four-cycle ])i inci])le. During the first 
stroke air alone is drawn into the cylinder at 
atmospheric pressure and temperature, and 
this charge of air only is comj)ressod on the 
return stioke, to a pressure of about 32 to 35 
atmos])heres, or, say, 450 lb. to 500 lb. per 
square inch with a tem])erature of about 
1 ,000° F. During the third or working stroke the 
oil fuel is gradually 
injected by moans 
of an air jet at a 
]nessure of about 
SOO lb. ])er square, 
inch. The elfecit is 
to spray the oil 
very finely 
Ihroughout the 
highly heated 
charge of air, with 
which it is ignited, 
ill consequence of 
the Iiigh ]>rossure 
present, no ignition 
a])paratns b(‘ing 
necessary. There 
is, thc'rcforo, no 
sudden explosion, 
such as that wliieh 
oeeurs in the or- 
dinary oil-engine, 



94, DIESRL 
The 


DIESEL ENfUNE 


but a gradual eombuslion and gradual expansion 
without shock. The fourth stroke exhausts the 
products of combustion. 

In the illustrations [94 and 95 ], which is an engine 
by the Vereinigte Maschinenfabrik Augsburg uiid 
Maschiiienbaugefjcllschaft N\irnlx>rg A.G., Augsburg, 
the following are the principal parts of the engine : 
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The cylinder A is 
fitted with a water- 
jacket B ; the piston 
C is of trunk form ; 
the engine cover D is 
at the hejid of the 
cylinder, and is also 
water-jacketed ; R is 
the air pump; N is 
the fuel feed pump. 
Tlie compressed air is 
stored in the vessels 
G, G, H, one of G 
being a reserve. The 
fuel is roooived from 
the filtering tanks M, 
M, and brought into 
the fuel valve F above 
the cylinder by means 
of the pump N. The 
other valves are the 
starting valve P, the 
exhaust valve 0, and 
the air pump auction 
valve Q. By means of 
the handle R the re- 



versing lever is placed in the starting position F. 
After oi)ening the valve on vessel G the motor starts 
running. If it has reached the speed required for 
igniting the fuel, the reversing lever is ])luced in 
working position, and then the engine works with 
fuel and may be loaded at once. The valves are all 
operated by cam jilatc.s on the abaft, ^ 

.), K and L being the lovers. Forced fr jS^ 

lubrication is adopted. j 

Petrol Motors. 'riiese are ^ h " i>x 
special types of oil-engines for motor- 

«*ars, launches, and other 

])urposes, in which petrol, f j li | y7T|j 

vapour and air form the ^ J i| mm J 

eombiistible mixture. They <' / TX [I 

are made in four and two- < 

stroke cycle types, 'fhe | [j \ 

first-named is the same as l ,3 B ^ 

that already explained. In _J_. ^ p] 

the second the operations i®?| 

arc as follows : The mix- V ' 

turo of petrol vapour and ... / |\ 

air is first drawn into the ' | 

crank chamber, or info ' f 

separate pump cylinder. r 

It is compressed to about li 

5 lb. ])er square inch, and 

is introduced into the e yl in - i__ . 

der at about the period of 

the termination of tlie out- \ I' ^ 

stroke. It is compressed \ \ 

by the in-stroke, and is 

ignited by an olcctric \ 

spark. The charge expands \ 

and drives the piston out- 

wards, and the products 

of combustion escape 

through ports in the cylin- 

dor walls. The two-stroi:e end sectional ele^ 
design the advantage (Uamiler Mo 

of simplicity of construction, but consumes more 
fuel than the four-stroke cycle docs. The heat 
generated is probably about 1,800° F., which renders 
water- jacketing or air cooling necessary. 

Figure 93 illustrates one of the petrol engines by 
Messrs. John I. Thomj'oroft & Co., Ltd., of Chis- 
wick, for marine use. Many details which are not 
shown here may be observed in the photograph [92], 


he starting position F. of an engine of Hirnilar ty])e, hut having six 

cssel G the motor starts cyliiulers. 'Uhe drawing shows a 0 in. by 8 in. 

the speed required for cylinder (mgine. In this, A indicates the cylinders, 

sing lever is ])lueed in watep-jaekeled ; B the trunk i)istons, with spring 

the engine works with rings; C the connecting rods, which are steel 

nee. The valves are all stampings ; I) the. crankshaft, machined from 

the shaft, ^ one piece, from steel having a tensile strength of 

3 . Forced fp ^ 30 tons per sipiare inch, with an elongation of 

I 27 per cent. The erankpins are sot at 

.'hese are “Jk angle of 180°. The crank casing E 

for motor- made of east iron, or aluminium when 

I > B])ceial lightness is required. It is coin- 
(^T\. ~7'. f jf |] ' ; | plett"ly enclosed, is fitted with doors, 

klly .( *1 l/ir I ' ^ * I eylindei’s are registered into and 

0 T1 * I bolted on it. Lubrication 

i r T of this engine is of tho 

1 I • ra I A ' splash system, but a pump 

I »§ B ^ A j I fonred lubrication is 

_J_ 3 In til J '"''■N'.f/l often adopted. 

r i • Ay] M i -m In front of the photo- 

I r i ' ! // 1 1 92 !, and at tho 

A .hVa .-''1 I '/ ' 1' lower right-liand end tho 

‘ If ~ carburetter is seen, with 

/A' I throttle 

[ /' \ \ \ leading to the supply l)i])es 

I'r'tT-;. WJi li'LlJW X,,^ \ J cylimlpi-s." Tho 

i ^ body in wliich the incoming 

'• ' J '' 1*?W f sucked by the 

V i motor, rushes past a nozzle, 

\ \ j - I from which the ])etrol is 

\ / drawn out in a spray and, 

\ ■ volatilising, passes t hence 

\ iXri / tliroiigh the throttle. In 

v I — ^ — I / p is the inlet pipe to the 

! / cylinder, and G is the inlet 

valve. The exhaust valves 
arc on the opposite .side of 

97. END SECTIONAL ELEV.VTION OF 30-11. P. ENGINE cylinders (comparo 

(Uuiniler Motor Uo. , Ltd ) view). Ths 


rUo.,Ltd) with the plan view). Ths 

valve rods 11 are actuated from the cam shafts ^T, 
operating hard steel rollers on tho tappet shafts. 
These earn shafts are driven from the crankshaft 
through the gears K, K, from the smaller gear L on 
the crankshaft, and open and close the valves once 
for each two revolutions of tho flywheel. Tho 
valves B are lifted by the cams against the pressure 
of the springs seen encircling tho rods, which springs 
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98. VLAS OF 30-11. r. FETROL ENOINE 


the wankshaft outruns the 
chain wheel, and centrifugal 
action causes the ratchets to 
fly out of contact with the 
ratchet wheel. The starting 
handle thus becomes stationary, 
and the ratchets being out of 
contact with the wheel, there 
is no noise caused by their 
rubbing over the teeth. 

A 30-h.|). Daimler motor, 
designed for a car (Daimler 
Motor Co., Ltd., Coventry), is 
shown in 96, 97 and 98, lettei*ed 
as follows : A indicates the 
cylinders, B the pistons, C the 
connecting rod, I) the crank- 
shaft, and K the base chamber. 
S indicates tlio vaporiser, T 
the va])oiir ])ipe leading to the 
induction ports of the cylinders, 
and U the pipe for carrying 
away the c.xhaiist gases. 

It will be observed tluit the 


close the valves after the full of the cam lias passed. cylinders are cast in ])airs, and water- jacketed. 

From one of the (;am shafts the governor M is IMic connecting rods are of H sect ion, and the crank 

driven through lievcl wheels. The method of its chamher is cast in aluminium. The induction and 

connection with the throttle, on which it acts exhaust valves — which are interchangeable — arc in- 
directly, is seen in the ph()togj a])h. The method of dicated at FI and F2 respectively, and arc actuated 

tiring is by means of a low-tension magneto system. by the cam shaft (t and tappet and roller a, the 

The ])ermanent magnets are seen at the h‘ft-hand s]>rmg H pulling the valve down on to its seating as 

end of the photograph, just below and in front of the cam projection ])assos the. roller a. The cam 

the gov<n’nor. The lower ends of the magnets carry shaft is driv^en hy the usual lialf-s])eed wheels. On 

two pole-pieces. Within these there is a fixed arma- the side of the cylinders, oiijiosite to and running 

hire, and between them a soft iron shield or sleeve parallel witli the earn shaft, is the lay shaft L, which 

rotates. The sleeve has two slots cut in it at opjiosito drives the magneto i\r and the gear puni]) N. It 

skies, leaving two open sjiMct^'s of about 0(F. Tlie may l)e mentioned that the magneto is fitted as an 

armature is wound with insulated co])'|)er wire, alternative source for the supply of current to the 

and the lines of force accumulator no. t rz.::_ 1 s]>arking plugs, and is entirely 

that cut the armature ^ r|ril jl||rj]_ [r^iTl 1 I inde^icMulent of the ordinary 

coils vary from notliing tI |I!I'|| [g-WAr high-tension circuit with 

to maximum, and / 2 s ♦ induction coil and accaimnl;!- 

maximum to nothing ^ ^ ' t<u‘s as depicted in 99, which 

twice in a revolulioii. ^TLI I iiTlilii H”*" y — illust rates the method of 

Four sparks a I’C thus made per ^ ^^sincl fcoil ^ wiring; also the plan of tiic 

revolution. In another ty])e j J distributor case J with the 

the armature rotates insfiMd J cover removed, showing the 

of tlie sliield. TMie sjiarking block O, which is in contact 

]>lugs are screwed into the with and rotates between the 

cylinder.s at a, close to the — rz— brushes P, and thereby 

inlet chamher, eonneeled with makes and breaks the low- 

the magneto hy tlie wires h. = isotRtcTLY^ABoiE tension or ])rimary curTcnl. 

A contact -br-eaker placed re/fMiNAu d’he distributor block () is so 


close to each plug is operated 
by a cam and a vertical rod. 
N is the starting handle con- 


99. l’L.\N OF WIKI NO FOR ACrUMlTEATOR 
KINITION (Daimler Motor Co., Lkl.) 


designed that the distribution 
of the secondary or high-ten- 
sion current to the insulated 


nccting its sliaft with the ci’ankshaft. by pifeh 
chain jiassliig over wheels (), P. Q is the free- 
wheel clutch. It is composed of a pair of ratchets 
which are carrierl on the (nising round the 
clutch, and which in its turn is connected to the 
craidxsliaft of the engine. 77ie starting chain wheel 
is attached to the ratchet whi'cl, which engages 
with the ratchets in one direction only. When it 
is dcsii'od to start the motor, the starting handle, 
and consequently tlic chain wheel, is turned, 
<.nd drives the crankshaft by moans of the ratchet 
wheel and ratchets. As soon as the engine tiros 


plugs Q, and thenee to the sparking plugs It, 
synchronist^s with the opening and closing of tht 
primary or low-tension eir-euit. The distributor 
ease, which, under normal conditions, is stationary, 
can, for the purpose of advancing and retarding 
the timing of the spark, bo rotated on its own axis 
through the required angle. The vertical shaft, to 
which the distributor Idock is keyed, is drivtui 
by means of bevel gears, K, K, off the end of the cam 
shaft. Ball bearings are fitted at each end of the 
vertical shaft. The approximate weight of the above- 
described engine is 0 cwt. 


Prime Movers concUeded ; follotved hy Steam Boilers 
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SOLUTION OF TRIANGLES 

Group 21 

MATHEMATICS 

The Ambiguous Case. Worked Examples Illus- 

47 

trating the Four Cases. List of Text-books 

TRim»NOMKTRV 

continued from pa-ito 6028 


By HERBERT J. ALLPORT. M.A. 


44. Case Two of Solution of Tri* 
angles. Given one side and two angles, say 
a, B, and C. Since the three angles of a 
triangle equal 180°, we have A — 180° — B — C. 

. . sin A 

Again, 


sin B ii i. j a • «in B 
-- — , so that 0 — . - . 

b sin A 


^ _ rt . si n 0 
sin A 


Similarly, 


These two equations give the values of b and c. 

Adapting these forniulie to the use of logar- 
ithms, we have 

log b = log — T - . - 
sin A 

= log a -f log sin B — log sin A 

log a (L sill H - 10) - (L sin A — 10) 
or, log & ~ log a -f- L sin B - L sin A. 

Similarly, 

log c = log a 4- L sin 0 - L sin A. 

45. Case Three of Solution of Tri^* 
angles. Given two sides and the included angle, 
say 6, c, and A. We have 11+ C — 180^ — A, 
which gives the value of (B+ C). Then, from 
Article 40, 

tan - , . 

2 6 + c 

This gives the value of 

of (B — C). Having obtained the values of 
(IH-C) and (B-C), the values of B and 0 
can he found. 

b . sin A 


■C h-c . A 

-= . cot, . 


and therefore 


sill B 


a ^ h 
sin A sill B’ 
we obtain the value of a. 

To arrange the method for logarithinic work 
^Yo p; oceed thus : 

B - C ^ b-c 

2 /> + c* 

B-C 


Finally, since 


tan - 


1 ^ 


/. log tan —~- 


= log (J) - c) - log {b + c) + log cot ; 

or, adding 10 to each side of the equation, 

L tan = log (h - c) - log (h + c) + L cot 
2 " 

And, as in Article 44, from a=^‘ , we get 

sill B 

log a = log 6 + L sin A — L sin B. 

46. Case Four of Solution of Tri» 
angles. Given two sides and the angle oppo- 
site one of them, say 6, c, and B. 

Since, 8inC-«inB 


sin C = 


b ’ . 
c . sin B 
—6 


a) 


C can he found from this ecpiation. Then, 
having found C, 

A= 180° -B-C. 

The value of a is found, as in the last article, 
from the formula a ™ 

sill B 

47. The Ambiguous Case. In the case 
considered in Article 46, the solution of equation 
(1) gives the value of the mie of C. Now, when 
C is an angle of a triangle, and the value of 
shi C is known, C itself may have tico values, 
one of them being less than 1)0°, and the other 
being between 00° aiid 180°. 

Hence, thei’e moj/ be Itfuj triangles in which 

c, and B have the given nisgnitiKles. Whether 
this is so may be decided as follows : 

1. If B (the given angle) is (freater than 90°, 
C must 1)0 lesH than 90°, since any two angles of 
a triangle must be together less than two right 
angles. Therefore, when B is greater than 90°, 
there is only one triangle which satisfies the 
given conditions. 

2. When B (the given angle) is less than 90°, 
four things have to be considered. 

(i.) Is b less than c . sin B ? If so, then, 

• • /“I c i sin B i-i 1 f 

since sm C — ^ — , the value of 

sin C is greater than 1, which is im- 
possible [Art. 15], In tliis case there 
is no triangle which satisfies the given 
conditions. 

(ii.) b may be equal to n . sin B. Wo should 
then have sin C - 1, jiiid therefore 
C= 90°. In this case, then, there is 
fUily one triangle. 

(iii.) If b is greatei than c.. sin B, but less 
than c, then B is less than C [Gkomktry, 
Prep. 2J], and therefore C may bo acute 
or obtuse. Hence, C may have either 
of the values found from the equation 

sin C --- ^ and there will then 

b 

bo tu'o triangles satisfying the given 
conditions. This is the ambiguous case 
in the solution of triangles, 

(iv.) If b is ecjual to or greater than c, then B 
is equal to or greater than C. Hence, 
C must be an acute angle, and there- 
f(U-o there is again only one triangle 
satisfying the given conditions. 

48. We shall conclude with examples illus- 
tiating each case in the solution of triangles. 

ExAMrLK 1. Given that a ~ 40, 6 — 51, c = 4, ‘I, 
log 2= •8010.^00, log 3= -4771213, 
log 67 = 1*8260747. 

L tan 24° 44' 13" = 9 6634464, find A. 
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Here, (I h c — 40 -f- 51 + 43 = 134. 

/. 8 ~ 67, s-a~ 27, .s - & — 16, s-c= 24 

L tan - 10 

- J{log 16 + log 24 - log 67 - log 27'( 

= |)log 2^ + log 3 + log 2‘ — log 67 — log 
= ^{4 log 2 + log 3 + 11 log 2 - log 67 - 15 log 3} 

— i\7 log 2-2 log 3 — log 67} 

= ||2 1072100- •9042426 -1 ■8260747 1 
^ |{2-1072100-2-780:5I7:5} 

= - J{-673I0731 - llllOr.ollO -■= 1-6634464. 

L tan ^ = 9'6634464 
2 

" - L tail 24'" 44' 13". 

A = 2 X (24° 44' 13") 40° 28' 26". 

K.vamvlk 2. In tlu3 tii.-iiiglo ABC^ the base 
AB is l,00i) ft. lon^^ and th(3 anj'les at A and B 
arc 31° 20' and 125° 10' rcsjiectivoly. Fiml the 
length of AC. 

Wo aio ;^ivcn A, B, and c. 

First, C 1 - 31 ° 20' - 125° 19' 

23° 21'. 

lo^ h — log c 4- L sin B - 1 j sin C 

= log 1000 + .L sin 125° 19'- L sin 23° 21' 
= log 1000 4- L sin 54" 41'- L sin 2:1° 21' 
3+ 9*91 16739 -9*5980754 

- 3 *.31,35985 

- log 2058*725. 

Thus, 2058*725 ft. 

Fxami’I.e 3. 3’wo sides of a triangle being 
2265*4 ft. and 1779 ft., and the inelnded angle 
being 58" 17', find the remaining angles of the 
triangle. 

Supjmse /> “t 2265 ’4, i: — 1779, and A — 58° 17'. 
Then, B t 180°-58 17'>= 121° 43'. 

Again, Ltan^^^^ 

2 

= log (h — c) - log (h 4- (') + L cot 

= log 486 *4 -log 4041*4 4 L cot 29° 8' 30" 

= 2-6869931) -3*6068541 4- 10*2537.195 
= 9*3;5:i8590 
= L tan 12° 10' 21". 

. B — _C _ j (jO j t, j n 
• • 2 

and (B-C) -- 24° 20' 42". 

But + 121° 43'. 

/. 2B --- 146 ' 3' 42" 
and 2C^ 97“ 22' IS". 

Hence, B ~ 73° V 51" | . 

C-- 48" 41' 9"llli± 

Example 4. Tin* lengths of two sides of a 
triangle are 5374*5 ft. and 158()*6 ft. ; the angle 
opposite to the shorter side is 15° 11'. Calcu- 


late the other angles of the triangle, or of the 
triangles, if there are two. 

Hupposo 5= 1586*6 ft., c= 5374*5 ft., and 
B-15°ll'. Then, 

L sin C — log c 4' L sin B ~ log /> 

- log 5374*5-1- L .sin 15° ll'-log 1586*6 
=r 3*7303381+ 9 4181495 - 3*2004674 

- 9 9480202 

L sin 62° 31' 23". 

C- 62° 31' 23", 

or 180° - 62° 31' 23" =117° 28' 37". 

And 6 is less than c, thevefoic both these 
values are admissible. 

Thus there are two triangles. 

(i.) B 15° 1 r, (ii.) B - 15° 11', 

C = 62° 31' 23", C = 117" 28' 37", 

so tliat A - 102° 17' 37". A - 47'" 20' 23". 

Example 5. 

(liven thatC = 52° 10', 5 = 643 yd., c = 872yd., 
find the other angles. 

L sin B -= log 5 -1’ L sin C — log r 

log 643 + L sin 52° 10' -log 872 
= 2*8()82110-1- 9*8975162 -2*9405J()5 
rr- 9 •76)521 07 
1. sin 35° 37' 7". 

B-- 35' 37' 7", 

or, 1 80° - 35° 37' 7" - 1 44° 22' 5.3". 

But 5 is less than r, therefore B must be less 
than C. Hence, the second value found for B 
is inadmissible. 

Tims B -- 35° 37' 7", and 

A 180° -3.5° 37' 7" -52° 10'= 92° 12' 53". 

The above examples, with the exception of 
ICxample 1, arc woiked direct from the Tables 
of Logarithms. As already mentioned, the 
method of finding the logarithm corres])()nding 
to a given number or trigonometrical ratio, oi* 
the number or angh*. corresponding to a given 
logarithm, is explained in t he hook of logarithms. 

49. Text Books. For the stmUmt who 
wdshes to go further into ]\lathemati(;s the fol- 
lowing textbooks can be recommended. 

Al<;ebra. — “A Treatise on Algebra," by 
Charle.s Smith (7s. fid. Maeiiiillaii A Co.); 
“Higher Algebra," by Hall and Knight. 
(7s. fid Macmillan A* Co.) 

Geomi*:tiiv. “A School Geometry.” Hall 
and Stevtuis, (4s. tid. Macanillan ct Co.) 

Thtooxometuv. “ Plane 'rrigonometry." 
Todhunter and Hogg. (5s. Macmillan A Co.) 

Conic Se(TJons — “Geometrical (Joiiics,” 6s., 
and “Conic Sections,” 7s. 6d., both by Charles 
Smith. (Macmillan A Co.) 

“HifJercntial Calculus for Beginners.” Joseph 
Edwards. (4s. fid. Macmillan A Co.) 

“Integral Calculus for Beginners.” Joseph 
Edwards. (4s. 6d. Macmillan A Co.) 


Tkiuonometry concluded 
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CABLE-MAKING AND LAYING 

ELECTRIC 

CABLES 

Concentric and Three-core Cables. Methods 

2 

of Joining Cables. Systems of Cable Laying 

CoiitIinu‘(l from 




A CONCENTRIC c ible (4) consists of a prime 
central conductor, an insulation covering, a 
second condiud-or outside the insulation, a second 
insulation on top of the second conductor, and a 
protective covering. The second conductor is in 
the form of a cojiper wire ring, which is con- 
centric with the ))rime conductor. 'Die insula- 
tion in this make of cable is usually of paper 
or jute. The reason for this is that the 
second conductor could not bo well a])])lied 
on a soft indiarubbor insulation before vul- 
canisation, because it might cut through the 
plastic substance and cause a fault. Further, 
if the first insulation were vulcanised before the 
second conductor were added, the second insu- 
lation would have to be vulcanised, and while 
this was being done the first insulation would be 
vulcanised jjgain. This would destroy {ill the good 
])ropertics of the first covering, and cause it to 
crack when bent. 


Making Concentric Cables. lu 

making of conc'‘nt.ric cables, the first, jiroeess is 
the making of the eentral stranded conductor 
by moans of tlic stivinding machine, as already 
mentioned. The conductor is taken from the 

stranding machine to the papcr-la])ping machine, 
where it receives a covering of soveiJil layers of 
strong manilbi paper tape. This is ajiplied by 
lie.ing spirally wramied round 
the conductor much as though 
the tapes were wires being 
stranded round the core. 



4. CONCENTRIC CAllLIfi — LEAD COVERED 


Each layer of paper is wrap])od on in reverse 
spiral, for the reason stated, with rubber strips. 
The paper-covered core is now placed in a hot- 
air chamber, heated to about to drive out 

all moisture. Since the paper will }ig»iin absorb 
moisture from the atmosphere if left about, it is 
at once taken to the tanks containing a s])eei{d hot 
resinous compound. The paper is thoroughly 
impregnated with this compound until it is practi- 
cally waterproof. At the same time, the compound 
adds a little to the belter insulation of the e;iblo. 
From the tanks the cable is again taken to the 
stranding machine, where it receives its second 
conductor. This reipi ires careful ajiplicat ion, since, 
when it is on, the wires forming it must have a 
combined sectional area equal to ‘that of the prime 
Conductor, because both will have to carry the same 
amount of current with the- same amount of re- 
sistance. If the sectional area differed, the smaller 
conductor would offer more resistance than the 
greater to the passage of the same amount of 
electricity. This would cause waste of current 
and more heat in the eirciiil, therefore both 
conductors should bo of the same sectional area. 
The second insulation is now applied by the 
wrapping, drying, and impregnating processes 
as before. 


Lfead Covering. Witli a moisture-absorbing 
m.aterial like ])aper a wa1er])roof covering is neces- 
sary; therefore, as the cable comes out of the com- 
pound tanks for the second timi; it is taken to the 
hydraulic le;id press to be luuaised with a leaf: 
.sheathing. The method of a])plying tliis h.-us been 
much discussed among cable-makers, some ])re- 
ferring to put on the lead at ji high tem])erature 
with low presHure, ami others at a lowci 
tem])eratnre with high ]>resMure. 

In the former method, the lead is very lialde to 
small air holes, or ])oroM, and the thickness of the 
sheathing is not usually the same all the way 
round. In the second method, owing to the in- 
creased pressure, ]a)rosity is less likely to occur, 
and the thickness of the covering is more smoothly 
and evenly maintained ; henee the high ])ressure 
jiroeess is now becoming general. At the hydra idic 
press the cable passes through the centre of ji die, 
through which the lead is forced at the same time 
under very great ])res.sure jind at a temperature 
well Iwlow melting point. Tliis gives the cable a 
elosely-titting ])rotectiva sliefi thing against damj)- 
ness and meclianical injury. With the lead covering 
on, the cable is ready for testing. In connection 
with these ])apor-insulated cables, the great diffi- 
culty is to previ'ut dfimpness getting to the insula- 
tion, because danijmess not only conducts electricity, 
but Jilso quickly rots the ])aper and causes ji fault. 
When a fault occurs, there is no telling wluit may 
ha])pcn, so that it heliov'^s makers to see that the 
cable is sound before it liMves the works. 

Testing Lead-covered Cables. The 

testing of lejid-covered cables is rather difficult 
to conduct in a satisfactory manner. The cable, 
is first placed in watrr-tjiiiks, and left there for 
about twenty-four hours, tlie ends being care- 
fully ke])t out of the wat(‘r, liecause they arc 
not fully protected jigainst danijmess. When the 
test for insiihition resistjince is made, the ends 
;ire carefully propjired to prevent surface leakage 
by being coated over with an insuliting com- 
pound. Both tlie walerjnoof and the insulation 
resistance t<*sts are very similar to tliose for india- 
rubber insulated cables, ft will be noticed that the 
concentric cable is not t(‘sted as soon as the insula- 
tion is applied, as the single cable was, and the 
reason for (his will be readily understood when it 
is remembered tluit the chief idea right through the 
Jiroeess of making the cable is to prevent dampTie.ss 
in tlic pa])(*r. 

'Phe uns;itisfactory p.irt of the testing when 
the lead covering is on is this : owing to the 
method of ajqilioation, there is alwjiys the jmsai- 
bility of weak places occurring in the lead. These 
will withstand the t(?.sts when the cable is newly 
made and before it has been wound many times on 
a drum, but very soon after it comes to be wound 
{ind unwound in the jirocoss of laying, the weak 
places break down, jind when next the electricity 
is sent through there is a fault shown. After the 
testing the cable is ready for use. Since lead soon 
decomposes when laid in the ground, this class 
of cable is usually laid in conduits. The concentric 
cable, having two conductors, may be used alone. 
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ELECTRIC CABLES 


Twin Cable. This is callcfl a twin cable [5] 
because it has two similar insulated conductors 
bound together under one ))rotcctive covering. 

The two conductors 
arc st-randed separ- 
ately at the machine, 
and each is sepa- 
rately insulated by 
indiarubber, bitu- 
men, or paper. 

As the conductors 
are usually small in 
twin cables, they can 
generally receive 
their irisulation, if 
of indiarubber, at 
the longitudinal 
5. TWIN CABLE — DOUBLE- machine. If bitumen 
STEEL TAPE AllMOURRD paper is used, the 

insulation is applied 
by the wra])piiig process. After receiving the 
insulation of indiarubber, the cables are tested in 
a manner similar to the single indiarubber cable. 
U]) to the testing ])roeess tlu^ two conductors are 
treated as separate cables, but from this point they 
become as one. If they withstand the tests satis- 
factorily, they are placed side by side and closely 
packed round wit li broken jute, usually impregnated 
with resinous or tarry compounds. .A stout jute 
braid is then applied round the packing to kce]) it 
tight!}' in its place, and to make a solid e.on‘ around 
which a lead covering or wire armouring may be 
placed. Before the armouring is ap])jied, the 
braided cable is passed through tlie scTviiig tanks to 
receive its covering of eom])ound, which acts as a 
preventive against dampness. 'Plie lead covering 
is also put on for this purpose, but it further acts 
as a mechanical protection. 

Triple Concentric Cable. This f61 is 
so called on account of the (fire(' concentrie (;on- 
ductors which are onelosed williin its armouring. 
It con-Jsts of a (‘(‘ritral eondnetor, a lirsi- layer of 
insulation, a sec’ond eondiudor in the form of a 
ring, a second layer of iusiilation outside the 
ring, then a third conductor, again in the 
form of a ring of co])])rr wire, and a third 
insulation. As the insulation is usually of 

paper, for the reasons sta,te<l fo?- the <*on(;entric 
cable, the usual protective eovering is the water]»roof 
lead sheath applied by pressure. The stranding of 
the conductors, the wrapping of the insulation, and 
the pressing on of the lead are all done in the 
manner as described for the concentrie cable. If the 
triple cotK’cntrie cable is to bo 
used for a three-wire system, 
the outer conductor is usually 
made only one -half the sec- 
tional area of eilherof the other 
two, which are exactly alike. 


6. TRIPLE CONCENTRIC CABLE —LEAD COVERED 

Three-core Cables. This cable [7], as the 
j name implies, baa three cores or conductors, each 
! of which is separately stranded and insulated. All 
three are then bound together within one armour- 
ing. A sample of the three core cable before the 
, writer is insulated with bitumen. To ]:)repare this 
substance for insulation purposes, it must go through 
; a thorough refining process. Much difficulty was 
I at one time experienced in getting this material 
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into such a condition that it was neither so 
brittle as to crack when bent nor so soft 
as to allow the heavy conduct/or to become 
decentralised when insulated with it. After the 
refining process the bitumen is compounded with 
chemicals, one of which is sulphur, and 

rolled into thin sheets. Those are cut into 
nar»*ow stri])s, which are wrapped spirally round 
the conductor, after a lapping of paper or india- 
rubber-covered cotton tape his lecn applied on 
the copper to prevent the sul])hur in the bitumen 
from tarnishing it. The process of vulcanisation 
is the same as for indiarubber, and it is 
done for the purpose of adfling strength and 
flexibility to the compound. Each conductor is 
generally of the same size, and insulated with the 
same thickness of material. When the insulation is 
vulcanised, the tlinie cores are placed together and 
tightly packed round with jute soaked in oily or 
bitumino\is compound. .A strong braid surrounds 
the packing, and on the outside of this the armour- 
i!»g is placed. This may take the form of galvanised 
iron wires, steel tapes, or lead sheathing. Tf stool 
tapes are used, they are applital by the steel taping 
machine and laid on in two spiral layers. 'I'he 
second layer is wound over the joints of the first, 
so that there is no joint showing right through 
the steel covering. Steel tapes are an excellent 
form of mechanical protection, as they are flexible 
and will withstand a lot of rough treatment 
without, injuring anything underneath them. A 
'.’overing of strong braid is usually placed over 
the stool tapes to protect 
them from rust, and to help 
to keep down the strain due 
to their springy nature. 




7. SEVEN-STRVND TilREE-COHE ARMOURED CABLE 


Joining Cables. In the ahov(; dc'seriptions 
only single lengths of cable have been dealt 
with. \\’hcn a long cable is rccpiircd, several 
of these lengths have to he joined togetluT. 
The joining o])eration is very difiicult, and niucli 
earc must be taken in order to mak(' a sound 
job. In the making of a joint the considerations 
to be borne in mind are that I he joint should offer 
a resistance as near as ^mssible to that of any 
other ])art of the conductor, the insulation al)out 
the joint should be as sound as any othi‘r })>rti;)n 
o! th<‘ eabli‘, and th* joint ‘^lioulrl be strong enough 
to withstand a certain amount of rougli usage whi' h 
it is sure to receive when being laid. 'I’he method of 
making the joint varies somewhat with the style 
of cable being joined. .A (minmoii way of fastening 
together two lengths of small size cable (say. 
nineteen strand) is by what is known as the married 
joint f8]. To make this the eonductora are stripped 
of their insulation for a short distance from the ends 
about to be joined. The bare eonductors are then 
bound round with a few turns of thin copper 
binding wire at the ])lacc where the insulation ends. 
This is to keep the strands in place while the outer 
wires are bent back so as to disclose the central 
strands of seven wires. These are soldered up solid 
for some distance and then filed into a long bevel 
so that when placed together there will be a fairly 
l.argo surface of each in eontaefc with the other. 
The two ends are then held together while they are 
tightly bound with binding wire. The joint is then 
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soldered over and filed down smooth. The wires 
should bo thoroughly cleaned before joining so that 
the solder will run well on them. I'he outer wires, 
which have been bent back, are now cut off at suit- 
able lengths, alternate ones of each conductor 
being cut long and short. These are then butted 
together so that a long wire from one side butts 
against a short one of tlic other, and molten solder 
is poured over the joints, after binding wire has 
been wrap])cd over them. Fig ir*' 8 show's this joint. 

The solder is filed dowui to smoothness so that there 
will be no sharp ])roje(*t ions which might j>ieree the 
insulation. The reason for cutting off the outer 
w'ires in alternate long and short lengths is to 
avoid the overlapping of tlie wires and to make 
the finished joint as nearly as possibk' the same 
thickness as any other ])ortion of the conductor. 
If the conductor is a very small one (say, of only seven 
wires), it is usually joined by one joint in a similar 
manner to the central strand as described above. 

The Telescopic Joint. Another sim]jle 
w'ay of joining small cables is by the teh ne 
joint as shown in 9. To make this th con- 
ductors are strip])cd of their insulation for a 
short distance and then bound with win' as before, 
'file outer w'ires of one eonduetor are. then cut off 
at the binding, and the inner strand of the other is 
cut off at its binding. The outside wire's, P>, now 
remaining are laid up in jiosition again so that they 
form a hollow cylimler into wliieli the projecting 
central straml, A, of the first eonduetor, after being 
soldered up solid, is inserted. The en<l of the 
hollow cylinder touches the binding at wliieli the 
outer wires w'ere cut olT. 'fho whole joint is tightly 
bound with wdre, and then soldered over and tiled 
down smooth, after wliieh it is ready for insulating. 

In the i:onconlri(! cable the inner conductor is 
joined by the single or married joint, according to 
si/c, and then insulated, the outer winis, or the 
second eonduetor, having been turned back out of 
the way. A sleeve of clean copper is usually placed 
ov('r the joint on the outside of the first insulation, 
and on the top of this sleeve the second eonduetor 
is married, bound, and soldered as juentioiu'd 
Ixd’ore. In joining concentric cables great care 
must be used so that the first insulation shall not 
damaged in any w'ay during the ]n’ocess of 
joining the second concluelor. 'fhe second in- 
sulation is applied and then the protective eoveriiig. 

Joint Boxes. Large cables are usually joined 
in specially made joint boxes filled up solUl with 
eom])ound to make tliem w'atortight and to improve 
tlF' insulation. 

When joint boxes arc not used the insulation of 
the joints in rabies is a vi'iy diflieult matter, as will bo 
readily understood when it is stated that those are 
the plaee^; in which ilie eonduetor will offer most 
resistance and consequi'iitly generate most heat. 
Further, the insulation will hav(' to be tightly and 
soundly applied w'ithout any of its properties being 
impaired in any way. 'riicre are tw'o ways of re- 
insulating the joints in indiarubber-eovored cables : 
one by means of pure indiarubber, and the other by 
vulcanising indiarubber. 'l ire pure indiarubber joint 
is made by stripjiing back the tapes and braids so 
that they will bo clear of the ])art to be reinsnbited. 
When the indiarubber is thick enough the surface 
which has boon exposed during the making of the 
copper joint should be trimmed down to the con- 
ductor in a long bevel. 

This will expose a new, clean surface, to which the 
pnre indiarubb?r strip about to be ajiplicd will stick 
better. If the copper joint is clean and smooth, 
the pure indiarubber strip is wrapjx;d tightly and 


evenly round it, and over the bevelled surfaces, 
until a thickness c([ual to, or slightly greater 
than, that of the old covering is obtained. Strong 
tapes arc then soaked in conqiound and tightly 
wrapped over the strip, and for a short distance 
over tbo original braiding. The whole joint is then 
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painted over with resinou-i, w'ator-resist ing com- 
pound. When the imliaiublx'r insulation is not thick 
enough to be bevelled down, the new^ rubber may b(' 
lapped for about an ineli or so over the old, wbieli 
ought first to be well serapial and cleaned to remove 
all grease and dirt. Tliis kind of n'insulation of 
joints answers all ]>raetical pur])oses in indoor 
low'-pressure circuits w Iktc little moisture jicnetrates 
and little heat is gener.ited. 

Joining Cables Out of Doors. The 
making of a vulennisod indiarubber joint out of 
doors requires special apparatus, since it is practi- 
eally impossibk' to cari’y about with one a steam 
geiH'rating ])lant and vulcanising pans, 'fhc molten 
suljihur bath is ]>rol>;ibly tlu' most satisfactory 
jiortable vulcaniser for outside work, 'flu* bath may 
consist of a strong, cylindrical l)OX, made in halves, 
and flanged so that, they may be bolted together to 
enclose llu' joint. The iqiper half contains a hole 
through wliieli the molten suljibnr is ])oured, and 
through which a tlii'miometer is placed so that the 
temperature of the sul]»hur can be road. 'Phi' bottom 
half contains a ta]>, thi'ough which flic sul])liur is 
run out after the ])roees.s is ovei'. Wlieii the. box is 
screwed up with tlic joint, inside, the opiaiiiigs 
through which tlu* cable passi's are jiaeki'd with 
eomiiion rubber to jiroteel the insulation from the 
heated flanges. 

Tlu' preparation of tlu' joint for the insulation is 
similar to that deseri!)t‘d above. When tlic Ixwelled 
edges have been <*leaiu‘d, a la])piiig of pun* india- 
rubber stri]) is tiglilly a^iplied so timl it just ov(*r- 
laps the tliiii eilge of tlie bevel. On tlu* top of tlii^ 
tlic strips of vulcanising indiarubber are lirmly 
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wrraiipcd until tl insulation about the joint is the 
same diameter as any other portion of the cable. 
The tightness and evenness of wrapping are essen- 
tial to prevent small air s))accs being left between 
the layers of insulation. A spiral wrapping of india- 
rubber-covered taxie is placed over the vulcanising 
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rubber, and in order to keep the insuJation in sha|>e, The trough may be tested by passing a currens 
and under pressure, a piece of sheeting is tightly through an electrometer until a steady deflection it 
rolled over the trt])e so as to form a longitudinal obtained. The battery is removed and the electro- 

seam. On this a spiral wrapping of strong unpre- meter connected to the trough. A decrease in the 

pared taj)e is applied. The sheeting and unprepared. deflection of the instrument takes place, but if this 

tape merely act as a mould while the joint is being decrease is only very slight, the trough is sufficiently 

vulcanised. As soon as the process is well insulated for testing purposes. 

over both are rcMiiovcd. The sulphur is ^ Cable Laying. When the joints 

melted over the fire used for heating are tested and found sound the finished 

the soldering irons, and is poured T ^ i cable is ready for laying. The question 

through the top hole in the box. The I of whetherthc oa bio should be laid under- 

temperature is maintained by placing jU ground or overhead is soon decided. In 

spirit lamps under the box. It is advis- \\\ lBi| jBPIll 111 England the only method allowed in any 
able to heat the box first so that the VW . vSBIv • ^ i m ' large towns is the underground 

temperature of the sulphur will not bo JImU ^y^'tem, allhough under certain circum- 

gre itly diminished when it comes into \y\ . // / A 1\ i stances, especially for the transmission 

contact with the metal. After the V . \a 1 A \ " . ' < of electricity over long distances, the 
sulphur has been kept at the pro}>cr overhead lines may have decided ad van- 

tenj2)eraturc for the requisite time, it tages. Overhead wires are chiefly con- 

is run out, the box is unbolted, and 10, SOUD SYSTEM OF fined to outlying mining districts. There 

the joint allowed to cool. The opera- cable laying ^re many in South Wales. The several 

tion is over. A rough test for the ways of laying cables underground may 

degree of vulcanisation may be made by ])re.ssing bo grouped into two classes: (1) the “built-in,” or 

the indiarubber, when cool, with the thumbnail. “solid” system and (2) the “diawn-in” system. 

If this leaves no mark, the rubber may be eon- Figure 10 shows a lead-covered cable laid on the 

sidered to be correctly cured. If a mark is left the solid system, and 11 shows a cable laid in a conduit 

indiarubber is probably under-vulcanised, and if in the “ drawn- in ” system. 

the substance feels hard and solid so that the nail Access to built-in cables, when one? they arc laid, 
makes no impression, over- vulcanisation has prob- can be made only by opening up the ground, whereas 

ably occurred. Hie vulcanised joint is protected in the drawn-in system, the cables, lying as th'^y do 

by strong tapes and braid, which overlap for a short in conduits, may be easily wilhdrawn into the nearest 

distance the original braid on the cabh\ Joints in surface box for inspection. (Greater mechanical pro- 

bitumen-iiisulatcd cables arc made in a similar tection is required in thv^ “ solid ” method than in 

manner to those elescribed above, but the paper the “drawn-in.” ^’his is because the cables in the 

cables are more commonly joined in s])ecial joint solid system are sometimes laid in the ground direct 

boxes, which are watertight and lake the place of (12]. The armouring may consist of steel tapes, 

lead covering. or iron wires, or the cables may be laid in troughs 

Testing Joints. When the joints are com- of wood or iron, filled up solid with compound, 
pleted, they should bo tested to see that their Sometimes broad tiles are ])laced just above the 

insulation rosislance is not much dilferont from cables to give warning to workmen when opening 

that of an cipial length of continuous cable. There the ground that tno cable is at hand. Precautions 

are several ways of testing joints, but a simple are then taken that the pick or spade is not sent 

and effective one is known as the accumulation through the cable’s insulation. In these troughs a 

method. Tlie joint to be tested is placed in good plan is to lay the cables on sjnall bridges of 

water contained in a trough which is thoroughly wood, as shown in 10 , before filling up with tho 

insulated by being raised from the ground on compound or asphalt. 

blocks of insulating material. Whichever of these plans is adopted, the cables 

The trough should be tested before proceeding must be laid while the giouiid is o]jcn, and this is a 

with any other tests. The length of cable containing great ificonvenioiico to traffic if the laying hapi)ens 

the joint is connecttjd to one pole of a battery, the to l)e in a very busy thorouglifaro. Further, the 

other pole of which is connected, tlirough a condenser, road authorities allow only a certain length of trench 

to tho water by a wire, which is not to be ox)on at one time, and this is 

allowed to touch the cable. The often a hindrance to rapid laying, 

current passing through the insu- Vr;'r;V W'^hen a length of trench is prepared, 

lation of the joint esca])es through i tho drum containing tho cable is 

tho water and along the wire to fi'/s mounted on a trolley and whoolcd 

tho condenser. This is then dis- along the side of the trench so that 

connected from tho trough and pays off tho cable, which is laid 

connected to a galvanometer, in place in the trough. Hot com - 

through which the condensed or j pound is then poured over it. The 

accumulated current ]>asse8, and trench is filled up, and the surface 

gives a deflection. The joined repaved. 

length of cable is removed and a Drawn»in System of Lay- 

continuous piece substituted ; tho ing. In the “ drawn-in ” system 

condenser is again connected with jg necessary to go to the 

the trough and again collects tho H, concentbic cable laid IN expense of strongly armouring tlie 
current passing through tho resist- STONEWARE CONDUIT cables because they are provided 

anco of tho cable under test. with mechanical protection by tho 

The battery is kept on for tho same time conduits into which they are draA^m. Tho pipes 

both cases. The second accumulated current or conduits are placed in the ground before the 

sent tlirough tho galvanometer as before, and if the cables are drawn into them, and when once they 

deflection obtained in the second cjiso varies but are in position the ground need not again be opened, 

slightly from that of tho first, the joint may be con- For the purpose of drawing the hauling line through 
sidered satisfactory. the conduits, a wire is threaded tlirough each section 
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of them, as they are laid, and it is fastened in the 
surface boxes. When the conduits are laid, the drum 
containing the cable is conveniently placed on an 
axle near the mouth of a surface box, and the end 
of the cable is connected, by a smooth, strong, 
fastening, to the hauling line, which is then drawn 
through the conduits by the wire left for that 
purpose. The rope is then used for drawing in the 
cable. The length of cable which may he drawn in 
at one hauling depends partly upon the weight of 
the cable but chiefly upon the straightness of the 
coiidu ts about to be entered. Tn town work the 
lengths are usually short on account of the numerous 
sharp bends encountered, ^\’llen a bend is reached, a 
length of cable, sufheient to reach to the next surface 
box, is drawn through and laid on tin? ground in 
long looj)s. The hauling rope is drawn on as before, 
and then the loo])S of cal)le gradually disa])])car 
into the conduits. The reason for raising the length 
of cable to the surface at the bend is to avoid the 
friction and extreme tension which would arise from 
the cable being drawn rouiul a sharp corner. Kven 
in straight lengths of conduit the friction is very 
great, and to reduce this as far as possible a coaling 
of whiting is often applied, as a lubricant, to the 
cable. Sometimes a chain is drawn through the 
pipes to clear away any obstacles which might in- 
crease the friet ion or tension on the ca hie t hat follow's. 
If the eon blits are smooth to begin 
wuth, and these precautions are tak(*n 
against friction, the possibility of 
damage to the cable during the 
drawing-in is reduced to a minimum. 

Conduits. The cost of conduits 
large- 
sized cables arc laid, a separate w’ay 
is usually provided for each one, al- 
though smaller sizes may be drawn 
in in yiairs. This ipicstion of oust has 
led many yiooplo to turn their attention 
to the manufacdure of chcafM'r kinds of 
])i])es which can be readily joined 
together. Brick culverts arc rarciv i’X 
used now because they take up much "'V 
syiace uiKh‘rground, they occupy a long 
time in building, and are very eo.stly. 

Kartheiiwaro conduits, with two or 
three cable-ways, can be laid iniieh 
more cpiiekly and cheaply, and they arc now' inann- 
faetured in a s])(‘cial way so that the joints can 
he easily made. The disadvantage of earthenw'are 
])ipes is that they are very liahh; to fracture, and on 
account of t his other kinds are somet imessuhstiluted. 

Bituminous concrete conduits are often used 
hecaiise they are fairly cheap. 'Hiey are made in 
blocks with two or more yiassages, ami are joined 
log ther by insiTting short mandrels in each passage 
of two blocks while hot bituminous coinyioiind is 
jioured into the joint and allowed to cool. When 
the mandrels are withdrawn the eomyiound has 
formed a joint between the two blocks, ami the 
mandrils have ke])t clear the ])assages through which 
the cables will bo drawn. Cast-iron pipes are ex- 
tensively used in connection with Post Office cables, 
as they have been fonnd to be the most satisfactory. 

Considerations in Laying. In deciding 
at any place whether the cables shall be laid 
by the “ solid ” or “ drawn - in ” systems, con- 
siderations are given chiefly to the cost of the 
cables and conduits. If the “ built-in ” cables are 
laid in iron troughs filled up solid with compound 


and the “ draw'n-in ” system has cast-iron pipes 
for conduits, then the cheaper method is probably 
the latter, as in this the cables are not usually so 
strongly armoured as in the former. After the cost 
the convenience of access in the “ drawn-in system 
strongly recommends this me hod, although it has 
several disadvantages. The eondnits are always 
liable to infiltrations of water and gases, and if the 
insulation is not jrerfectly W'aterproof, a fault may 
easily occur. Further, wherever gas collects there 
is alw'ays tin- possibility of an explosion. 'JMie con- 
duits are usually connected with the drain ])ipes 
so that the water may run out almost as (|uickly 
as it enters. In the solid system there are no spaces 
in whichgas may collect, and the insulat ion is usually 
waterproof, therefore the small amount of water 
which may }»enctiate the compound around it 
may he ignored. 

Uses of Different Insulations. The 

different kinds of insulations mentioned have 
their resjxadive advaidages and di.sadvanlages 
for special elasse.s of work. For a material to 
he a good insulator it slioiild be moisture- 
resisting, because moisture is a eonduelor, and 
lowers the effectiveness of the insulation; it 
must he strong and tough, so that it can withstand 
the rough usage it receives in laying without 
splitting or tearing, and it should be ilexible. so 
that it can be easily wound on drums 
or bent round sharp corners under- 
ground. Further, it is desirable that 
it should withstand a fairly high tem- 
perature without being injured per- 
manen'ly, as heat is generated l)y the 
passage of the current along th * eon- 
dijctor, and it should ])raetieally 
unalTeeted by the acids and gases 
it is likely to meet when laid in the 
earth. In high-pressure, circuits the 
insulation must be a very hoiuogciu'ous 
mass, because it has to offer great re- 
sistance to disru])t ive discharge*. When 
an installation is found witli all or 
most of these properties, the best 
cable, is that in wdiich the cost, bidk, 
and weight are least. (Jootl (piality of 
indiarubber, pro;)ei ly a])p!ied. |)o^s(*.sses 
almost all these ijualities; tlierefore, 
from a ])urcly technical point of view it is 
undoubtedly the best insulator known. Its one 
great disadvantage is that it is ex]>ensive. 

Bitumen com])ound is a fairly good insulator 
for low-pressuie work, but as it cannot withstand 
much heat wdtliout softening, it is unsuitable; for 
heavy current work, where! a large amount of heat 
is geiieu’ated. Its resist a ne;e, thickness for thickne'.ss, 
is neU (juite so good as indiarubber, but it Iijks the 
advantage of being e‘h(‘aj». (iuit.a-])ercha has a com- 
paratively low' me*llifig ])oint, anel is therefeue 
contined ehie*fiy to insnlatie)n of submarine cables, 
and underground tele])hone* and telegraph wires, 
which vvoik ordy at low' ])iossMre. The ael vantages 
of gutta-percha for these*, insulations are that it is 
thoroughly wateri)roof and lasting. Paper insula- 
tions are suitable for either high or low ])ressure 
<*ireuits as tlu‘y w'ill w'ithstaiiei a fair amount of 
heat without serious injury. Their disadvantages 
are that the paper readily absorbs moisture and 
therefore always requires a lead or other variety 
of waterproof covering, which adds to the expense. 
The paper itself is me x pensive. 


Klectric Cables concluded 
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DRESS shirt and collar making 

Fultowiti; oil The Making: and Dressing: of all Kinds and Makes of Shirts. 

KJtixnKiw Drafting, Cutting and Finishing. Collar Making. Popular Styles 
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By W. D. F. VINCENT 


pORTY or ftfty years ago shirtmaking was 
^ one of the cottage industries of England. 
The general practice then was for the large firms 
who supplied the shopkeepers engaged in the 
drapery and outfitting trades to send round 
to the women of the villages and small towns 
of the country districts the cut-out parts in a 
range of sizes, paying at the rate of so much 
per dozen for the ordinary work of making 
up. Specially good needlewomen, who could 
W'ork neat buttonholes and do the other parts 


and collar from linen, tho supplementary parts 
have next to be attended to, such as tho under- 
lining for tho cuffs, which is usually a fabric 
composed of a mixture of linen and cotton, 
and the backing for tho fronts. Tho quality of 
a shirt is generally made to depend upon the 
fineness of the linen employed in making the 
front and cuffs, which is rpckoned according 
to the number of threads to the inch, as counted 
tlirough a magnifying glass specially made for 
the purpose. 


of the work exceptionally well, found this a The various ])art8 of the different kinds of 
good means of adding to the domestie income. shirts w’ill be seen by reference to the diagrams, 
The general adoption of the si^u'ing maohino, and these are put together by the ordinary 
aud its introduction to th' 1 methods of sowing, the main 


factory system of w'orking, 
brought about a change in this 
class of work. It ceased to 
be a home industry in the 
Ht.uise of home-workers being 
employed to supply tho 
wholesale merchant wth his 
requirements. Big shirt fac- 
tories were established in 
several districts, Devonshire 
and Belfast being the leading 
(jcntres, the latter doubtless 
by reason of its being the seat 
of the Irish linen trade. 
Lorifloii also has become an 
impoi'tant centre for the 
manufacture of linen shirts 
and what may be called 
kindred artick's, such as 
collars, cuffs, and the now 
almost abandoned shirt-front 
or “dickie.” 

Whethci*, how'over, the 
goods arc made at home or 
in the factory, the principle of 
production is practii^ally the 
same. 

Cutting Out the Mate- 
rial. In the factory the first 
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object bcuig to lit the body 
w ithout causing discomfort at 
any part. 

The buttonholes should be 
very neatly worked, and a 
Slaving machine for w’orking 
buttonlioles is largely used in 
all shirt and collar fact()ries. 
This machine, by means of a 
kind of (!ross-stit(diing, does 
the -sowing before the hole is 
cut, this being done by a 
chisel, or similar tool, after tho 
shirt or collar has been finished 
and dressed — that is, starched 
and ironed. 

( Ireat care should be exercised 
in seeing that tho buttonholes 
harinoriise as regards position, 
that the hole in the back 
of the collar be exactly 
in the centre, and that those 
of the cuffs are properly 
balanced. 

Material for Shirts. 1'hc 
material used for making shirts 
is a calico, in the trade 
termed longcloth, varying 
from 34 in. to 37 in. in w'idtii, 


thing is to cut out tho material in the most 
economical man/ier. This is done by laying 
out a number of fold.s of the material to be 
used, and placing the various parts of the 
pattern, which are usually cut out first of all 
in tin or stout cardboard, and, after these 
have been marked round in pencil, cutting them 
out with a hand knife or band-saw in as many 
thicknesses as required for tho different sizes. 

For dome-stic or individual work, of course, 
a different plan is adopted, but it is equally 
important to arrange the pattern so as to use 
as small a quantity of material as possible. 

I’he various parts of the shirt having been 
cut, the body part from calico, and front, cuffs 


the price ranging from 5.Jd. to lOd. per yard — 
retail — according to quality required. 

Tho quantity of material required for tw'^o 
shirts with stiff fronts and wrists would ho fi yd. 
longcloth, 1 yd. Irish linen for frontiiigs, and 
yd. of heavy interlining. The interlining 
might be of either linen or cotton. 

The wTistbands are usually made fourfold— 
which accounts for the extra length of inter- 
lining — to resist the greater w'ear on them 
generally. Cottons Nos. 40 to 45, 6-cord, w^ould 
be suitable for body making ; but for front.s, 
wristbands and buttonholes, 60, 6-oord, would 
be best. For needles. Singers’ 4 would be 
found suitable. 
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The material for fla,nncl day shirts varies 
from 3 yd. to 3i yd. These are, of course, co«sicr 
to make, owing to there being no stifF fronts 
or wristbands to be inserted. The cloth 
is folded in the same way jis for dress shirts, 
but instead of cutting away a piece for the 
insertion of the stitT front, a piece of cloth 
about two irches \vide is stitched down the 


and the shirt allowed to remain three or four 
hours if possible; it could be ironed immediately 
if required, but in this ease it would need to bo 
first rolled in a dry cloth, or rubbed dow 
with a dry cloth to take off the surface starch 
ami superfluous moisture. If the starch 
apf)ears a little thi<*k Avhen rubbing, add a 
little water to reduce it. 


centre, so as to form a broad plait 
when buttoned over. Then slope out 
the neck according to the size 
required. I he neckbands of these 
shirts are generally made of drab or 
grey sateen. 

The wristbands are cut so as to 
fit just round the wrist about 2i in. 
or 3 in. deep. Pearl buttons are 
used for fronts and wristbands. 
Owing to the greater stnuigth 
required of these shirts for day 
work generally, the sanu^ should be 
made up with 6-cord cotton, 45 to 50. 

Linen Collars. The quantity of 
material required varies according to 
the shape of collar. The cloth used 
for fronting is generally Irish linen, 
w’hich dresses up so much better 
than cotton, and imparts a liigluT 
finish to the collar w'lien dressed. 




8 7 

6-8. FTTTJNC THE SHIRT 


TO!iETHKR 


and wears longei*. 

I’ho collar can be lined with 
either a heavy cotton or linen 
interlining ; but the latt<*r 
W’o\dd be more durable, and 




Ironing. First set, or lay out 
flat, the yoke of the shirt, then neck 
band, and aft/CrAvards the body, seam 
to seam. 

Iron the body of shirt first, then 
“s't ” thecuils andiron the sleeves. 
When this is done, prepare tlu^ 
front. Phu^e a board (which should 
bo eoverotl with a piece of ironing 
flannel) iK^tw^ecm hack and front of 
sliirt, and then set for ironing. Ai'xt 
take an oval iron, or polisher, Avell 
heat it, and then tab? a piece of 
rag upon wiiieh a pi(*ee of bw^sAvax 
has been placcsl, and rub the iron 
lightly Avith this— wiiich Avill cause 
the iron to run smoothly over the 
starched front and wrists — but 
before using, Avipe again with a 
(‘lean (lust(‘r, to remove any particle 
of l> 0 (‘sw'ax that might ho sticking 
to th(^ iron. Thou, Avith the 
heel of the polislnu' mb 
.1 briskly, using the [K>int or 
nose of the iron around neck 
F band. When ironed, fold, 


Avould be found choapiu* in 
the end. 

TJio material for collars varies from 
31 in. to 36 in. in Avidth. Singers’ 
0 needles an^ suitable for eollar- 
making. Collars should Ix^ made up 
in O-eord, 60 to 80, cotton. 


and press Avith flat iron, well 
air, and the sliirt- is ready for use. 

For the Avashing. drying, starch- 
ing, etc., of collar, the same pi’oeess 
is us(‘(J as for shirts, hut the quantity 
of starch reipiired depends upon tlie 
mimher of arlieles to he dressed. 



Diagram 9 gives reduced models of DRAFTiNCt Wliitc shirt-s ari^ madc^ up in 

some of the most }iopular styles of staiHl ' Aari(^ti(»s of fronts and cuffs, 
collars, which only need to he re- ’ Thus the dn‘ss sliirt- has a front 14 in. 


pri)du((?d by the ordinary iiichtajie to give a 
g(jod model. 

The variations in size can he easily made by 
adding to or hiking from tlu'. back. 

“ Dressing.” A iicav shirt should first lie 
placed in cold w’ater for the purpose of taking 
out the dress or piiining of the cloth of Avhieli 
it is made, and afttTAvards taken out and Avashed 
as household Jiuen, being thoroughly avcII dried 
in tlio open air Indore starching. While the 
shirt is drying lump-borax should l)o dissolved in 
the proportion of 4 oz. to 6 oz. in one pint of 
boiling Avatcr to half a dozen shirts. The starch 
(which should alw'ays be good rice starch) should 
then he pri parod. Take 1 lb. of starch, add a 
little blue, which gives the shirt a whiter appear- 
ance Avhen dressed, mix the starch in a little cold 
W'atcr, then add A\''aterinAvhich the borax has been 
dissolved, Avhich, however, should first heallow'cd 
to cool. The shirt being thoroughly dry, first 
take hold of the AATistbands, and Avell soak and 
rub in the starch that has been prepared, and 
then deal with the front in the same way. The 
wristbands should next be rolled to front tightly. 


or 15 in. d(M*p, and about II in. Avide, Avith one 
stud-ho!(' in the (^entre about 5 in. or 6 in. 
doAvn from the collar. 

The ordinary, or everyday, shirt has a front 
ranging from II in. to I.'U in. long, and 8 in. 
to 9 in. Avide, Avith Iaa'O or three buttonholes up 
the front. 

Short -fronted shirts are also made for tlmse 
Avlio AA^ear high buttoning vests, and the new’(‘st 
style of these arc V-sliap('d, Avhich gives much 
more comfort- than the old round pattern. 

Many shirts are now made up Avith soft fi-onts, 
or in other w'ords without the insertion of any 
kind of front, and it is to this class that th(' 
flannel shirt belongs. 

Cuffs are usually placed at the AiTists, but many 
are noAv made with detachable cuffs. Occasionally, 
shirts arc made up Avith collars attached, but 
this is the exco])tioii. 

The fastening can either be arranged up the 
the front or the back, but iho latter plan is 
preferred. A slit is made about 12 in. deep, and a 
facing seamed on and the band arranged accord- 
ingly. 
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Football shirts aro made up in all kinds of 
patterns, according the cluD selection. The 
illustration [19] shows the harlequin design, but 
this is one of scores, including many varieties 
of stripes, bands, stars, and other designs. 
They are usually finished at the neck with a turn- 
over collar, and a patch pocket on the breast. 

The night shirt is made longer and fuller than 
the day shirt, but generally speaking is of 
the same design [14]. It is finished at the neck 
with a turnover collar and a breast pocket. 
Occasionally the bottom of the back is cut ten 
or tw'clve inches longer, turned up to form a 
kind of pocket for the feet. 

An ex(;cUent book on cutting and making 
all kinds of shirts is published by the John 
Williamson Co., Lid., Gerrard Street, W., from 
whose pages we have reproduced the following 
system of cutting the two principal styles. 

Taking the Pattern. 

We first proceed to describe 
the system, and in order to 
make it as simple as possible 
we have selected a stylo of 
shirt which is very free of 
complications, and will dt'soribe 
the cutting of this by divisions 
of the breast measure system 
for which the ordinary 
measures of length and 
width, the same as for a coat, 
will suffice. 

The Back [1]. Draw line 
0 30 and mark off as follows ; 

0 to J in. 0 to 9, one- 
sixth breast plus 3 in. 0 to 17 
the natural waist length. (3 to 
30 the full length desired plus 
the seams. O to 2.^ one-si xtli 
neck. 

From these points square 
lines across at right angles. 

to 1} onc-twclfth neck, 
and curve back neck. IJ to 
8 the width of shouldcu’, as 
taken on eustom(U’, plus two 
seams. Square down from 8 
to 8*. 9 to 10.J one-fourth 
breast plus 1 J to 2^ in. Square down from 10 J, 
and hollow on line 17 1 in. and add on 1 in. of 
spring over the seat. 

Mark out from 17 1 in., and draw lino from O 
through ]. 

The Front [2]. Draw line 0 33 J. O to 
2 J one-sixth neck. O to 8 J one-sixth breast jfius 
2,^ in. 0 to IGJ natural waist length less J in., 
or by making the distance from 8^ to 10 J the same 
as 9-17 of the back. IfiJ to 33 J 2 in. less than 
17 to 36 of the back. Square lines from 0, 2J, 8J, 
16.J, and 33 J. O to 2J one-sixth of the neck. 
2J to A the same as 1 J to 8. 8^ to 8 one-fourth 
breast less lin. 8J to 10. J one-fourth breast plus 
IJ in. to 2i in. Hollow waist 1 in. Give 1 in. 
of spring under the hips. Add on 1^ to 2 in, for 
button-stand and front pleats. 

The Sleeve and Cuff [3 and 4]. Draw line 
0 24. 0 to 2i, in. to 3 J in., the smaller quantity 
for easy-fitting sleeve. () to 24 the length of 
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sleeve less cuff and shoulder- width, due provision 
being made for seams. 2J to 10 half scye plus 

1 in. to 1^ in. 24 to 6^ one-sixth breast plus | in. 
Cut as in the underpart, about 2 in. or in. 
from the crease. 

For the cuff [4] draw lines O 2J, O 5|. O to 5J 
half size of cuff desired, plus 1 in. 0 to depth 
of cuff desired plus J in. Add on point at 1 or 
shape to taste. 

The cuff may be varied considerably, and this 
is but one style of many. 

The Collar [5]. Draw line O 8J. 0 to 8J 

half neck plus 1 in. 8.J to IJ, in. Draft 
collar 1 2 deep at back and 1 in. deep at front. 

The Finished Article, In the accom- 
panying diagrams w'e give a few suggestions on 
making-iip. Diagram 6 shows the back joined to 
the front at the shoulders and the side ; about 

2 in. from the bottom of the side seam a gusset is 
put. The opening is cut down 
the front .about J in. to the 
right of the centre and about 
13 in. deep. This is then turned 
in, and forms the button -stand, 
whilst the other side is turned 
in to form a pleat, and the 
underpart turned over to meet 
it, the holes being worked in 
this as shown in 7. 

In 8 we show the sleeve 
made up ; the fulness at the 
top may either be put in the 
form of pleats or gathers, 
w hich also applies to the cuff ; 
the slit of tlio sleeve should bo 
faced so as to take buttons if 
necessary. Binders are often 
put on I’ound the armhole in 
order to strengthen it at that 
})art. These are shown in 6 
and 8. 

Yoked and Fronted 
Shirts. The vast majority 
of shirts are now made up 
w ith yokes and inserted front. 
This plan is now tidopted not 
only for w'hitt? and colourc'd 
linen shirts, but also for 
flannels, so that this is by far the most popular 
style of shirt at the present time. These two 
features do not necessarily go together; the 
yoked back may bo used with the plain forepart 
[2], or (he fronted forepart may be used with 
the sac back [1]. 

The Yoke Back [10]. Draw line 0 36. 0 
to I in. 0 to 3, 3 in. more or less to taste. 
O to 9 one-sixth breast plus 3 in. O to 17 
natural waist length. O to 36 full length of 
back plus two seams. Square lines at right 
angles to these points. 0 to 2J ono-sixth neck. 
2J to one-twelfth neck, and curve back 
neck. 1| to 8 the width of shoulder plus two 
seams ( J in. ). Square down from 8 to 8*. 9 to lOJ 
one-fourth breast plus IJ in. to 2^ m. Square 
down from 10 J. Hollow inside this line 1 in. 
at waist, and add 1 in. of spring over the seat. 
Shape bottom of yoke to taste. In the diagram 
it is pointed in the centre, which is 3 in. down 
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from 0. The depth at the scye is 2 in. Let 
back overlap this at the shallowest part at 
least J in., as shown by dot and dash line. 

The Forepart [11]. Draw lino 0 33 O to 
2J * one-sixth neck. O to 8| one-sixth brejist plus 
2 1 in. 8J to 16 J the same as the back 
from 9 to 17. 8|to 33 J about 2 in. less 
than 9 to 36 of the back. 8^ to 2J, and 
0 to 2J, each one-sixth of the neck. 

Square across from 2J* to A, and 
make to A the same width as 1 j to 8 
of the back. 

8^ to 8 one-fourth breast less 1 in. 8J 
to 10 J one-fourth breast plus IJ in. to 
in. Square down from lOj. 

Hollow side seam at waist I in., and 
give about 1 in. of spring over the hips. 

The Front. The shape of the front 
varies considerably, but the more general 
size is that indicated on this diagrain. 

The depth expends to within 1 in. or 
IJ in. of waist line, 

16J. 

The width of the 
front at the bottom 
is 3 1 in., including 
the J in. button- 
stand addtid b(*yond 
the centre line. 

The width across 
the widest part of 
the breast just be- 
low the depth of scye 




i f ■ 



1 


A 



■ I 

1 

1 

a«»tMrf3iTra( 

r 

y 

1 


14. NTOIIT SHIRT 



^ i 

i 

M 


/ 


_ 

.. 



JL 


3 

J 


16. MORNINC 
SHIRT 


line is .5 in., includ- 
ing the J in. buttons! and. From this point 
it is continued up to tlie shoulder scam, 
where it is made 1 in. wide. 

To provide for seams where the front 
is joined at the breast, allow J- in. at both 
side and bottom. 

From B dowiiAvards allow 2 in. for 
pleat at bottom of the front. 

The sleeve, eulf, and collar arc as 
described on 3, 4, and 5, though in the 
illustration we show a plain round cufT ; 
that, however, is a variation easily introduced. 

Important Details. The yoke is intended 
to he double. 

The extra w'idth of the back is either gathered 
or pleated in to the yoke just above the blades on 
either side of the point, leaving about 1 1 in. plain 
on either side of the point. This is shown in 13, 



as w'ell as the joining of the forepart to the 
yoke. 

In 13 we also illustrate the front sewn to the 
forepart dowm the sides, from w'hieh it will be seen 
there is extra w'idth on the forepart below 
to be gathered or pleated in. I’liis is 
gtm(‘rally done by a box-y>leat, and the 
bottom of front is either finished with a 
strap, or the front is left long enough to 
overlap the nece.ssary amount. 

On the figure in 11 w'c illustrate the 
strapping method, and in 12 the plain 
method. 

These fronts art' t'ithcr madt' double, 
or of more thicknesses. 

Wlitm w'orking-mtui’s shirts are made 
up from Oxford shirting in this w^ay, the 
lining of the front is of unhlttaehcd 
calico. 

Wlitm llannel shirts are inath^ up in 
this way, the innt'i* front may citht^r bo 
of the same flannel 
or a thinner one. 

The number of 
boles 2^Ht in the 
fronts is usually 
three, though for 
drt'ss shirts this 
number is some- 
times rctluced to 
on(\ 

For w^bitti linen or 
(cambric shirts the 
fronts are made up 
with four thicknesses, to take the 
starch, and in this case the eutl’s follow 
suit. 

A tab is often put on the hottoTii of the 
front to fasten it to the top button of 
the trousers. 

All th(^ s(*ams are turned in and 
stitched or felled, and are never left 
raw'. This neciessitates the provision 
of rather w'ider scams than the u.sual 
I in., so that they ought not to be less 
in. or h ill. Tlie bottom side seams are 
left open about 3 in. or 4 in. up, and the toj) of 
the slit tinished with a gusset. 

The other diagrams on this page not already 
referred to 115-18] scrvcj to illustrate the various 
stylos w ben made up, and are explained in the 
descriptions given underneath. 
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(6) To present the memorandum and articles 
for registration, together with a statutory de- 
claration. 

(7) To prepare the prospectus according to 
statute (Sec: 10 (1)], being careful to include the 
thirteen particulars of disclosure required by law. 

(8) To have the pros|)ectus signed by all men- 
tion^ therein as directors. 

(9) To file the prospectus with the registrar. 

(10) To advertise the iwospcctus. 

The Directors* Preparations for 
Business. The company is now promoted and 
the shares have been publicly offered for subscrip- 
tion ; as soon as the miniimim subscription, specified 
in the prospectus, or failing this, the whole of the 
nominal capital, has been subscribed, the directors 
take the following steps before the company is 
ready to begin business as a trading company : 

(1) Proceed to the allotment of shares. 

(2) File a return of the allotment with the 
registrar. 

(3) File a statutory declaration for the com- 
mencement of busmess according to Section of 
the Act and obtain from the registrar a certificate 
entitling the company to begin business. 

Management of the New Company. 

Further immediate stej)s in the management of ‘the 
newly registered company include the following : 

(1) Prepare preliminary report for presentation 
and discussion at the first statutory meeting of 
shareholders (Sec. 12), which must be held uo( 
7uore than tliree months after the date of the 
certificate authorising the company to begin 
business. 

(2) File this report and obtain a certificate for 
it from the registrar. 

(3) Circulate the report, sending a copy to each 
shareholder at . his address in the register, .screw 
dear days before the day appointed for the statu- 
tory meeting. 

(4) Hold the statutory meeting (8ec. 12). 

(5) Register mortgages and charges and endorse 
on every debenture or del>enture stock a copy of 
tlie registrar’s certificate of registration (Sec'S. 14 
to 18). 

(6) Preserve and file copies of instruments of 
mortgage or charge for inspection at the registerctl 
office of the company. 

(7) Keep a list of directors at the registered ollice 
of the companj*^ and send returns to the registrar. 

(8) Make out an annual summary and list of 
members. 

The above is the correct statutory order of pro- 
ceduro in the formation of a company. We shall 
now examine some of the essential points a little 
more closely. 

The Memorandum and Articles of 
Association. The memorandum of association 
is the basis or charter of the company’s constitution, 
and as such is a public document registered with 
the articles of association at Somerset House. 
Five important points are required by law to be set 
out in the memorandum, as follows : 

(1) The name of the proposed company, with the 
addition of the word Limited as the last word in 
such name. 

(2) The part of the United Kingdom, whether 
Fnglaud, Scotland, or Ireland, in w'hich the regis- 
tered office of the company is to be situated. 

. (3) The objects for which the proposed company 
js to be ^tablished. 

. (4) A declaration that the liability of the members 
18 linjited. 

Ir ^ 


(5) The amount of capital with which the com- 
pany propose to be registered, divided into shares 
of a certain fixed amount. 

The Obiects Clause. No. 3 is the most 
important of the clauses. Once the objects are 
sjjecified, the company is bound down to these and 
cannot undertake anything beyond these. By the 
definition of these objects, as stated in the memo- 
randum, the sphere of the company’s activities is 
strictly limited. The State, having incorporated 
the company for a s])ecial imrpose, in respect of 
which shareholders invest their money, will not 
authorise the money being ‘ applied to any other 
enterprise, held to be ultra vires or in excess of their 
statutory powers, even by full consent of the 
shareholders. Hence, certain powers, such as 
borrowing powers, power to accept bills of exchange 
and other negotiable instruments, power to sell 
and dispose of the company’s undertaking without 
a winding-up, or to promote another company, 
power to )>ay preliminary exjTcnses and the amount 
of the minimum 8ubseri])tion on which the directors 
will proceed to allotment, should all bo inserted 
in the memorandum. In addition, it should be 
distinctly staterl of what kind of shares the capital 
is to consist, whether there be preference shares, 
and if so. what jwivilege and rights they carry, 
and whether the preferential dividend be cumula- 
tive or not. 

The memorandum and articles of association 
must be duly signed by .H.'ven jwrsons of full age 
and not standing under any legal disability. Each 
signature must be duly witnessed. The memoran- 
dum need not necessarily be printed, but the 
articles arc rocpiired to be ])rinted ; both must be 
8tam])ed with a lOs. deed stamp and with the fee 
stamj), and must be registered by the Registrar of 
Joint Stock Companies at Somerset House. 

The Board of Directors. There are 
several important ])oints in connection with the 
position of a director in a joint-stock company 
which should not bo lost sight of. 

The com})any, being a legal abstraction of a co- 
ojicrativ'e aggregate, cannot do anything of itself 
or act except through agents, known variously as 
directors, managers, couneil or board. The law 
regards them all as directors, if they are the accred- 
ited representatives or agciils of the company. 
The directors are chosen by the promoter, who is 
generally anxious to secure an attractive board, 
which will form a guarantee and induce the public 
to subscribe. Great abuses have arisen out of this 
inducement held out to the public : names of 
weight have been prematurely advertised as 
directors, sometimes on the faith of a half promise, 
sometimes as a decoy whicli has proved only too 
successful, the public discovering too late that the 
very man wdiose name formed a. guarantee of 
success had refused to act as director. 

The new Act of 1900 (Sec. 2) has effectually 
prevented this abuse by requiring that the consent 
in writing to act as director must be filed before 
the articles nominating him as director can be 
registered or the prospectus issued. 

The director is further required to subscribe the 
memorandum of association for his qualification 
shares, or to sign and file with the registrar a con- 
tract in writing to take from the company and pay 
for his qualification shares (if any). The first of 
these courses is to b? recommended, as the second 
presents serious difficulties owing to the fact that 
a contract cannot bo made with a company which 
has no legal existence : and if it be made with, the 
promoters, the company, not being a party to thj 
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contract, would have no locus standi to enforce it 
The director must take his qualification shares 
from the company and within two months of his 
appointment or else vacate tho office. 

If a director be not legally appointed in accord- 
ance with those requirements of the Act and yet 
exercises the functions of a director, he is liable to 
a penalty of £5 a day. 

A director is criminally liable for any fraud, 
misstatement, false statement, failure to disclose 
or to comply with the statutory conditions of 
which ho was cognisant, or of which it was his duty 
to be cognisant, but he is not liable for the frauds 
of his co-directors, if he be himself deceived by them ; 
or for mere errors of judgment. Directors are, 
in short, expected to fulfil their duties as agents 
faithfully, honestly, and diligently. When guilty 
of a breach of trust, the company has the remedy 
of bringing an action against tho director for 
misfeasance ; if the company is being wound up, 
a misfeasance summons may be taken out by the 
official receiver or by a creditor, compelling tho 
director to repay misapplied moneys or to make 
compensation for loss. 

Going to Allotment. In the past, 
winding-up orders were frequently due to the 
Undue precipitation of tho directors in proceeding 
to allotment before a sufficient subscription had 
been raised. By Section 4 of the Act of 1900, 
legislation seeks to obviate this danger, by re- 
'■'‘quiring that allotment shall be made only when 
the amount fixed by the memorandum or articles 
of association as the minimum subscription has 
been subscribed, or, if no .amount has l>con 
fixed, then the whole amount of the share 
capital. Both these amounts are to be reckoned 
exclusively of any amount payable otherwise than 
in cash. Other sub-sections fix the amount of the 
shares payable on application at not less than 
6 per cent, of the nominal amount of the share. 
Tho time limit allowed the company for raising tho 
minimum subscription is 40 days after tho issue 
of the prospectus, on the expiration of which, 
if the directors may not proceed to allotment, 
they must forthwith repay all money received 
from applicants for shares. Repayment withovt 
interest must take place within 48 days after the 
issue of the pro^ectu.s ; after that period, repay- 
: ment is burdonea with interest at 6 per cent. 

Although directors may not proceed to allotment 
before tho minimum subscription has been raised, 
,they may give a provisional acceptance of a sub- 
, scribor’s application, subject to the statutory con- 
ditions as to allotment, provided they notify him 
to that effect. 

, Beginning Business. A point of the 
, ulimost importance to persons dealing with a 
epmpany in the early stages of its existence is the 
^ qi^estion of contracts. No contracts entered into 
With a company before the certificate entitling it 
, to begin business has been granted is binding on 
‘ tjie company ; it is only provisional — that is, 
contingent on the grant' of the certificate. But 
^on the day the certificate is granted, the contract 
binding, says the Act [4 (Sec. 3)]. The con- 
^4^cting party oannot, however, withdraw from his 
iMreemcnt with the company, pending fulfilment 

this condition, unless tho prospectus contain 
’wy false or fraudulent statement material to the 


contract, in which case he is entitled to rescind his 
agreement. 

Mortgages and Charges to be Regis- 
tered* There are four classes of mortgages 
and charges which are required by the Act 5) be 
registered [Sec. 14 (1)] : 

{a) A mortgage or charge for the purpose of 
securing any issue of debentures (including deben- 
ture stock) ; 

(6) A mortgage or charge on uncalled capital of 
tho company ; 

(c) A mortgage or charge created or evidenced 
by an instrument which, if executed by an in- 
dividual, would require registration as a bill of 
sale ; 

{(1) A floating charge on the undertaking or 
property of the company. 

All these classes of mortgages and charges must 
be registered by tho Registrar of Joint Stock 
Cempanies at Somerset House. The points to be 
entered on the register are : 

(1) Tho date of the creation of the mortgage or 
charge. 

(2) The amount secured thereby. 

(3) Brief paiticulars of tho property mortgaged 
or charged. 

(4) The names of tho mortgagees or persons 
entitled to the charge. 

In the case of debentures it is sufficient to register * 

(1) Tho total amount secured by the whole 
series. 

(2) Tho date of the resolutions creating the 
scries and of the covering deed (if any) by which 
the security is created or defined. 

(3) A general description of the property charged. 

(4) The names of the trustees (if any) for the 
debenture-holders. 

These provisions form the investor’s safeguard, 
for, as mentioned above, o\ery debenture stock 
must be indorsed w'ith a copy of the registrar’s 
certificate of mortgages and charges. But as tho 
Act does not cover any but these four classes of 
charges, it will bo seen that there are risks outside 
this certificate which must bo cither inquired into 
or covered by insurance. 

Inspection of Registers. The register 
at Somerset House is open to inspection by ant/ 
person on payment of a fee not exceeding Is. 
The company’s own register is, on the other hand, 
accessible only to members or creditors. 

The company is compelled to keep on record a 
copy of every instrument creating the mortgages 
and charges which come w'ithin the section of the 
Act, and to allow any member or creditor to inspect 
the same on payment of a fee not exceeding N 
It is well to note that the right to inspect also 
covers the right to copy, and that a shareholder 
can depute his right to inspect to his solicitor. 

Every shareholder has a right to transfer lus 
shares, subject to tho regulations of the company, 
who may require that all transfers receive the 
approval of the board of directors before registra- 
tion. This regulation is often included in the 
memorandum or articles in order to protect the 
company against insolvent or undesirable share- 
holders. The directors’ right to veto, however, 
applies only to cases in which the objection is to 
the transferee and not to the purpose for which 
the transfer is effeot-ed. 
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By J. P. LORD 


•^HERE is one point about the merohnnt Fervice 
1 which is esijecially attractive to the youth who 
desires to go to sea — namely, that birth and 
influence are not necessary to attain coinniand, 
fitness being the only re(piisite. 

Staff of a Steamship. The staff of a 
large steam vessel is divided into three main 
sections, nt the head of which stands the captain. 
First, there is tlie executive, or deck staff, con- 
sisting of the captain himself, and at least two 
mates, but tisually three or more, as officers. Petty 
officers are the boatswain and his mate, the car- 
penter, quartermasters, the sailmaker, and gunner. 
Then comes the crew, divided into A.B.’s, or able 
seamen, ordinary seamen, and boys. Next comes the 
purser’s staff, consisting of purser, clerks as officers, 
stewards as petty officers, and assistant stewards, 
cooks, cabin stewards, and cabin boys, as crew. 
Lastly, there is the engine-room staff, commanded 
by the chief engineer, with second, third, and fourth, 
and possibly more, engineers as his assistants, 
esf)eeially where a refrigerating plant is installed, 
ffreasers, donkeyman, firemen, and trimmers, form 
the complement of th? (tcw. 

The first division is the moat im])ortant, and as it 
is the only one in which command can be obtained, 
or in which the highest posts are open to the \)enni- 
h*HS youth with no influence of any kind, we shall 
consider it first. 

We shall premise that the would-be sailor is 
between fourteen and sixteen years of age. He 
wishes one day to be a captain, and wants to know 
how to attain his ambition. There arc two recog- 
nised methods of becoming an officer in the mercan- 
tile marine. The first is to work one’s way up from 
the bottom ; the second, or more aristocratic methoiL 
is by apprenticeship. Working one’s wav up is 
known as “ coming through the hawse iioles ” ; 
but. provided that the officer who has attained rank 
in this fashion is skilful, smart, and gentlemanly, 
he will not find that stand in his way. Some of our 
best captains have been “ before the mast,” as Iwing 
a common sailor is called. We shall take this 
method first, detailing the duties of the vaiious 
members of the crew and petty oflieers. 

Joining a Ship. The youngster who desires 
to join a ship should a])])ly to the shipf>iiig master 
at tny of our large ports from which sailing ships 
set out, for though a modified (pial ideation 
can be obtained by joining a steamer, still, that 
qualification is of little use in later life. A ship 
having been found for the boy, he will have to sign 
on the articles in that capacity, appearing at the 
shipping office for that purposk His pay will be 
merely nominal, ranging from Gd. a month to 
possible 48, On board, he will have to make himself 
generally useful, being at the beck and call of 
everyone in his department. He will learn to go 
aloft, to splice and make knots, and to clean brass- 
work. Prom his elders he will pick up .a considerable 
amount of- knowledge, and after he has been a few 
joya^, or possibly only one, if he is about seven- 
toen, he will be given a discharge as an ordinary 
soaman. At the end of each voyage, wJien the 
‘***owail|^e paid off at, the shipping office, each 


member receives a discharge paper, stating the 
length of the voyage, the conduct of the individual, 
and his capacity. These he must preserve, ns he 
must show them when he Fceks another ship. 

Ordinary Seaman. As an ordinary seaman, 
the young sailor will be expectecl to be capable of 
taking his part in the working of the ship, but ho 
will not be expected to steer, nor will he generally be 
entrusted with re])airing the more important por- 
tions of the rigging. Ho will have to take hia turn 
at the “ look-out ” during his watch. Here we may 
say that the crew of a sliip is divided into two 
watches, the “starboard” and “port,” and each 
is on duty for four hours at a time, beginning at 
4 a.m., except during the dog watches, which are 
only of two hours’duration — namely, from 4 p.m. to 
0 p.m., and 0 x\m. to S p.m. The object of the dog 
watches is to ensure a clmnge for the men, those who 
have two night watches one day having only one 
the next. The ordinary seaman has to help to stow 
cargo, under the direction of the mate, unh*ss he is 
occupied in hauling on the ropes of the derricks, a 
task at which he is generally employed. If he shows 
himself smart, he may be allowed to take a hand at 
the wheel in fair weather, or may be put to assist 
an A.B. in heavy weather, and thus he learns liow 
to steer. When he can do this, and has shown 
himself smart aloft, he will get his discharge as A.B., 
or able-bodied seaman. 

The “A.B.** To get thus far iisimlly takes a 
youngster four years, and he does not then remain 
in the forecastle, where the men are bertlied. If he 
is desirous of being an officer, the Board of Trade 
requires only that an applicant for examination for 
second mate shall be al)le to show discharges for 
four full years at sea on an ocean-going vessel. If, ’ 
however, he has not put in his full time the A.B. 
must ship in that eaj>acity, when bis pay will be 
between £2 and £3 a month. As A.B. the sailor is ^ 
expected to be accom])lished in all the ordinary 
knots and splice.s, to be able to steer accurately, to 
heave the log (under su])er vision), and to know the 
marking of the hand lead-line, and to be able to give 
thf' c'orrect depth of water when using it, to manage . 
a sm.ill boat, and to do any work aloft or on deck 
which may be recpiiied of him. The A.B.’s are the 
seniors in the forecastle, and a certain proportion 
of them are di.stributed in each watch. 

Petty Officers. The oar]jenter and saU- 
luakT are artisans who have learnt their trade 
ashore, as well avS having had practical training aft 
sea, when, as A.B.’s, or even ordinary seamen, thev 
have been attached as mates to carpenters and sail- ^ 
makers. They look after the uj^-keep of the fabric 
of the ship, and the repairing and making of the i 
.sails. Bc.sides this, the carpenter takes soundin|^^^ 
of the wells in tlie ship at regular intervals, and^^^i? 
reports to the officer of the watch how much water 
thei-e is in the bottom of the vessel, for very few 
ships are absolutely dry. In times of emergency, 
he has to be able to perform the ordinary duties of. 
a sailor, and go aloft to make or take iu sail. ' 

The boatswain and his mate act ns sergeants over 
the tU'o watches, directing work to be done rathei 
than doing it themselves. However, when an officer 
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la anpervising, they have to take their share of the 
labour. They are always experienced men, and 
when really good, are or more real service to the 
captain than some of his junior officers. 

Quartermasters and Gunners. Quarter- 
masters and gunners, when native crews are 
carried, are usually to be found only on board 
large steamers. The former are in charge of the 
wheel, two being attached to each watch, and 
taking turns at the helm. They act as general 
messengers for the officer of the watch, see that the 
lights are properly burning, and that the look-out 
is on the alert. They strike the bell every half 
hour, assist in heaving the log, or take readings from 
the patent log, make signals with flags, and attend 
to tne rockets and fire signals. The gunners are 
practically only cai‘go officers. They take charge of 
the hatches, seeing that the cargo is put in properly, 
and generally assist the officers on duty. They look 
after the ship’s armoury, and kfC]i all the bright 
work clean. When there arc many boats attached 
to the steamer, some of them are in charge of the 
gunners. When the cargo is in the hatches, the 
gunners have to send to the clerks and purser 
accurate lists of what is in the hatches to which they 
have been appointed. They make themselves 
useful, standing by and passing the word, and so 
forth, and have their pro]ier stations at boat and 
fire drill. On boats manned by^iatives, the gunners 
are selected for their knowledge of the language 
and are often themselves half-castes. While speak- 
ing of lasear crews, we may mention that the 
{njartermasters, where native, are called seacunnies ; 
tne boatswain is the serang; his mates, the hurra 
and choia Hndeds ; and the carpenter is the mistri. 

The cook and cook’s mate, with the steward, arc 
the only members of the purser’s staff carried on 
sailing ships which do not carry passengers. The 
steward is usually the captain^s private servant, 
who looks after the stores and their issue. Ho is 
rarely a sailor. The cook and cook’s mate are both 
supposed to be sailors, and are liable on board 
smaller vessels to be called on to go aloft and assist 
in the working of the ship at any time. The Board 
of Trade accejits service as a «*hip’s cook as proof of 
practical fca training, and four years’ service os 
such entitles a man to go up for examination as an 
officer, though, naturally, this privilege is seldom 
exercised. 

Becoming an Officer. Having put in his 

time at sea, and got his rating of able seaman, the 
young man is (|ualified to go up for his examination 
as second mate, the fiist step to reajionsibility. But 
to do so, he will require to have studied hard during 
his spare time at sea. This is essential as far as 
^amanship is concerned, but for navigation he 
need^not be so particular, for much of the work can 
be learned ashore in one of the many excellent 
nautical schools, a short sojourn at one of which is 
now becoming more necessary. Before dealing, 
however, with the examinations requisite to 
enable the youngster to assume the blue and gold 
of an officer we must describe the more general 
method of becoming an officer — namely, by appren- 
ticeship. Many of the largo firms of shipowners 
accept apprentices on their sailing ships, receiving 
premiums which vary from £20 to £150. The 
apprentices are either berthed aft, close to the 
captain’s cabin, or have a house to themselves on 
tha quarterdeck. They have to do the ordinary 
work, ol aail^» under the supervision of the officers 
md with^^Eassistance of several qualified sailors. 
m j PH nefollv entrusted the management ol 
mqst. They are expected 


to Watch the officers takiim sights and oaleniating 
the ship’s position, and att^ a time are^ also per- 
mitted to take sights for themselves with a sextaiit. 
They tike their meals by themselves and not with the 
men or officers, unless on special occasions the captain 
extends hospitality to them. In good ships they 
are very carefully watched, and me dil^oulty of 
their work is graduated, so that liefore their time 
s up they are usually good praotical sailors. 
Knotting and splicing is ^ught to them by the 
A.B.’s or boatswain, and the captain or first mate 
frequently teaches them the elements of navigation. 
At the end of their apprenticeship they are entitled 
to go up for the Board of Trade examination. In 
some ships the smartest apprentice is often given 
honorary rank as third officer, and thus he learns 
how to give orders as well as to obey. To shorten 
the apprenticeship, those who can afford it can bo 
sent to the Worcester or the Conway, two ex- 
cellent training shiyis for the mercantile marine, 
where, prior to going to sea, the boy is taught a 
certain amount of navigation and seamanship, 
and enters his new profession with a fair theoretical 
and practical knowledge of his calling. Two years 
on cither of these vessels counts as one year at sea 
for puryjoscs of qualification. 

First Examination. Whether the can- 
didate has acquired his knowledge before the mast 
or h.as been an apprentice he must now pass the 
examination for second mate, the lowest qualifica- 
tion recognised by the Board of Trade. The ex- 
amination is held at various large ports throughout 
the world, bijt “ tickets,” as certificates are called, 
obtained from London arc held in the highest esteem 
by sailors, though all are equilly good from the 
shipowner’s point of view. Tickets are of three 
classes : Full tickets, thos^ permitting the 

aspirant to command any class of vessel (for 
these, at least a year of the apprenticeship must 
have been passed in a square-rigged vessel); fate 
and aft tickets, which permit tlio holder to hold 
office in the vessels of the schooner type or in 
steamers; and tickets, which grant por- 

inission to be an officer only on steamships. Th * 
last two are not to be recommended. Every sailoi 
should strive to obtain the full ticket. So many 
fully qualified men are to be obtained that few 
shipowners care to employ men with lower tickets, 
always with the exception of the small coasting 
trade. 

The subjects of the examination, which is fiiily 
exacting, are seamanship, embracing the manage- 
ment of all sails and rigging; the standing and 
running rigging of ships ; the bending, unbending, 
setting, taking in and furling of sails ; the manage- 
ment of a shij) under canvas, especially in sudden 
squalls ; the rule of the road at sea, and what 
course to steer to avoid a collision ; the lights 
earned by ships and steamers of every description, 
and their fog and sound signals ; -signals of distres*^, 
for pilot, and the penalties for misusing them ; 
marking and use of lead lino ; sending masts and 
yards up or down ; management of boats in rough 
weather ; dimnaging and stowing cargo. Failure 
in this part of the examination necessitates going 
to sea again for six months. 

In navigation the second mate must show an 
efficient knowledge of principles, understand^ all 
terms, and be able to find the ship’s position 
by ordinary methods, those of Sumner and latituds 
by altitude of Polar Star excepted. He must 
know how to estimate the error of a c^pass-or 
a sextant, and correct the same as IHMsiblet 
or tn tnake tables .of the toots lot 
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He must know how to enter in the log the 
“Day’s Work,” and how to use the same for 
navigation, and find position by dead reckoning as 
well & by observation. Parallel f:niliiig and 
Mercator’s sailing must be learnt. Amplitude, 
tides, azimuths, chronometer, longitude by azimuth 
and chronometer corAbined, and the use of true 
and magnetic charts all find a place in the examina- 
tion, which, as will be seen, is fairly comprehensive. 
The simple mathematics is confined to the correct 
use of logarithms, and a small actpiaintance with 
trigonometry, though not a subject of examination, 
is almost essential. In addition to this examination 
the candidate will have to pass the Board of Trade 
sight test, to ensure that he is not colour blind. 

Second Mate's Duties. The newly fledged 
second mate will now have his choice of entering 
the service of some steamship company or of remain- 
ing in a sailing ship. If he goes in the latter he will 
probably be rated as second mate, and will have 
to share the watches with the mate and captain. 
He will be in charge of the deck at fixed times, and 
when he goes on duty he will receive from his pre- 
decessor the orders which have been given by the 
captain, and will also see that they arc WTitten down 
in the log before the officer relieved goes off duty. 
He will have to see the holds properly loaded with 
cargo. He will have a portion of the rigging under 
his charge and will have to overhaul it at intervals 
and report thereon. At stated times he .will have 
to work out the shij/s position and generally assist 
in the navigation of the vessel. For the first time 
ho will be in real authority. 

Duties of Third and Fourth Mates. 
On a steamer, however, the newly-made mate will 
not have much chance of obtaining a i)ost as second 
mate right away, except on small tramp vessels. 
He will probably have to sail for some considerable 
time as third officer, and even as fourth or fifth. 
The fourth and lower officers in large vessels are not 
usually in charge of a watch, but arc employed in 
looking after cargo, baggage, mails, passengers, the 
fabric of the ship and so forth : they are attached 
to senior officers and work under their directions. 
The third officer — for on stcamera the word mate 


is forgotten — is, however, in charge of a watch, the 
tiaptain kee])ing no watch. The third officer\s 
watch is generally from 8 till 12, morning and 
evening, during which time he has in all things to 
behave as if in command of the vessel, save when 
running into danger, or if there be a sudden change 
of the weather, when he sends a report to the 
captain. He must never leave the bridge during his 
watch. He will also be in charge of a hatch, and. like 
all hatch officers, will have to see the cargo pro^KM-ly 
stowed in the holds, .subsecjuently writing up a list 
of what is in his hold, and its destination, which 
he will forward to the purser or clerk, together 
with his gangway book, in which a fair copy of this 
is entered. Twice a day he will have to take sights 
and determine the ship’s position, sending in his 
^•eport to the captain. All officers above the third 
have also to do this. He will relieve the bridge for 
meals, unless a fourth officer is cairied, getting his 


own meals later. He will have to take the readings 
of the patent log, or send a quartermaster to do so, 
at intervals during his watch, and enter the same 
in the log book Everything that happens during 
his Watch will also have to, be written in the log. 
In his relations with passengers he must not be too 
familiar, or he will probably be dismissed when his 
smp retons, the companies rightly holding that 
their r^j^nsible officers should not form too strong 
with passengers lest the safety of the 


ship suffer. At the same time he must, when 
required, take a part in the festivities of the ship 
and generally be agreeable and courteous. 

Second Mate on Steamers. After 
serving a time as third, the young officer maj'^ be 
promoted to second officer on his steamer, wheri he 
will find that his responsibilities are increased. In 
large vessels the second officer is usually looked 
upon as the navigating officer, and the captain 
relies a good deal u]>on his subordinate’s calculations. 
Indeed, the early morning sights are very frequently 
entrusted solely to the second officer, much to that 
worthy’s disgust, for as his watches are those between 
12 and 4 it is a little haul on him to have to be 
on deck sliortly after eight again, when he has had 
only a very short slco]). However, the increased 
dignity and increased pay compensate him to a 
great extent. In many mail steamers the second 
officer is in charge of the mails and is responsible 
for them. He has to see the bags on board, see 
them stowed in the mail -room, aiid keep the key 
himself. On other vessels he keeps the key of the 
and superintends the periodical 
days. Besides this he has his hatch to 
look after, though custom generally gives him the 
hatch which is least difficult to work. 

First Mate. The next examination which the 
officer has to take is that for first mate, or simply 
mate. He has to take the same subjects as the 
second mate, but is expected to show a further 
knowledge of seamanship. He must know what 
to do in the event of his vessel being disabled, and 
be thoroughly ca])able of executing temporary 
re]>airs of all sorts, and of rigging jury masts. He 
must know how to shift large spars, and manage 
heavy weights, even in a sea way. He must 
understand how to load a ship .«o as not to strain 
her, how to ventilate his holds and how to stow 
explosives. In the event of wreck he must be able 
to make the best provision for the saving of life. 
He must be able to dock and undock his vessel and 
must have a ])raetical acquaintance with the forms 
to be observed in the event of his having to take a 
ship into port after an accident. In other words, 
he must show himself perfectly ea])able of taking 
entire charge of the vessel in the event of the death 
or disablement of the master. 

Duties of a Mate. His actual duties at 
sea deix^nd a good deal on the class of vessel. 
On sailing ships he is responsible to the captain 
for the }»ropcr maintenance of the spars and 
rigging, and for the general upkeep of the ship’s 
fabric. On liners and steamshii)s he is in charge 
of the deck, secs to the painting and repairing 
of the shi|), indents for stores and has them 
issued untler his su|>erviHion for keeping the vessel 
spick and span. He is expected to take charge 
of a talde in the saloon at meals and to make 
himself agreeable to the passengers. He it is who 
instructs the crew in boat and fire musters, and 
with the assistance of the purser apportions the 
passengers to the various boats. He is the cap- 
tain’s right-hand man, and. as a rule, orders from the 
commander pass through tlic chief officer^ as the 
fir.st mate is generally called. 

Examination for Master. After serving 
with a chief mate’s certifictite for twelve months 
at .sea, even though em])loyed only as a second 
mate, the officer is entitled to present himself 
for the master’s examination. This embraces 
all the subjects which he had to take for his 
mate’s ticket, but the examination is much harder. 
If he wishes to graduate in the Honour school, the 
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eaadidate can offer himself for the extra master's 
Certiiioate^ which is the most searcHing examination 
under the Board of Trade. 

As captain, or master of a ship the sailor will 
have obtained the height of his ambition, but he 
will have to pay heavily for it in responsibility, for 
the commander is held to be rc8])onsible for every- 
thing that takes place on board his vessel unless 
he can prove clearly that he was in no way irnpli- 
cnted. He is absolute king on board his ship and 
his word is law, but he will find that groat tact is 
required if he is to rule his kingdom without 
friction, and at the same time with the ncrossary firm- 
ness. Sailors have small respeot for a weak captain. 

Where the captain has no clerk or i)ur8er to jissist 
him he will have to prepare ihe papers and docu- 
ments which will be described under the category 
of the purser’s duties. He is also expected to have 
some actiuaintanco with marine engines, if he be 
in charge of a steamer. 

In his relations with the owners of the vessel the 
captain will have to exercise great judgment. If 
he is too servile he will not be respected, and his 
life will be a burden to him. On the other hand ho 
must remember that the owners are his employers, 
and unless ho has very good cause to do so he 
should not thwart their wishes. But, above every- 
thing, he must remember that his first duty is to his 
ship and to the lives and cargo entrusted to him, 
and the owners must take a second place when the 
two interests clash. 

The Purser’s Department. Under the 
purser in large vessels is an army of stewards, 
clerks, cooks, and cabin servants, for all of whom he 
is answerable to the captain. Promotion in this 
department is not so sure as in the executive statf, 
innucnce having a good deal to do with appoint- 
ments to the higher posts. 

The purser himself is always a man of education, 
and in some of the larger vessels may be a member 
of one of the universities. He is the representative 
of the owners on board, and his duties are very 
varied. ' First and foremost he is in charge of all 
the ship’s papers and either makcM them out himself, 
or sees that they are properly prejiared by his 
assistant or his clerk. Where there is no purser 
the captain sees to them. 

First comes the official log, in which is enter^ 
records of all births, deaths, marriages, convictions 
of crew, punishm?nt.s, fines, forfeitures, illnesses of 
crew, character and conduct of each member of it, 
collisions and accidents to the vessel, change of 
masters and so forth. The draught of water when 
the ship proceeds to sea must always be recorded 
in the official log. Penalty for not obeying these 
rules varies from £5 to £30, the latter being the 
punishment for making an entry of an event 
which occurred on a voyage after tlie shi)) has 
entered port and been moored for more than a 
day. All entiies must be signed by the captain 
and the chief officer, or some other member of 
the crew. 


Ship Articles. The articles contain a list 
of every member of the crew and also the con- 
ditions of their service and their wages, etc. They 
are made out at the shipping office, but on the 
voyage the captain can add to the number, and 
then must mahe an entry, and show it to the 
nearest consul when he gets to port. 

. The ahip^a register must be on board, but the 



port of departure, and this must 

the consul of the port of destination, ' " 

A number of manifests will have to be pGjWared 
for the various ports to which the ship isl^und. 
Sometimes these are provided from the shore 
office, but very frequently the purser and his cl^r^ 
have to prepare them. They are lists showing the 
particulars of the vessel herself, and a complete 
list of all the cargo contained in the holds, with 
marks, numbers, and consignees and shippers. 
One manifest, giving the entire contents of the 
ship is known as the general manifest, and from this 
a series of particular manifests have to be prepared 
for each }iort to show what cargo is to be disch^gecl 
there. Copies of the particular manifest, with at 
le.'ist one of the general manifest, all signed by the 
cajitain, have to be delivered to the customs 
authorities at the various porta. In many ports 
lists of ihe ship 8 effects and stores have to be 
delivered and these are made out by the purser. 

BUh of lading, which are receipts for the goods 
taken on board, are signed by the captain or the 
purser. They must coiTesjioiid with the total of 
<*argo by the officers’ gangway books in which the 
officers in charge of the hatches enter every package 
that is received. 

Passenger Lists. On passenger vessels, one 
or more passenger lists have to be prepared for each 
port unless all passengers are entered in ihe content, a 
document enumerating everything on board the shi]), 
and a 1 1 c re w and pa ssen gers. Besides these papers the 
purser has to sec that the following documents are 
obtained : The return list,' or E.N.G., which is a 
list of nil members of the crew who have failed to 
join and the names of substitutes engaged. The 
A. A. which is proof that the officers have tlio 
}>roper certificates, and the B.B. which is a sworn 
declaration that the last crew was pro^ierly paiil. 
The last light hill gives the date up to which all 
light dues have been paid. The cocket card is a 
customs clearance, and the jerking note is a pajicr 
stating that the ship has been searched for un- 
entert^ goods, and bearing a list of bonded goods 
on board. The virtwdling bill is a list of stores for 
use on the voyage, and is endorsed by the custoniv 
officials. The port clearance, authorises the vessel 
to proceed to sea, and the qvarantinc certificate 
jiennits lier to enter another port. 

Besides ]>rescrving these pajiors, and having copies 
made by the clerks, or making them himself, the 
purser has to keep a register of all stores in the 
vessel, and of the quantities issued daily and con- 
sumed as well as of all purchases which he may 
make for the use of his ship. He checks the steward^ 
wine bills, and sees that passengers accounts are 
properly made out and delivered weekly. He 
suiicrvises the daily menus for the two saloon'^, 
and satisfies himself that the victuals served out 
to the crew are in good condition and are at least 
of the amount per man stipulated for in the article^'. 
He makes out a list of all valuables entrusted to 
his care, and shows it to the captain for verification. 
He makes out the wages bill at the end of the 
voyage and enters thereon any advances tbat may 
have been made to officers or men on the journey, 
and at the close of the voyage he attends at the 
shipping office with the captain or chief officer 
ana personally sees the crew paid off and signed off 
the articles. He is also expected to see that every 
member of the crew receives a propel discharge, 
and in the event of the captain not attending the 
shipping office he must take the dischargq| to that 
official to be endorsed withktbe ojhai^sq^r of each 
reeipient. 
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Arranging Freights. On the voyage, 
should additional frei^t offer at a port where 
the owners of the vessel have no agent, the 
purser arranges terms of freight if authorised to 
do so; if not, the captain does this. All the 
passengers’ amusements are under the control of 
the pui'ser, who is expected to be a good all-round 
entertainer and to be a friend to all on board. 

This is only a general outline of the purser’s 
duties, for each company of steamshi]) owners has 
its own traditions, to which the purser must adhere 
rigidly. In some, for instance, all the chief officer’s 
stores, paints, and so forth, are under the purser’s 
control, and he has to see to them being served 
out when necessary, while in other companies the 
purser has nothing to do with deck stores. 

The assistant purser and the clerks work under 
the direction of the purser, and have no accurately 
defined duties. But when only a clerk is carried 
that individual has to do all the purser’s duties with 
the exception of those which relate to victualling, 
those being entrusted to the chief steward. 

The Steward’s Staff. The steward, 
whether under a purser or not, keeps a record 
of all stores under his charge, and of the amounts 
issued to him or by him. This should be made 
up each day. Ho gives the cooks what is required 
for the daily meals, and sees that the same are 
])roperly cooked. He is responsible for the clean- 
liness of the saloons and cabins, and manages the 
lower servants. In fact, he is butler and house- 
keeper ill one. To become a steward, the aspirant 
must enter as a cabin boy or under steward, and 
learn the household work of the ship, trusting to his 
own energy to gain him promotion. In most of the 
large companies it is now requisite for the would-be 
steward to show his capacity for waiting at table in 
a sea way before being engaged. 

The prospects of stewards vary. In large com- 
panies the position of head steward is a very lucra- 
tive one, and one of great honour, while on a tramp 
the steward is only the captain’s servant. It is im- 
possible to lay down even an approximate scale of 
pay in the domestic department, for everytliing 
de]iends on the ship and the company it belongs to. 
Taken altogether, however, sea-going servants are 
much better paid than their colleagues ashore, and 
the life is full of charm. 

Ships’ cooks are of two classes. On liners they 
must be thoroughly trained chefs, ca^jable of 
catering for a first-class restaurant. They have 
usually served an apprenticeship ashore before 
going to sea as an assistant cook, and then x>erfected 
themselves in the management of the floating 
kitchen. On tramp steamers and sailing ships the 
cook is an individual who has taught himself, and 
the dinners he servos up bear te.stimony to this 
species of training. Shipowners of to-day are at last 
beginning to recognise that a trained cook is less 
wasteful than the self-taught servant, and a movo- 
raeiit is in progress for the bettering of this class 
of servant. The youth who wishes to sail as a cook 
will do well to obtain some good lessons ashore 
before he offers himself for a jwst, and his chances 
pf promotion and regular work will be greatly 
increased thereby. Cabin stewards and waiters 
^reroally sea-going housemaids and parlourmaids. 

The Engineer’s Department. In this 
department the line is rigidly drawn between the 

Transit 


officers and the crew, just as happens on deck. In 
olden days the executive officers of the steamer used 
to look down on the engineers, but better feeling 
has now sprung up, and the engineers are held to be 
engineer officers, and are treated as gentlemen. 
The training of a marine engineer is discussed 
on page 63f)0. 

Greasers are the labourers of the engine-room. 
They act entirely under the orders of the engineer 
of the watch. Thej' are expected to have had some 
ex|>erience asliore in engine-rooms before they ship 
as greasers. Their duties arc varied. They have to 
keet) the engines pro])erly lubricated, to assist 
in repairs of every kind, and generally to assist 
in the hundred and one odd jobs which crop up 
in the engine-room. They have no future before 
them. 

The firemen spend their watches in the stoke- 
hold, feeding the giant furnaces which heat the 
boilers. They arc laboiuers jmre and simple, though 
some ex])erienee is necessary before they are able 
to get the best value out of the coal they are using. 
They begin as ordinary stokers, and can eventually 
rise to be a leading fireman, when they will have 
subordinate charge of one watch of stokers. Under 
the foreman stoker, or leading fireman, are several 
trimmers, whose duty it is to enter the coal bunkers 
and see that the coal is ]>roperly fed down to the 
co.al j^orts in the stokehold, so that the firemen can 
get at it to shovel it into the furnaces. When not so 
employed they are engaged in working the ash hoist, 
clearing out the waste cinders, and throwing them 
overboard. The coal-trimmer is the lowest servant 
on ii steamer, and his work is both unpleasant and 
insanitary, the coal-dust often causing fatal lesioin 
to the lungs. 

* General Ship’s Routine. At regular inter- 
vals during a voyage on every vessel the crow are 
piped to fire stations. The exact j)Osition of every 
member has been a])portionod by the chief officer 
and on the pii>o going, each man, save the officer of 
the watch, the engineer on duty, the quartermaster, 
and greaser, and the principal stokers, have to run 
to the places assigned to them. The hoses are fitted, 
]>(imps manned, or steam pum|)s started, and every- 
thing made ready for suppressing an outbrealc. 
This is ]>ractised until each member can perform 
his duty without the least hesitation or confusion. 
Similarly, boat stations are practised until each 
officer and man knows just where he has to take his 
place in a boat, and what part ho has to play in 
the general work of saving life in case of need. 
Muster of all hands takes place on Sunday morning, 
as a rule, when the captain, chief officer, chief 
engineer, and purst r inspect the ship’s crew, and also 
visit the various portions of the ship to see that all is 
clean and in good order. On weekdays, in well- 
regulated vessels, the three heads of departments — 
chief officer, engineer, and purser — inspect the ship 
and re})ort all clean and w'ell found. 

Concluding this section, we may say that the sea 
offers an honourable and fascinating calling to 
healthy men. The prospects, especially in the deck 
department, are good : the life is full of change 
and is healthy, and, taken all round, sailors are 
capital fellows, and make firm and loyal friends. 
No large fortunes can be made at sea, but the sailor 
can lay by enough for his old age, and he is always 
well feti and housed. 

conchidcd 
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GREEK-LATIN & GREEK iToOTS 

Being the Conclusion of the Course in Greek, Together with 
a List of Latin and Greek Root Words and their Derivatives 



GREEK By G. K. Hibbert. M.A. 


PROSE COMPOSITION Before attempting to turn this into Greek we 

the student has now anived at a point when ‘I" r«;writo it in English that is 

* he should devote considerable time to turn- “nd '“w « adaptable to the Greek idiom, 

ingwassages of English prose into Greek. While somewhat as follows : 

B rough working knowledge of a language can be ^‘You appear neither to tell nor to under- 
attained i it lout doing much composition, it is stand the myth aright. For the frogs (having 
only by means of coiihidorable atUmtion given Wome free, says the sUiry of old) asked Zeus 

to compositiop 'that an accurate knowledge can for a king : therefore he threw down a log, which 

■ be acquired. ^ them indeed seemed something senseless, so 

The student is earncsily recommended to pro- that they asked for an active king. Therefoie 

cure Sidgwiok’s “ First Greek Writer ” (3s. 6d.), he sent a ciane, or whicli Ihe myth says a stork, 

and when ho has woikcd through this, to pro- and he immediately ate them up. And tins 

ceod to Sidgwick’s “ Greek Prose Composition ” yo« reproach to those desiring change; hut 

g s.). Both these books are published by J^thor it wishes to toll the folly of those being 

ivingtons, and can generally be {licked up at free and desiring a king, who for the most {Mu t 

a second-hand book shop. Each contains an either oppresses his subjects as a log, not doing 

English-Greek vocabulary, but if the student anything in aeoordatice with his dignity and the 

should feel the need of an English-Grcek ex{)ense of his kee{), or, as a stork, always seizes 

dictionary, there is a good one by Yonge, them and eats them up. ’ 

published at Ss. 6d. by Longmans. a 

It ift, however, advisiible to rely more on the Greek Version of the Above 

Greek-English dictionary than on the English- rbv yhp fivBov oiVe Xlyciv oifre (rwlevai 

Greek, for the former shows Ub the ustige of the ^palvccrOe, oi yap pdrpaxoi (\iyei t6 ir/)iF, 

Greek word, and gives us the different shades yeud/jLcvoL) t6p Ala iiaaiXia xin^aavro' ^^Xov oiV 

of meaning. If lu turning English int<> Greek KaHdaXevy 6 aOroi^ dvala-OTjTOP S-i^ n iBo^ep^ (bare 

we cannot think of the Greek for a certain ^a<nX4a alreiaBai xaprepbp. yipapov oBp iwe/a^pep 

English word, we can generally think of some [9i bp b fivdos Xiyei ireXapyby), 6 5b €v0i>s KxrijaeL^p 

synonym, or recast the whole phrase so as to avrobt. nal raOra roU ficrafioXys iTrievfiovaip (dative 

bring it into a form that we can translate into pluial of present participle of iiriOvfibia, governs 

Greek. For example, instead of “ in a state of genitive) (JmSffcre. AWa fiaXXop fiobXerat ptaplav 

Jfelicity,” we could say ‘‘being happy,” cvri/x^s Xiyup t^p twf /fyrwF (present participle 

; instead of “he rejected this overture,” of elfil) Kal paaiXbus bviBvjxodpnap, benrep irri rb noXo 

we could say “ he did not wish to do this,” ^ u>s ^uXop fiapvpei virriKbovs o5ri vpbi rb d^iuua 

oBk ijOeXf raOra TrpdrreiPf and so on. rr/F rfjs rpotpijs dawdpijp Trotwp, ij (is weXapybs da 

In a preceding part of this course [page 5808] KaraXafijidpei abrob^ Kal KarfaOiei, 
we gave the fable of the frogs asking for a km an exercise, the above might be 

let us now render into Greek John Miltons tr„n.slated hack again into English after the 
reflections thereon : lapse of a few days from the first reading. 

The Fible of the FrcmvS : its Moral General Concluding RemarKs. Greek 

“ Nor are you happier in the relating or the differs from English, French, Geniian, and iiiosi 

moralizing your fable. ‘The frogs’ (being once modern tongues, in its greater simplicity ot 

^ free nation, saith the fable) ‘petitioned expression. It puts things in a direct and con 

Jupiter for a king : he tumbled among them a crete form without artificiality and allusiveness 

log: they found it insensible ; they petitioned Thus: 1. Whore we think of a man as a person, 

Sthen for a king that should be active : he sent » complex set of attributes, the Greeks would 

them a crane ’ (a stork, saith the fable), ‘ which either think of him as a body, a visible and 

^straight fell to pecking them up.’ This you imlimble object, or they would denote him 

apply to the reproof of them who desire change; hy some obvious pirt of his bo^y-— head, 

whereas indeed the true moral shows rather the f»ce, or breast, as Cb (frlXTarop Kdpa^ O dearest 

folly of those who being free seek a king ; which head. 

' fgr the^ most ^lart either as a log lies heavy on 2. Where we talk of an abstraction, they talk 
subjects, without doing aught worthy of his of a thing. Thus the Greeks constantly 

and the charge to maintain him,, or as a the neuter adjective with the article in place of 
aver pecking them, up and devouring an abstract* noun — ^ honour; rb 

Utility. . So a oomple^t a^tfert i#e 





: eXptieiBsed' two ideas — t.g*t irpoalp€<nt Kal iroX^* 
principles; Tp$.^ii.Kal (ru/x/xax^ 
r nc^dt&tieaafor alliance. 

; :3. The Greeks possessed a great love of 
. moderation and of the due mean, as opposed to 
anything strained or extravagant {cf. their use 
of e/ instead of Sn after dav/jLdi^<»>y al<rxovofiat, 
jc.T.X.). They did not borrow from other tongues 
when a native word would do. In this respect 
no cultivated tongue is so pure as Greek, which 
in classical times had only 2^ per cent, of h)an 
words, compared with 14 per cent, in Latin. 
Greek is also sparing of the use of mebiphors ; 
hence expressions like “They cast about,” 
“Night drew on,” “He became a laughing 
stock,” “On the field of battle,” “Silence 
reigned,^’ must be translated into Greek without 
the metaphor — thus : ia-KdrovPj vv^ iwijXBe, yeXoioi 
iyivcTOy /JLaxdfiCPOif iv ij<Tvxl<f‘ 

As to Syntax, we may note that : 

1. Greek is the richest of all languages in 
particles — Jiccording to Aristotle the (me nicety 
that no barbarian could master ! Every sentence 
unless beginning a treatise, or because of vivid- 
ness, is joined to a previous one by a connective 
particle, while in English the secjuence of 
thought is left to be gathered from the arrange- 
ment of the clauses. 

2. The Greek verb system is far richer than 

Latin, and can express many more shades of 
meaning. It has preserved many forms of the 
original verb of the parent speech— e.gr., the 
dual, the middle, and the aorist as distinct from 
the perfect. Very interesting is the Greek use 
of the aorist. In the indicative mood it does 
generally denote past time, but in all other 
moods the aorist has no connotation of “past.” 
In these other moods the aorist regards the act 
as a single occurrenco, not considering it as 
protracted, while the present regards the act as 
extended in time. Examples : poaijaai, to fall 
sick ; pwreip, to be sick, ir^ro-at, to prevail ; 
TTfiOcip, to urge. to get a stroke 

of luck ; eimix^ip, to enjoy continued good 
luck. 

In the indicative, the a(jri8t is conslantly used 
where we should use the pluperfect. In fact, 
the pluperfect is seldom used in Greek, 
while the aorist c/in hardly be used too fre- 
quently. 

We may hero note an idiomatic use of the 
presipnt tense, an idiom which is found also in 
French,* 'to denote that the act or practice 
descri^bed extends from the past up to the 
preseiit time — cas : vAXai TrpocrSoKCj, I have been 
waiting a long time ; rpla ijST] irrj vocrw, I have 
been ju these three years. 


V LANOIIAaCS-OlIKKK 

I think it best ; from ict, ,it lacks,, comes 
1 lack, and so on (cf, “lam well for “it is 
well with me,” and “if you please” for “if it 
please you ”). 

The Order of Words 

In English the order of speech is as a rule 
the same as the order (3f thought ; only occasion- 
ally is it changed to emphasise some particular 
word(e.gr., “ He saved otliers, Himself lie cannot 
siive ”). In Greek, which is a highly inflexional 
language, the termination of the word generally 
show's whether it is subject or object, and so 
the order is much freer, and depends much more 
on emphasis than on the order of thought. 
The emphatic word is put first or last in the 
sentence. In Latin, as in modern German, the 
verb is mostly considered the emphatic word, 
and is put at the end ; but this is not so in 
Greek. TJie order of w'ords in Greek is far 
more natural than in Latin, being almost as 
natural as in English ; above everything the 
Greeks avoided artificiality. In English, when 
any tw'o w'ords are opposed to other two words, 
the same order is ke])t in both clauses, but 
in Greek the order of the second clause is 
usually reversed — e.gr., rds wpCopai p.kp rUrw 
U rds TTpvfxpa^ (Time. II, 83). This is called » 
Chiasmvs. 

For the sake of clearness the Attic orators 
often put the relative clause before that which 
contains the antecedent; this is. done very 
frequently by Demosthenes — 6.0., irepl & iKdrepoi 
(TTOuddferf, raPr ApeiPOP iKaripois ^x^i, Each of 
you is superior in the points in which you 
respectively take most interest ; A 5^ pOp dvo- 
KpipdfjLepoi rd deovr &p efifr ^\l/'r}4>i(f/ii^P0i, ravr ijd'ti 
I will tell yem now what you should answer 
so as to arrive at the proper decision. 

Greek is par excellence the language of 
naturalness and of clearness ; if w'o read it, it 
cannot fail to clarify our thinking; if we 
write it, it wmII both simplify and dignify 
our style. 

Kkv to Translation, page 6672 

KU)Pb)\l/ TTpb^ \ioPTa ij\0€ Kai ^Xeyep' OHre 0oj3oO/uif 
<rc, oBre icrxi'pdrepds pov ef* rls ydp trol iortp ij 
ddpapis ; ^Pfis Tots odfrvets rots dfioOcri ; 

rovTp Kai yvprj rip dvdpi paxopdPTj ttoki. iy^ voXd 
eipu (Tov i(rxvp6r€po^, Kai et diXeis, Mufpep Kal f/s 
irdXfpopJ Kal 6 Kutpwx// idaKve rd rou Xiopros Arpixa 
TTpbauTra irepi rds pipas, o XIup roii idiots 6 pv^ip 
(^ v€P eavrbp, o6 'qyavdKT'qaep' oOtcjs 6 Ku)P(a^ 

epiKijcre rhv X4oPTa Kai d’^rfXOep. (from irlirru) 

db eis rdp dpdxrrj^ dtcrpbp Kai diruidoptro (from dirodd- 
popai), dri ivlKr\iT€ Xiopra, lax^pbrarop Brjpa, dXX*'J* 
dirtiXcTo (from drrbXXvpi) virb ciVcXoPj f<^ou, sr^s 
dpdxvv^- 

As practice in translation, the student might 
after a lapse of a few days write out the above 
in English. 


3. Greek prefers a personal to an impersonal 
constriction. Thus, for “It is right for me to 
do it,!,^ they say dUaids dpi iroidp, I am right to 
do it ; ' also SiKaids ia-rtp dwoXiaXipai, It is right 
that h<^ should be hung ; tpapepbs dpt iroidi % It is 
plaiA Ui^it l ani' doing it from plXet pot, it Note. For the treatment of accents the 
IS a t6 -mei, comes I care for; from student is referred to Hutherford s or Goodwin s 

ih..al»Ekii8 to me, comes doKWf I think, or, Greek Grammar (Jjlac,millan). ^ 

^ Greek conclude 



TABLE OF ROOT WORDS IN LATIN AND GREER 

With their Derivatives in English, French, Italian and Spanish. 

By G K. Hibbert, M.A. 


In English, French, Italian and Spanish, a 
great many words derived from the same Latin 
or Greek root-word undergo changes more or 
less consistent in all four languages Consequently, 
as a general rule, when we know the English word 
derived fiom the Latin or Greek, we can construct 
the corresponding word in Fiench, Italian or 
Spanish, Below are set forth the most common 
lules in this connection These should bo carefully 
noted, as m the list which we are giving only the 
exceptions to these lules will be noted That is to 
say, only when a word of Gieek oi Latin origin 
undergoes an irregular change in any of the otliei 
languages will that woid be given. This will 
save the needless lepetition of numerous woids 
which the student, with these lules before him, 
can form for himself 

It should bo mentioned that Geiman is not 
included m this bat because German is hugely 
Teutonic in its structure, and not (like Fiench, 
Italian and Spanish) of Classical or Romance origin 

The following scheme gives the })iincipal rules 
for the respective languages, the English word 
being taken as the basis m eadi case 


Nouns 

A. Grcek Derivatives 


Engh 




Ending 

Fn nch 

Italian 

Spanidt 

y 

le 

la 

IH 

(agony) 

(agonie) 

(dgonia) 

(agoni 0 

e 

e 

a 

a 

(parable) 

(paiable)* 

(paiabola) 

(par ibola) 

ft 

e 

a 

a 

(asthma) 

(asthmo) 

(asma) 

(asma) 

t, 1, m, 
and most 
consonants 

add e 

add 0 

add 0 

ICS 

iqiie 

ICA 

ICl 

(meohaniCh) (mocanique) (mcc< mica) 

(mecanici) 

ch 

que 

ca 

ca 

(monarch) (monarque) 

(moiiaic i) 

(monaica) 

IS 

0 

1 

IS 

(crisis) 

(crise) 

(ci ISl) 

(ci isis) 


B. Latin 

Dlriva fives 


tor, sor, or, 
oui, er 
(doctoi, 

eur 

ore 

or 

(docteur. 

(dottore. 

(doctoi. 

empeioi) 

emjieieur) 

iinpcratoi e) 

emjieiador) 

ary 

a ire 

a no 

aiio 

(lapidary) 

(lapidaire) 

(lapuhai lo) 

(Idfiidario) 

ate 

at 

a to 

ado 

(legate) 

(Icgut) 

(legato) 

(legado) 

age 

age 


aje 

(voyage) 

(voyage) 

(viuggio) 

(viaje) 

ty 

te 

ta 

dad 

(vanity) 

(vanity ) 

(vanita) 

(vanidid) 

ion 

ion 

lone 

ion 

(action) 

(action) 

(azioiic) 

(accion) 

am 

agie 

agna 

ana 

(mountam) (montvgne) 

(montagnd) 

(montaha) 


Adjectives 



A. Greek Derivatives 


English 

Ending 

French 

lialtan 

Spanish 

1C 

ique 

ICO 

ICO 

(oosiqetio) (oosmetique) (cof^metico) 

(cosmetico) 


ao i aque aco aco 

(muillo) (maniaque) (maniaco) (maniaco) 


English 

Ending 

French 

Italian 

Spanish 

an 

e 

a 

a 

(cosmo- 

(cosmo- 

(cosino- 

(cosmo- 

politan) 

polite) 

polita) 

polita) 

al 

B. Latin 
al 

Derivatives 

ale 

al 

(genei al) 

(g^neial) 

(generale) 

(general) 

am 

am 

0 

o 

(ceitain) 

(certain) 

(cieito) 

(cierto) 

a I 

lei 

are 

ar 

(singulai ) 

(singuliei) 

(smgolare) 

(singular) 

aiv, anous 

a ire 

ario 

atio 

(gicgaiious, (gidgairc, 

(giegaiio. 

(gregaiio, 

necessary) 

luVi'ssaiie) 

necesssiio) 

necesaiio) 

lan 

len 

i.mo 

lano 

(Christian 

(Chretien) 

(Ciisti uio) 

(Cnstiano) 

me 

in 

mo 

ino 

(feminine) 

(fcminin) 

(feminino) 

(femenino) 

K 

ique 

ICO 

ICO 

(public) 

(pubbqiic) 

(pubblico) 

(publico) 

OHS, ose 

euv 

080 

oso 

(copious. 

(coyiieiix. 

(copioso. 

(copioso, 

verboso) 

verbose) 

vorbeux) 

vei boso) 

acioiis 

ace 

ace 

az 

(loquacious) 

(loquacc) 

(loqu ico) 

(lociuaz) 

ive 

if 

IVO 

ivo 

(captive) 
estrial i 
estmn t 

(captif) 

(cattivo) 

(cautivo) 

cstre 

estre 

estre 

(tenestml. 

(teiiestie, 

(tciic stie, 

(tenestre. 

equesti lan) 

ecpicstie) 

eqiKshe) 

ecuestie) 

Enghdi 

Lndntg 

Verbs 

A Greek Dfrivahves 

Fiench Italian 

8pantdi 

ise, i7e 

1SC1 

ire 

ar 

(baptise) 

(b iptisei) 

(battc/are) 

(bautizar) 

fv 

B L\riv 
hei 

Derivatives 

hcare 

hear 

(edify) 

(cdiher) 

(edihcaie) 

(edihcar) 

ish 

11 

ire 

ir 

(noui ish) 

(nomiii) 

(nuti ire) 

(niitiu) 


ei 

a e 

ar 

— (dcmindei) 

(demand ire) (deinandar) 


1C 

cie 

er 

— 

(( loiic) 

(crcdeie) 

(cieei) 


11 

irc 

ir 

— 

(vttir) 

(vestiie) 

(vesti ) 


Theie aie, ot couise, many changes at the be 
ginning or in the middle of woids as they pass 
from one language to another, but these cannot 
be noted hero m full A study of the following 
list will make the majority of these changes cleai 

Latin 

(Nu rr F — French , I =■ Italian , S ~ Spanish ) 
A( I R, sharp; Acuo, I sharpen: acid, aciid, 
aci imonious, acute, acumen, acerbity, vinegar (sour 
wine). F acre, aigu, aigre. 1 acre. 8 agudo. 
i^.DES, house . edify, edifice (facio = I make) 
iEguns, levd • equal, equity, equator, equivalent, 
equinox, adequate. F 4gal, equateur / uguale, 
equmozio. 8 igual, ecuador, equmocoio. 

-^'sTiMO, I value * estimate, esteem, aim. 
I stima ( = esteem, noun). 
iEvuM, age * coeval, primeval. 

Ager, fidd : agriculture, agra<riaii. / agrimen- 
sore (land-surveyor). 8 agrimenstHr. 



^ agile, agitate, 

exitet, cogent, cogitate, litigation. F agir (to 
act). I atto Tan act). 8 accion. 

ALBtrs, white : album, albumen, Albion, albino. 
F aube (alb). / albeggiante (whitish). 8 albar. 

ALSXfH, other ; Alteb (the other of two) : alias, 
alibi, alien, alter, alternate, “ alter ego,’* altruism. 
F autre. / altrui, altrove, altramente. 8 otro. 

Al/rns, hight deep: alto, altitude, exalt, i’altier 
(haughty). 1 alto, altura, altero. 8 alto, altivo. 

AMBUiiO, I walk : amble, perambulator, som- 
nambulist, ambulance. I amb.o. 8 amblar. 

Amo, I love : amour, amorous, amateur, amatory, 
amicable, inimical, amiable, amenity. F aimer. 
/ amore. 8 amor, amigo. 

Ango, I choke : anger, anguisli, anxiety, angina 
pectoris. F angoisse. I angoro, ansieta. 8 ansia. 

Anima, breath : animal, animate. Animus, mind : 
animadvert, magnanimous, unanimous. 

Annus, year ; annual, annuity, anniversary, 
millennium, perennial, biennial, centenary, solemn, 
F ann^e. I anno, perenne. 8 ano. 

Aperio, 1 open : April, aperture, aperient. 
F Avril, aperitif. £ Aprile, ajiritivo, apriporta 
(door-opener). 8 Abril, abertura. 

Aqua, water : aquarium, aqiiati(‘, aqueduct. 
F cau, aquarelle (painting in water-colours). / 
acqua, acquidotto. 8 agua. 

Abdeo, / burn : ardent, arson, ardour. 

Artus, a joint : article (a little joint), articulate. 
I articolo. 8 articulo. 

Audeo, I dare : audacious. 8 and a/. 

Audio, I hear: audience, audible, audit. F audi- 
toire, audition. 1 udire. 8 oir. 

Augko, I increase : augment, auction, author, 
authority. F auteur, octroi. / aumentare, autore. 

Auris, ear : aurist, auricular. F oreille. I orec- 
chio. 8 ore] a. 

Aurum, geld : auriferous, aureole, oriole, oriel. 
F or. 1 oro. 8 oro. 

Avis, bird : aviary, auspicious (auspice — avi- 
spicium, drawing an omen from watching birds). 

Barba, beard : barb, barber, barbel. F burbon 
(groy-beard, dotard). / barbono. 

Bellum, war : duel (original form of helium was 
duellum)f bellicose, belligerent, rebel, revel. F l)elli- 
queux. I ribelle. 8 belico. 

Bene, weU : benefit, benign, benediction, benevo- 
lence. 

Bis, twice : biscuit, bi-scct, bi-furcate, biceps, 
binoclo, binomial, combine. F bis (encore !). 

Bonus, good : bon-bon, bonny, bonus. F bien, 
bon. I bene, buono. 8 bien, bueno. 

Brevis, shart : brief, brevity, breviary, semi- 
breve, brevet. F bref. 1 and 8 breve. 

Cado, I fall : cadaverous, cadence, cascade, 
chance, case, c asual, casuistry, ac-cident, oc cident, 
oe-casion. F era. I and 8 caso. 8 caer (to fall). 

C^:do, / cut, / killi homicide, suicide, incision, 
concise, circumcision. 


C/VLUM, heaven, sky : celestial, ceiling. F eiel. 
/and^cielo. 

Oandeo, / shine : candid ( — white), candidate 
(at Rome applicants for office dressed in white), 
candle, in«cendiary. F chandelle, incendie (fire). 
1 and 8 candela, incendio. 

Cano,*/ sing : chant, incantation, recant, canticle, 
cantata, canto. F chanter. I cantare. 

Capio, / take : captive, caitiff, capable, capacity, 
a<Jcept, receptive, receive, conceit, capstan. F rece- 
voir, cabest^. /cattivo, ricevore. <S'oautivo,rccibir. 

Cabup, head : capital, cape, capitulate, captain, 
"F oaj^itainc^, chef, chapitre. / capi- 
cabezfi, capitulo. 


ROOT WORDS 

^ -Oabo (gen. camia), flesh : carnage, carnal, car- 
nation, incarnation, carnival, carnivorous. F chair, 
f and /fif came# * 

Causa, cattse : cause, excuse, aeouse, recusant. 

Cedo, I go, I yield : cede, cession, recede, abscess, 
success. F c^der. / cedere. 

Centum, a Aithdred: cent, century, centipede. F 
cent, centime. I cento, centinaio. S ciento. 

Cerno, / distinguish : discern, concern, discreet, 
secret (from the supine erdum). I segreto. 

Charta, paper : chart, charter, card, carte, 
cartoon, cartridge. F carte. I and 8 carta. 

Civis, citizen : civic, civil, city. F cite, eitoyen. 
/ citta. 8 Ciudad. 

Clamo, / shout : clamour, claim, xiroclaira, 
reclaim. / ehiamare, clamarc (to call). 

Clarus, bright : clear, claret, clarion, clarify. 
F clair. 1 chiaro. 

C*LAUDO, / shut: clause, close, closet, cloister, 
include, conclude, proclude. F clos, cloitre, 
1 chinso, ehiostro. 8 claustro. 

Colo, I till : cult, culture, cultivate, colony, 
I and 8 ciilto (worshi])). 

Contra, against : country, counter, counterfeit, 
counlermand, contrast, contrary, contradict. 

CoQiio, 1 boil : cook, concoct, decoction. I 
ciioco. 8 eocinero. 

Cor, hi art : cordial, concord, record. F cceur. 
/ euore. /S eorazon. 

Corpus, Imly : corporation, corps, corpse, cor- 
pulent, incorporate, corporal. / corpo. (S ciierpo. 

C’rkdo, / bohere : creed, credit, incredible. 
F croirc, croyance. / credo, eredenza. 8 crecr. 

Crksc’O, I (7 rmc (.supine, creturn) : crescent, increase, 
concrete, recruit. F eroitre, croissant. 8 crcccr. 

Crux, cross : crucial, crucible, crucifix, crusade, 
F croix, croisacle. 1 eroce, crociata. 8 cruz. 

Cura, care : cure, curate, curator, curious, 
sinecure, procure, proctor ( — procurator), secure, 
sure. 8 cuidado. 

CuRRO, / run : cursive, cursory, current, corridor, 
curriculum, course, discourse, concourse, concur, 
recur, incur. F courir. 1 corrore. 8 correr. 

Dkbko, I owe : debit, debt, due, duty, debenture. 
F devoir, dette. / dovere, debito. 8 deber. 

Decem, ten : JJeeember, decimal, decimate. 
F dix. / dieci. 8 diez. 

Dens, tooth : dent, dentist, trident. 8 diente. 

Dkus, Divus, god : deity, deify, divine, divinity. 
F dieu. / dio. 8 dios. 

Dico, 7 say : diction, dictate, predict, contradict. 
/*dife. 7 dire. A dec ir. 

Dies, deey : di.iry, diurnal, quotidian, adjourn, 
journal, journey. F jour. 7 giorno. 8 dia. 

Dtgnus, worthy : deign, dignity, disdain, condign, 
I degno. 

Do, Dono, 7 give, 1 put . donation, con-done, 
pardon, date, add (ad-do), e-dit. F donner. I dare. 

Doceo, I teach : docile, document, doctor, doc- 
trine. 7 dottore. 

Dominus, lord : dominate, domain, dame ( — do- 
mina), domino, dominie, i'^dimnnehe ( - dies domini- 
ca, the Lord’s Day). 7 domenrea. 8 duenna, 

DoMua, home : domicile, domestic, dome. 

Dormio, 7 sleep : dormant, dormouse, dormitory. 

Duoo, 7 lead : duke, duct, educate, conduce, 
reduction. F due, conduire. I duca, condurre. 
S duque, conducir. 

Duuns, sweet : dulcet, dulcimer. F doux. I 
dolce. 8 dulce. 

Duo, two : duet, dual, dubious, doubt. F deux. 
/ due. 8 dos. 

Emo, I buy. Sumo, f take, (sub-emo) .• redeem, 
exempt, ransom, consumption, presume, assume. 
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Eo, Itum, J go : exit, exeunt, transit, trance, issue, 
‘.itinerate, obituary, initial, perish. Combs = coni- 
' panion, one who goes with : count, concomitant. 

Equus, horse : equine, equestrian. 

Faber, \vorlcmini : fabric, fabricate, forge. 
I fabbro (forger). 

Facio, I make : fact, feat, faction, face, superficial, 
defeat, infect, comfit, confectioner, fortify, de fy, 
efficient. F fairo, fait. / fare, fatto. 8 hacer, hecho. 

Fallo, I deceive : false, infallible, falter, fail, 
fall, fault. F faillir, faux. 8 f altar. 

Fbro, / hear (supine latum) : fertile, suffer, 
transfer, translate, legislate, dilate, confer, voci- 
ferous. I tras!'erire. 

Ferveo, I boil : fervent, ferment, effervesce. 8 
hervir. 

Fido, I trust : fidelity, fiduciary, confide, perfidy, 
de^ F foi (faith). 1 fede. 8 fe. 

Fingo, I shape : fiction, feign, figure. F feindre. 
/ finzionc. 8 ficcion. 

Finio, I end : fine, final, finish, finite, infinite, 
define, infinitive. 

Fiscus, purse, treasury : fiscal, confiscate. 

Flagro, I burn : flagrant, conflagration, flame, 
inflammation. / finmnia. 8 flama. 

FhO,lblow: flatulent, inflate. Fcnfler. /enfiaie. 

Flos, flower : florid, florist, flourish, flour, 
efflorescence. F fleiir. I fiore. 8 flor. 

Fluo, / flow : fluid, flux, fluctuate, fluent, 
affluent, confluence, influence, influx. 

F(Edus, a treaty (akin to tides, faith) : federal, 
federation, confederate. 

Folium, leaf : foil, foliage, folio, trefoil. F feiiille. 
I foglia. 8 hoja. 

For, Fans, Fatum, I speak : fame, infamous, 
fate, fatal, infant, confess, nefarious. 

Fortis, strong : fort, fortres.M, forte, fortify, 
fortitude, comfort. 8 fuerte. 

Frango, I break : fragment, fracture, fraction, 
fri^ile, frail, infraction, refraction, infringe. 

Iratkr, brother : friar, fraternity, fraternal, 
fratricide. F frere. 1 frat^^IIo, fra. 

Frons, hroic : front, frown, affront, confront, 
frontage, frontier, frontispiece. 

Fruor, I enjoy : fruit, fruition, frugal, usufruct. 
1 frutto. 8 fruto. 

Fugio, I flee : fugitive, fugue, refuge, .subterfuge. 
^F fuir. / fuggirc. 8 huir. 

Fundo, I pour : funnel, foundry, confound, 
confuse, refund; refuse, fuse, futile, fountain, font. 

Fundus, bottom : fund, fundamental, foundation. 

' F fond. I and 8 fondo. 


Fungob, I perform : function, perfunctory. 

Gelo, / freeze : gelid, gelatine, galantine, jelly, 
congeal. F gel^e. Also Gi.aoies, ice : glacier, glace, 
glass. I ghiaccio (ice). 8 hiclo. 

Gero, 1 hear : gerund, gesture, gesticulate, jest, 
suggest, digest, vico-gerent, belligerent, register. 

Gkadior, I step : grade, graduate, gradual, 
digress, transgress, egress, aggression, degrade, 
degree. 

Gravis, heavy : grave, gravid, gravity, grief. 

Gbex, flock : gregarious, egregious, congregation. 

Gusto, 1 taste : gusto, disgust. F gofit. 7 and 
8 gusto. 

Habeo, I have : habit, have, exhibit, inhibit, 
prohibit. F avoir. I avere. 8 haber. Also a 
frequentative form, Habito, I dwell: inhabit, 
habitation} haunt, cohabit. 

. HiEREo, 1 stick : adhesive, hesitate, cohere. 

; . . Homo, man : homicide, human, humane, human- 
ity. F hoipme. / iiomo. hombre. 

, i bristle : horrid, horror, horrible, abhor. 



Hospss, g^iest : hospital, hospice, hospitable, 
host, hostel, hotel. 1 ospedale. 8 huegped. 

Hostis, enemy : host, hostile. 8 hueste. . « 

Humbo, I am moist : humid, humour. 

Humus, grownd : humble, humiliate, exhume. 
/ umile. 8 humilde. 

Idem, same : identity, identify, identical. 

Ira, anger : ire, irascible, irate. 

Jacio, I throw : ejaculate, object, reject, adjec- 
tive, conjecture, projectile, jet, jetsam. F jeter. 
I gettare. 8 cchar. 

Judex, judge : judicial, adjudicate, prejudice. 
F juge. I giudioe. 8 juez. 

JuNGO, / join: juncture, junction, joint, con- 
junction, injunction. F joindre. / giungere. 8 
juntar. 

Jlmio, 1 swear: jury, conjure, adjure, perjury. 
/ giuri. 8 jiirado. 

Jus, law : just, jurisdiction, jurisi)rudence, injure. 
I giusto. 

Juvo, / help : adjutant, jury (mast). 

Labor, 7 glide : lapse, collapse, relapse. 

L.edo, I hurt : lesion, elide, collide, lese-majestie. 

Lapis, stone. : lapidary, lapis lazuli, dilapidate. 

Lav’^o, 7 wash : lave, lavatory, lotion, lava, 
lavender, lavish, laundry. F laver. I lavare. 

Lego, 7 gather, 1 choose, 1 read : neglect, collect, 
elect, intelligent, lecture, lesson, college, legion, 
legend, legible. F lire. 7 leggere. 8 leer. 

Lego, 1 depute. : legacy, legatee, legation, rele- 
gate. F legs. 

Leo, lion : leonine, leopard, Leonard, Leander. 

Levo, 7 lift : levity, levy, Levant, elevator, levee, 
lever, relieve, alleviate, legerdemain. 

T^ex, law : legal, legitimate, legislate, privilege, 
F loi. 7 legge. 8 ley. 

Ligo, 7 hind : religion, obligation, league, liga- 
ture, ligament, colligate. F Her. 7 legare, 

Linquo, 7 leave : delinquent, relinquish, relict, 
derelict. 

Litera, letter : literal, literary, literature, illiter- 
ate. F lettro. I Icttera. 8 letra. 

Locus, place : local, locate, locomotive, locum 
tenens. F lieu. 7 luogo. 8 lugar. 

Loqctor, 7 speak : eloquent, colloquy, loqua- 
cious, elocution, magniloquent, soliloquy. 

Luceo, 7 shine : lucid, elucidate, lucent, lunar, 
lunatic, luminary, illumine. F luji’e. I lucerc. 

Ludo, / play : elude, prelude, delude, collusion, 
illusion, ludicrous. 

Magnus, great : main, magnate, magnify, magni- 
tude, majesty, major, mayor, magistrate, master. 
F maire, maitre 7 and 8 maestro. 

Malus, had : malady, malaise, mal-de-iner, 
malaria, malefactor, malevolent, maltreat, malice, 
malignant, malinger. 

Maneo, 7 remain : mansion, manse, manor, 
menial, remain, remnant, jiermancnt. F maisoii. 

Manus, hand : manual, manufacture, manu- 
script, manicure, manifest, manipulate, manoeuvre, 
emancipate, maintain. F main. I and 8 mano. 

Mater, mother : maternal, matricide, matricu- 
late, matrimony, matron. F mere. 7 and 8 modre. 

Medeor, I heal : medicine, medicate, remedy. 
F medecin (doctor). 7 medico. 

Medws, middle : median, mean, medium, meri- 
dian, medieval, mediocre, Mediterranean, imme 
diate. F moyen, milieu. I mezzo. 

MeMor, mindful : memoir, memorable, memory, 
commemorate, remember. 

Metior, Mensus, / memure : mensuration, coiu- 
mensurate, immense. 1 misurare. 8 medir.' 

Miles, soldier : military, militia, militant, mih- 
tate. 8 militur. 



ihcman^ : mile^iiiUonniuin, million* milli- 
metre. Fcuad S mil. 1 mille. 

Misnrd, 1 lessen : minus, minor, minim, mini- 
mise, diminish, minute, minister, minstrel, minuet, 
minutiae. F moins, menu. I minorc. 8 meiios. 

/ wonder at^ / admire : mirror, mirage, 
miracle, admire, marvel. 

Mitto, / send, 1 jmi: mission, missile, missive, 
admit, permit, remiss, omit, promise, demise. 
F mettre. 1 raettere. 

Moneo, I warn : monitor, monster, monument, 
demonstrate, remonstrance, admonish, summon. 

Mons, mountain : mount, mound, surmount, 
amount, promontory. F montagne. / montagna. 
8 monte. 

Mobior, I die : moribund, mortal, mortuary, 
mortgage, mortify, mortmain. F mourir. / morirc. 

Movbo, 1 move : motion, motor, mobile, mob, 
moment, motive, emotion, promote, mutiny. F 
mouvoir. I muovere. 

Multus, many : multi])ly, multitude, multi- 
farious. I molto, 8 mucho. 

Muto, / change : mutation, mutable, |XJrmuta- 
tion, commute, mutual. 

Nascor, 1 am born : nascent, renaissance, native, 
nature, nation, natal, Noel, cognate. F naitre, nee. 
/■nascere. 8 naccr. 

Nauta, sailor : Navis, ship : nautical, nautilus, 
navy, navigate, navvy. F navire. I and 8 nave. 

Nego, I deny (nec, not : aio, I affirm) : negative, 
negation, renegjide, runagate. 

Nepos, grandson : nephew, nepotism. F neveu. 
1 nipote. 

Noceo, y hurt : noxious, nocuous, noise, inno- 
cent, obnoxious. F nuire, / nuocere. 

- Nomen, name : Nosco, / know : Nobilis, known, 
noble : noun, nominate, nomenclature, nominal, 
binomial, ignominy, gnostic, note, notion, notice. 
F nom, con -naitre. 1 nonie, conoscere. 8 nombre. 

Novus, new : novel, novelty, novice, innovation, 
renovate, nuncio, announce. F neuf, nouveau. 
1 nuovo. 8 nuovo. 

Nubo, 1 marry (lit. / veil mysdf^ connected with 
iiubes = cloud) : nuptial, connubial. F noccs, 
7 nozze. 8 iiucias. 

Goto, eight : octogenarian, octave, October. 
F huit. / otto. 8 ocho. 

OcoLUS, eye : oculist, binocular, ocular. F ceil, 
aveiigle. I occhio. 8 ojo. 

Omnls, all: omnivorous, omnipotent, omniscient, 
omnibus, ‘‘ oninium-gatherum.” I ognuno. 

Optimus, beat : optimist, optimates, “ Senior 
Op.” (at Cambridge). I ottiino. 

'*Opto, 1 choose : option, adopt, co-opt, optative. 

Opus, work : o^iera, operate, co-operative. F 
ceuvre. 8 obra. 

Ojj^is, circle : orb, orbit, exorbitant. 

OjRDO, rank : ordinary, order, ordain, ordinance. 

Orior, I rise : orient, origin, abortion. 

Oro, I apeak, I pray : oral, oracle, orison, oration, 
peroration, inexorable, adore. 

Ovum, egg : oval, ovary, oviparous, ova, ovule. 
F oeuf. 1 uovo. 8 huovo. 

Pando, 7 spread : puce, pass, passenger, expand, 
expanse, compass. F pas. I passo. 8 paso. 

^a;NOO, I fix : pagan (from pagus = district), 
pej|iiftht, page, pageant, compact, impact, impinge. 
F ^‘en, pays, paysan. I paese (country). 8 pais. 

Par, eqvm : peer, pair, umpire, compare, com- 
pwisyllabio., F pair, pareil, I pari. , 

J. tome forth appear, apparent, appari- 

ovi- 




ROOT WORDS 

Pabo, I make ready : pare, parry, prepare, repair. 

Pars, part : parse, partial, participate, particular, 
particle, participle, partisan, partition, party, 
remrtee, impart, portion. 

Pasco, / feed : pastor, pasture, repast. F paitre. 

Pater, father : paternal, patron, parricide, patri- 
arch. patrimony, patriot, expatriate. F pere. / and 
8 padre. 

Patior, / au/Jer : patience, passion, passive. 

Peixo, I drive : push, pulse, compel, impel, repel, 
impulsive, repulsive. F ponsser. 

Prndeo, 1 hang, I weigh : pensive, pension, pen- 
dant, pendulum, suspense, depend, compensate, 
recompense, perpendicular, potind, ponder, poise. 

Pes, foot : ])edal, ])edestrian, pedestal, biped, 
impede, expedite, expedient, i^picrl. 7 pied e. 7? pie, 

Peto, 1 seek : iKitition, j)etulant, compete, appe- 
tite, re]xjat. 

Placeo, I please : plea, \»lacid, placable, pleasant, 
complacent. F plairo. I piacerc. 

Plaudo, I clap, 1 praise : plaudit, plausible, 
applaud, explode. 

Pleo, I fill: plenary, plenipotentiary, plenty, 
replenish, rcpiele, complete, supply, supplement, 
complement. F plein. I piono. 8 lleno. 

Plico, I fold : ]>ly, pliable, pliant, plight, apply, 
duplicate, double, duplicity, complicate, complex, 
supplicate. F plicr. I piegare. 8 plcgar. 

Plus, more : plural, pluperfect, surplus. 

PoNO, I place : ])ost, position, positive, posture, 
deponent, deposit, eompiosition, supposition, impost, 
com])ound, postpone. 

PoPi'LUH, people : population, popular, public, 
publish. F peuple. 8 pueblo. 

Porto, 7 carry : porter ( = one who carries ; but 
porter — doorkeeper, is from porta — door), port 
( — demeanour), portfolio, export, importiint. 

Possum (})otis-8um), 1 am able : possible, posse, 
potent, potentate, impotent. 

PoTo, I drink : potation, potable, potion, poison. 
I potare. 

Prehendo, I grasp : prehensile, apprehend, 
comprehensive, comprise, prison, prize ( = reward). 
F prendre. 

Premo, 7 press : express, oppress, impress, print. 

Pretium, value : ]>rice, precious, prize ( valua- 
tion, estimate). F prix. 1 prezzo. 8 precio. 

PRI.MUS, first : ]>rim, prime, primate, premier, 
primeval, primrose, primitive, prince, principal, 
principle. F premier. / priino. 

PuNGO, 7 prick : puncture, ])ungent, point, pounce, 
expunge, punctilious, punctual, punctuate. 

. PuTo, 7 cut, 1 think : putative, amputate, com- 
pute, count, reputation, deputy. 

Qi] .vwo, I seek : query, quest, question, require, 
exquisite, inquisition. 8 ouestion. 

Quatio, I shake (in compounds cutio, cussum) : 
quash, discuss, concussion, percussion. 

Quot, how many : * quote, quotient, quota, 
quotidian. 8 cociente. 

Ratio, 7 sTuitch : rapacious, rape, rapid, rapine, 
rapt, rapture, ravage, ravish, ravenous, ravine. 
F ravir. 7 rapire. 

Rego, I tnake straight, 1 ride : regent, regal, 
royal, regnant, reign, regicide, regiment, regular, 
rector, recitify, direct, correct. F roi (king). / re. 
8 rey. 

Rogo, I ask : rogation, derogatory, arrogate, 
abrogate, interrogative, prorogue 

Rumpo, / break : rupture, eruption, corrupt, 
disruption, bankrupt, abrupt, interrupt. F rompro. 
I rompere. ,, 

Sal, salt : salad, saline, salary, sausage. F scl. 
/ sale. 3 saL 
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Salio» I hap: salient, sally, salmon, assail, 
assault, insult, exult, result. F saillir. I saltare 

Salus, health^: salute, salutary, salubrious, 
salvation, salvage, saviour, safe, save, sage (the 
plant). F sauf ( =: safe). 1 salvo. 

Sapio, / iash : savour, sapient, sage ( — wise), 
insipid. I sapere. 8 sapido ( — high-flavoured). 

Scio, I knou) : science, omniscient, conscious. 

ScRiBO, / ^vr^te : scrip, script, scripture, scribe, 
describe, conscription, postscript, scribble, scrivener. 
F 4crire, escritoire. I scrivere. 8 escribir. 

Skco, .* section, sect, dissect, bisect, segment, 
insect, intersect. 

8BDBO, I Sit : stnlitnen^, sedentary, session, 
possess, sedate, sedulous, preside, F as-.seoir. 

Senex, old man : senile, senioi*, sir, sire, senate. 
F sieur. 1 signore. 8 sonor. 

Sentio, I feel : sense, sentient, sentence, senti- 
ment, assent, consent, scent. 

Sequor, / follow : sequence, secjue], sc(iucstrate, 
consequence, consecutive, persecute, second, sue, 
suit, pursuit. F siiivre, suite. I seguire. 8 
seguir. 

Sero, 1 join : series, serial, sermon, insert, desert, 
exert, assert. 

Servio, 1 aenye : sei f, servile, servant, sergeant, 
dessert, deserve. 

SiMiLls, like : at the same time : similar, 

simile, simulate, simultaneous, assimilate, semblance, 
resemble. F sembler. 

SoLVO, I loosen, J pay : solve, solvent, soluble, 
solution, dissoluU*, absolute, resolve. 

SoNO, I sound : sonorous, sonata, sonnet, re- 
sonant, consonant, unison, |)erson, parson. F sonner. 

Specio, I look : spy, species, specious, special, 
spice, specimen, 8|)ecify, spectacle, spectre, s^iecu- 
late, asi^ect, respect, conspicuous, perspective, sus- 
picion, prosi)eotu8, despise. F cpier. / sj)ecchiare. 
8 espial*. 

Spiro, 1 breathe : spirit, spirant, aspirate, con- 
spire, inspiration, respirator, ijcrspire. 

Spondeo, I pledge : sponsor, spouse, responsible, 
despond. F epouse. 8 esposa, 

Sterno, 1 lay down : strata, street, strath, stray, 
strew, prostrate, consternation. 

Sto, / staTid : stable, stage, stamina, stanza, 
state, station, statue, extant, distant, constant, 
substance, obstacle, destination. F etat. 6' estado. 

Strinoo, / draw tight : string, stringent, strict, 
strait, strain, constraint, restrain, distrain, distress, 
district, boa-constrictor. F ctroit. / stretto. 8 es- 
trecho. 

Struo, / pile up : structure, construct, destroy, 
construe, instruction. F construirc. / costruire. 

Super, libove : superior, superintend, supreme, 
sum, summit, surface, surfeit, survive. F sur. 
I sopra. 8 sobre. 

SuROO, I rise : surge, source, resurrection, re- 
source, insurrection, insurgent. 

Tango, 1 touch : tangent, tangible, tact, contact, 
contagious, contiguous, attain, intact, integral, 
integrity. F atteindre. / tatto, contatto. 

Tego, 1 caver : tile, detective, protect, integu- 
ment. / tegola (tile). L tectum (= roof). 8 teja. 

Tempos, time : tense, temporal, contemporary, 
extemporary. F tem])S. / tempo. 8 tiempo. 

Tendo, I stretch : tend, tense ( — tight), tension, 
tentacle, tent, tentative, contend, intent, intend, 

. intense, tempt, taunt, “ tenter-hooks.” 

Ten BO, / hold .* tenable, tenacious, tenant, 
fv^tenement, tenet, tenor, tenure, maintain, retain, 
; retinue, continent, content, continuous. F tenir. 

TbBO, / rub: trite, tritiurate, tribulation, con- 
' tri attri tion. / tr itico (com ). 


Terra, earth: terra-cotta, terrace, terrestrial, 
terrier, territory, inter, M^i-terranean, tur^m, 
8 tierra. 

Texo, I weave : text, texture, textile, context, 
pretext, tissue. F tisser. 1 tessere. 8 tejer. 

Torqueo, .1 twist: torch, torment, torsion, tort, 
tortoise, tortuous, torture, contortion, retort. 
F tort (wrong). / torto. 8 torcer (to twist.) 

Traho, / draw : trace, tract, trail, train, trait, 
treat, tare and “ tret,” attract, retreat, portrait. 

Trks, three : trefoil, triangle, trident, trinity, trio, 
trivet, trivial. F trois. 1 tre. 8 trea. 

Turba, crowd : turbid, turbine, turbulent, 
perturbation, disturb. 

Uni>a, wave : undulate. Undine, abound, abun- 
dant, redound, inundate. F onde. / and 8 onda. 

Unus, one : unit, unitpie, union, unicorn, uniform, 
universe, university, triune. F un. 1 imo. 

Valeo, I am strong : valid, invalid, valerian, 
valiant, valour, value, avail, prevalent, convalescent. 
F valoir. I valctudine (health). 

Vkmo, ./ carry: vex, veil, vein, vehicle, . con- 
vey, convex, inveigh, invective, reveal. F voile, 
voituro (carriage). 1 vettura. 

Venio, 1 come : venture, adventure, convene, 
convent, convention, supervene, prevent, revenue, 
avenue, convenient, covenant. F venir. 

Verto, I turn : versatile, verse, vertebra, vortex, 
vertex, vertigo, convert, perverse, aversion, inver- 
sion, reversion, obverse, adverse, advertise, con- 
versant, divorce. 

Verus, true : very, verily, verity, verify, verdict, 
veracity, aver. /"'vrai. / vero. 8 verdad (truth). 

Via, road : viaduct, devious, voyage, impervious, 
trivial, obvious, previous, obviate. Fvoio. I andjS'via. 

VioEO, I see. viz. (short for “videlicet”), view, 
visage, vision, visible, visit, vista, provide, pro- 
vidence, prudence, revise, survey, envy, invidious, 
evident. F voir. 8 ver, 

ViNGO, I conquer : victor vanquish, convict, 
convince, evince, eviction, province (?). F vaincre. 
8 veneer. 

V'^ivo, / live : vivid, vivacious, vivisect, victuals, 
vital, revive, survival, convivial, viper ( — vivipara, 
producing young alive). F vivre. 8 vivir. 

Voco, 1 call : vocal, voice, vouch, vociferous, 
vocation, vocative, vocabulary, vowel, invoke, 
convocation. F invoquer. 

V^OLVO, / rdl : voluble, volume, revolve, convolu- 
tion, involve, devolution. 

VovEO, / vow : votive, votary, vote, devote, 
devout. F vouer. / votarc. 

Greek 

Tn the process of anglicising a Greek word tlie 
following changes should be noted : 

Greek (m) becomes English y, as au 
S'mUcixis (s 3 mtax). 

Greek at (ai) becomes English ce, as 
aisthesis (aesthetic). 

Greek oi (oi) becomes English o?, as oUoh 
oikos (oecumenical). 

Greek 77 (99)^ 7^ (9^)f or yx w 7 ^ (9^) 

becomes English ng, nk, nx, as Ayyehov, aggelos, 
(angel) ; AyKvpa, agleura, ancura (anchor). 

[For the letters of the Greek alphabet and their 
English equivalents, see page 6374,] 

Aer (dT)p), air: aeronaut, aerolite. F aero- 
naute,*aerolithe. I aeronauta, aerolito. 

Ago (Ayw), I lead: pedagogue, syna- 

gogue, demagogue, strategy (stratpS — army)- 
/ pedagogo, sinagoga, strategia,. -8 estrategia. 



ROOT WORD# 


: itgony, antagonist, pro- 
tagOlibt, ** Samson Agonistes” (Samson the 
strugglet or wrestler). F agonie. / and iS^ agonia. 

Akbos {AKpos), top, j^int : acrobat (batoa = 
talker, goer), acropolis, acrostic (stichos = a 
IMe). I acrobato, aorostico. 

Allos (AWos), other : allopathic, allotropy. 

AnQBLOS (A 77 eXos), messenger : angel, evangel. 
F ange, 6vangile. 1 angelo, evangelio. 

Amthbopos {dv0pu)iros), man : philanthropic, 
misanthrope, anthropology. I filantropico, mis- 
antropo, antropologia. 

Abohe (dpxij), beginning, rule : anarchy, archie- 
ology, archaic, monarch, archbishop, architect. 
F archevdque. I monarca, arcivcscovo, archi- 
tetto. S arzobispo, arquiiecto. 

Aster (dcrT-qp), star : aster, asterisk, astro- 
nomy, astrology. F ast^risque, ast^rie. I and 
S asterisco. 

Autos (aMs), self : automobile, autobio- 
graphy, autocar, autonomy, autocrat, authentic. 

Ballo (^aXXw), I throw : parable, parabola, 
emblem, hyperbole, sym-bol, embolism. / iper- 
bokt, simbolo. 

Bapto {fidiTTia), I dip : baptism, baptize. 
F bapteme, baptiser. I battesirlio, battezzare. 
SI bautisme, bautizar. 

Babos (fiapo^), weight : baritone, barometer, 
baroscope, isobar (isos — equal). F barom6ire. 

Biblos ('iL^Xds), paper, hook : Bible, biblio- 
graphy, bibliophile. F bibliothdque (library). 
1 Bibbia, biblioteca (library). 

Bios (/Sios), life : biology, biography, bio- 
scope, microbe, amphibious. F amphibie. I and 
S anfibio. 

Choros (xopos), dance : chorus, choir, chorister. 
F choeur, choriste, I and S coro, corisia. 

Ohronos {xp6vos), time : chronology, chrono- 
meter, anachronism, chronic, chronicle. I crono- 
logia, cronico, cronica. 

Curio (xpiw), I anoint : Christ, Christian. 
F chr^tien. I and S Cristo, cristiano, 

Chrusos (xf^vadi), gold : chrysalis, chryso- 
prase, chrysanthemum, chrysohto. F chrysalide. 
I crisalide. 


Demos {Sijuo,), people : democracy, demos, 
demotic. F democratic. I democrazia. 

Dogma (ddy/xa), opinion ; Doxa (56^a), opin- 
ion, glory : both from Dokeo (5oWw), I think : 
dogma, orthodoxy, heterodoxy, doxology, I 
domma, ortodossia, eterodossia, dossologia. 

Dunamis {dOpafjLt^), power : dynamite, dyna- 
mics,^' dynasty 

Slektbon {JfXeKTpov), amber : electricity (be- 
cause first o’oserved in amber). I elettricita. 
aV electricidad. 

EkGON (ipyo' ), work : energy, erg, metallurgy. 

Eu (eC), well : eucalyptus (lit. well-covered), 
^phemism, eucharist, euphony, eulogy, evangel. 
F ^charistie, 6yajigile. I eucaristia, eufonia. 

OASTfiB (ycurr^p), stomach : gastric, gastritis, 

gastronomy. 

Gfi (y^), ; geography, geology, apogee, 

gD^nt eaarth-bom). F g^tnt. I and S gi- 


hir€h t genealogy, oxygen, 
£ produce). Genesis. 


GiGNdsxo {•jiyr tisKu), I know : diagnosis, 
gnostic, a*gnostio, physiognomy (c/., L cognosco). 

GbApho (yp6.4>w), I write : gra^nmar, graphic, 
paragraph, telegram, epigram, graphite, grapho- 
scope, cinematograph (kinema — movement). 
F grammaire. / grammatica. H gramatica. 

Helios (^Xios), sun : heliotrope, heliograph, 
helium. 

Hemi (r)ij,L~), half : hemisphere, hemistich 
(L Hcnii-). I emisfero. 

IIepta (ewrd), seven : heptarchy, heptagon. 
/ ettarchia, ettagono. S heptarquia. 

Heteros (^Ttpos), other : heterodox, hetero-^ 
elite, heterogeneous. F heterog^ne. I eterogene.* 

Hex (^^), six : hexameter, hexagon. L sex, 
1 esagono. H exagono. 

Hieros (t /)6s), sacred : hieroglyphic, hicr- 
ar(‘hy. / geioglifo, gerarchia. geroglifico, 
gerarquia. 

Hippos (tTTTro*^), horse : hippodrome, hippo- 
poUmus (river-horse), Phil-ip (short for Philip- 
pos, hver of horses). I Filippo. S Felipe. 

Homos (6/a<5s), same : homogeneous, homo- 
logous. F homog 6 ne, homologue. I omogeneo, 
omologo. 

H )RA (upa), hour : horology, horoscope. 
F horloge. cf. L hora. I orologio S reloj. 

Hudor (vSujp), water : hydrogen, hydro- 
phobia, hydrostatics, hydraulic, dropsy. F hydro- 
pisie (diopsy). I idropisia (dtopsy), idrofobia. 

Idein (ideiv), to see : idea, idol, idyl, kaleido- 
scope. F idee, idole, idylle. I idea, idolo, idilio. 

Idios (i 6 ios), one's otin, or peculiar : idiot, 
idiom, idio-syncrasy (idiot originally meant a 
private citizen). 1 and /S idiota, idioma. 

Kosmos (koffpos), order, and so the world as 
opposed to chaos : cosmetic, cosmopolitan, 
microcosm. 

Krino (kpiyuf), I judge : crisis, critic, hypo- 
crite, hyjiercritical. F crise. I crisi or crise, 
ipocrita. 

Krupto (KpdwTw), I hide : crypt, cryptogram, 
apo-crypha. I apocrifi. 

Kukios, (kvkXo^) circle : cycle, ^ cyclometer, 
encyclopiedia. 

Lambano (Xaufidvu), I take : syl-lable, di- 
lemma, epi-lepsy. F syllabe. I sillaba, epilessia. 

Lego (Xcyu), T say, 1 choose : lexicon, dialect, 
eclectic. F lexique. I lessico, dialetto. Also 
Logos (X 670 S), word : logic, apology, geology, 
dialogue, syllogism, logaiithm, tautology (tauto 
— the same). 

Lithos (\i<yos), stone : lithography, mono- 
lith, lithia. 

Lud (\vu)), I loosen : para-lysis (palsy), ana- 
lysis. 

M^.tron (pirpov), measute: metre, barometer, 
thermometer, metronome. 

Meter (prirrjp), mother : metropolis. 

Mikros (pikp6^), small: microscope, micro- 
cosm, microbe (lit. small life): opposed to Makros, 
large, e.g., macrocosm. 

Misbo (pitriu)), I hate : misanthrope, miso- 
gynist. 

Monos (p6voi), alone, only : monarch, monocle, 
monotony, monasteiw, minster, monotheism^ 
monopoly [Poleo: I sell], monk. F m 6 ine 
(monk). / monaco (monl^. /Smonje. 

. 6815 



ROOT WORDS 


Naus (i/au;), sMp : nautical, nautilus, nausea, 
aero-naut (nautes = a sailor). 

Nekros dead : necropolis (a city of 

the dead, a Cemetery), necromancy. 

Nomos (i'<i/4os), law : astronomy, gastronomy, 
economy, Deuteronomy. 

Onoma {6vo/uia)y 7utme : syn onymous, pat- 
ronymic, onomato|)(ei(% anonymous, pseu- 
donym. 

Opsis (cl^ts), : optic, synopsis. I otti(*a. 

Orthos (6p<?os), straight, right : orthodox, 
orthography, 

Oxus (6tj''s), sharp : oxygen, oxytone, par- 
oxysm. I ossigeno, parossismo. 

Pais (Trao), hay : |xidagogue ; Paideia, 
instrveiion : encyclopaedia. 

Pan {irdv), all : panto-mime, pantluMsl, ])an- 
egyrie, panacea, pandemonium, panorama. 
{Panic takes its name from the god Pan, who 
used to inspire terror.) 

Pathos {vdffos), suffering : pathos, pathetic, 
sympathy, apathy. 

Pknte (TT^rre), five : pentagon, penta tench 
(teuchos — book), pentameter, pentecost {fiftieth). 
F pentecote. 

Pepo (xt^ttw), / digest : iiepsine, ])cptoniHe, 
dys peptic, “ Peps.” 

pHAiNd {(jidlvw), I show : phenomenon, syco- 
phant (“fig-shower”), phantasm, phantom, 
phase, emphasis. F fantaisie, fan tome. / enfasi 
(emphasis). 

Pharmakon {(fidppdKov), drug: pharmacy, 
pharmaceutical, pharmacop<eia. I farmaeo 
(remedy). 

Phemi I say : hlasphemy, blame, 

prophesy, aphasia (loss of S[)ec( h). I hestemmia, 
biasimo. 

Phero {<t>^po}), 1 bear : phos-phorus {lit. 

light- bearer), metaphor (r/., L f(‘ro - I hear). 

Philos {tplXos), fo7id of : philosophy (sophia ~ 
wisdom), philanthropy, Philadelphia, Philip, 
philtre, hiblio-phile. 

Phone (0w/'/)), voice: phonetic, telephone, 
phonograph, microphone, anthem ( ~ anti, against, 
phone, voire). 1 and <S antifona. 

Phos (0ws), light : phosphorus, photography, 
photopliobia (dread of light). 

Phrazu (0,3di'w), I speak : phrase, parajdirase, 
jicriphrasis, ydiraseology. 1 and S frase. 

Phren {^pi\v), mind : phrenology, frenzy, 
frantic. F frenesie, frchietique. 1 freiiesia, 
frenetico. 

Phthio (<ffOi(o), I waste away : phthisis. / tisi 
or tisiehezza (consumption). tisis. 

PniTsis- {fpviji^), nature : (from Pnud, <ftvw, 
I beget) : jihysics, metaphysics, physiology, 
physician, physiognomy. 

Planao ( 7 r\ai/dw), / cause to wa^idcr : planet, 
aero-plane. / piant‘ta. 

Pnexjma {irvevfia), ai)\ wind : pneumatic, pneu- 
monia. Greek for (Holy) Spirit. S neuinatieo. 

PoiEf) (ttoi^w), I make : yK>et, poem, poesy, 
phaimacopmia, onoma topanc. 


PoLis (irdXis), city: policy, politics, i^^tropolis, 
acropolis, cosmopolitan, police, Neapolis (Naples), 
Napoleon. I polizza (policy), polizia fmlice). 

PoLUS (ttoXi/s), many: polyanthus, '';>6lygamy, 
polygon, polytechnic, polytheism, polypus. 

Pous (ttoi/s), foot : podagra (gout), tripod, 
trapeze, antipodes. F podagre. 

Presbus {npt(r(3vf), old man : presbyter, priest, 
Presbyterian. F pretre. I preto. S presbitero. 

Protos (tt/jwtos), first : protagonist, protein, 
“ protose,” protocol, protoplasm, prototype. 

PsALLo (0dXXw), / play the lyre: psalm, 
yjsalter. F psaiime, psautier. I and S salmo, 
salmisla. 

PsEUDES {\f/€v8r)s), false: all words beginning 
•with pseudo, as pseudonym, pseudo Christian. 

Psuciiio {\pvxr}), soul: psychology, psychic 
(connected with Psyciieo, 1 breathe). 1 psicologia. 
S psicologia. 

Ptoma (TTTWiLta), a fall, (from Pipto, I fall) : 
ptomaine, ptosis, sym-j)tom. I sintomo. 

Pur (ttvp), fire : pyramid, pyre, pyrites, 
pyrotechnics, empyrean. F empyree. 

Rheonumi {p-nyw/xL), I break : cataract, 
haemorrhage. I caleratto. S catarata. 

Rheo {plu)), I flow : rheum, rheumatism, 
catarrh, rhythm. 1 and S ritmo. 

ScHOLE {(TxoXfj), leisure : school, scholai*. 
F ecole, ecolier. / seuola, scolare. S escuela. 

Skopeo {ffKoireu}), I look, I view : scope, bio- 
scope, microscope, telescope, episcopal, bishop, 
sceptic. F eveque. / vcscovo (bishop). iS obispo. 

Stasis (<frd(rts), standing (from IItstemt, 
'iar'qfxi, I make to stand) : t‘cstavsy, apostasy, 
system, statics. I cstasi. 

Stello {(ttIWio), I send : epistle, apostle. 
F epitro, apotre. J epistola, apostolo. 

Stereos {arepeds), solid: stereoscope, stei-eotyiK^. 

Strepho {iTTplg>w), I turn : catastrophe, apo- 
strophe, strophe, antistrophe. 

Taphoh {rd<l>o^), tomb : ej)ihiph, cenotaph. 

Taxis {rd^t^), arrangement {horn Tasso, rdo-rjcj, 
I arrange) : taxidermist, syntax. / sintassi. 

TeinT) (reii'w), / stretch : tone, tonic, mono- 
tony, baritone, hypotenuse, protasis. 

Tele (r^Xe), afar : telephone, telegraph, 
telepathy, telescope. 

Temno {t^/jlvu)), I cut : a-tom, epi-tome, tome, 
anatomy. 

Theos {0^6%), god : theology, theosophy, 
theism, iheoiTac.y, apotheosis, enthusiasm( V ) 
(c/., L deus). I and S teologia. 

Thermos {etpix6s), heat : thermometer, 
thermal, isotherm. 

Tjthkmi {rlOrjfjLi), I place : thesis, hypothesis, 
antithesis, synthesis, theme, epithet, anathema, 
apothecary, hypothecate (There, OnKt) = box). 

Topos (r(57ros), place : topic, topical, topo 
grapher. 

Trepo {rplTTO}), I turn: tropic, trophy. I aud 

trofeo. 

Zao (A'dw), I live : ZooN (j'wov), aninud : 
zoology, zoo, zodiac. 


Lanouages concluded 



GAS MANUFACTURE 
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GAS 


Illuminating and Fuel Gases. The Processes Followed and the I Following , 

Appliances Used in their Manufacture. Purification, and Distribution 

’ frmii nfUTrt iHUS 


TV/ HEN Van Holmont, in the sixteenth century, .referred to ns vapours^ hocausc substances which 
W invented the word gra.^ he a])|)lied it to an occult are not gaseous at ordinary temperatures are not 

principle which he supposed to pervade all matter. spoken of as gases. Benzene is a litpiid and naph- 

Modern chemistry applies the word to matter in tha'ene a solid when isolated from gas, but they exfet 

an aeriform condition at ordinary temperatures. in g.is in a dissolved stale. Tliey aro important con- 

111 a popular sense the word gas is used to describe stitueiits, as they ])lay a considerable part in the 

the inflammable gaseous matter which is obtained luminosity of gas. Naphthalene is ajit to deposit 

by distilling coal, and it is better defined by from gas in very cold w^eathcr, and is the substance 

adding words indicating the source as “ coal-gas.'’ which chokes up the gaspipes in w'iiiter, causing 

The various gases have betm dealt w'ith in the section much trouble by diminishing the supply. ^ 

devoted to Chemistry, from which it has been Incombustible Gases. These, as has been 
gathered that many elements are in the gaseous explained, aro diluents in gas, and are accidentally 

condition. Illuminating and heating gas is a mixture present, owing to the manner of preparation. The 

of two or more elemental gases, such as liydrogen, <‘hief diluents arc nitrogen, carbon dioxide, oxygen, 

nitrogen, oxygen, carbon monoxide, methane, and and water vapour. Of these, nitrogen is present in 

ethylene. Some gases are combustible, and are the gn^atest ])ro])orti()n. It is an inert gas, and is 

obviously of moat use for illuminating and heating the chief constituent of the atmosphere, but not 

purposes, but certain non-combustible gasc‘s are the most im])ortaTit. Carbon dioxide is the giis 

unavoidably present as diluents which have no used in aerating table waters. Most of this gas is 

licating value. taken out of coal-gas by a ribemical process, but it 

The chief gases which are present in either illumin- is never entirely eliminated. Oxygen is known as 

ating or boating gas are the following, wiiich for a su])])ortcr of combustion — that is, gas needs oxygon 

convenience are divided into tw'o classes. (from the air) before it will b\iru. 'I’hc oxygen found 

Combustible Gases. ^I’be letters which in coal-gas in small (piantities comes from air that 
follow the names are the chemical symbols. Hydro- has obtained access at some stage of the process, 

gen (H), carbon monoxide (fO), marsh gas (t'H,), Luminosity. The greater part of the 
ethylene (C.2lt,), acetylene ((,\.n.), benzene vapour gases enumerated in the preceding paragraph on 

( 0 „llf,), naplithalone vapour (C,„ 1 U). The first combustible gases do not give light when burnt, 

tw’o, hydrogen and carbon monoxide, arc of the Hydrogen and ( urbon monoxide give only a blue 
greatest imj.>ortance, and occur in the largest ])ro- flame when burnt, the luminous properties of gas 

portions in gas. Marsh gas is also known as methyl being due to the hydrocarbons present — methane, 

hydride and methane, while mixed with air in ethylene, acetylene, benzene, and naphthalene, 

explosive proportions it forms the dreaded firr- When the gas is recpiired for heating purposes only 

damp of the coal-miner. Although only marsh gas it is not neca'ssary to ensure the presence of hydro- 

is here mentioned, it must be taken to bo only the ejmbons, and, as will he presently shown, the gases 

most important of what is known as the methane used for fuel pur])()ses l)urn w ith a blue, non- 

scriea of hydrocarbons, which always results when luminous llaiiu'!. In sj.eaking of a blue liame, it 

a body like coal is submitted to great beat. Marsh should l)e noted that the non-luminous ^ flame 

gas is not present in large ((uaiititics in coal-gas, ]>rodiiced from coal-gas as burnt in domestic gas- 

but as it contributes to the luminous properties, ovens is due to the admixture of air near the 

it is of considerable importance. Natural gas. w^iieh burners. This results in the more nearly perfect 

will be referred to presently, is larg('‘Iy marsh gas. combustion of the gas and loss of luminosity. 

Ethylene, known also as olefiant gas, etlicne, or heavy Various Kinds of Gases. Coal-gas, al- 

carburetted hydrogen is the most important of the though the most familiar gas, is by no means the 

ethylene scries of hydrocarbons, which, like the only gas used for illuminating and heating pur- 

methane series, consists of many gases «)f like ehemi- ]»os(‘s. The chief kinds will now be briefly enu- 

cal constitution. Acetylene is found in small pro- mera led, so as to give a clear idea of w'hat the various 

- ' * ’ ' ’ gases are, espe- 

inally as some 
of the gases 
have several 
names. Each 
gas will be 
dealt with in 
its turn in 
s u cce^e ding 
l)art 8 of this 
article. Cool- 
gaa is obtained 
by strongly 
heating coal in 


a closed fire- 
clay reto]^but 
sjmilarlj>ftt>(wd- 
gas and imt- 
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poruons in co.ii- 

gas but larger p 

quantities are 

made from cal- q ^ ^ t .V ^ •’ 

cium carbide, Y \ • I 

and 80 easily (I 1 |j||llllll I . i I 

1 w ■ tlgi' ITTHTiTriTnlf 

that this gas ja r I " I ' ^ ” 

burnt alone as f Of h fph - 

method of pre- r 
paration will be 

B^tne ' 

ftnd nanhtha. A. Furnace with retorts H. Ascension pipe C. Foul main D. Pipe 
condenser E. Contlensera (dotted lines showing vertical form) F. 




lene , It " will 
bo notiood, are 


1. SCHEME OF OAS MAKING 

th retorts H. Ascension pipe C. Foul main D. ] 
Contlensers (dotted lines showing vertical form) 


condenser E. Comlensers (dotted lines showing vertical form) F. 
O. Washer (dotted lines at back showinif the tower form of washer) 
J. Station meter K. Gasholder 


leading to 
Exhauster 
H. Purifier 



by peat. JSiOmi 

to^tfd jn vwfioil^ pa?t8'^0i tjiJ^eairth^ 'and ^ 
io ba ooUdotod *"and dist^ibnt^ th^ugb " 
nipM to the bouse or {act(M^ Od^a$ is made By 
deobmposiUg petroleum or shale oil by heat, oxy o%l 
ya$ bemg a variety obtained by mixing oil gas and 
oxygen. Water gas is made by pissing steam over 
rodwt coke, the ivater vapour bemg split up 
mto Sts elemental constituents This gas is also 
known as b/itc gas When mixed wrth hydro-# 
oaibon vapours, so as to make it bum with a 
luminous flame, water gas is known as carlmreUtd 
toa^gas Then theie is the import int class of 
gases known as producer gu't, qcneraicr gns biimtns 
Dawson gas, gazpiuvn {poorga\),oi mixed gas 
These bbmg often a mixture of w iter gis md (*oal 
gl^, as in the Dowson gas, aie often letcned to is 
seyii^wakr gas or sUam uirtched gas Mond ga^ i« 
prbduosd for fuel purposes by tlie eoniliustion of 
small coal or slack, ind the gis(s evolved fiom 
the blast furnaces or coke ovens of non and 
steel foundries aie known as Uast jurnact gas oi 
eok^*oven> gas, aceordmg to the smin e 
When producer gas is used in i su< tion pio 
ducer — -an apparatus in iking futlgis fordiicctcon 
sumption in a gas engine — Hu tcim ^mtiou gas is 
sometimes used Methane hydi agen gas is a gas m uk 
from steam and tar, being thus leally i vuuty of 
oarburetted water gas Air gas oi gazohne gas is 
simply air inivcd with hydrooiibon vapoui tin 
hydrocarbon used liemg gasolene <r some Rimilu 
light distillate of paiafhii 

Distilling. As the word dfstd li is be n used 
and will be used ignn m this nti k it is w< 11 ib 1 
its meaning should be undti stood Distilling is 
applied, for instin<, to tin pnpuition tf 
alcohol, implies that I / means ol be it ont 
liquid IS sepoi itcd from i nuxtnit of two oi 
mere liquids In the case ot solids it mein 
the splitting up of a complex solid substin 
by heat into othei mittus wbuli wcienot }ne 
viously present ( o il, foi inst im c is split up 
or decomposed by be it tin ])io(<ss btm^ 
more correctly itfeiitd to is dt fructu din 
hUaiiov Roughly speak n the < i il is split 
up, giving off g s ind k ivmg c iki be bind 
but tills will be fully cxpliimd Initlm on 
Natural Gas. In mmy puts of thi 
world Nature su])})lus i < mibiistibk gis 
ready made Thtie in 1 u„( su]»pli s ol 

natural gas in the Uiiitid StiUs whi li 
when collected, have bnn distiibntod it 
Pittsburg a himdud links irom +lio 
well at 5d per 1 000 < ulnt ft ^ 

Urffortiinately, the siipplits of ^ 

natural gas gi\o out in time 
With the conscqutnic that in 
dustries which Iia\c floiiMshed 
because of the siip]ily of cht ij) 
natural gis have declmtd md 
caused rum to towns in tin 
United States win h depended 
on the mcamtename of minu 
facturing industries A supply 
was discovered at Heathfield in 
Sussex, m 1897, by the London 
Brighton, and South Coist Rnlway Company, in 
3ef:iroh{ng foi an underground water supply, and 
this has since been utilise I for fuel and lighting pur- 
poses Natural gas generally smells of paraflm, and 
donsists chiefly of methane, with small quantities 
pit other hydrocarbons, oxygen, hydrogen, and car- 
boo lOoooxidc. The pro|K)rtion of met^ne m 
supply is less than is found m 
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result tSe^lB^bsli gas » morel 
CoaUgaa* Coal is placed mlongflti 
known as ritorts The retorts ate clos 
ends, but near one end there is a pipe 

which the gaseous products are conveyed. 

letorts aie subjected to great heai by a fuimcc 
underneath, and give off crude gas tfhe galf is 
then cooled or condensed, when tar separates, 
the gis passing on to setubbers or washers to be 
deprived of the last portions of tar and the 
ammoti la wh leh the g is eont i ms From the scrubboi s 
the gas passes to purifiers to lemove the remaining 
g isc-oHs impurities, mik h as carbon dioxide, carbon 
bisul])h]tU sulphiiietti il hydrogen, and cyanogen, 
and is then placed in the gasholders from which 
it IS distributed through the gas mams and pipes 
to the place wheie it is used ^J^he process may 
be followed by lefernng to the diagram jlj 

Varieties of Coal. The gasmaker recognise 
Ivvo kinds of coal — eannel, candle, or parrdl eoal 
ind common 01 gis cod C innel coal gives a gis 
lout lining a lirge pioportion of ethylene, tin 
constituent whii Ii i ontributi s most to tholuminosity 
of the gas Common 01 gis coil may be divided into 
raking ind non c iking roal C iking coal softens 
when ht ited and iftci the volitik constituents have 
b< cii e\ pt lied yitlds a i okt which is of cellular striic 
tuK but wbii h dots not show the original shape of 
the (Oil the non raking tod ictams the form of 
thr (Oil 111 till (ok( ind does not soften before 
,,i\ing u]) its gisious ( onstdiicnts Anthiacite cod 
finds I spt id use in the jirodiiction ol fuel gis 
1 1 slmuld be ( s))t Cl illy noted that not only does th 
gismikci line to judge cod by the gis yield 
but lie lies to tike into iceemnt the illnminvt 
(piditv of the gas and the texture of the 
coki \s to the yield of products from i ton 
ol ( oil it will be seen that it is not possible le 
in ike voi V d( linitt st ite me nts For the purpose 
of this pipei it miv be taken that the 
neiige pi odiic ts e ompi 1 st 1 0 000 cubic ft to 
11 000 table ft of gas holding m suspension 
20 lb to 21 lb ot ]i>droeai bon \ ipours of 
wbieli 1 (» lb to 18 Ib nt be nzent and 12011 
ot 1 11 ol will h 2 ) lb to k) Jb are t nboii 
btld in susjitiision 2 lb to 1 lb are li>dii) 
carbons simihr to tht \ipouismtlu gis ml 
1211 ) to 14 lb lie naphthdene 

Receiving the Coal. It depend 
upon the site of tlie gisworks is to how 
the cods lie t ike n 111 If the coal airne 
by w ilfi it IS, m modem worJ s 
tikeii fiom the ships or baig 
by stlf acting giabs, such 
Hones pilent grab [2], an 1 
dclivcictl to elevating and can 
vtving ])lant to the slopes er 
retort houses If the coal arm 
by rill way, mechanical applian 
are eini)loyed for emptying tl 
waggons, which, by means of u 
inclined lailwiy, have been tiken 
up to an elevat^ position hi 1 
conveyors are used the hign 
lumps of coal will need breaking before bemg handle d 
by the elevator buckets, there bemg two kinds oi 
breakers— -the roHei and jaw types If needed th 
coal can be automatically weighed at this sta^ 
Retort lioueesr The plan of the builamg m 
^ which the coal is gomg to be distilled depends upon 
the particular liystem that id to be* employcii 
The buJdmg is construct^c^of steel framework an<i 
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brfcfc ihe (iircular girder 

for ^ ‘double- b^ch .retort 
houses. The working floor 
level is known as the sUtge^ 
and below the level is the 
furnace and also the 
arrangements for conveying 
away the coke that comes 
from the retorts. 

K.etorts« Coal is dis- 
tilled in fireclay retorts, 
which, in Cheat Britain, 
arc machine made. The 
retorts. are of two lenglJis, 
and are known as simjlva 
or dmtbles. The single 
retorts are from S ft. to 
10 ft. long, and of I)-slia])ed 
section, the height being 
12 in.f to 10 ill. Double 
retorts are 20 ft. long, and 
are really tw'o retorts set 
hack to back, with a lid on 
each end. In the (*ase of 
single. retorts, one end 
only is fitted with a mouth- 
piece, the other end being 
built up. The end of the 
retort has fitted on it an 
iron socket to receive the 
lower end of the aseimsiou 
pipe, or upright pipe whieh 
leads the ^gas from the retort, and a lid or moiiHi- drive the machines. West’s manual charging 

]>iece. The type known as Morton’s stdf-sealing machine is a simple ty])e from whiidi the well-known 

mouthpiece is miieh used, !)nt (.^uidler’s and West’s machines were evolved. The modern tji'pes of 

Balfour's arc varieties which more readily permit West’s eliarging machines are driven by compressed 

of the renewal of the wearing ])arts. The retorts air and run on rails on the stage in front of the 

are set in beds of from three to twelve, and are, retort benc'h. The retorts on one level are charged 

from their position, known as bottoms, middles at the same time, after which the maeliine is adjusted 

and tops. The collection of retorts, as seen in 3. is for otlier levt'ls. A scoop carrying the charge of coal 

called a 6enc/t. is introdiieed into Ifie retort, reversed, hut each 

The Furnaces. T’hese retorts are snpporteri retort takes two seoo])fuls. The first time^the scoop 

on fireclay walls 2ft. ajmrt, wliieh act ns tines for the, enters (he retort it turns over on the right, and the 

iieat of the furnace. Originally, the retorts were second time on the left side. The four levers for 

heated direct by coke, but Sir William Siemens’ controlling the various actions of the machine arc 

regenerate furnace, or some situilar type, is generally ])laeed within easy reach of the stoker, 

used at the present time. In this kind of furnace. The ArroUFoulis Machine. Another 
iiighly-heated gas is made to im])ingt‘ on the outer well-known ty])e of charging machine is the one 

surface of the retorts, the heating value being devised by Sir William Arrol and Mr. William Foulia. 

iii(;roaaed in some types by the inj('ction of steam. It is worked l)y hydraulic power at a pressure of 

which forms a proportion of water gas. This typo 100 lb. per stpiare inch, fn this machine a hydraulic 

of furnace will be referred to when we de;d with ram pushes eh:»rg(‘s of coal into the retort, five or 

producer-gas, strokes being needed to charge a U) ft. retort 

Charging and Drawing. Single retorts with 3.\ ewt. of coal. 
have a capacity of from I [ ewt. to 3 ewt. of coal, Other Charging Machines. For small 
<louble retorts taking a correspondingly larger charge. works the rapid charging machine of Messrs, 

f^h^^^barging of the retorts is fh.me. by one of four Biggs, W'all & C’o. is much used. There are two, 

inet|^ds : (1) hand shovelling; (2) th<* use of a oru^ worked by manual labour and the other by 

long scoop : (3) by machinery ; or (4) by gravity. ]>ower ij\ the form of a small ga.s-engiiie. In Buscoe’s 

The last-named method will be dealt with in our charging machine the chai'ge iajnit into the retort 

^■^o^eration of inclined retorts. Jiy whichever in oiu^ operation by means of two scoops side by 

three methods cm]doye(l, the objeet in view si(h‘, these being overturned in opposite directions, 

tfpbread tlie Ci>al evenly on the floor of tlu' retort. T’ho newest types of charging macliine, such as the 

The^hovcl method is obviously the. slowest, and J)e Brouwer and the turbine machine, arc driven by 

uecel&itates much loss of heat." It is also terrible eleetiifutv; in the latter machine the coal is^shot 

work for the stoker. When a scoo]) carrying the into the retort by centrifugal force, 

whole charge is employed, the time taken to charge Drawing Machines. Sometimes combined 
i} retort i^ under a minute. The scoop of coal is in the same machine ns the charging machine is a 

introduced, into the retort and then turned over and device for raking out the coke when it has been 

withdrfiwn. exhausted of its gas, or this may be a separate 

Charging Machinery. Much saving of drawing machine [3]. The makers whoso names have 

labour results when machinery is employed for been mentioned in connection with charging 

chjtoging retorts, specially where power is used to machines also manufacture the drawing machines. 

' asio 
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Tim& odn^ist essrntiaUy of a mke which la 
,St|06d mto the ictort and pulls out glowing coke 
’ '*1iVater cooling devices are employed to cool the rake 
The coke is allowed to fall down a space 
'roeneath the stage, liemg directed by means of an 
iron screen or fender ])hced in front of the di awing 
machine, and is 1 iken away by conieyor?, consisting 
df grids, or plates iiinning on chains While on its 
journey the coke meets a stieim of wiUi which 
' quenches it and it is ooiiveywl away to sticks 
or storage hoppcis fioiii 
which it IS filleii into sat ks p — ^ 
or waggons The old pro ^ 
cess IS to let the coke fall ' 0yj 
ftom the retort into bai T1 

rows, quench it with witei 
fiom a hose ot bucket, ind 
then wheel the coke awi> ^ 

to the yiid This un tliod ^ 

IS costly, but still obt i ns ^ 

m smill gisworks 

Inclined Retorts. 

So far, wo have deilt onl\ ^ 

With ictorts which hiio ^ 

been jilaccd hori/oiit illy j 

in the setting This iiu thod - ^ 

IS being repheed in the M M 

nowir giswoiks ^ M ^ ^ . j 

b> an improve 

nient which eon o n td J 

sists 10 betting the — ■ r ■ ^ ~ 

retorts at an rrrsrdv rW^.k Imi iw 

angle [4J The 

method la due to 

Andr6 Coze, of 4 tncttm 

K h e 1 m s , who 


edllod the , 
are about 




are about 5 in lU diumdtt^, Whe 

distance above the retort bench i they join n ^tejEM^nd 
mg pipe by means of a short bridge of Hc^tzOntal 
pnie, the dip pipe leadmg to the hydraulio mam 
This pipe dips about 1 m below the water in the 
mam The hydraulic mam is usually square, oi 
with a rounded bottom, and is built up m sectiotis 
The liquid it contains is tar and 

6 .inmg ammonia. The 
n through this mam 
by pumping engines 
or exhausters [51, 
to bo referred to 
presently T|iepur 
jxisc^of the liquid is 
to condense mucli 
of the tar and 
like matters carried 
over by the hoi 
gis, and prevenl 
the gis returning 
to tlio retoit whui 
it IS opened for 
I li IT ging All the 
1 1 ioi ts in one retort 
house are con 
ntettd with flu 
" s 1 m 0 hydrauli 
mini The pip 
which conducts tin 

the liydiiulic mini 
IS known th 

TNCTTNrD RFTonrs foul mam This is 

connected with tin 


patented t^ 0 impiovomcnt in iSHi The letort iic 
set at an angle of 2M to 34 , md ai e fc d at 1 he uppi r 
most end by travelling slioots thus siving time 
and expens* of hand or muhmc stoking JIu coil 
stoingo tanks are )>hced above tin kv<l of the 
shoots leading to the retort, and by me uis of 
lovers, measured quantities of loil ue kt till into 
the retorts The lower end of the ntoit is fitted 
with the usual self selling 1m1 fiom whitli the isien 
Sion pij>e rises When the < oil ( utirs the retort it is 
met at the lower end by i chei k pi lU ig iinst wIik h 
it forms itself into i regain Ii>ti along the bottom 
of the retort When tin distill ition is linished th* 
lids on the lower ends or <iravving stigo ue opt ntcl 
and the coke fills out autom itu illy oi witli slight 
isbistanoe The latest diveloprrunt is to enqdov 
retorts set veitically, the cl nin being tint i supenoi 


iar iicll the tu and aqmous put sepiriting m 
time whil the gas goes on to i senes e)f 000I1115, 
pijMs known as the rondnsir 

Composition of Crude Gas. This is 1 
con\<nunt plico to refer to the composition of 
the (iiuk gis as it eomes fiom the letorts The 
(onibustibk gises contiiiud m the (lude gis an 
hvdiogen (42 yici (dit to 51 pci cent), methaiu 
(12 ]) 1 (ent to 3M per cent) e irbon monoxide 
( 1 pei eent to 10 pci cent ) giseons hychocirhon 
(2 5 per cent to 4 5 pci cent ) llu iinpunties whitl 
it IS desirihh to lernovt i fir is poshible ire snnll 
])“i(cntig sof< irbon dioxide nitiogen sal]>hurcttt 1 
hydiogen inmioiiia f;y inogi n md e irbon bi 
sul])biilc The nitrogen is not lenioved by any of th 
suhscepient puiilicdlion proi esses 


yiokl of gas and better qu ility of coke ue obt um d 
Cffect of Temperature, The it torts u< 
hoate 1 to a temper ituie of from 1 800 J to 2 000 F 
that being tho end tcmpditiirc four or si\ hoiiis 
after chirging the retort, wlun the eoke is re id> fen 
drtiwing The iffcct of heating toil it tin higher 
temperature is pirtly to dei 0111 pose some of the tu 
and increase the quintifyof immonia in the crud 
gas The impurities, carbon le acid, cy uiogen and 
the sulphiu compounds are ilso in< reused Put m 
another way, this means thit the liightr tempera 
tui0^ioduces a laiger yield of gas, but the illuminat 
mg enect pf the gia is lower It takes from 15 tons 
to 20 tons of coke to distd 100 tons of coal, the lower 
amount being required m the regenerative furnaces, 
y hut as little as 10 tons of coke are needed m some 
of the modern generatoi furnaces 
The Hydraulic Main. It will be re- 
rntj^mhered each mouthpiece of the retor.ts 
h fitteii With an ascepsion pipe, an upright pipe 
tho gas from the retort to what is 


The Condenser Thi gis, aftei it loaves th 
}i>drinli{ nmm pissts through i s^iks of vtitic I 
01 hoii/ontil i 1st non ])ipps so imngid that Hi 
gis Jus to tiiversi flu whole length of tho pi]» 
iluiing its pissage m this condensing ippfflrJitu 
thf gis IS eookd and reduced in volume, md there ^ 
st])irated more tir iiid aqueous niattci, which u 
hd oft to the tir well before ref cried to b} 
syphon anangcinent Climatic conditions m 
England lendei aircooled condensers efhcicnl 
dthough m hot weather it is necessary to spriy the 
outside of tho tubes with water The condensuv 
pipes are fiom 6 m to 12 in m diameter# and llui^ 
aie fiom nine to twelve lows of pipes placed abo\e 
each other (m the modern horizontal condenseis) 
Other kinds of condensers are cooloct by water 
the principle being that the gas passes up a tower 
within which are Wtical pi^ withljrater circuhit 
mg therein. Clapham’s Eclipse ot^denser has 
sometimes as ihpch as a mile and d h$if of tube m 
one oondenset* ^ 



<: be Sxbauater. The gas passes from the con- 
dens^ to the exhausters [5]. These are cylindrical 
pumps, the purpose of which is to draw the crude 
gas 'away from the retorts, and, when tlie gas has 
passed through tho exhausters, to force it onwards 
through the washing and purifying apparatus. The 
exhausters generally used are Beale’s, invented in 
1848, and improved in 18GG and 1871. Since then 
E. B. Donkin has patented a. further advance in this 
type of rotary exhauslor by which the internal 
drum is made to do duty as a i^istcn. 'Plie exhausters 
are driven by a steam-engine, tlio rate being care- 
fully regulated so as to maintain the vacenuin 
in the hydraulic main at a constant ]>ressure. 

Scrubbers and Washers. From the ex- 
hausters the gas passes to the seriibbeis or washers, 
where it is deprived of its ammonia and a ])art of 
the carbonic dioxide, sulpliurettcd hydrogen, and 
cyanogen. There are different typos of serubbcTs, 
tho princitffe of all being that the gas is limply 
broken up and brought into contact with a stream 
of water passing the o}>posite. way to the gas. 
The tower form of scrubber consists of a tail tower 
filled with coke or wooden grids, a stream of wat(‘r 
falling from the top of the tower tbrongli the coke. 
Tho gas enters at the bottom, and has to make its 
way up through the wet coke, losing on its way the 
ammonia it contains. The towers are run in series, 
tho first one containing gas liipior, and the last one 
clean water. As the liipiors become saturated they 
are passed to a j^lant for recovering tho ammonia. 
Washer scrubbers driven by ptiwcr are 
now rejilacing the older tower scrubbers. 

These have central revolving portions 
through which tho gas is passed, the 
interior consisting either of wooden grids, 
brushes, wooden balls, or thin sheets of 
metal. Tho aim in all these washing 
and scrubbing aiTangouvents is to 
saturate the 
liqpors fully, using 
as little water as 
possible, because 
it is a needless 
expense to have to 
recover ammonia 
from W'eak solu- 
tioiis. 

Tar Extraco 
tors. Means are 
adojited at various 
stages of t he ]>rc)- 
eess of condensing 
and washing to 
lend off the tar, 
but a miniature 
scrubbing appara- 
tus placed before 
the s 6 r ii b b e r s 
proper, with tho 
of preventing 
ol(feing of the 
scrubber, is known 
as a. tur-exirador. 

Chemical Purification. As tho gas 
le^^the scrubbers it still contains sulphurottinl 
hy^ogon (I per cent, to 2 per cent.), carbonic acid 
(1 per cent, to ,3 per cent.), and small quantities of 
bisulphide, and other sulphur compounds. 
The removal of these impurities is a chemical 
process. 

It is provided by tho Gasworks Clauses Act of 1847, 
that gas shall not give evidence of tho presence of 
sulphuretted hydrogen when tested with lead-paper. 


; '■ ' '^:OAS 

This and other sulphur compounds are objectionable 
in gas, beoause^.thc products of combustion which 
they yield (sulphur dioxide) are of an injurious 
character, both when breathed and because of their 
action on the contents of a room. Carbon dioxide 
diminishes the luminosity of the gas, and, as ha« 
been explained earlier in tl\is article, it is not a com- 
bu.stibh' gas. The obligations of the various ga«- 
eom])aiiies in rt‘gard to the removal of impurities 
arc not ident ical. Tii some oases the carbon dioxide 
need not be removed, but as it diminishes the lumin- 
osity of the gas it is to the gas company’s interests to 
see. that it is removed entiiady or (.liminished very 
considera hly. 

Scheme of Purification, To remove 
carbon dioxide tin* gjis is passed over lime, the sul- 
phuicttcd hydrogen is removed by ferric oxide or 
Weldon mud, arul the ('arbon bisulphide by aiil- 
j)hided lime. The order of removal differs, as also 
does the number of purifiers which arc devoted to 
chemical ]>uriflcat ion. This, as has been explained, 
is beeau.se of (he differences in the legal requirements 
of the. gas undertakings. If a complete scheme be 
adopted, it will rerjuire eight purifiers, the first two 
beitig lime vessels, the next two ferric^ oxide con- 
tainers, two mon* for sulplnded lime., and tho last- 
two in the nature of cheek vessels (often containing 
Weldon mud), to remove the last traces of sut- 
]>huretfed iiydrogen. Another .scheme, known as the 
nll-lhnr system, iv((uires four jjuritiers containing 
lime and a cheek- box of ferri<* oxide. Other gas 
companies only remove the sulphuretted hydrogen 
by me.'.ns of ferric oxide, leaving the carbon dioxide 
and carbon bisulphide in tlie gas, and, again, ferric 
oxide and lime iniritiers ?nay b(* used, leaving the 
carbon bisul])]n(le in tlie gas, but nunoving the 
sulphiu(‘ll-‘il hydrogen ami carbon dioxide. 

The Purifiers. These are large cast-iron 
boxes, oblong or stpiare, each vessel being 
from 30 ft. to 40 ft, 
s<juare. Inside, a 
berics of wooden 
grids is arranged, 
ami carries the 
])urifying material. 
These shelves are 
arranged .so that 
the gas passes 
over as much of 
the purifier as 
possible — that is, 
the journey taken 
by the gas from 
its entrance to its 
<‘xit is aa lo^^g as 
])Ossible. The lid of 
the purifier has 
a flange, which 
dips into a chan- 
nel or U -section 
round the top of 
tlu^ purifier con- 
tain in e water, thus 
acting as a seal or 
lute to jwevent the of the gas. Dry seal 

covers are \j.-ed in mo<lern works. The lid is 
brought iiit<» contact with strips of indiarubber, and 
fastened dovMi with swing bolts. The number of 
tiers of grids varies according to the material and 
depth of the jmrifier; the latter is generally 5 ft. 
The sot of purifiers is arranged with valves , and 
'exit pipes so that the order of the purifiers can be 
changed or put out of action to permit of recharg- 
ing. It is usual to have more purifiers than avo 
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ied"'6i|t* When it is fom 
i \fOrking properly, it is put out 
«h purifioi is used in its place. 

I^lme Purifiers. Lime, when freshly slaked, 

' is one, of the best substances known for absorbing 
barbon dioxide, tlio substance formed being a car- 
bonate.' The lime purifiers have generally four tiers 
',of grids, upon which the lime is placed about t in. 
^eep. The lime is carried alongside the purifier in 
^ wheelbarrows, and arranged by a workman with a 
shovel. The removal is effected by means of an 
outlet provided at the bottom, or the sj>ent lime is 
shovelled into socks and lifted out. The lime, as it 
is obtained from the earth, is burnt and slaked 
.by watering it. A cubic yard of good burnt lime 
requires about 135 gal. of water to slake it, yielding 
yd» of slaked lime. It takes 5*7 cubic yd. of slaked 
lime to purify 1,000,000 ciibi • ft. of gas from 
.Oarbon dioxide, this being the <iuantity needed 
in practice ; in theory, it is less. In addition to 
taking out flie carbon dioxidt the lime also takes out 
a portion of the sulphur (8 gr. to 10 gr. from 100 
cubic ft. of gas), as carbon bisul]iliide, as well as some 
of the sulphuretted hydrogen and cyanogen. 

Oxide Purifiers* The i>uritiers which scr\c 
for the removal of snlphur#*tted hydi ogen are filled 
either with hydrated ferric oxide or a mixture of the 
oxide and Weldon mud (chi<*fiy manganese dioxide). 

, The ferric oxide that is uM»d is natural bog ore (known 
also a» iron njxyngct or iroti -«•<?), which occurs 
in extensive deposits in the North of Ireland and 
Holland. This bog ore contains about 30 per cent, 
of ferric oxide, the rest of the substance being 
moisture and vegetable fibre, both of which aie 
useful in dividing it, so tb.it the siilpliuret teil hydro- 

r m has a better clianci' of being absorbed. About 
yd. of bog ore will be needed in pr.icticc to purify 
1,000,000 cubic ft. of gas from suipburettod hydro- 

f sn. The bog ore, which is reddish-brown, turns 
lack when it has absorbed sulphuretted Iiyilrogen, 
the ferric oxide being converted into ferric sul- 
phide. 

Revivification. The ferric sulphide which is 
obtJ^ined by passing sulj)liurct<cd hydrogen over 
ferric oxide is a very unstahh' body. It has the 
curious property, when e\])oscd to the air, of ah- 
, sorbing oxygen .iiid returning to its ongm.d state 
' as ferric oxide, the .sul])hide being left a.s free .sul- 
.phur, mixed with the terric oxide. 'Phis pro])erty 
is made use of for restoring the feme oxide to 
efficiency when it has become siturated >\ith sul- 
phuretted hydrogen, the process being known as 
revivification. The matcnul can be rcMvificd as 
.many as fourteen times, after wliich the free suljdiiir 
it contains (about 50 per cent.) so dilutes the » om- 
pound as to render it useless. This suliihiir is cither 
recovered at the gasworks or the sulphur-ladcui 
oxide is sold to makers of sul])huru‘ acid. The 
revivification is attended by clianges of rolour 
which enable the workman to tell how the change 
is progressing. Sometimes the absorption of oxygen 
is so rapid that the muss takes fire, so it has to l>e 
carefully watched, and not spi*cad out in layers of 
less than* 12 in. deep. The oxide is taken out of 
the purifiers for revivification, and spread on a 
' eonorete floor, being turned over every few days 
'tmtii the oxidation is complete. A process of revivi- 
vfioation in the purifiers is practised at some works, 
'gas mixed with air or oxygen being passed through, 
obviously saves a lot of handling of the oxide^ 
kfcaPot so easily managed, and the ferric oxid%, 
hrifior has a tendency to become coked when ' 
absorb sulphuretted hydrogen, 


of bog oiJe was L ^ , 

mon in 1888. Weldon mud is a by*prodti^C^ ^ ^ 

manufacture of chlorine, and a, nuisance ^^-tbhe 
alkali-maker. Hood and Salomon, by Sk pcoi^SS of 
decantation, washed out most of the oaloic c^oride 
contained in the mud, leaving a mixture* of 
hydrated oxides of lime and manganese. The mass 
is allowed to dry until, it is in a moist, crumbly con- 
dition, when it is ready for use in the purifier. The 
manganese oxide becomes manganese sulphide by 
the absorption of sulphuretted hydrogen, changing 
its colour from }'ellowish-brown to pink. When 
saturated with sulphuretted hydrogen, the Weldon 
mud is revivified in like manner to bog ore. It is 
claimed to be superior to bog ore, because of the 
greater activity of Weldon mud. 

Carbon Bisulphide. Inhere still remains a 
very objectionable imiuirity in the gas — carbon 
bisulphide. The ])roeess of removal is to pai?s the 
gas over lime that has been saturated with siil- 
jihurefled liydrr>g,'n. This is prepared by passing 
gis free from carbon dioxide, but still containing 
‘<ul]>huretted hydrogen, through a lime purifier, 
forming suljihides of lime. This acts upon the 
carbon bisuliihide in the gas, and forms probably 
calcium thiocarbonate. llcfore passing the gas 
through the siiljiliidc purifiers it contained from 
30 gr. to 40 gr. of e.irbon bisulphide per 100 cubic ft. 
of gas, but this is reduced by passage through the 
])urifiers to as low as 0 gr. of sulphur comjiounds. 
In London the maximum of sulphur that is allowed 
in the gas is from 17 gr. to 22 gr. per 100 cubie ft., 
according to the season. As n matter of fact, the 
(jiiantity present is much below the maximum — 
some 10 gr. to 12 gr. A purifier of about 28 ft. by 
3(> ft., charged with six lO-iii. tiers of lime, will take 
up about 5 tons of sul])hurcttcd hydrogen, and will 
absorb, when in action, at le.ist 3 tons of carbon 
biMil])hi(le. Two such vessels should suffice for a 
year.s working on a daily output of about 3, (’00, 000 
< ubi ft. of gas. 

Cyanogen. The cyanogen compounds which 
arc present in the gas, ehiefiy combined with nni- 
inoniH, are taken out by several stages of the ])urifi- 
catiim pro(M*sses. The w.iter in the serubbiTH absorbs 
some, the lime another jiortion, and the ferric oxide 
the reinuindcM*. When absorlied by lime, it is difli- 
cnlt to recover the i‘yanogen in a paying form, but 
it js easier to obtain it wlicn it has been absorbed hv 
feme oxide. Fur this reason, when cyanogen re- 
‘•overy is ^iractised, lime ])urifiers must not be plac'sl 
before oxide piinfi<*rs. Special processes are bein^ 
worked tor the recovery of cyanogen compound^, 
tlicse latter being absorbed by certain reagents, sue ! i 
as ferrous sulphate, contained in a vessel placed ni 
front of the scr libbers. 

Candle»power. Tlio quality of gas suppla d 
by gas eonqianu'S is judged by its iJluminatiiU! 
))ower. This is fixed in London as Ifi-candle power - 
that is, one light from gas consumed at the rut^ oi 
5 cubi' ft. per hour shall be equal in intensilv 
to one light produced by sixteen standard sperm 
candles. These candles arc defined by the Metropolis 
Cos Act, 1860, as being six to the pound, and 
burning 120 grains of spermaceti per hour. The 
gas is burned in a standard burner known as the 
London Argand No 1, and the light judjpjed by a 
Bunsen photometer. The gas supply of London 
is subjected to frequent periodical examination 
as regards illuminating power, there being twenty 
testing stations in charge of the linden County 
Council In 1902 the sperm cfutulleii were retraced 
hy A new standard, lamp designed, yemon 



Hatcourt^ m which pentane (a petroleum distilFate) 
is btimt. Every detail of the lamp is standardised, 
so that a liglit of the sumo intensity is always ob- 
tainable, the light being equivalent to the standard 
candle previously eiinployed. Very precise direc- 
tions are issued in a publication entitled Notifica- 
tion of the Oas Referees,” which is obtainable from 
the Government stationers. Wli(*n gas was made 
from cannel coal there was no difli(;nlty in su]iplying 
coal showing 27-c»ndle power; such gas was used in 
the Government offiecs up to about iS7(). I'licre was 
a lower power gas supplied, made from bituminous 
coal, which tested at Ifi-candle ])o\ver, that being 
the statutory illuminating jiower at ]) esent. As 
gas is more used for liealing, and with mantles, and 
as it is easier and cheaper to make gas of a lower 
candle-power, there is a movement on foot among 
gas companies to obtain consent to su])])ly 14-candle 
power gas. 

Gas enrichment. To bring the illuminating 
]>ower of gas uj) to standard, it was formerly th<‘ 
practice to employ a certain j)roi)nrtion of cannel 
gas. The increasing dcaincss of cannel lias led 
to the devising of other means of enriching gas. 
The cheapest cnrichcr is hen/one, which U 
volatilised in a special apparatus: toluene, xylene, 
and na])hthalenp are hi tter enrichers, hut they 
are not so volatile. The alho-earhon method of 
increasing the illuminating iiowti* of gas at tlu* 
hiirner involves the use of na])hthal(‘nc, which js 
vapourised by the lioal of the gas that is hurning. 
As it is now usual to mix w'atcr-gas w'ith coal-gas, 
the former is carburet ted — that is, eru K'hed with 
benzene or carliurine before being added to the 
coal-gas, and is ma(h‘ the im*ans of adjusting 
the candle power to standanl in the (inislied gas 
ns supplied to the public. 'Fins matter will ho 
referred to again when we considiT WMter-gas. 

Gas Testing. To test for safp/n retud h/ Irojeu, 
a strip of lead acetate j»aper is cxjiosed to the 
action of a stream of gas for three minute.s, when any 
discoloration that results is evidence of the presence 
of sulphuretted hydrogen, ddie lead acetate paper 
is made by wetting white filter jiaper w'ith a solution 
of 1)0 grains of lead acetalt* in 1 oz. of water. .t;a- 
luonia is tested for byjiassing 10 ciihi • ft. of the gas 
over glass beads moistened with a kno\Mi (piantity 
of sulphuric acid of known strength. Any loss of 
acidity due to the action of the ammonia is tested 
by another solution of ammoiii.i of known strenotb. 
11 a complete analysis of the gas js to be made it is 
conducted in tlu* following order. ( 1 ) ('•trhtni 
dioxide and suljihuretted hydrogen, by shaking 
with caustic soda solution ; (2) orj/gen, by an al- 
kaline solution of jiyrogallol : (11) iiusiturate>l 

Injdroo^bon,^, by alisorjition with a solution of hr<)- 
niine ijji jiotassium l)?'()mKle: (1) enriuw momn'idt, 
by an acid solution of cnjirous cliloride; (o) miIh- 
rnkd hydrocarbons^ by partial alisorjition by paralliii 
oil, and exploding and analysing the resulting 
carbon dioxide; (fi) vitrogrn, by mixing a iresh 
volume of the gas with oxygen, (wjiloding ami 
reliving the carbon dioxiile and excess of ox vgen, 
^'’Wi the risidiie is nitrogen; (7) Injdrogtn, by 
diftbronce. 

By "products. The coke which is yiebb'd from 
the (listillation of coal is employed as a heat ing agent 
for the furnace or generator yi<*lding the heat by 
which the distillation is eflected. There is, how- 
ever, a large excess which is sold as a fuel. Jf the 
use of coke as a fuel W'ere more general the smoke 
problems in large towns would be solved ; sjiccial 
l^ates, however, are required for burning coke 
Pifcibtutilly, From the gas liquor nimnonium suliiliatc 
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is obtained ; it is used as a mantire, but largo quantities 
of pure anhydrous ammonia are now required for use 
in refrigerators. Cyanogen is recovered from the 
spent oxide of the purifiers. The tar which collects 
in the lar-wcll is distilled, and yields a great variety of 
liijiiids, w4iicharclhe starling-jioint of many aniline 
dyes and synthetic medicines. Bricks are made from 
the clinker, and sjient lime of the lime from the 
purifiers: it will be remombere 1 also that iron oxide 
saturated witli sulphur is used for making sulphuric 
acid, T.ir is also used as a paint for outsklo 
fiuu cs, and w^icn ehea}) it is economical as a fuel or 
for enriching gas, as in the Dinsniorc jirocess. 

Station Meters. When gis leaves the puri- 
fiers it is mcahured by large M'ltiim vicicrH. Ga'j 
is measured like any liiiuid, by alternately filling 
and emptying an enclosed space of known capacity, 
q'hc capacity of the sjiace multijilicd b^ the sum 
of the fillings and emjit yings is the volume measured, 
which is transmitted to a dial. Ppoii the accuracy 
or otIi(*rwisc of the meter depends the roi'ord of the 
yielil of gas from the coal employed. The station 
meter is of the varitd v known as a ivd meter, and is 
of exact Iv the same construction as the meter 
siipplu'd tor domestic list', but i*apable of legistering 
very large (piantitics of gas. 

The Gasholder. The gas is finally passed 
into the large gasholders 16j, or gasometers, as they 
lie otten 
incorrectly' 
c i1!<m 1. I'tjc 
gasholder 
is a hollow' 

\ csscl in- 
verted in 
a tank ot 
waiter and 
m a i 11 - 
tained in 
e (j 11 i 1 i - 
brill III by 
an outer 

framework g, UAsHOLDER 

or cabic.s. 

q’hc coiKTcte liasc upon whii'b the gasholder rests 
!>. best m.ub‘ of a mixture of old retorts and Port- 
liml uMiicnl, and the inner surface of the 
i*\ca\ ation or tank is co.ited with cement concrete. 
The ga.sholiler is made of jilates of iron riv'ctcd 
tog<*tju“r. 1’be ilifferent storeys of the gasholder 
are known <is lilts, .nid slide or telescope w'ithiii 
eieh o(h<*r, bi‘ing ma(b‘ gas-tight by water-.seals. 
(Jaduibb'rs ,iu‘ miw' made of enormous size, as 
the l.irgiT the holder the cheaper the storage cost. 
'Fhe largest gasholder in the world is at Hast Green- 
wich. Tills IS a six-lift holder, and lia.s a capacity 
of over J2,<)()0.0(M) eiibi • ft. of ga.s. U costs 
;ip])ro\im,itely ])cr ft. of storage. Sjiird 

g.isholdcis hrive litt.s whiel) ascend and descend 
with a sj'iral action. Gasholders equal to at 
least a day's maximum sujqily must be jirovided. 

Gas*governor. The gas is now reaily for 
delivery to the public, but, as tlie demands vary 
with the time of day and season of the year, an' 
.aiTaiigcment known as a pressine governor is em- 
jiloyed to maintain constant jnes'^ure on the main. 
The regulator acts automatically, and is constructod 
on the jirincijile of a gasholder, in that the rising 
and falling of a miniature gasholder opens or shuts 
a throttle valve admitting gas to the main. In 
large works an exhauster is also required to send the 
gas tlirough the mains, but in tnany cases the efow'n 
pi-essure of the gasholder is the force which drives 
the gas through the distributing mains. 
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^XWo6di*^s« Murdoqky tp whom We pwe tiie > 
?7;m^muction of coal-gas into overyclay use, told ttia v, 
" jBbyal Society in 1808 that he had also experimented ‘ 

: »wfth wood and peat os a source of gas. The 
gas which is given off on destructively distilling 
wood is df good illuminating power if care is taken 
to employ sufficient licat to decompose the liquid 
oils which distil over. At high temperatures these 
yield gaseous hydrocarbons, which contribute in a 
great measure to the illuminating power. The 
process of manufacturing wood-gJis is praoti-ed 
Only in those countries where wood is ])lontifnl 
and coal expensive. Riche’s gas plant is used, the 
retorts being of cast iron. The gas consists of 
hydrogen, carbon monoxide with marsh-gas and 
ethyleno, the carbon monoxide being in larger 
^ proportion than in coal-gas, some of it bt'ing duo 
' tp the decomposition of the water which is con- • 
tninod in all wood. Sawdust and cork are soino- 


distillation it ia^ hspk^' 
technical term — and a gas possessing high 
and heating power is cujtaine^ The earliest piwess 
was invented by John Tayld^in 1816, and shortly 
afterwards a method of compressing the ga.s was 
devised so that it could ho readily transported. 
On account of the last-named fact, the gas was also 
known as portable gas. To chemists this early, 
manufacture possesses an unusual interest, as it 
w,»s from the liquid condensed in the cylinders 
of portable gas that Faraday first prepai’ed benzene, 
this discovery laying the foundation of the aniline 
eoloiu* industry, which has now attained so mucli 
importance. The use of hil-gas, however, almost 
died out on account of the competition of the 
cheaper coal-gas, and it was not till 1870 that oil- 
g,is was revived as a specially convenient method 
of illuminating railway carriages, buoys, and 


times distilled for gas, and several methods have 
Wen proposed for tho preparation of peat - gas. 
Those gases can be carburetted to increase thvir 
illuminating powers. 

Air-gas* What is known as air-ga.s < onsists of 
air carburetted with the vapours of highly volatile 
hydrocarbons, such as gasoline, carburine, and 
benzene. Tho hydrocarbon needs to be very \ olatile, 
and of constant and uniform composition. Some 
small installations in jilaccs where gjis is not avail- 
able, and acetylene too expensive, have been 
Bucce.ssful. At Llanberis School a ])lant has been 
satisfactorily working for some time. It consists 
essentially of three parts : ( 1 ) A large, shallow 

cylindrical copper tank holding 260 gillons, buried 
some 30 ft. or more from the building, and filled 
with gasoline through a pipe and closed ah tight 
by a screw tap. Two other ]upes, an inlet and 
outlet, are fitted into the top of the tank, and pass 
underground to the cellar of the building. (2) In 
the collar a pump, worked by a weight on pulleys, 
' forces air through the inlet pi))e on to the surface 
of the gasoline in the tank. Kvaporation is rapid — 
gasoline boiling at from 35'^ 0. to TO"* C. — and the 
mixture of vapour and air is driven through the 
outlet pipe into (3) an automatic mixer, by which 
a definite and known quantity of air can be added, 
go that the proper proportion for burning may be 
constantly maintained. The apparatus is simple, 
and requires very little attention. The \> eight 
has to be wound up once a neck, an<l the mixer 
adjusted by moving a small wheel along a rod, 
about once every two or three montlis, and the 
tank filled about every tw'clve or eighteen 
months. The frequency ot tho rcomrencc of 
these operations dejiends on tla* sj/t* of the 
plant relative to the demands upon it. Some of 
the air-gas plants require heat to ev.qiorate the 
diydrocarbon, this increasing in a measure the iisks 
of explosion. 

£ther«gais. A similar air-gas can be made 
with ether, out in this ease the air is ])a.s.sed through 
a box containing a fibrous substance wliieli has 
been saturated with ether. On dilution with air, 

^ ether loses its luminous fiame ; but any desired 
degree of luminosity can lie imparted by carburei- 
ting with benzene. Th& cos+ of other air-gas enricheti 
'With benzene is about twice that of oil -gas, its 
eWef advantage being, the case with which a small 
bo mstallod to meet any temporary 
,.li^tilfement. In the ether saturators sometimes 
employed in optical lanterns oxygen is passed 
metal box filled with other-saturated 


lightships. 

Pint9ch*s Apparatus, There are Severn 1 
]»i‘oeesses of manufaeliiro. Tlie Pintsch system is 
tme ill use by many railway companies, the following 
lieing a do^cri]ition of the proees.s as used by the 
Great Northern Railway at Holloway. The plant 
w.m designed to make 00,000 cub (“ ft. of gas jier day. 
Th»^ 10 in. D-rclortrt in which the oil is cracked 
are made of 1 in. metal, and are 0 ft. in length ; 
they are worked in jiairs, and are kept as nonrly 
as possible at a eherry-red heat. Each pair wMll 
make from .300 cubic ft. to 400 cubic ft. of gas jier 
hour, and ()00,000 cub'c ft to 7(f0,000 cubic ft. of gas 
before they reijuire renewal. Immediately befoie 
the gis enters the hydraulic main a { in. iron pipe, 
proMded with n stop-eoek, is tajipcd in so that the 
c-olonr of the gas may be seen, this being the praetie.d 
test applied to ascertain the quality of the g.is, 
and whether the proper quantity of oil is being 
admitted. Another tost for regulating the supply 
of oil is to drop a small quant ity of the tar from the 
g.is main ujion a sheet of while pa-jier ; if too much 
oil is being admitted to the retort, a greasy ring 
will be found round the .spot of tar ; but if the right 
(juantity is being used, no grea.sy ring will appeal. 
The furnaces consume IfiO lb. to 180 lb. of eokc 
for every 1,000 eubii* ft. of gas prodiieoil. The oil 
used is a oncp-refined shale oil : it runs to the rctoitN 
from a galvanised iron cistern of 50 gallons capacit y 
through a 1 in. iron i)i])e, at the end of which is 
lixrd a gnn-inetal micrometer cock for rogulaliujA 
the sn])])ly. From this supply pipe tho oil f!ow'> 
into a small funnel attached to a f in. syphon 
pipe, 12 ill. dee]), connected with the retort; n 
then falls on a loose tray, |)referably of steel, 
and is instantly converted into a dense brov n 
vapour. 1’he gas issuing from the retorts passim 
to the hydraulic main, tlien through air eontlensei 
washers and purifiers into the meters and gasholder^ 
Tho purifiers contain a mixture of tw'o parts of slake«i 
lime to one part of sawdust placed on wicker trav"'. 
and are reeliargod every week. The cylindrical stet I 
storeholdcrs are 17 ft. (> in. in length, and 4 ft. 3 m 
in diameter: they arc tested by hydraulic pew * i 
to 300 lb. per square inch, and arc provided witli 
a pre.ssiire gauge registering up to 200 lb. 
square inch. The gas is forced into the stoic 
holders through a 1 in. extra strong load pipe b.' 
compressing engines. Each holder is provido‘t 
with a co^ at tho bottom for drawing off tlu' 
condensed hydrocarbon, of which about a gallon 
is obtained from every 1,000 cubic ft. of eompresf^d 
gas. Each gallon of oil yjcld.s 80 cubic ft, to 86 cubn* 
It, of gas. Tho oil is run in at about 12 gallon-j 
per hour. Other systems aro Keith* Pope, anu 



i object aimed at ih the last- 

^l!iai»ied«-«.yKmiig, oi Peoblea— w to produce an oil gaa 
ape<d«illy Adapted for carburetting w iter gas and 
enraobmg coal gas ^ 

MAitiSflold^a Apparatus. A form of oil 
gas plant much used for private inst illations is 
that niade by Mans 
field & Sons, l^td , 

Liverpool The ill ns 
tration [7] shows a 
sectional elevation of 
the complete jihnt, 
the details of the 
gas producet being 
shown m the siuilki 
figure [8] 1 he pro 

dneer has a retort ' 
suspended m a cast 
iron casing, lined ith 
fireclay fittings fho 
top of the !< toit IS 
made gas tight by a 
lead joint Whtii the 
retort is hot enough 
to make gas the 
lead molts, the boniif t 
sinks into it, thus 
making aii antonnti 
joint The rcto t is 
heatol by a coil oi 
vood fire, and i 
t ong led he it is 
seen thiough a sj^ht 
plug IS mamt lined 
thioughout tin g^s 
miking jiroctss Oil 
IS stored m i smt 
d)le tank m in> 
pait of the building 
rrom this tink i 
pJI>e IS led to the oil 
syphon of the piodiic^i 
th( end of the jiipc ii 
IS permitted to luii in 
of the oil syjihon 
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7 M \Nsr riD s 
t il II 111 \ s I 
Hii ill (C) k dt kIh d to 
iilite ])( tlow ol oi! win h 
1 tiiK stieiin into tin fiiriiul 
Ihrougli this it ]ns«;fs into thf 


Ilu ^1 
tin t uul} 1] e 


retort, and is tonsdlt I into £,i 
into the bonnet an 1 ji sses down 
Ibe hydi iiilic muii ihioiigh 
which it pisses into the ^ isli jJdu 
The miterials fioni which (ilgi^ 
ein bo 111 icle indudi mo'-oti 
^dm Oil, cistoroil (o n il o 
Rangoon oil, kerosenr ti-^li < 1 
tallow, and iinitfimd fit 
W sttoragsts. IMien witir in 

the filun of steam is p »sst d tin oii^li 
'I' mass of n< mdes ont tokf th 
''' dei moleeiik is dt t oinj oseil it s 
consi^uent elements combining 
With the coke — i foi m of c n bon — 
eaibon monoxide 
carbon, dioxide and hydio 
^be tempeiatiue 
« coke 18 at about 
j * carbon dioxide " ®"*" 
and hydrogen are formed, 
but at l,Sbo" a the pro 
uucts are carbCn monoTidc 
and hydrogen. The mixture 

obtained is known ns water qa^ In 
various combustible and non com* 
®^*i®tRucnts of gas, it Mas pointed out 
AftSS*® j bfionoxide is combustible, but thit 
Ml nonroombustible, and thus of no 
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value OB an ilium matmg or heating gas The 
object will be, therefore, to produce carbon mon* 
oxide m pieference to carbon dioxide if the usual 
properties of a gis are desiiod There are, how- 
ever, cases in which the carbon dioxide is prefer- 
able, as will presently be explained The reaction 
in making wala?-gas 
tikes place m two 
bulges— the first, m 
wIiK 11 the water mole- 
rule IS decomposed, 
absorbs h( it in course 
of the c hinge and 
the second when the 
c II bon monoxide is 
being formed is a re- 
action wlicie heat is 
given out The piocess 
is on this lecoimt, an 
Jiiteniiitteiit one Air 
is blown in a blast 
ovei glowing coke till 
the mass becomes 
intensely hot, the gas 
being given oft at 
this stage being 
known as prodnet r 
or ginerntor gaa 
\\ hen the coke is 
hot, steim is blown 
in in pi ICC of the air, 
witci gas being pro- 
diued riu icaction 
I ipidlv cools the 
loki so thit it be 
conns nmssiry to 
stoj) the injection of 
un and again 
blow the coke to 
111 indcsei ncc . *>y 

turning on the air 
Cl oi gonciatoi gis is passed into 
tilhd with hiebiicks whnh it 
licit and il is into this second 
sl( im IS jiassed before 
Ihus water- 
lb mt foul minutes ind the 
In itmg ui> occupies about 
t( n minute s J liis question 
(f ]>io(Iucir giH will bo 
di lit with lat( r 

Carburetted 
Water*gas. It will bo 
I ( me in 1 < red th it both 
liyibogon ind i at bon 
ri onoxidt give hlvt oi non 
luminous tl lines ind to 
niikc tin g is give a lumi 
IK i s flimt it IS ratbinctkd 
in i wiy similir to the 
tniiching pioeess rcfeirod 
to in the aiticlc on coal* 
gis Ihis c iibiuettmg is 
cftectcd b> the hot process 
in an addition \1 chimber, 
in which oil IS decomposed 
and the vajiours mixed 
with the water gas m u 
mannei which will be best 
understood by reference to our lemarks on oil gas 
The enriching may also be carried out m the cold 
pioccss by allowing the gas to pass into a vessel 
containing carburme, a mixture of gabolme and 
benzene, which vessel is surrounded by hot water 
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Oil ( \s n WT 
J l i I ^ ri 1 
1 1 ist lln ] lodii c 
i s( ond vessd 
I II e^ t » i wliitt 
vessel OT / rh If I th it tin 
it _o(s nto tin tiiel m the g< inialoi 
^is IS ill ul toi 
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to promote evaporation. This, again, will be readily, 
grasped when the section of this article on air-gas 
is read.. Carburetted water-gas is much used in 
the United States, whore gas-coal is comparatively 
dear, and hence cannot advantHgeously be used for 
preparing coal-gas. In this country the large gas 
companies are in the habit of mixing about 10 per 
cent, of carbiiretted water-gas with the coal-gas 
ns a convenient method of raising the candIe-i»ower 
of the latter to the standard candle-power. Water- 
gas. is more poisono\iH than coal-gas, us it consists 
mainly-of carbon monoxide and hydrogen, the for- 
mer a very poisonous gas. Moreover, as water-gas is 
inodorous, it is not so easy to tietect leakage. This 
objeetion can be got over by giving the gas a strong 
smell by passing over na])hthalene or im])regnatiTig 
with isocyanidos or organic sulpliides. The objeetion 
does not arise in eases wliore the*carbnrctted water- 
gas is mixed with coal-gas, ])ut the ])oisonous pro- 
perties of carbon monoxide is a reason why the 
proportion of water-gas should not he unduly in- 
creased. If it were not that the ]>nhlic want a gas 
to give a luminous flame always it could very well 
be made luminous at the burner by means of an 
incandescent mantle. 

Advantages of Carburetted Water- 

gas* After referring to the disa<lvuntages of water- 
gas, it is only just to state the advantages. The.se 
are that the ga.s can be made of high illuminating 
power ; t^cononiy in wages, since fewer workers arc 
required than for the manufacture of coal-gas : the 
small cost of the installation ; small area oocu])ie(l 
by the plant ; the utilisation of coke ; freedom of 
the gas from ammonia and small amount of sul- 
phur com])Ounds to be removed. There is no need 
to remove the small amount of carbon dioxide, and 
the apparatus can be got ready for working in less 
than four hours, which is a convcnieiKM* in ca.se of a 
suddenly increased demand for gas. In (‘oal-gas 
works it is economical to use the rod-hot coke as it 
is drawn from the retorts. 


through the valve e, the products of combustiod 
escaping into the open at the top through d. When 
the requisite temperature . is attained, c, d, and.e 
are closed, and the fan nearly stopped, a very gentle 
current being still maintained through small 
orifices in c and e, purposely arranged to prevent 
back-rush of water-gas into the air main, which 
otherwi.se might cause an explosion. Steam is then 
turned on at the base of the generator, and a 
stream of na])litha at the top supplied from the 
tank by means of a series of distributing tubes. 
The mixture of hydrogen, carbon monoxide, and 
a little carbon dioxide formed in the generator, 
vaporises the naphtha, an<l the mixed gases act on 
one another in the superheater, ultimately pro- 
ducing an illumirialing gas of high quality, when 
the steam and naplitlia .supplies are properly pro- 
portioned. 'rht‘ gas is washed in the purifier 0, and 
the two towers, I) and E, and stoied. The steaming 
operation is continued for twenty minutes, when 
the slonm is shut off, more anthracite filled in 
through the manhole, and the cycle of operations 
hcguii again. Every few hours (six to twelve) 
the doors, H, at the ba.so of the generator are 
o])emMl and the anthracite residue raked out. As 
wdll bo .seen, the product is ii mixture of oil and 
w'a tor-gases. All sorts of vat iat ions of this process 
arc in use. In one the sii])crhoatcr is filled with 
Iumt)s of lime to free the gas from carbon dioxide. 
I’iic (Jranger }>lant is arranged so that the naphtha 
is forced in under ])rcssure, thus facilitating its gasi- 
fiention. and in the Hanlon and Lcadley process 
bituminous coal is used in place of anthracite. 
Hum])hrey’s apparatus consists of two generators, 
two carbun'ttors, and two su])er heaters. The 
generators an* connected by means of a flue, and each 
of them is also in conru'ction with a carburettor and 
a su])erheater, the ohjee.t being to enable the ])roces.s 
to be alt(‘rnately worked from the left and right. 

The Dellwik-Fleischer System. In the 

water-gas processes just described, the fuel is raised 


Lowe’s Water-gas Process. Having 
stated the chief ])oin(s in tlie manufacture of water- 
gaa, a few details of some of the jn’ocesscs actually 
employed may be given. In the "JVssic* dii Motay 
process the water-gas is made from antliraeile (in 
place of coke) and steam, (hen ))uritied by passing 
through a lime-box, and finally carburetted by the 
eold process, the rc.siilting mixture of water-gas 
and naphtha, or carbiirine vapour, 1 icing led through 
specially arranged retorts to ensure decomposition 
of the hydrocarbon, and finally stored. Lowe’.s 

i )rocess will be best und<*rsloofl by icferenee to 9. 

[n this the dccom- 

position t)f the | K 

naphtha is earried |t1 _ \ 

out simultaneously | ^ If 

with the production »’T“^ ▼ Ltr ^ 

of the W'ater-gas— j jj ‘ffflf 

that is, it is ear- 

buretted by the | (m ||f ||j^ ® 

hot process. A is | j ||| |wsb 11 | j 

the generator, filled | JL — - [ A 6 

.with anthracite I' M 1 | -■ 

through the man- | l|U ^ jd fruy W 
hole a, A fan, F, | ® ^ 

fiends a. current of j. . 

•air into the gene- 
rator through .the 9. lowe’s WA 

valvo c ; the gases 


9 . Lowe’s water-gas plant 


to ineandescenee by blowing air tlirough so deep a 
bed of fiH'I that the chief products are carbon 
monoxide and nitrogen (from the air). One pound 
of (*arhon develops only 2,400 heat-units when 
burnt to carbon monoxide, but S,0K0 when burnt to 
earlion dioxide, for Hie reason exjilained in the. 
o])ening remarks about the water-gas reaction. 

C’arl Dellwik has devised a process by which the 
products of the blow ” are carbon dioxide and 
nitrogen, and thus the additional lieat-units are 
made avnil.ilile in raising the temperature of the 
bed of fu(‘l in ]dace of passing into the producer 

gas. The result is 

that twice as much 
water-gas is ob- 
» /*. tained, the extra 

■ ■ |”1 F ^ reduces the 

11 1 “blow” period, 

tjH and allows the 

CTn E “ run ” (steam 

I D I admission ]>oriod) 

to be prolonged. 

-Ij ✓f—j ) ^ _ '3’he flow of steam 

I regu- 

lated so that even 

** run there is no 

er-oas plant excess of steam to 

oxidise the carbon 


escaping through the pipe h into the superheater monoxide to dioxide. A ton of good coke yields 

B, filled with stacked firebricks ; when the gases 70,000 cubic ft. of water-gas in place of 34,400 by 

contain enough carbon monoxide to burn, air is the older process. Under the older processes the 

at the base of the superheater cost of 1,000 cubic ft. of water-gas is from 4d. 



large Dellwik-Bleisohcr jnstalUtion the 
. cpdt jB below 3d. The gas produced by the Mlwik 
I^OOess has been successfully utilised at Cleethorpes 
for mixing with coal-gas by passing it into the 
retorts during carbonisation Di Fleischer im 
proved the original Dellwik process, hence Ins niiiie 
becomes to be associated 


Methane Hydrogen Gas* ilnsmthenimo 

of a process which has bicn successfully idopt<d 
at Sligo and Truro The geneixloi m hlled with 
coke, and then blown up to incimUsccncc, the 
waftte gas escaping pirt of tin way up the gent raloi 
to the stack piix*, so th it the fuel i hove is di k d ind 
heated befoie it comes down into the hot /om 
and also serves to lilUr out the hru ly divided t ii bon 
produced duimg the lun When the icquisiti 
tempeiatiuo his been itt lined the v lives iro 
altered, and stcim and t ii nc injeeted into the 
body of moandc S< ent f IK 1 The tii is ele eonqiostel 
mto ciibon and gaseous products — (out lining 
methane — the ste ini combining with tin eoki 
and separated c irbon to ])i()dii(o witci gis V 
further quantity of ste im inject* d it the bottom 
of the generator s(i\cs to piodiuc oidmiiy w itei 
gas, which jiafe'^cs iwiy and mixes with the otlici 
gases This gas is mixed with otclinuy lodgis 
in the foul mini, wlme it tikes iqi i onsidct ihle 
quantity of illiimin ints ti om the hot t ir Ah th me 
hydrogen is c I eimed to t ik< uj) lu n7t n h( tte i th in 
oidinary watei gis in the ( ulniitttin^ jucess 
Such a carbuiitted nullum Iiydio^ui is csts 
8 02d per 1,000 cub i ft it liiiio 

Produceragas* Th s teim is qipliul to the 
gas obt lined m the piodu u ci ^imi it( i of the 
water gas ijipuitus It will h* i« nu niheiod tint 
air was pisstd into the filled wifh coke 

a gas wis pioductcl win h wi used to licit tin 
second chambci, into which steam w is dnven ind 
decomposed into witergis Ihis m i> be tiken is 
an instmce of the utilisation <f jiiodm < i ^ is 
but it hnds many e mplojim nts m mctilhii^i il 
opoiations, boiler firing »,istn^nus uid m ^li s 
and pottery nnnufutem Jf s iImi known is 
iVeeweru’ ga^j btc luse piodm ci _ is w is ( conomi illv 
mide in a icgcnei itivc fiiinuc (f fheSiumns 
type Ihe jaoduuigis is nude jn inimucus 
diffeiont fninu'es In some flu ^ is is dui lied 
by being used for distilling rod md V'ln it 
s^m and an ate injeitul i inixtun ot jiodmii 
gas anel witergis is obt line cl — the si ilUd s( 7 ni 
nnfer gas Douson gas [ho mioiint of ste un 
that can be used is liiiiiUd from the ii isous 
which we hive dt dt with m tlu juiigiijh on 
watei g IS — and is an ingcd so tint the hi t 
geneiated by tin m ujiids tlu In it ihsoila 1 l\ 
the steam Ihodtucrgis lonlims i lii^t jio]*! 
tion of nitiogei fiom the m tint is miirtid md 
as nitiogen is a non < ombustihk „is piedu u ,^is 
18 comparatively pooi m hciting jaojieitics its 
flame also is non luminous The bit mb c ill 1h( 
gas gaz pautre^ oi prtor gas Although tin gis is 
poor, it can be piodm cd in laigc ejuantitns md 
vc«*y cheaply On this account pioducoi gis cm 
be used freely, and still be m tvonoimcal source of 
Ipower. Carbon dioxide is also found m pioduc-cr 
gas, but the object is to ni iko c irbon monoxide 
m pieferenee, as only the lattei is combustible 
Some average analyses will be given later in com 
paring the composition of several gases In many 
^oducers anthracite is used in place of coal, as 
produced with bituminous coal eiltails 
pmmcatldd plant, the gas having a clogging action 
When need m gas-engmoe if it contains tar. 


crA« 

Types of Producers. The Bischof producer 
of 1839 IS the basis of most types that have since been 
invented The Siemens’ gas producer was b ought 
out in 18()1 Thc»se early tyjpes of producers had 
open ishpits with draught piocliioed as m ordinary 
fill mice s, and miirh heat was lost Succeedmg 
t\pes ire provided with cloRcd hearths, anel are 
produced with numbeiless vaintions in the arrange 
imntoftlu jiut's Ihot \ H So xton divides closed 
juodiuois mto flu following five gioups ( 1 ) bar 
bottom (2) solid bottom {]) water bottom, 
(4) lutomitii (5) 1)1 ist tuinace The Dowson 
jiiodiiu'r om of tlu best known of the bir bottom 
tvju WHS pifinfid 111 1S7H (No 3h‘»7) md 1881 
(No 2S>b) I In III mil ste un weie admitted 
tlnoii^h th( bus I lu clinkei fiom the fuclaccnmu- 
lites on the bus of the fuinice md needs stoking 
to remove it I lu ilson producer of 1876 (No 
VW)) IS m cximple of tlu solid bottom producer 
J he fuel Hsfs on (he solid bottom of the geneiatoi 
iijion 1 li\ei of (bnkn The elinkei is driwn off 
m II the hotfoin md m blown in just ibove the 
liVirof linkti which IS ilw ivs k ft in the producer 
riu (linkeis lit leiiioitd evciv twenty foui hours 
thiou^li niuow -<1111 doois b\rs being put across 
to sujiport the fuel elm mg tlu ofxi ition Solid 
bottom jioelu eis ui thus interimt k nt, but this 
is ^eit ovfi bv in inging i w itei seil is m the watoi- 
bottoiii jioduieis 1 In ishts fill into water, 
md no ^i^* es( ipe s 1 he lu it of the ashes vaporises 
sonu ot the wife I which pisses mto the proeluecr 
llu TtufT produce i (jiitcnt l%4b, of 1%1), the 
^luith md \\ in o(t jirodiiccT (patent 1289> of 1901), 
nd the \\ ilson w \ler bottom jiroduepi are repre- 
sintatuc e xiiu} les ot tins tjjie In the automatic 
jiiodii CIS the islus ire e ontmiioiisly lemovod 
hv iiuchinuil me ms The Wilson niitomatio 
} loelu ei dots this by i const intt^ itvolvmg screw, 
which slowl\ jiiishcs out llu islus Spicc will not 
jciinit of (let Ills hung given of the numerous 
jiioduccis tint have been pitentcd md whicli 
fill mule I OIK 01 tlu r of thr ibovc types The 
hitf imj lovc ments consist m mians of removing 
tlu til fiom the ^is lu itm^ tlu nr and steam 
he ton use pc d iiipthods of chugmg, special 
iiim^cimnts foi mpjil'ym,. tlu an and fateain, 

V uuti s 111 ites jirodmcrs i uhing own steim, 
in ni_e uu nts foi bieaking up clmkei or fuel 
''iqjlvirig the ui md steim it the top and draw- 
ing tl th* ^is lower cljwn tceding it the bottom 

Suction Gasiiproducers. llu constintly 
in ic I'^mg ii < of gis c ngiiu >. his ensuiccl the evolu- 
tion cf the ^is I roclii c rs dong economic lines 
llu t\])cs hitherto dc ill with hive needed air 
md ste im foHiii^ into the juodiuer with the 
on ( pun ( tint the ^i', w is imdei slight prcssuie, 
tiom which tl t tlu tvjie Ins been clistmguiKhed as 
jn in (f (s [)r luc i I eom these i new typo 
itcjmrm,^ ncitlui steam jc t noi ui blown has been 
evolved the nr being eliawn into the pioducer 
hv i suction punqi attaelud to the gas e?ngine, 
lumg known as suction gas prodnan With the 
olehi tjju ot piossurc jiiodueois t boiler was needed 
to generitc skim md i gisholder m which to 
stoic the gis foi use while with the suction type 
the. gis is taken dircet to the eoiubiibtion cliamber 
of the engine 1 he boilei is supplanted by an 
ftajtorafo'- oi uipuriscr, which in small plants is 
built frcciucntly on the top of the producer in the 
foim of a w itci jacket, and in largo plants close to 
the producoi in the foim of a tubular evaporate* 
This evaporator is generating the steam required 
by utilising the waste heat of the protbicer and% f 
the gas, which is of considerable advantage, as 



, jodmpared with the old system, the tirioff of a ^parato 
boiler being dispensed with. The advantage of a 
suction gjis- producer are automatic generation of 
the gas by the engine ; highest and best utilisation 
of fuel ; no boiler or gasholder required ; can be 
erected without danger in any convenient place : 
easy to start and to run ; no soot, smoko or odour ; 
no explosion possible ; and small floor syiace re- 
quired. The origin of the type is the Henier pro- 
ducer, which was patented 1S91, aiul has been 
specially developed on the Continent. A complete 
suction gas-producer plant consists of a blower 
which, up to l.')0-h.p., is driven by band ; a i)ro- 
ducor, an evaporator, an overflenv water-pot, a 
scrubber, and a small equalising tank or cxpunaion 
box. In plants above 7r»-h.]>. a. sawdust scrubber is 
advantageously inserted bchinil the wet scrubber, 
and in plants where two or more engines are ft‘d 
from the same producer a. small gasholder A\ith 
automatic regulation is used. 

The producer consists of an iron shell lined 
with firebrick and provided with a suilahlc 
hopper. The grate area, according to the quality 
of fuel, is 0*8 to 1 sq. ft. for every 10 horse- 
]K)Wor. The scrubber consists also of a sheet -iron 
shell, and is filled preferably with broken coke. 
Before starting the engine the fuel in the ynodiicer 
is heated ii]) by means of a. blower until the gas is 
burning well at the test-cock. When this point 
is reached the blower is slo])ped, and the engim* 
started in the usual way. The engine then draws 
by its own sucking action tlic necessary amount of 
air and steam through the fuel, and is producing 
its own power-gas. From tlie luoducer the gas 
is drawn through the scrubber and the equalising 
tank to the engine. 'I'he gas-making ])roree.ss 
continues so long as the engine is moving, ami 
stops when the engine stops. Anthracite, charcoal, 
or coke can be used in suction gas.produe(‘rs. 

Mond Gas. lb*. Ludwig iMond, in slud^u’ng 
the que.stion of obtaining a elieap fuel gas, has 
evolved a method in wliieh slack coal is used, and 
the ammonia ynodueed by the combustion is 
recovered. The gas is 
really a prodiiccr-gas, 
but is, on account of the 
novel inctliod of jiro- 
duction, generally dis- 
tinguished as Mond gas. 

The gas Is being pro- 
duced on an enormous 
scale, and is distributed 
by means of jiipe.s in a 
largo district in Lanca- 
shire. Idle following is a 
brief description of the 
plant used, which will be 
niadt^ clearer by referring 
to the illustration |10J. 

The producer is y)rovided 
with a water-seal, and is 
constructed so a.s to 
allow the ash, wliieh is 
the only residue, to 
descend into the water, from which it is easily 
femovbd without interfering in any way witli the 
working of the producer. The process of combustion 
is carried out at a comparatively low temperature, 
with the twofold object of preventing the forma- 
tion of clinkers in the producer and of providing 
against the destruction of ammonia. This is 
. i^coniplished by introducing into the producer 
a blast of hot air and steam. The quantity of 
steam raqiiired when it is desired to recover 



the ammonia from the gas is equal to tons' |&r ' 
ton of fuel gasified, but of this about T ton 
is automatically recovered and used over and? 
over again. After leaving the producer the gas 
is passed through a regenerator arranged so that 
part Of the heat or gas and steam entering it is 
transferred to the blast of air and steam on its 
way from the air-heating tower to the producer, the 
gas being ronsequently cooled to a corresponding, 
temyicraturo. Thc^ gas then passes to a mechanicad 
washer, whicli further reduces the temperature 
and removes all soot and dust. The next step is 
the recovery of the ammonia, and the gas is for 
this purpose ])assed through an acid tower, where 
the ammonia, is com])letely absorbed by a dilute 
solution of sulphuric acid. The solution circulates 
tlirough the acid tower again and again until it 
contains from .3(5 jier cent, to 38 per cent, of 
sid])liatc of ammonia. Continuity of the process 
is ]>rovidcd by adiling from time to time frc'sh 
supjilies of siiljiliuric acid and withdrawing corres- 
ponding (piantitios of snl])h:ite liquor. The latter 
is evaporated, yielding at once a solid sulphate 
of ammonia of good saleable quality. After the gas 
has been washed of its ammonia products, it 
]ms.scs through a final cooling an<l edeaning water- 
tower, and i-< tlum ready for use. .As the gas is cooled 
in this final tower the stenn with which it was 
saturat^-'d is condensed, and the cleaning water whicli 
enlers the tower cold is delivered hot ; and this, after 
pa'^sing through tar-sc])arators, is again pumped 
to the air-heating tower to heat the air required 
for (he producer blast. The. final co.st of 140,000 
cubic ft. to 11)0,000 cubic ft. of gas from a Ion of 
fuel is put at 4s. lid. About 00 lb. of sul])hatc of 
ammonia is obtained from ea(di ton of coal, 
CoKesOven Gas. in the nianiifacturc of coal 
ga.s, as we have .soon, the gas is the main product, 
and the coke, although used for several other 
j)urpo^es, is I he hy-producl . The iron smelter 
requires a <*()kc that is compact, lieavy and oven, 
and to ]>r<)du(’c sindi a coke spcudal furnaces are 
used, known as ro/iv -o/’c^^y. Hero the coke is the 
main ])rodiict, and the gas given off is the by- 
product. The gas is, as a rule, completely neglected 
and lost lHvan.se there arc many iron makers 
wlio believe that the n‘covory of the products 
of (he coke-oven is not consistent with the 
manufacture of the kind of coko which is most 
suitable for the blast fur- 
nace. As some 13,000,000 
tons of coal is coked in 
the United Kingdom in 
boeliive ovens for the 
manufacture of pig iron, 
it will be app.arent that 
the loss is tremendous. 
Many recovery or by-pro- 
duct coke-ovens have been 
invented, the principle 
being that the gas is drawn 
away from the ovens and 
means employed to re- 
move the tar and ammo- 
nia. Tlio result ing gas can be used for heating the 
coke-ovens or for other industrial purposes, such as 
in gas-engines. In large installations of by-product 
eokc-oveus two kinds of gas are separately collected; 
the richer gas coming o(! during the first part of the 
process can be used as an illuminant, tiio second 
portion of the coking yielding fuel gas. The other 
by-products, tar and ammonia, are recovered by 
similar methods to those used in purifying coal gas, 
and described a little further back. 
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Blait*furnace Gas. Tho furnace 

"Hified for smelting iron ore generates a large 
“'ouawtity of mflainmablo gas known as waste ga^ 
The last name expresses the univeisal piactice of 
iron makers up to a few years bick, when eftorts 
^ero directed to utilising this wasted toim of fuel. 
The gas, owing to the velocity with whidi it 
asses from the furnace, is laden with dust. 
Ut this IS neglected when the gis is fmjiloytd 
for heating the hi ist, or as fiul uiuhi boihis 
When requuod for use in gasengims the gis 
must bo cleaned, oi it soon blocks u)> the \ dves 
of the explosion ohimber Piojierly ehan<d fur 
nace gas is an ideil gis toi gis en£,ines as when 
mixed with air md compresstd, it is found to be 
a slow but \ cry leliible explosive \ ])ortinn ot 
the gas IS used for driving the gis tnome whidi 
produces the hlmt, but much surplus gis riiu iins 
for other economic jmi poses 
Composition of Gas. Th< follow int. 
typical analyses of illiimin itmg ind fud gis ut 
mtorosting as showing the ulativc cniiijmsition 
The figuies (ptK entvges) woio giv<n by Mi 
Willard L Cast m i comiuunu ation to tin \<w 
York section of the kSociety of CheiUK il Industiv 
m lOO'i 


from moisture — laige quantities in strong iron 
drums, and small quantities m hermetically sealed 
tins This pioperty also accounts for the fact that 
the storage of calcium cirhido is regulated by tflfe 
Petroleum Act, except when quantities of 28 lb. 
in 1 lb pukages ire stored 

Properties of Acetylene. Tho light 
yielded by uetyUne more nearly approaches sun- 
light in light r i^s, but it has iiioie blue or violet lays 
(< h< mic li ri>s) the illumin iting power of acoty- 
Iciu IS compaud w ith toal g IS vines with tho typo 
of buinei cnqilovul In t smtiblo buinei, 6 cubic 
ft of icitvhiK ]Mi hom will give 240 Ccandlo 
pow«i, whiU the saiiu (piintity of coal gas gives 
U» ( indie ]>owii ViotvUnt is, however, generally 
buint m sin ill buiiuis using from \ cubic ft. to 
1 dibit It p(i lu)ui,wh(ii the illiimmatiiig power IS 
hom si\ to tdi tiiius is great as that of coil gas. 
Hull IS h ^s lu it de\ilo]Hd by combustion of 
aittylcm foi gum vidd of light thin most other 
lilumin lilts llu distini live smdl ot commercial 
u€ t yli no m ikt s it e isv to iletei t le iks The limits 
ot I xplosibility of udylene mixed with air are 
I 1 pt I I cut to 24 I ])d ( dll , will! h IS a slightly wkIoi 
i ingi til 111 othei i oiubiistiblt gases of commerce 
llu dll ts of 111 ox))lo>,i(m would probably bo no 
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Acetylene. At tlu bi ginning of the m 
sideiation of illuminating gis udylmo w is min 
tioned as both i eombiistibh ind luminous _is 
iresent in small quantities in coil gis Xdtvknt 
us, within icicnt jtais bun jm iiir od foi iisi b\ 
itself as an illumin int, this hiving been rmtldiil 
jiossiblo by the disiovciy of a ( lu ip nu tliod ot 
jiroducing it 

Action of Water on Carbides. M In u 

water is brought into eontict with ( lU lum t iibi h 
acetylene is pioducod in adoiilin o with tho 
following chciiijcil reaction 

CiC 2H o ( i(oin -1 ( n 

cilcmm caibidc w itii cildiiin hvdi iti 
acetylene Tlu juodiu tioii of the gis is so i I'^ily mil 
Simply etfectid tint it is no woncki tint tlu um ut 
acetylene soon bei line populii in plans v\hdi 
eoikgas 01 e nburetted wiUr gas vvcit un itt iin ibli 
Beaides I'llcium t iibide then* iie otlui ( nbiihs 
prep|ured in theelectiu fiiniate but iiono ot tli in 
havd^jaHsiimed tlu impoitaiui. of c ildiim < irludi 
Litllium carbide, barium carbide strontium ciibidi, 
pot|^sium carbide, and sodnirn eubide dl givo off 
acolylene when bi ought into contact with vvati i, but 
alummium caibide gives oft methane and m iiiganese 
carbide, a mixture of methane and hydrogen 
Attempts have been made to take advantage oi the 
laet-named carbide by mixing manganese dioxide 
With the ingredients for making cilcium carbide, 
hnt, so far, the production of mixed carbides has not 
been successful 

9^i*lige. On account of this action of water 
carbide it is necessary that it be stored 


gi( itu thin with oidin iiv gis Compressed nccty- 
liiu isilingeioiis md its in inuf Ktiiie, miportition, 

0 stoi igi il ^11 it< 1 jni ssiin thin 100 m of watei 

IS illigil HI till Liiitid Jxin-,doni Aietylene is, 
howivii illowid to bi rompifssid ilong with oil- 
^..i" is th inixtuif Ins licm dornonstrakd to be 
sib llu ixmijitioii fxtmds ilso to atctylcnc 
(oinpiC'.Mil into ]>oious nntiinl, both with oi 
without uitom llu list lumtd liquid has tho 
pow< 1 ot ibsoibing Jtt) voluiius of acetylene nt a 
]»iissui of 10 itmo‘']>heu ", tlu liquid being known 
vs dissoJud nciUffi nt * 

Impurities in Acetylene. It is the 

iinpuntiis in nitvlmi whu h give the gas its 
uiqlii'^int smell luiui iviiv < irt needs to be 
ixinistd to us onlv puu uigii diciits in niiking 

1 ill luin (11 bull Phosphoiiis lonqiounds m the 
linu iis(d luionu ( iltiuin ])hos[)hido, which, when 
iiu>i".ti 111 d w ith witi r v H Ids phosphine , this gives 
not onlv an unpleasant odoiii but also a white haze 
of miinoiiium ]ihos])hitc in the iir when burnt in 
i i losi d room Flu highest pi opoi t ion of phosphino 
ivii met with Ins bein 2 3 per cent Sulphur 
(ornjiounds arc seldom pi i sent, but sulphuretted 
hydrogi n miy be detected m cases where the gas 
Ins been iinproptily gnu rated oi where alummium 
sulphide IS pi CSC nt in tho caibide Crude acetylene 
always contains ammonn, which arises from tho 
ahmimmm or calcium nitrite in the carbide. It is 
an objectionable impiuity, as it corrodes the brass 
fittings, and, producing pyrol at the burners, stops 
them np Traces of hydrogen silicido, oxyg»»n, 
nitrogen (or air), hydrogen, carbon monoxide, and 
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iiincthane, liave also been found in varying small 
amounts. 

Purification of Acetylene. The sub- 
stances which have been proposed as chemical 
purifiers for acetylene are (1) ordinary ferric hydrox- 
ide, • os used for coal-gas ; (2) heratol, a solution 
of chromic acid in acetic or Hul])huric acid absorbed 
in kieselguhr ; (3) acagine, a mixture of bleaching 
powder, with 15 per cent, of lead chromate; (4) 
puratylene, a mixture of bleaching powder with 
calcium cldoride and calcium hydroxide; and 
(5) frankoline, a solution of co])pcr and iron 
chloride absorbed by kies(‘lguhr. Tliese materials 
have been subjected to an examination and tested 
for efficiency by Keppeler, and wer<% as a result, 
placed in the following order : Ferric acid is j)raeti- 
cally useless, but one kilo of the other four materials 
pjarifics the following quantities (in litres) of acety- 
lene ; heratol, 5,000; frankoline, 0,000; piiraly- 
lene, 10,000; aeagiue, 13,000. In practice, these 
numbers may be increased from 10 jier cent, to 
20 per cent. 

Types of Generators. There have been 
up to tho present time some liundnHls of dilTereiit 
apiwraius [11] eonslructcd for the purpose of 

g e n e r a ting 
.ic*etylcn<‘ from 

n 3i eah'ium carbide. 
17 Those have been 
elassilied by 
Pi‘o lessor V. 11. 
Lewes into the 
lol lowing three 
classes, into om* 
or other of 
which all the 



11 TYPES OE ACETYLENE 
ORNERtTORS 


generators at present <m (he tnarket fall. 

1. Those in which water is by various devices 
allowed to drip or tlow in a thin stream on to a mass 

- of carbide, the evolution of the gas being regulated 
by the stop])ing of the walta -feed. 

2. Those in which water in voluim* is al!owe<l to 
rise in contact with the c irbirle, (he evolution of the 
gas being regulated by the water being driven back 
from the carbide by the inere asc of pr<*ssure in the 
generating chamber. 

3. Those in which tlu^ eJobide is dropped or 
plunged into an excess of waiter. 

These types are again subdivided into (r/) 
automatic and (b) noy}-uuloiHatic. 

By automatic generators are meant tlmse which 
have a .storage rapacity for gas less than the total 
volume- which the charge of carbide is cajmble of 
generating, and which de]»eTid upon some s]>eeml 
contrivance for sto])ping contact between the water 
and carbide. Non-automatic generators are those 
ill which a holder of sullieienl (•a])aeily is ju'ovided 
to receive the whole of the gas mad(* from tlic largest 
charge of carbide whi(*b ihc apparatus is (aipablc 
of taking. 

Choosing a Generator. The factors to 
consider in choosing a generator are those which 
guided the Departmental (/ommittee ai)})oiiited to 
advise tlie Kxjdosivc’i Inspectors in UM)(). The 
Committee consider that in selecting an acetylene 
generator regard should be had to the following 
•desiderata : (1) sim]'lieity of rction and design ; (2) 
strength of construction ; (3) high efficiency, as 
indicated by the yield of gas per lb. of carbide; 
(4) low pressure in generator ; and (5) facility of 
removal of the residue. 

T. Acetylene Burners. One of tho chief 
ift the burning of acetylene is the quantity 
r^jl woke , which is produced, which causes endless 

1 % 


trouble by growths of carbon which form, at the tips 
of the burners. Burners using 0:75 eubij ft. to 1 cub <r 
ft. of acetylene per hoiu: are the largest that can be . 
used without unpleasant effects. The acetylene is 
mixed with air at tho burner in the most successful 
typo, an air intake being arranged at the tip of tho 
burner. 


The Nap- 
lioy is a 
p o p ti 1 a r 
kiiul. In 
this, t w o 
small jets of 
acetylene 
m e e t to 
form a flat flame, 
])roduee smoke 
arc .shown in 12. 





TYPES OF ACETYLENE BURNERS 


with very little tendency to 
or bc< ome choked. Other typos 


Installation Hints- As there are many 
])ointH of dilTta-ence between the fittings used for 
coal-gas and acetylene, tin* requirements are briefly 
indicated sejiarately. The generator and holder 
should be in a vdl-vontilated place outside the 
house, the ])lace being capable of being warmed with 
hot -water ]upes in case of .severe wea ther. The 
holder .should he of .such a size as to contain .sufficient 
gas to last theivhob? evening or the longest ])eriod the 
burners w'ill be alight. As regard.s the size of the 
]>ipes used for .sup])lying aet^tylene, it must be 
remembered that a giv('n size ])iiM' ivill supply three 
limes as many burners wilh aeelyleno as with coal- 
gas. For lift cn btirnei s t in. pipe is used ; for sixly 
burner.s, J in. Iron bariel piping sliould be ii.scd, 
.and joitils screwed together without j)aint or pack- 
ing. Ta])s napiirc lo be of best quality bra.ss, as 
cheap linings soon corroded. In .starting .an 
installation, care must be taken that all the air is 
out of the j>i])es. Jt j.s best lo take samj)les of gas 
from o.aeh burner in a lest tube, and test witli a 
mateli Indore .applying a ligltt to the burner for the 
linst time. The* pressure at wbii'h the gas is supplied 
should not be more than 2^ in. 

Yield and Cost of Acetylene. One 
])Ound of caleium carbide will yield 5 cubic ft. of 
acctylem*: in practice it is usual to reckon the 
(pianlil}'^ as 4 cubic ft. Acetyh'uo is reckoned to 
cost £2 ]»cr 1.000 cubic ft. in the holder, and if it is 
distributed on a commercial scale, the cost of 
dislril)ulion will double this. (\)al-gas costs Is. 2d. 
per 1,000 cub e ft, in the bolder, this being doubled 
by tin* expense of dislribiition and profit. It will 
thus be .seen that ac(*(ylene ciannot displace coal-ga.s 
when5 the latter is obtainabh\ 

Aceiiylene Lamps. M.any kinds of juirtablc 
acetylene lamps have been devised, but the great 
difficulty in the case of table l.amp.s has been td^’ 
ensure freedom from smell. It will be obvious that 
similar conditions and jirinciples apply in construct-,, 
ing table lanqis as are indicated in tho ease of^ 
g(*nerators. It is usual to arrange a filter of silicato': 
wool before the acetylem; is ])as.sed into the burner, 
.so .a.s to guard against mc*chanieal impuritie.s being 
taken into the llame. Acetylene cycle lamp.s are 
much in use on account of the brilliant illumination 
obtained. Such lamps are more expensive to 
maintain than oil lamps, and the greater light 
obtuineil is not always a rooomiiiendation. Acety- 
lene motor lamps arc a development of the cycle 
lamps. 

Gas Meters* To measnro the quantity of gaa 
used by a consumer, gas is passed through a 
meter which mechanically records tb© volume 
of the gas. The meter is fixed within 2 ft. Oin- 
of the main cock.. The gas is measured in cubic 

' '".-r '■ - ' "‘>^ 1 ^^ 



flet, ^ wjbfch, Qinously enough, no standard 
sxuM till tlxe pasBing of the Sale of Gas Act 1869 
Aot diced the standard cubic foot ^ the s^iace 
coOttpied by 62*321 lb avoirdupoi<i of distilled 
v^ater, weighed in air at 62® F , and at normal 
atmospheric pressure Meters are tested for Jiceuracy 
by j^ltssing through them a measured volume ot 
gas from a small giisholder The following au the 
capacities of a few oidmary size mete is 


Size 

S/ f M iiiiiK 

iiUt id q lt> „ . 

0 itlet 111 Pill 

1 pi 1 \ It 1 

10 light 

20 „ 

30 „ 

51 „ 

100 

350 „ 

1 000 , 

i ft ft 

1 ( i «0 

U 1 130 

1^ li ISO 

H 2t mo 

2 1 C 00 

4 1 ]2t 1 00 

7 0 0 000 


Wet Meters. There are two types of meters 
in use, the wet metei ind the diy mt tei 1 he foi mei 
IS constructed on tlu model of the stition motci 
and consists of three essential puts (1) i hollow 
drum or wheel rot itmg m wat^ tin oiigli this di um 
the gas passes, uul as the dnim lotitts it utuitcs 
the dial index leioidmg uitom itit illy the gis 
passed, (2) \ compensating an uigtmdit for k((]» 
ing the chamber m which the dium i evokes it \ 
constant level ind (3) the index wlnoh shows the 
amount of gis pissed Hie nu isuiing wheel is ot 
miiexiblc matenil, but the w itei in the metei is 
liable to fieezo in cold weither Foi this k ism 
the metei recpiiies to b< jnoteeteel from c h ui^c 
of temperature and is in idditionii ] ii lution 
glyceime is added to the w iter to lowei the iiu /in„ 
point feilt, nngm^siuin diloiidc uid cihuim 
chloride are sometimes used in jilaec of ^lyeeiim 
but coirosion of the mteiiop of the iiutei often 
icsults 

Dry Meters* This type of metei woiks on the 
jirmoiple of an ordiiiiry bellows (,is cnteis md 
Icives compiitments having fU \ihl< k it her suhs 
ilternately through vdves which open uid shut 
it the pioper moment One ot the best known 
makers of diy nieteis thus elesenbes his mike 
ot dr 3 ^ meter 

It consists of atyliiulereliviekd b\ iihte'infhc cnti 
into two separate lylinilneal coini irtnuiits win h iit 
closed at the opposite ends Iv iin tnJ dists th s imtd 
discs serve the purpose of pisti ns ind flu v in I it in tli ii 
places hv a kind of universal joint id u ted to l icli tlu 
space through which the discs move and cmsi juuitiv 
the means of measurement is goveriitd hv me til inns and 
rods, which spaee when onei idjustcd einiit v ii\ 
To avoid the ♦rution ittendim, a jistoii welkins in a 
cyntider, ahand ot leather is att u licei vvhieh ne ts is i hiiiM 
aim tolas with the niotieii of tiie disc Ihib I ind n i 1 
•’Mrumental in tl « measuring so tint if it wiu to t\pm 1 
e^gSLontraet, the legisleiiiig et the meter weiild n >t lu 
dmitd, Ifiasnmeh as it would enlv dee nasi oi me reuse 
tTO capacity ci the hinge the disc being still it lilertv 
to move through the le lulred spate the leather is also 
wJj^ibuted in such a manner being turvid ind bending 
owvln pne direction that it prt \< nts my trt isi s or wrinkles 
f Piping, and renders it theiefoic iniieh inort durable Jhe 
aJ^ngement of the valves and inns are somewhat diluient 
to that of the steam engine, ilthough somewhat similai 
in principle 

Most dry kneiera arc composed of two ehimbers , 
but there may be three or more, without diffeicnce 
of principle The chambeis fill and disdnrge 
alternately or m Bucccsaion, and the action of the 
vaJyes is accurately legistei^ed in the mechanism 
that regulates the dials of ^he index. A common 
IS the supposition that the leather enclosing the 
*paoe between the discs actuates the gas , but the 


whole of the work is performed by the latter, which 
are really pistons leccdmg to lot the gas 611 the 
chambei and advancing to drive it out Thou^ 
delicately adjusted, the methuiical action is teaSy 
\ery simple 

How to Read the Meter, Thtre is no 
ipvski y ibout the dnl of a gas meter It is perhaps 
lx L inse some pi ojiie h iv( rievci t onsidered the sub* 
](e t tint the v think it difficmlt to icid a gas meter, 
Jt js m simple is klling tlu time by a clock There 
ire thrit or moie di iK m tlie little compartment 
it the top of the me tci One of these indicates, 
])(ihij)s 2inhi ft in iiievw nsinlly being placed 
to indi itc the elute turn ot tlie h mels When large 
((u lilt it V of gis IS lx mg hiinit the little lurid m the 
unit dll] IS ke])i luisy and the consumei cm get a 
good lelei of the (ost jipi hour of, say, a cooking 
stov e J lu otlioi di ils T( gistci hundreds, thous inds, 
ten thous iiuls md niiliion cubic feet the bauds 
moving on the dnl jnst is on the snullcr dnl, but 
nitnrilly imuli slower \t a given date — say, the 
Icginmng of i month — tlu ejumlitv is noted, and 
it the end ot the month tlu index is again 
lenl oft tlie diftcrenci between the two amounts 
being the cpuntitv coiisnineel dm ing the month 
III the c isi of ]ftinnmi1ing devices used at public 
ujn ings the „is is^cmi illy taken diiccC from the 
in nil md 1 1 Inigc m «!< of so nni< h jai jetpei hour, 
with i minimum (huge of '>0s 

Prepayment Meters. These meters, which 
ne u tinted l)v t ( om ire ilso known is slot meters 
Ihev we It mvinteel m 1HS7 uul iic of various 
kinds — Biownhifts Pi ices ( iitlei s Biaddock’s, 
( ow 111 s (dover s ind P n kinson s—ad ipted for 
t ikm^ lithe i -jemiKs sixjienus hillings, florins 
OI h lit e row ns I he lot nutei is « \tH me h popular 
witli jieople >t mode life me ms who e in thus use 
a (lu ip ilium nmt without nimiing into debt 

Slot«meter Mechanism. the fiont of 
the metei is the slot Within is i delie ite lialanemg 
♦ir in>,ement which woik'^ on the v ihi of the meter 
I Ills hihn e is mnecteel with tlu index and as 
sexHi is the cliuni (vlindcr li is lovolvcd the illotted 
niimhei of time the hilin e sdistmhcel and the 
c( in drops down uul the supj iv e ises \s nu tera 
lie mule t ) ^ive mt ipiinlitH'H of gis for i Pi\ 
|M n 1 i shillnv » lioi in oi )i ilf i eiowii it is easy 
to ee tint llu weight ot the Con, exctjlfc IS a 
im ms of tilting llu i tion Ins nothing to do 
w ith nu isiniii^ the is 

Gas»fitting. Inmtlu nut i pipes convoy the 
gis to the \ IT 10 IS ( nts ot the lion''e Ihc sujiply 
jiipes lie list (t wioii^ht non but eomjiosition 
jnpes iienuuhiistd Tlu littei iic moie liable to 
climut melnniu m s 1 1 Ic ikige In vc bee no xuoecl 
hv n ils Inv 111 ^ hn n diive n into tlu •^oftcipping 
The liihilitv to eemjiessuui iml come epic nt eon 
stiietnn m the "Ujiplv ot gi mot he i fiult often 
found witli con p isition })i])e^ ( he ip i‘ii)mg is to be 
ivoieied IS ‘soundness is i veiv iieeessary quality 
111 ^ ispipes All lines ot pijnng should be laid 
with i gi idieiit «o tint condeiiseMl moisture can 
cli ip OI eh nn h lek into the i iseis Diip pipes should 
be piovieled wlieic neeessiiy Piping should be 
exjiosfd IS much is jiossiblc to ficihtatc future 
examm ition ind where the pipes ire laid beneatb 
floors the bo irds should bo si lewecl and not nailed 
down In se irching foi leaks m pipes, a light 
should not be ubccl, but the suspected parts 
painted with a strong soap solution, bubbles will 
show themselves if the**" least trace of gas is 
escaping The woik of the gasfltter has been 
described on pages 5797 to 6799 


Gas concluded 
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Economical Gardening. The Oldest Profession on Earth. Nurserymen and 

Coutlnucd from 
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Seedsmen. The Market Gardener ^nd his Opportunities. Profits and Losses 

By H. H. HAVART 


KTHER a garden be largo or Hinull, ita 
economical maiiagenient fle|)(‘ndH so much on 
soil, situation, and other circumstances, that no 
hard and fast rule can be laid down to a ])])ly equally 
in all cases. Particularly docs this a])ply to sul)urban 
gardens. There are some, notably in the western 
suburbs of London, attaehed to houses built on the 
site of market gardens, the soil in which is iiaturnlly 
good, and wlierc but little in the way of luaniirc is 
needed every year. 

The Cost and Economy of the Small 
Garden. The initial cost of forming such a small 
garden, too, depends greatly on tlie eomlition in 
which the builder of the house lias left it, or, if the 
house is not a now one, on the liorticultural tastes of 
the previous tenant. Assuming that the ground is 
not in a very rough state, the folhiwing ligures will 
serve as a guide to the initial outlay necessary' ; 



£ 

s. 

d. 

Jobbing Kiirdencr, tw'o days woediiviz, diK<.»in«. 




and preparing ground .at r^s. iier day . . 

0 

10 

0 

Spade, rake, etc 

{) 

H 

0 

Lawn mower 

u 

14 

0 

Loam, leaf mould, patting soil, for iinproviiig . . 

() 

12 

() 

Manure 

u 

0 

0 

Small collection of vegetable seeds 

1) 

.) 

<> 

Small collection of bulbs . . 

0 

r> 

0 

Small oolicctiou of hardy annuals an<i i.eren- 




nials 

0 


0 

Fruit ami rose trees and shrubs (say) .. 

1 

0 

0 


t4 


0 


This figure docs not, of course, represent the 
annual exiiense, which may, in subsequent years, be 
limited to pruetically the 12s. Od. conqaisiiig the 
seed and bulb items, as fruit and rose-trees rarely , 
require renewing. The item for niaruue, too, is oni* 
which need not recur often. In fact, in many cases, 
a tradesman wiio su])()lics the household with goofls 
will bo only too glad to give a load or .so of iiorse 
manure, if asked for it. 

A greenhouse, with its accompanying heating 
a])paratus, and a frame conslitulo a serious item. 
All efficient greenhouse for a small garden woul-d be 
one (sa)% 9 it. by (> ft.) costing aliout £4, and the 
necessjiry heating ap])aratus niiotlier £9. A haiidy- 
.sized frame, S ft. by b ft., costs £2 lbs. The ]iriccs 
given are those fur the .simplest form of housl^ and 
frame, and may bo taken as being the lowest at 
which an effective greenhouse can be established. 

Economy in Vegetables and Fruit. 

The mos.t economical thing that can be grown in 
any small garden is undoulitcdly tlic r'.earh*t-rimiu*r 
bean, A shill ing.sw'orth of thc.se, sown at iiit»*rvals 
of a fortnight throughout the spring, will yield suffi- 
cient for the needs of a small family throughout the 
summer, and on into the autumn — that is, assuming 
that they take their turn with other vegetable.s. 

It is waste of time to try and grow^ such vegetable.s 
/IS caulitlowers and cabbage.s in a town garden. 
Kadishes, lettuce, and mustard-nnd-ercss are most 
economical vegetables for town garden culture, 
aitdj at a rough computation, a sliillingsworth of. 
i^^may be expected for every i:)ennyworth of seed 
provided ordinary care is used in thinning out 


Pears thrive in town gardens much more readily 
than a])plc,s, while 'crops of cherries and plums are 
usually 8)>oiled by the attacks of birds. Of the bush 
fruits, the gooseberry is most likely to yield a 
])rofitable cio]) under such conditions. Strawberries 
arc not to be thought of except ns a hobby, as they 
take up a large amount of ground for a yield which is 
small in com])arison. The ground they would occiijiy 
is best covered with small saladings. 

lOcoiiomy in the flower garden is to be eifeotod 
by il.s help in furnishing flowers for indoor decora- 
tion, and for “ buttonhole ” purposes. In jdanting 
a small garden for economy, it is not at all necessary 
to ]mt the things in formal row-s, as if planting 
f<jr market purpo‘^es. Tliosc flow'ers which yield 
large siqqilies of bloom, for cutting purposes should 
l>e inter,s])ei’scd wiMi such things as geraniums, 
calceolaria, lohclia, and tlie like, wdiich, though 
not no ada]d(‘d for filling vases, lend bright <!olour 
to the garden generally : bonce, when oeeasioii 
aris<‘s to cut the flowers in tlic garden with a free 
h ind, the presen(;e of th<> things just mentioned will 
conceal the bareness wliicli their absence w'ould 
onl}" serve to accentuate. 

Economical Management ojT a Large 
Garden. The economical management of a garden 
depends almost entirely on the selection of ahead 
gai’deuor, and in this conuc'ct ion It often happens that 
the be.st horticulturist is not the mail most suited 
to i'ontrol a staff economically, and get the maxi- 
mum amount of produce out of the ground at the 
minimum expenditma* of money. 

A young gardener who Jiopes to rise as high as 
possible ill his jirofession should be careful not to 
lose sight of the commercial si<le of it. The days 
wdicii an owner of a country scat sinqily gav^e orders 
for a garden beautiful, without counting the cost, 
are over. Certainly, owuiers of garchuis take inucli 
more personal iiilorest in them than hitherto, but 
tlie eomimacial s])irit of the age has entered into 
gardening as dee]>ly as into many another liobby, 
and, although it seems sordid to say so, the head 
gardener who can mnk(‘ tin* liiggest show^ of bloom 
at the cheapest rate is the man who will get on. 

Economy in labour is one of the moat important 
items in the management t>f a largo garden, and 
here the individual who calls himself a “ head 
W'orKing ” gartleiier w ill Ik* ont of place. 'In an 
establishim'nt of any pri tentions, wdiere the number 
of hands employed in the gardens may be anything 
from twadvi^ to forty, it is a false economy on the p-irt 
of tlie head, a.s a rule, to do any of the manual work 
him.self. It must not be forgotten that, in the 
majority of gardens, a large section of the staff will 
be composed of boys and young men, with little or no 
sense of lifc’.s responsibilities, and that the tenipta- 
tion'^o idle away their time wlien no watchful eye 
is upon them is one too groat to be resisted. Instead 
of actually doing things himself, therefore, the head 
gardener should spend a large portion of his lime in 
seeing that others do them as he would wish. It is 
a false economy to employ young and comparatively 
inexperienced men as foremen. Next to the head 
himself the well-doing of the garden is in the hai^s of 
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these mela, and, though it may look well on paper to 
show a few pounds saving at the end of a year in this 
art of the wages list by employing low-priced 
ands, it is of very little use when there is a much 
bigger item on the other side of the balance-sheet for 
plants and other things which have been spoiled by 
careless handling. 

Seed«saving. An important item in the 
management of a largo garden is that of seed -saving. 
Seed of all flowers and vegetables that do well in a 
garden should be saved every year, and be stored 
away for sowing the follow'ing season. Careful 
attention to this branch of the garden work will 
effect a saving oi many ])ounds on the annual seed 
bill, and the work of picking them over in order to 
separate the good from the bad is an operation 
which may readily be carried out during the \\int(‘r 
days when there is not so much to b(' done out 
of doors, or at any time when inclement weather 
causes a cessation of operations outsidi'. It is not 
economy to be constantly introducing novelties into 
a garden. Changes must, of course, he niad(‘ fiom 
year to year, hut thousands of pounds are wasted 
annually in this country in the purchase of seeds, 
plants, and bulbs which are hoonusl as being 
something now. 

It is not too inucli to say that an eeonoiny of 
2.5 per cent, can he effected in the cost c)f fuel for 
the hothouses whore care is used. Sufticieiit fuel 
must, of course, ho used to maintain the liousos at 
an adequate temperature, and anything nnae than 
that is not only WMste as far as the consumjflion of 
fuel is concerned, hut is not in any way conducive 
to the welfare of the inhal)itanfs of tlio greenhouses. 
It should not he forgotten iluit coal-dust, damped 
with a little water, and hanked up in the boilers 
overnight, will jireserve an equable ti'inperature in a 
house till morning, without further attimtion. This 
is a far more economical plan than the general one ot 
stoking up overnight with a niixlun' of coal and 
coke, which invariably has the efl'cet ot raising tlie 
house many degrees above its proper temperature 
iluring the early hours of the night, and letting it 
down dangerously by the time the darkest and 
coldest hour of all arriv(‘s — the one ])icceding daw^ii. 

A watchful eye must he kept on what is errom*- 
oiisly called tlie nihhislv heap. ft is a eommou 
practice to throw aw'ay hulhs that liave been torced, 
plants which have been ])iilled up iu tin* process ot 
thinning out hods, and other such things. AH 
forced bulbs may bo used again in a spot in the 
reserve garden to fiiriiisli a sujipJy of hlooiii for 
cutting, .and if there is iio room for smjihis liedding 
plants, or thinned-out vegetables, tliey m.iy readily 
bo exchanged or got rid of in other wmys. 

How to LfObel. l*ro])cr labelling of ])lants 
is a far more im])orlant fa<*tor in tlie econoniuMl 
management, of a garden th.in is geiuT.dly 
imagined. Except in the casi* of plants wdiieh 
are so generally grown that they cannot fail to 
be recognised by the merest tyro, it is v^ell to lia\e 
everything labelled incons])icuoiisly, hut at I lie 
same time clearly. This is ])arl iciilarly imjioit.iiit 
in g^dens where collect ions of the diff<*rcnt spcci(‘s 
of genus are made, as, although many of thmn 
are very similar in appearance, they rcipiire differ- 
ent treatment from each other. In tlie event of a 
mistake, thei^efom, it is easy to see that a lot of 
valuable plants may be lost through not being 
labelled at all, or labelleri indistinctly. It may 
be well to state hero that the writing on a la bel should 
always bo conimoneed at the top end — that i.s to 
at the part of the lAoel furthest from the point 
sticlU into the groiuid. The reason for 


this is that if the rain and decay tend to make the 
label illegible, the upper part of it is, in the ordinary 
course of events, sure to bo clearer than that which 
is close to the ground. If this upper part, therefore, 
l>oars the fir.st part of the name of a jplant, it is usually 
easy to guess at the remainder ; but if the writing 
of tlie label ha.s been .started at the lower part, in all 
probability the la.st few' letters of it only will be 
legible, and confusion easily follows. 

The Need for Tidiness. It need perhaps 
hardly be said that tidiness and economy go hand 
ill hand in gardening. All such operations as 
weeding, rolling, mowing, the oli])ping of hedges, 
and the hundred and oiu' operations which go to 
make the garden neat and jiloasing to the eye, 
should be attended to ]irom])tly and frequently, 
ft is easy for a lad to remove young weeds, for 
e\am])le, in a very short lime when they first make 
their ajipe.irance, but if they are allowed to remain 
undisturbed for a few days, it is a.stoiiishing W'ith 
wliat rapidity they w ill grow, and with what corre- 
s])oiiding iliflieulty and expenditure of labour their 
removal will be a t tended. That well-known business 
maxim, “ J)o it now,” cannot lie too rigidly observed 
in connection with the gardening operations just 
ailuded to it a triu* economy of time and labour is to 
be (‘iTected. On tlie other hand, it is well not to be 
too ])r(‘cipi(ale with the autumn and winter planting 
<)t»ci.itioiH, and the e.irrying out of such 8clicme.s 
as summer bedding. '^Flie vagaries of the w'ealher 
have to l)<‘ eousidta’cd here, and too much promptness 
iu the work may allow' a nip of frost to destroy 
e\<*ry thing, and liene(‘, instetad of an economy being 
effected, a further expense for ju'w plants is incurred. 

How to Become a Gardener. Although 
the oldest profession on earth, gardening is one 
which IS most poorly paid, and the lad who is 
sett ing out w ith the determination to make a fortune 
should think \ery dce])ly before he decides to em- 
braee hortieiilture a.s the means to that end. This 
remark a])))lies more particularly to private gardens. 
Then* are plenty of instance.s on record of nur.scry* 
men who ha\e accumulated largo fortunes, and, 
although th(‘ market gardener is always pleading 
po\eilv, one v(TV larely sees members of his pro- 
fession included in the ofliidal list of Receiving 
Onleisin Ikniki iiptcy ; but in both these businesses 
there is, ot eoiirsi*, ,\ large element of ri.sk. To 
(jualifv as ,i g.irdema* it is neeess.iiy to start young. 
The oithodox way is to .secure a berth in some large 
lot .d ]>nv.ite garden or nursery as a boy, at a 
waiie winch rarely exceeds o.s. per week. If a 
I.nl shows any aptitude the head gardener will 
be only too glad to push him on, and, in a couple of 
ycais time or so, ins money will bo raised to 
7s, or Ss. .v week, in adilition to living ac- 
eomoditioii in the “bothy,” Thi.s “bothy” 
is Usually a .small eoltage in which (he young 
unman ied gardeners m a private establishment 
live toLudher, and t.ike it in (urns to act the part of 
lioii.selvic per. It the* “ im])rovt‘r,” as the embryo 
gardener is called at this st.ige, liv'(*s at homo 
instead of in the “ botliy,” he is usually paid a 
shilling or two more per w'oek. As lie grow's older 
and g uns more e\]ierieneo lie develops into a “jour- 
neyman.” Tlmn* is no doubt that at thi.s time be. 
g.iins the bulk of hi.s experience, and if he wishes to 
learn his profession tlioroiighly he wn'll do W'cll to 
change his .situation occa.sionally, and become 
acqiiainleil with gardens in various part^ of the 
country. 

It must be distinctly understood here th#vt the 
writer does not wish to advise lads and young men to 
throw up good situations, and go wandc ring about (he 
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fiMte of tlieland in and out of work every few week^ 
II gardener is in a situation which seems likely to 
be a permanent one, and the prospects of promotion 
are good, he will, of couise, stay there if he is sen- 
sible, At the same time, expenenee gained in only 
one garden cannot be so varied or valuable as that 
obtained in two or three, where soil, aspect, climate, 
and dozens of other conditions \ aiy. 

Getting to the Top. By the time he is 
fonr or five and tA^eiily yeais of age, the 
journeyman ’* usually oonsideis he has sulh< lent 
experience to club himself a foieinan,” and in 
this capacity he has oh,iige of one part ot the 

g arden, under the immediate sujiervision ot the 
ead gai dener. The num her of foi emen em ploy ed in 
a garden vanes, but in a pl.ice of any pieteusions 
there is usually one foi the kitchen g.ndeii, one foi 
the flowei garden, and a thud for the glasshouses 
and conservatoi les. His v.igcs aie now about 
£1 per week, and li s shaie in the “holhv.” oi 
24». a week, roughly, if lie lives out side The 
final step fiom loiCMiian to head garclenei usually 
happens automatically, when the* hoiti< ulturiMt 
is hired into matrimony. He hnds th«it a foreman s 
wage IS not sufhcient to support two, and thcieforo 
he endeavours to bettei himself by a])pl\ing foi i 
situation as head garclenei . \^ he n he his sik t ec‘ch*d 
ill obtaining tins he has nsen is high as he can 
ever hope to do in his piofession His emoluments 
now consist of a silaiy of 30s. i week with 
a cottage to live m lent free and the ]nivilege 
of having sufhcient of liis cmployei’s coal, find, and 
vegetables, for the ( onsum])( ion of hiinstli and 
family. Theic aie \ciy few gauleneis indeed m 
the United Kingdom who, though thev may hive 
charge of places m whidi thiitv oi ioity men and 
boys are at work, lect ive higher w ige than that 
just mentioned, an meomo wlm h, m < ash and kind, 
rarely exceeds £150 a year 
Growing for Exhibition, (irowing fm 
exhibition at flower shows is anothei of (lie 
gardener’s methods ot iiKieising his income 
if his employer does not object There is hiidlv 
a village in the United Kingdom tint does not hold 
its annual flower-show, and many gnideneis (*xhibit 
at eveiy show within a i ca son ible i acl ms The pi i/es 
are not large, ceitainly, ranging as they do fioin a 
shilling to a sovereign, but they amount to a con- 
siderable aggicgate with a consistent exhibitoi. 'The 
majority of employcis are very willing loi their 
gaMeners to compete at tluse flowei shows, and 
willingly buy exhibition varieties ol diilereiit jrlanls 
to facilitate their chance ot winning, thinking, as 
they lightly do, that sun ess at flowei -shows is a 
proof of the skill of then giidcnei, and an 
incentive to spur him on to fuithei eftorts At 
the same time, however, it must be remembend 
that too imirdi showing is i bid thing A head 
gardener who is eonstantK exhibiting is apt to 
devote too much attention to liis show ” jilants, to 
the detriment of the garden woik gcneially , while 
his constant absence at the shows themselves, 
brought about by the necessity of staging and 
removing his exhibits, js hkely to make things 
‘got slack in the garden all round Kx hi biting, 
therefore, should only be done in moderation. 

How to Succeed as a Nurseryman 
and Seedsman. The difference between a 
jSdrist and a nurseryman and a seedsman is a 
Ijtaplo one. The florist is not a piodueer, but is 
Jgppeiridly merely an agent for the disposal of 
g^owijc by other people. The nuiseryman 
on the other handy sells plants 
are the insult of his own pnltiyatipn 


and skill It must not be imagined, howeveti 
. nurserymen sell nothing but what th^y ka^e 
raised themselves, as large quantities of 
and bulks are imported annually, chiefly itdifi 
Uermany, France, and Holland, to enable them to 
fill orders which they could not execute from 
stock of their own raising [see also Ssedsmek,- 
page 49!)5J. 

Roughly speaking, nuiseiymen and seedsmen 
may be divided into three classes. At least 70 per 
( ent. of them do the bulk of their trade m penny and 
twojienny packets of seeds, and cheap bedding 
jilants. About 20 jxu rent, of the remainder have a 
bettoi class of tiacle, an important featuie of which 
is the laying out and keeping in order of suburban 
gardens by oontiact. The remaining 10 per cent, 
oi thcieahouts lejiresent the elite of the trade, 
who, as a lule, supjfly onl> seeds of the finest 
c|uality. gtown by themselves, and the latest 
noveltic's, foi wliuh they c in couiniaiid high prices 

How to Start. At the present lime, un- 
doubtedly the best situation loi a nniscryman and 
seedsman who conteinpl itc's stalling m business jh 
m the outei subiiibs of London or one of the other 
gieat cities. In siuh a situation he will bo able to 
glow plants and jnocliue seeds, fiee from the taint 
of city smoke, though, at the s nne time, they Will bo 
haid^ enough to withstand the iigouis of town life. 
A lirge portion ot his tincle will be purely local, 
although the jiostal dojiaitnient of a mu seryman’s 
ti.icle IS on<‘ whuh ought mvci to be neglected. 
Natmaliy, the gieatci poition of the stock of a 
seedsman who caters foi the million will have to he 
pint based by him fioui the wholesale houses in bulk, 
and luatle nj) and retailed m small f|uantities. Much 
of the snt t ess of the i et nli i w ill clojiend on the 
quihty ot the setd he (lius dispenses It he is 
c.nctnl to de d with whoIcsal(‘ linns of high standing, 
whose 11 unes nie a guarantee ot the goods they 
supply, oiii young mil s(*iyinan is, at all events, sine 
of giving sitislaetion to Ins cuslomois 

A (citain amount of seed ot such things as 
ealeeokun, pdunia, Jobtlia, and other jiopulai 
phiils shonlci be sown veiy early in the year m heat 
with a twofold purjiose in view . Some of the pi ints 
so laisecl Will be required in the late days of spring 
and early summer, eithei foi selling to chance eiisto 
meis, or for the pniposo of fnliilhng any eontiact'^ 
to keep g.irdens and window- boxes in order whieJi 
the nuisejyman may have been fortunate enough to 
secnie. Keeping gardens m ordei by contract is a 
veiy profitable bianrh of a miisoryman’s business, 
and a good tiade may often be done in this diiection 
by a local canvass of likely houses during the 
months of Ajiiil and May. 

Mail Order Business. If this branch of Ins 
mdiiatiy should at first not come up to hia expecta- 
tions, theie IS anotlici ehaimel through which the 
miiseiyman can dispose of any jilantslio may have 
on hand. This is by means of aclvertiscmcnts m the 
hortieiiltnial journals, heaimg always m mind the 
tact that the nurseryman should draw up his advei- 
tisementwith a view to disposing of what he will have 
leady for sale m a fortnight or three weeks* time. 
Most hoitieultiiral journals go to press at leAfit 
a week m advance, and the consetjuence is that 
plants, which may be ready for disposal at the 
moment of drawing up the advertisement, will bo 
past their best time for transplanting when the 
announcement is made public, and ordei^s begin to 
come in. Intelligent anticipation will do much to 
assist in this branch of the business,, but if, as sotue* 
times happens, an unexpected storm or late nip or 
iniures nr 
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holies of profit have been built, the best plan is to 
rettirn the money for orders which cannot be 
filled from the nurseryman’s own stock. 

The Butb Trade. The largo majority of 
bulbs sold in this country every autumn are of Dutch 
origin, though within recent years it is pleasing to 
know that in the Lincolnshire Fen district, and in 
some parts of Ireland, bulb culture has met with no 
uncertain mca sure of success. Comparatively little 
wholesale trade is done, however, as most of ilio 
growers sux^ply the public direct. In the days to 
come, however, there is but little doubt that the 
English and Irish bulbs will oust the Dutch bulbs 
from the market, especially as far as the beit-er and 
choicer sorts arc concerned. In the meantime, it 
is well to deal only with Dutch tirms wdio will 
guarantee their bulbs as being true to name. A 
nurseryman should never liesitalc about stocking 
bulbs liberally, as he has two chances of selling 
them. Those which are not got rid of by the end 
of November, when all bulb planting should cease, 
should bo potted up and hurried on in a slight 
heat, when they will readily sell in the very early 
spring for decorative XJur])oses, as the garden, and 
often the greenhouse, arc coin])arativcly bare of 
flowers at this time of the year unless they have 
been well looked after. 

It should not be forgotten that one of the most 
profitable branches of a nurseryman’s l.uisincss 
is the “ buttonhole ” trade. To cope with this branch 
as far ns possible, special efforts with winterdlouer- 
ing carnations and roses in pots should Lh‘ made, 
as these two flowers are in the greatest demand. 
If sufficient cannot be grown on the premises, 
without undue oneroaehnient on valuable sx)ace, 
supplies may easily be augmented by French 
and Channel Islands flowers, which arrive atCovent 
Garden Market and other great centres of distribu- 
tion in large quantities <liiring man}' months of 
the year. 

The Market Garden. The market gar- 
dener is not tvoulded much by wimling paths and 
jiretty effects. Ooneerning that part of his ground 
which is destined for open-air culture, the great 
aim of the market gardener, after such ground has 
been dug and prepared, is to U)aintain a proper 
rotation of crops, especially uis far as vegetables 
are concerned. To this end the same vegetable 
will ho grown on the same piece of land only once 
in every fourth year, so that the different chemical 
elements in the soil may adjust themselves and 
preserve the ground from becoming impoverishtul, 
at the same time effeiding a large saving in the l)ili 
for animal and artificial manures. 

There are a few points of e,s])ecial inquHtam e if 
one wishes to succeed as a Tiiarkcfc gardener. If is 
well, to some extent, to specialise. A man stands 
a far better chance of success if he goes i»i for grow- 
ing just a few things ; say, for the sake of arguiiiciit., 
grapes, tomatoes, and the choicer stone fruits on a 
large scale, than he docs if he ])ottcrs about with 
little patches of half a hundred diff'er<*nt things 
which, have cost him far more, in proportion, to 
bring;^to perfection, for which he wiil have a 
difficulty in finding a market. Salesmen do not 
care to handle small parcels of goods of which 
the carriage practically swallows up the ] Profits. 

Tli^ , Opportunities of £xtra»season 
Crops^ Another point which the market grower 
jhouS. ivetch is not to devote all his attention to 
“ma|h crop ” things, but pay attotion to early 
and late sorts. For instance, who has not lamented 
tli«i shortness of the strawberry season ? To the 
, ;mj^ the street it is heralded by the appearance 


01 choice fruits at two or three shillings for a small 
basketful. In a fortnight’s time there is such a 
glut of tlio berries that really excellent fruit 
may bo purchased at fourpcnce or sixpence a 
pound, rnd then all is over, and what cannot bo 
oaten hrs to be destroyed or rushed round to 
the jam factories. 

If many of Ihosc growlers had devoted their 
attention to earlier and later sorts, there would 
have been a longer and steadier demand at better 
average prices, and loss risk of the fruit spoiling 
without finding a ]mrchascr. There is no difficulty 
about this. At the headquarters of the strawberry 
world, close to Bedford, it is quite jiossiblo to have 
strawberries any day in the year, and though an 
all-the-j'^ear-roimd strawberry trade is not to bo 
recomintuided, it would be epute easy to lengthen 
]>rofitably the present season. 

Raising New Varieties. The raising of 
new sorts of fruits and vegetables can be made a 
soiina* of profit to the market grower. Potatoes, 
for example, lose tlicir character in the course of n 
dozen or t\v(‘nty years and give way to disease, 
while tomatoes, strawberries, and many florists’ 
flowers, such as roses, chrysanthemums,' and 
carnations also deteriorate in quality .and need to 
be replaced by good new sorts. It is a fact that a 
couple of seasons ago the now world-famed Eldorado 
])otato changed hands at the rate of £22,400 a ton, 
while another variety, NortJiern Star, was for a 
brief period sold at the rate of £4.500 a ton. 

When laying out the market garden, however, 
it is not wise to reserve too largo a piece for ox- 
])crimeiilal x>urposcs. To attempt to raise an im- 
proved new potato is v(‘ry much like taking a ticket 
in a lottery, then* are so viTy few prizes and so 
many blanks. (Viutious growers, who have made 
u]» th<‘ir minds not to soar above the limitations 
of a moderate income, will carefully ignore the 
experimental ground altogether, and content them- 
selves wdfh buying stock of any desirable novelty 
from (he lucky raiser. 

The Profit and Loss Sides of a Market 
Garden. Within the last few years many thousands 
ol acres of agricultural land have been diverted 
from llie jairposes for which they have hitherto been 
em]>loyc<l, and used for raising crops of fruit and 
^egctahles for market. The BoMid of Trade returns 
show that tin’s acreage is incrcasihg every year, a 
fact which goes som«‘ way to show that the occupa- 
tion is a profitahle one, an assumption which w 
further borne out l)y the curious rcticicnce of pro- 
losional market ganlencrs at all times to give any 
ndiable figures for publication. 

As far as his profit and loss is concerned, the 
iiiark(‘t grow'cr is largely at the tnercy of tlie weather, 
and it is not only had weather that he has to fear. 
Storms, winds, and other inclemencies, w'ill, of 
course, retard progress an<l tend to produce only 
s('aut and immature crops — a source of considerable 
loss, as the expcnditiire for labour, manure, and 
materials is just ns heavy as in the case of a generoua 
yield. 'Voo fnvourahle w'eathor also is not a source 
of unmixed satisfaction to the market grower. 
It means a full cro]>, certainly, liossibly a glut, 
and when this ha]>poiis tli© prices realised im- 
iiKsliately fall so low tliat there is little or no 
profit for the grower. 

In all market gardens where there is a large amount 
of glass for growing cucumbers, tomatoes, grapes, 
and other such things, there is always . danger 
during severe weather of damage due to breakage. 
A single hailstorm has been known to do £20,000 
worth of damage to glasshouses alone, in addition 
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Co whleb, tens of thousands of 'tender pliSite" 
perished at the time from exposure Every 
marketr gardener should guard against loss from 
this source^^nd it is a more frequent danger 
than IS customarily imagined — by insuring Ips glass 
house against damage by the weather Several 
companies will take such iisks at % moderate pre 
mnim, and one m particiiUr specialises in them 
When stajting in business, the young mirket 
gardener should be careful to ascertain thit he m 
3'iroperly rated as, if his holding is of any si/e 
ooeh rates will form a consideiable lUm m his pioht 
and loss account Market g ii dens are only to be i aled 
at one fomth of the amount in the pound which is 
payable foi a dwelling house — that is is fir is the 
general uibnn distiietj ate js cone orned Foi i Poor 


garden, and the teidni that may'he^ 
each crop, 

The table given below has, however, been eaxefuHy 
prepared with a view to showing the average retotils 
which may be expected from land carrying the 
various vegetable crops, and will, at all evente, be 
of assistance to the novice who is m doubt as to 
wh'^ther he is managing his market garden m an 
economical manner 

In the item coat of cultivation ” m the table 
no provision lias been made for the cost of 
m inuring Ilcie, again, no hard and fast rule can 
be laid down Whcio jilcnty of natural manure 
IS obtainable, the use of much chemical or artificial 
manure is not reeonimendeel In most oases, how- 
cvei, the soil of market gaidens needs a stimulant 


AVERAGE MELD 

OI MARK! 1 LWD, 

(OSl OF lULin A1 (ON 

AXD MARKET PRICES 

' 

A\ y 1 »* 

t Ht f It A it 11 e 

r 1 iket price 

Artichoke (Globe) 

J ouo he i Is 

proMjn ilely same as tal b ik< 

Is (il }triioz 

Artichoke (Jenisali in) 

~ 0 hiislii Is 

n xiinati ly saini as jitit 

2s bd j)ir bushtl 

Aaparamia 

twf ( 

\ int 8 widil\ 

Is to *>s iwr bundle (100 shoots) 

Beane (broad) 

]2() bushels 

Vanes widely 

-s «d per liushel 

Beans (kidric\) 

— () biisbils ’ 

V iiies width 

8 1 er bushel 

Beetroot 

i 0 biisbi Is 

24s jier lire 

Id to 28 per doz 

Broccoli 

K to 10 ti ns 

^aim as for e ibb im 

108 ptr ente ot 6 (Hz 

Brussels sprouts 

1 0 bushels 

1 r< m Os to > H ptr urt 

8 per biishtl 

Cabbage 

JO 000 h( ads 

,.48 lo -JS8 1 tr UK 

Is pt r doz 

Carrots 

00 1 uiK b< s 

70s itr UK 

Is 6d 1 tr doz bunches 

( auliHower 

1 t ,.0 t s 

Is J 1 r u re 

-s Jtr do/ 

Celerv 

1 000 111 1(1“ 

t4 to £ ) 

Is (d ptr doz htads 

Cucumber 

( 000 fn in ]< Olt Ii ns 

12 > jtr lit list 

-8 1 ( r (It z 

Herbs (various) 

1 ti n (will n dm d) 

V mis wult h 

08 ler twt 

Horseradish 

10 000 Hi n Ills 

-Ss |cr atn • 

Is Hi per 1 undle of 2 roots 

Locks 

000 1 nn 1 s 

id ptr oen 

2s in doz bunches 

Pettuce 

000 in urt 

V iriis Krtatly 

0(1 to Is ftd pel doz 

Musliroonis 

Hi wt 1 ( r 100 Ml nil 

il" pn 100 id (nilM 1 1 d) 

(d ler Ih 

Mustard and lubs 

fins in 1 IS \vi in 

ininv \ UMna wa\s 

Is i>er di / puniuts 

Oniuii 

400 1 ush Is 

id lOs itr a(K 

-s td ]tr hiislul 

Parsnip 

♦ 00 1 uslu Is 

70h per lort 

2r dd per busht 1 

Peas 

1 0 1 ushels 

V meg r,rfath 

28 per bushil 

Potatoes 

S tl IIS j 

-8s It Os 

it 108 ] n ton 

Savoy 

‘^eskalp 

^ ims tre ith 

Sana is tor tab? age 

V ants grt ith 

Is 1 er 2 1?) punnet 

^mach 

Tomatoes 

4 0 l nsbi Is 1 

Vs It r t ilibaKt 

28 to Is ptr bushel 

3 It jir 1 la it 

\ ints gieith 

Id lo 4(1 ptrib 

Turnips 

"00 1 ushi Is 

408 jtr atrt 

4h I er lit / bunt lies 

Vegetabli nnirow 

1 00 d / 

208 to 2 s JM I itK 

Is Id ixr do/ 


tato they aie Inhle for Inlf the imount paviblc 
for a dwelling house but buildings Ihcieon su(h 
isgieenhoiises, ire liable foi the lull imount It may 
be well to st ite here th it an orduig to th< M ii kot 
Gardeneis Com|Knsitiori Ait i iiiaiket gmhn is 
“ 1 holding i^holly or parti ill\ rultnated lor grow 
mg pro#^luce for market — tint is to sa> the ciops 
grown on hikH Inid must be foi uniket ]>iu poses 
onlv A private mdividuil who his i \tiy large 
garden, and disposes of nit mi suiplus hint ami 
vegetables m the inaikcts ]*> not i luiiktt girduier 
within the mcHnnig of the \t t md his ^uehu js 
liable to be rated at the full i mount It is ilways 
woH to see that the Kites aie pioperly idj listed at 
the commencement of tJie teininv as when on e 
a payment Ins been made on i liighor si lU it is x 
long and tedious piocess to get oitlur i leas^.ess 
luent oi a refund 

It IS, of course, inqiossible to 1 ly down any hard 
and fast iiile thit will ayiply to the whole of the 
country as to the cost ot m int unmg i iinrket 


of some kind iiid the following little t iblo gues 
pirticiilais of thosi winch iie most eionomicil 


Mil 1 

0 A t ly 1 J lOfl 

1 « » 

eo**t 

Bisit slag 

1 ? 

tal 

£2 ptr ton 

DisBolvt (i bones 


(Wt 

£4 lOs , 

Guuio 

' 1 

iwt 

£11 

N itrate of sod i 

1 

(Wl 

1 £1^ 

Sulphitetf iniint nia 

1 

(Wt 


Suli>h it( of pt tasli 

U 

twt 

1 £d 


\ny ot these mininis iie suitable for inaiket 
gudtn rrojis with the exception of sulphate of 
immonii ind rnti iti of soda, neither of which is 
it dcsii able to ipply to pe is or beans A very eh ap 
iiid eflective muiurc for jiotatoes and onions is 
oidmaiy soot used at the late of throe dozen 
bushels per acre In the neighbourhood of a town 
this can usuilly be obt lined at a few pence pei 
bushel, raicly more than sj\i>cnce 


Gardening concluded 








By JOHN HENRY WHILE 


piofofasiun of a fiitniin oftcis i ^Mdc field 1oi 
^ activity and enci^V md ilso inord'>sro]K foi 
inventive genius \ \oung m in df sii mg to hecoim 
IS a fireman a memh*i of a tiainod skilled ind 
well di&ciplmed font must stirt Mitli the filter 
mination to be (fbcitnt in his ^\oik md to studv 
it in both thooiv md prietue. in oidei to be ibk 
to work ill i])])lun(es which will eoine unde i his 
fhsrge to the best ulv int ige Tn the following 
description of the ti nmn^ mel woik ot fiieincn 
the piotcdiirc aiiel system of the 1 e ndon l<ii( 
Biignde, is be the ])remier oiginisitiem of its 
kincl in the wodd ha\c been t ike n is the bi s 
U])On which the subjee ( should be studied in theoi\ 
Piactieil tnining work mel e\]Kien(i iie of 
eourse, the ossentiils to enible i hi* mm to ine 
high m his p ofession 

Selection of Candidates. I la s\ stem of 
ippointing men as numbeis of \ li ime 1 tin 
hiigacle IS ]>rietie ill> the sime m ill hi^e towns 
the Chief Ofheer seeing ill c mdicl itts it the pnnei])d 
stition In Londem until epute ie(entl\ it w is 
neccssaty tint candid itcs lot the i))]Knntnie nt of 
tnemcii should he se mien hut this luk Ins to seuiie 
( xtent been re 1 ixe d line cent v« us ilthougli i\onng 
man fiCRh fiom the sei witlv eleiu disehir^e pipeis 
Ins a dccidedlv hetlei ehmee oi leeeptmee th m i 
c mdidatc who Ins been employed in nioie stdentii\ 
work 1. he men must be undei thiiti tens of i^e 
must measuie it least 17 m round the ehest iiei 
rliould be it le ist ) ft r m m height J he \ must be 
men of geiiti 1 mtelhgin < and able to k id md 
write 

The Man's “ Pedigree ” and Strength. 

Ihe fust thing the < mdidiU is iske 1 to do is to 
produce Ills hiith eeitilieite md his dis h irgt 
pijiers, or test imoii Ills is to e h ii letci semee cti 
These are eartfully se armed md if tlie\ ue sitis 
f u tory his he jglit mdelicsl meismement uetikeii 
and he is e died upon to])iov( hisstieiigtli h\ i iism^ 
a file CSC ipc s merle Iimdcd withthetukk rtveised 
The I opt or t ill ol a hie e sc i])e t le kle is 20 i ilhoms 
or 120 ft in length I he t sc ipe is 1 ud on the gioiiiiel 
rithtr below tlie hoii/ontd position md i li kU 
IS aitfub el to lliC/ cirnige end e^ tin mi limi 
and to i r ng in tin ground I be c mdid de st mds on 
the Itvcis the tse i])i md hiiiimg d the fi kk 
Ins to ])ull tile inae lime ii]r horn the hoii/entd 
almost to the pcrpcndieiil u until tin It nr whei Is 
rest upon tin tfionnel U he n i m m on llu e un ige 
k'ver IS pulling up the inuhine with the tie kit 
leyeisod, the mitnl imll is 240 lb md the I \ed 
sttam when he u nut ])iillmg is 70 lb Wlun tin 
machine comes to an angle of 45 the pull is 200 II) , 
and the fixeci stnin 70 lb md this giitludly 
dinimshcs until the hind wheels touch the ground 
Medical Examination. I his ordeal lia\iiig 
been Satisfactorily passed md the e mdidate h i\ ing 
been approved by ihe Chief Officer is stout, stiong, 
healthy looking, intelligent, and in all othei lesjiects 
apparently eligible, he is sent for me die al examination 
to the surgeon appointee! for the purpose Inasmuch 
a« service ra a hre biigade requires all the energies 


of 1 m m it IS im])c i ati\ e th it only sue h men should 
be ip])oiiit{ (1 IS lie d)le to ])iss the surgeon satis 
lieloiiK dtc 1 h i\ mg ^oiio through the veiv sc'veie 
test eles iibed I lie surgeon is ho thinks fit, either 
II pets or pisses the mm in oich i ise giving a 
eeilifie ito Ihe eiilihc ite 5 ,i\fii m the case of an 
i])| io\td m m 1 ike s the follow mg form 1 bis is to 
oertitvthit 1 hivi ivammid \ B md hoheve him 
lobe bee fiomdisi ist md well suite d for the situ i 
tion ot i fire m m m the T omlon 1 irt» Brigade ' 

Probation. Iluse pie hminines settled, the 
e mdid do becomes i ]>ioh dionaiy hrcmaii, and is 
ill ifted into tlic drill cliss among othei men 
unde lining instill I on In 1 on don his course of 
instru lion is < lined out d the fine he idepiaiters 
d Wiiuhestci llou e ‘suiitliw uk Brielgc Ro icl, 
when ho lives foi the lii»t thicc months of his life 
is I tnem in 

A Fireman's Kit. 1 he first morning after the 
c mdid dc piins he is mtioducccl to his future tom 
piniuis of flu drill eliss md lectives his kit 
I his (onsists of tiueo pins of teq) lioots for firo 
])ni]K)ses tlupf ]) 111 s ot trousers tine e cloth tunics, 
two ]iun])tis foi h^ht we 11 three e ips n helm#t, 
belt we s])innei and i p nr of shoos for gymnasium 
puiposcs He IS found cpiaiteis m the tlrill class 
irloek md mosses with his fnline tomndes Ho is 
su[)plud with 1 mdtiess pilliisso thioe blankets, 
md i jiillow bill li iH to find Ins own shoots and pillow 
slq s H s (h II e mmunccs tioni the first day he 
joins md he Ins to lomjilete thiie months m the 
(hill < 1 iss fioii the time of joining Jf it is nceessiry 
to send him to m onf s( dion before tho time has 
1 1 1 | se <1 he li IS to u turn to S nithw uk and eomplcto 
the p< I lod ot h 11 

Syllabus of Drill. llu dull chss of the 
Ion Ion J JH Biigido is split up into two paitfl, 
the tlifor lied in I tin inieti d se (ions For both 
eefon-% tlieie ii two svlhhusos of instruction, 
wh h lie woike I m dteinde wooks in order to 
md some e li in_ m th loiitiiK I ho men under 
mslni tion it should le sent irt undti two in- 
still lois with i Id ion oih er in charge In all 
e ise the hells ire, i mu d i cpi u Ur to seven 0 clock, 
md Hie cl la s woik s o| ened by physu d exercise 
with Indim finis md lire ladekis An hour is 
devotid to ele miri^ tin <l )i mitoi j< s, etc l?rom 
ii^ld oelo k until nmt the men lie engiged in 
hie ilvfist hod linking mil so on, md from nine 
e) click to hdt 1 I"! nim m clc mmg tho applnnccs 
Iheu IS i st md c is\ iiom fi 30 to b 45, md then 

the I tu el woik of llu diy c omme ncc s 

Theoretical Instruction. Ihe syllabus 
of work foi tho thootetic il section may be set out 
111 clit 111 div bv di> It is n follows 

]f The nun iro k tin ed foi thiee ejuariers 

of m hour on the orgmisdion of tho brigade 
md the duties of a firem m Hit clothing ai^d general 
suiioundmgs of the w deh room aio inspected An 
cxplmation of the nature and use of the helmet, 
wc spanuei, and gear generally is given, and the 
instructor rulds hints as to the mending and genctp.1 
aic of tho London County Council clothing Two 
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nmi lamiitiTieN 

at« allowed for dixmor* tn the* afternoon, the drillJ In %l&s aftemodne> oarry p4i oM 

"'fe^e^tOT gives a genera! explanation of all gear book ladder drill, nnd receive expianatioiDs i» 
^rried on the engines, the method of stowing it, fire alarm system, and of the proper meihodel 

Ond the different screws and couplings used in the forwarding * cills,** * stops,'* etc , m regard io 

brigade, ictual hres 

Tve^y After physical drill, tho instructor gives On Tuesdays they enter upon hose cart drill With 
* lectori No 2, on the mobilisition of the brigade, and hydrants and stand pipes and in the afternoon take 

the systems of fire sJarms Jind tommimioation by part m horse escape dull, and in exeioisa rescue 

telephone and elcctia, bells He also deals with the woik 

use of long and short lines knotting, hitches etc , On II idncsd/iys the woik is practically the same 
and explains methods of rtsnu by me ms of lines ns tint given under rhcoietical Instruction 
In the afternoon mstruction is given on London On Thursdays the men uceive an explanation of 
water supply miins service pipes siip))lv ])ipis the use of the in mini engine and of first aid 
hre plugs cocks ind hyclnnt the men icccixmg applimecs and iindeigo m the afternoon watch* 

a thorougli insight into the wiy in which London loom instnution md m explanation of tho 

is supplied with w-iUi foi liie ])uipos(s methods c iiiying out duties and watches at 

Wednesday After the usual dull the mcmbcis of stic t stations md in hic cscipe boxes 

the theoretical diss issist to picpiic foi the^enei il On hndnys they ncdiillod m the work of canying 
display which is always gi\tn to the public it the clown insensibU poisons icstoring life by ortincial 

Southwark lu idcjiiaitcis on Widncsdivs 'md lie methods and in csi ipe woik Friday iftornoous 

instructed m jumping into slitct*- and m methods me di voted to gun i ij ( leaning nj) worlc 

of rescue woik with fines In tin afternoon tiny The Practical Class. From the thoo 
assist ^wjth the gcneiil dull icticil class the novices iindcf instruction are pio- 

Thursdays The mstructoi delivers Icctuic \o I moteiltothe ja ictieilcliss wheit the e illy morning 

loiitiiK IS the sime Ihe first weeks 
sylhhus of mstiiietion ijiirt from this 
loiitme consists bnefly stited, of the 
following ]>iogi mime of work 

Miwday Iln men iie inslnieted m the 
nn tlicnl ot pa king up insensible persons 
they piepiic foi md eiiiy out wet dull 
with 1 steamer In the afteinoon they 
itre ive mstiu tion m testing md repairing 
hose unde 1 go pi loticc m rendering first 
ud to the injiiied dull with the hoised 
fscipc lie mstiuetcd in the use of cm apes 
inel lulekis in e i^e s ot e meige ncy, md 
iiry em us ne work with lines They 
1)1 k 11 ]) it fenii odoek The men iie 
divided into thiee witches of leave, ind 
thosi on leave iic at liberty until 1 a m , 
while the otlnis engige m station and 
^tlni duty 

7 uc^dfuf I he nu inbeis of the pi xotieal 
1 iss lie t \e i iseel with jiimjnng sheets and 
in hose cut drill in iddition to horsed 
es ipe md minualdiiil In tho afternoon 
tliey ru instni ted m the geography of the, 
Jjondem ( ountv ( ouneil aiei, the mobilibi 
ti n of the Rrigide md the duties of 
til omen g< ne i dlv 

on files, nietho Is of dealing with chimiu V file md 11 (da d ty Tho iiriKuliim inoludes much of 
the use cf 1 arge md sin all canv is dams at tins In tne jinvious eh ill md ilso extends to the use of 

the afternoon the men are instiu ted m the use >f smoke helmet'< soiling 1 idders as used m climbing 

first aid applunees ami leeeive in i \pl m itiem oyei wills md loofs it ae tiiil fires hand pump 

of tho methods of using hi in lies no/zles lieise dull rosrue bylines leuig 1 idder dull, end prepara 

suctions, and couplings tot,ethei witli i ele uption tions toi the ge lui il dull the men construct large 

of the mamif ictiire md method of nnkin^ iij) lines e iin is dims m the dull yirel md fill them for the 

of hose j iirposes of the publie drill 

Friday Aftci phvsii.il dr ill the men ire mstm ted Ihurnday Ihe bame dull with variationfl, is 
m brmgmg down insensible person" mel in the u e caiued out md in the afteinoon all appliances aie 

of the smoke lielraet In the aitu noon the y t ike ]> ii t w isheel off, tested, oiled md e leaned generally 

m wet drill with a steamer md m the evening t lean Fndiy Ihe nun receive instruction m the 
out all the doimitones stables hiinessing horses, and aie taught to assist 

Saiwtday After tho goner il woik of issmt mg m the loiehmen m getting them away quickly Later 
cleaning all geir and the htadqiiirtcib geiierilh, on they pnetice lairying msonsiblo people off the 
the men ‘ stand easy roof, md take jiart m smoke helmet and hose cart 

^ Alternative Syllabus. Tie dtcrnative drill combined All dormitories are cleaned out m 

syllaby^ of the theoretic il class, which is oiriied into the evening, nnd on all Tuesday and Friday nights 

effect «m the second and foui th weeks in each mouth, ambulance classes are c irried out 

the usual routine of physical drill every Practical Class. The alternative syllabus 
^ On the men receive msti notion for the practical classes moludes, on Mondays, a 

/rt bringing down insensible iiorsoua, lecture on the duties of firemen m regard to calls to 

bucket, hand*pump, and manual ^res and chimney fires, and to the methods of work 



at< ac|ual ^es. In the afternoon, the laddcr^hnd 
Ijnes.^sed .in, the Brigade are tested, and wet drills 
with . a . steamer and horsed escape, manual, and 
seating ladder drills, are carried out. On Tuesdays, 
the curriculum includes horsed escape, hose-cart, 
and escape drill, the use of first aid appliance.^, and 
instruction in the organisation of the Brigade, watch- 
room routine, and the methods of keeping an 
“occurrence book.” On Wednesday, the ordinary 
routine of the public drill day is carried out. On 
Thursdays, the chief duty is to lost, wasli, and clean 
all appliances, wliile on Fridays tlic work includes 
physical drill, instruction in stables, practice in 
carrying down insensible ])crsons, hook-ladder and 
escai)e drill, and wet drill w ith th(‘ steamer. The 
bedrooms and mess-rooms are serubbe<l out, and at 
night the ambulance (Jass is hel«l. 

When a ])eriod of three months of this ardmuis 
and continuous drill has been earried out, the men 
are rightly considered to have become profi< ient in 
their new calling, and, as vacancies occur, are drafted 
out to different stations in various districts of 
London. 

Duties of Firemen. The general duties of 
a fireman are to reside at the station to which he 
is appoinUKl, to be at all times within hail, ami 
available for any <luty, uiih‘ss sijccially booked 
otherwise ; to take his turn in w'atohing at the* 
station, taking charge of csca])es, attending tires, and 
all other duties, W'hen ordered by his sujieriors : to 
assist in the cleaning and other work at the station, 
relieving the men on duty for meals, etc ; to l)e 
civil and respectful in liis demeanour, and clean in 
appearance ; to perform all duties entrusted to him 
in a prompt and efficient manner ; to hold himself 
in readiness for any duly he may be called u])on by 
his sui)eriors to perform; to obey implicitly all 
orders of liis superiors, and to exact the strictest 
obedience arid respect from those umhu’ him ; to 
study and otherwise endeavour to (pialifv liimself 
to perform the duties of his superiors wJien called 
upon to do so. 

Special Duties! There are four distinct 
classes of firemen, apart fi om oHicers — namely, tii st, 
second, third, and fourtli — and tlie above dutu^s, as 
general rules, a})ply equally to them all. It ha]>pens. 
however, that in the carrying out of the laborious 
work of a fire brigade, there are many duties 
requiring s])ceial qnalifieations and eajjaeities, ami 
these naturally fall in most cases to the lot of 
those who have served long('st and wmrked hardest. 
These duties consist of taking cliaiLre of (he tloat- 
ing steam-engines and the land steam-engines, 
mechanical W'ork at the factory, repairing engines, 
and so forth, drilling and instructing the young 
hands, koe]»ing the accounts, hooks, and records 
of the csiahlishmeiit, ami ])rcparing teports, etc. 
It is theretore incumbent on all ranks to study and 
understand, not only their ordinary duties, but 
also those of their superiors, in ordci' that, when 
called upon, they may he found equal to the per- 
formance of any duty devolving ujum (hem. ^ 

.. General Working. Fvery man is always 
supposed to l>c on duty, for duty, on leava*, sick, or 
smSpended. Those on duty arc in full dress, with 
thfe exception of their helmets. Tliose for duty are 
ready to turn out at a moment’s notice, and are 
therefore not permitted to go outside the station, 
except within view. An officer in charge of tlio 
station has power to grant leave to any man of his 
own station up to eight hours ; a S\iperintcndent 
has power to grant leave up to 48 hours ; and any 
• leave which exceeds 48 hours must be granted by 
. thie:Ohief Officer. 



2. RIVER FIRE FLOAT 
(AriustroMjf, Whilwortli Co., Ltd.) 


When the men under instruction are drafted out, 
as already de.scribt'd, they are fdassified as fourth- 
class tiremcn, and remain in tli.at j)osition for three 
years. At the cx])iration of tliat time, on the 
n‘commcndation of their officiM', tiiey arc promoted 
to the rank of third-ela.ss tijcimm. After that, pro- 
mot ion is by merit, as proved after examination. 

Steam Class Drill. In due course, the 
third-class tireman returns to lieadquarlers to 
undergo a eoiir.se in ste.im drill, w hieh will enable him 
to take charge of a steam fire-engine. Later on, if 
he succeeds in passing an educational examination, 
h(‘ ris(‘s to the rank of second-class fireman, every 
])romotion <‘arrying with it increased nay. Pro- 
motion to tlie first class is obtained by the passing 
of a s])ecial c.xainination, which includes writing, 
arithmetic, the making up a ])ay-sheet, the geo- 
grapliy of the Brigade, and s\ieh miseellaiicous 
subjects as may be selected by the education board, 
which is drawn from the officers of th<^ force. 

Higher Promotion. As t hue goes on» and 
vacancies occur, men passing special examinations 
become .sub-officeis, and at the end of 15 years of 
com])lete(l .service a fireman in the ranks has a fair 
i hance of becoming a station officer, and of taking 
charge of one of lh(‘ tire stations whicli are scattered 
all over the metro])olis. 'Die next rank is that of 
District Olliccr, and liiially a member of the London 
Fire Brigade has a clianco of rising to the status of 
Superintendent, and of taking charge of one of the 
six <li.stric(s into which London is divided for fire 
lu’igade purposes. 

Fire>engines and their Management. 

The ])lant with whicli a tiro brigade ha.s to deal 
naturally varies in extent, according to the size 
of the i-ity or town which it has to ]»rotcct. In 
London the a]>]»liances us(‘d are of a, very varied 
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^ ^bl^cter in order to suit the ditbront' localities 
J Which hftve to be protected, the C^y attd Central 
r ^XiOndon districts requiring more powerful appliances 
and longer hre ladders than are requisite lor service 
in suburban districts. The plant may bo sum- 
marised as consisting of hose-carts, manual engines, 
steam fire-engines \ 1], motor fire-engines [3], horsed 
.^escapes for life-saving puipose^, extension ladders 
for fire cxtinguibhing pm puses, chemual first-aid 
appliances (now earned on all horsed es(apes), 
hose, coal, and oil v.ins, fire.( nginos on bargt s, and a 
river float (’2J for dealing with riverside flies. Fire- 
engines, it may be biietly said, aio of vaiious kinds. 
Some are fixed m nails oi stationaiy plates, and 
cannot be moved at all , some an* fixed m ships or 
barges on the water, and others in cainages on 
laud; some aie in thenibelvos movable, and, 
whether on fixed or movable found it ions, ein be 
moimicd or dismounted at jiletisnie some aie 
worked by water, some by st<*im, some bj miniial 
power, and some by cheniic ils 

fiose«cartS. A hose cart is 1 light box built 
on a pair of wheels to t any thiet lOO-ft UiiLdhs of 
hose, without the iiieonvt nient addition of a reel 
The box has a capacity of 13 ( uVue ft , of whith 
10 cubic ft. are for the hose ami tin ft foi the tools 


bihindy ahd Joking agaiin m'lronV? IHui 
valves, two in number, are madtit of ginkmekh imd 
are of the kind commonly known as hinged kelked: 
metallic valves. These valves are self-aoting*^that 
is, they are not fastened by means of connecting 
rods or otherwise to any of the moving parts, and 
consequently are not set in motion by any direct 
action of machinery, as is the case with mechanical 
valves, but are opened by the fluid, whether air, 
water, or other substance, which is passed through 
the pump, and when this pressure ceases,, close of 
their own accord by gravitation. The lift of these 
valves IS J| m , and the area of the opening is 
4 9 sq. HI. The force necessary to open them Is a 
jnessiiie of •2.’)4 lb., or, in round nuinbeis, about 
i lb. on the square in( h 

The engine has a pur of cylinders on opposite 
sides of .X rocking shaft, with pistons driven by a 
leciprocating movement of the ai ms of the workmg 
beam The united capacity of the two pumps, 
oi the qinntity of uatci leieived and discharged 
on a stioke of the engine is 452 38 cubic in, 
OI J (),1 gil In round niimbeis, the capacity of 
the engine is a little ovei 11 gvl When the engine 
IS m piopei oidei, and woiked at leasonahle 
sptf d, the quantities of watei delivered aio m exact 


The hose can be 
laid out from a 
hose-cart as from 
a reel, and when 
not in use is pio- 
tected from the 
weather and kejit 
quite clean. A 
hose-cart, when 
empty, weighs 21 
cwt., and when 
full, 5} cwt , and 
it cab easily be 
run to a fire by 
one man 

A Six«inch 
Manual Fire<* 



])ioportion to the 
number of strokes 
lUfide, Without le- 
ieience to the 

fouc applied, the 
s])ccd .it which 
the handles arc 
worked, the pics- 
*'Uie, oi .any othci 
( lie 11 instance. The 
cmrmo can be 

woiked to the 

lM‘st advanUge by 
thiity men, and 

the haider they 

woik the gieatei 
will be the icsiilt 


engine. Al- but the qu.antitios 

though manual ol water deliveied 

engines have gone ^ hoiisld >iosk and lvddrr truck measuied not 

out of \<ufio m rtd) Ijy amount ot 

Tendon, tin* arc still extant m (ortun Io( il thou 1 1 hour, but by the ar t u.i 1 lesult made good in 


districts of the mctio]>olis, .uid a greil luiinbei 
are in use by brigades all over the Unitetl Kingdom. 

A 0-in. manual consists of a p i ii of single acting foi c e 
pumps, with an inlet pipe, four v ilvts, an .iJi vessel, 
two debvery pipes, and a rocking shaft, mounted 
on a caniage wuth four w heels, and woiked by levers, 
which are attached to a sjimdle ])assing through 
bearings m the cirriage frame It is, theiefore, so 
far a fixture that the pumps cannot be scpaiatcd 
from the carnage without delay and diftitiiltv, but 
the whole machine, including the tiavclling and 
working parts, is niovible, and is made as light and 
portable as is consistent with the nocessaiy strength. 

The bole-plate, on which the woiks aie fixed, is 
a box or bed of east non, compiisiiig the bottom, 
sides, and part of the top of two purs of valve- 
boxes, one pair behind and one in front , flanges to 
receive the coriesponduig flanges of the cylinders, 
and the bottom and sides of two w.iterways, one at 
' each side. The waterways begin at the hind or 
stern end of the valve-box, wheio they are separated 
and pass forward, each through one part of the hind 
^ yalve-box, underneath the oylmdor at the same 
and through the front valve-box, in front of « 
[-\wbicli tliqy come together again, thus forming two 

.the saioo pOkt 


the iiumbci of strokes. The pioper ciew tor this 
engine consists of foui fiiemen and .i eoachmm, 
and then weight in full unifoim may bo tivken at 
an avei igc ot .ibout 7J cwt. Tlic total w'Cight of 
this engine when ])rocecdmg to a fire m.iy be csti- 
nixted as follows . engine, 18 cwt. , gear, OJ cwt , 
men. 71 cwt. ; total, 32 ( wt , oi, in louiid numbeis, 
bolwccii 1 1 tons and J ^ tons. 

Steam Fire-engines. The fire biigadc 
experts of London and other great towns have 
fouiwl th.it the best steam-worked pumps, or steam 
fiie-ingines, aie those which are of simple construc- 
tion, the parts of winch are the most visible rind 
atiessible, and it is hardly necessary to point out 
that m principle there is no difference in the action 
of i jmmp, whether the motive-power bo produced 
by men, by water, by steam, or in any otner way. 
Pumps driven by steam are, in practice, run foster 
than those driven by hand power, and conse- 
quently the valves are generally arranged to work 
more quickly. For the sake of silence, as well as to 
avoid the risk arising from constant blows, they are 
generally made either of some soft material or of 
metal mounted with a soft facing oi leAtJier or 
rubber. Occasionally abstird powers are ettHbuted 
to steam ^engines by*Uso(mat 



in tliat respect it is necessary only to 
^ge^rithat i^e real capacities of the machine can be 
♦. tested by any engineer m the ordinary way by having 
theit horse powei indicated, and that the equivalent 
man power can be obtained by multiplying the 
horse power by 6 Whore steam hre engines ire 
^used there is a choite of only two couises with 
respect to their getting to work One is to wait 
fourteen minutes while r using steam, ind the otlui 
IS to keep the watei boiling m the engine house , 
so that the steamer, when eilled out, will ln\t i 
sufficient woikmg pi''ssure of steuii in ibont tliitc 
mmutes 

Manipulating the Fire-engine. 1 veiy 
boiler of the pattern at present in list js fitful 
with a glass water gaiijro of which tin bottom < o k 
IS on a level with the npjici tube ])htt oi tiown 
of the fire box, and the to)) i ock 12 m higlu i I ht 
glass IS protected by gniul brisses fistcned it llu 
top and bottom with slioet hriss tlinifis md fh< 
guaids arc mirkecl so as to show tlu m lies ibo\t 
the crown plate Ihcic are 7^ in of tin iss \ isibh 
between the cl imps Tich hoihi lus thioe ^nig 
cocks, the bottom one being 2 in above the ctown 
plate, the niiddh one I in ibovi tlit bottom oi 
6 m above the crown jilate iiul the nppci i m 
above the middle or 8 in ibovc tlu ciown]>lit< 
The bottom giuge io(k should ihvijs show vvifti, 
the top g luge cof k 
should always show 
stiaiii and the 
middle guigemik 
should g<^nti ilK 
show both w itci 
and steam 

Steam dutus on 
bo ltd the flo itmg tii 
gmcs[2] and in oh ugc 
ot the hnd stciinois 
eompri'-e w oik whu h 
leqiuies i luge 
amount cf spec n I 
exjilanition whuh 
IS given by rtsjion 
sible officers ind 
can bo undeihtood 5 i iifaik \i i\ 

only after long study 

ind explanation IVo man n (i\»s i Jiii^^i cl this 
kind until he Ins fust jiioved his piofessionil 
qii ihhcations foi it llu gmti «1 instiu t onsi ucd 
m the London h in BngicU foi woiUmc i lindstoim 
fire engme, it m ly be stiticl in bide tlu foUovMii>^ 

1 The boiler of tins cn^^inc is to be woiked it i 
pressure not exceeding 120 lb on the sqnaic inch 

2 The safety vilve is nof to br s iiwid down 
to more than 100 Ib ind tlu nignucr must o i 
sioudlly raise it by hind oi otheiwisr loth wlien 
gettmg up steam and when it woik 

3 In ordci to keep this V live ti( I md t ) pic vent 
it stickino', be is to e is< up tlu spi iiul to 1 1 mov e 
the whole pressnie fiom it when not itrpiiieil 
except sufficient to ktip th( l^vei nid spnn^ 
balance from shaking while the engine is li ivellin^ 

(4) Whonevei thewoik idiuit of it the cngmeti 
w occasionally to fdl Ins boilei with w itoi is high 
as possible without allowing it to pniiu iiid then 
blow off from ill the cocks, iiuluding the giuge 
cocks, using only one at a time This is the best 
precaution against scale oi scum, ind an inteHigent 
engineer will find many opixutunities of adopting 
it without interfermg with the necessary woik of Ins 
enmne. 

W ai^itipn to this, the boilei w to bo alto 
washed out occasional ly 
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(C) The engineer must be careful to see that no 
soot IS allowed to accumuhto on the shelf or tube 
plates of the boiler, as this would reduce its steaming 
power consieleiabh 

(7) The tngmeci is held lesponsible that the water 
m the% boile'i is always kept in sight m the gauge 
glass, wlieiievei the fiic is alight, and m case of any 
leeident siieli is the fa iliuo of the feeding apparatus, 
londenng flii« impossible he is immediately to draw 
his hie 

(S) V sulh( I nt fjinntity of watei should always 
hr kept 111 tlu frrd vessel feu siqiplyiilg tJiC boilei 
when the engine is not it woik 

(h) It 1 ( mg exceeding Iv dingeions to poui cold 
witri en hot hoili r ilite the engineer is desired 
to 1 1 pnti uliilv iiitioiis ibout putting cold 
watei into (hi fiie bos ind m ( ise it bei omes abso 
lutely nr i ss n v to do so lu is to ])our it on the fue 
bais onlv ind not on llu innei shell of the boiler 
oi tlu tiibi pi ites 

(10) Attii till suction ]upe his been tiken out of 
tlu watei tlu (11 me slioiild be run loimd foi a 
tew stiokes in okIm to lilow the lem lining w iter 
c lit of the 1 inn]) 

(11) On his leturn tiom i tiie the engineer is to 
( nt( 1 m tlu lioolv Ivi pt toi tint pin pose the following 
j iiticiiliis is fn as lu is ihle — namely, time at 

woik uumbei of 
I c v oliitions, quantity 
of w itei delivered, 
ind inv other cn 
( iimstani cs which 
ip])cir worthy of 
uniirk such as the 
length of hose, 
nnmbei of deliveiiefr, 
height of bi inch 
ibovo engine, etc 
Hose. The laying 
out and handling ot 
tlu tie sible pipes m 
hosi which convey 
watii have mueh to 
d 1 with the most 
I five part of a 
(iKmiiis^ work 
two kinds, the one 
wIikIi convey the 
w lb i ti ii the If ( noil ot hydi int to the pumps , 
tiuollui delivei V pipes oi hose which convey tho 
w it< I tiom tlu ) unips to the hre 

Siutnii pijies lie in id of leither stretdicel over 
1 nutil sjnivl whuh pn vints them fioin collapsing 
when 1 vuiium is foiined insieh Auction pijies 
re ot tliKc si/es »nd nt ( ir led on the engines 
in shoit ] i( is lluv me inoimled with eouplings 
of me SI (ly nnif )im pitteiii md ( m be used singly 
oi with (Mill joined logithti icioreling to then 
l(‘;pe tiM I7e 

Dtliveiv I ipc" OF liosf m mule of cinvas or 
h illui llu host it pit sent almost extlusively 
u id bv the London hue Biigidt is of canvas, and 
IS foi tlu most put lined with indiuiibbet The 
( iiivas pi]x is made of the best flax, carefully woven, 
w ith iboiit 10 iui ns to the iiu h in the weft or circular 
till e id and ibout ’I t hie ids to the inch m the warp 
or longitudin il tint ad \ length of canvas seamless 
rubbei lined host asdeliveied by the various inami 
ficturcis foi the use of the London Fire Biigadc, 
has an iiitcinil diameter of 2} m , so as to take a 
coupling with a 2 m waterway, and is almost 
invariably 1(X) ft in length Kach length of hose is 
provided with a leather strap, 3 ft, H m long and 

noil 
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llu pipe m liu flv ot 
Inown Is u (nil ))ipc‘' 
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IJ in. wide, fitted with a suitable tinned- iron roller 
buckle, riveted to it, and a collar to slide along 
the hose. The rivets and washers are of the best 
wrought copper, properly tinned to prevent verdi- 
gris. 

Chemical Engines, or “ First Aid ** 
Appliances. The chemical engine consists of a 
copper cylinder holding 24 gallons of water. This 
is connected to a compressed air cylinder by a copper 
tube fitted with a suitable valve. I’he compressed 
air, on being admitted to the copper cylinder, drives 
the water out llirough an indianibbcr hose which 
terminates in a stopcock jet. The hose is wound 
round a reel, and the water enters it from the centre 
of the reel, so that any length can be inn out. and 
no connecting up is ro(juirc(l. A length of r>() ft. 
of I in, hose is usually supplied, and it is carried 
already filled with water. 

The eo]»])er cylinder is tilted vvilli a safety valve 

and pressure gauge, so that the 

screw-down valve which lets in the 
compressed air can bo opened or 
closed to the correct extent. On 
arrival at the lire a man takes the 
jet in his hand and runs with it to 
the scat of the fire, the hose winding 
off the reel as ho runs. 'I'he valve 
is open and the eomia eased air is let 
ill. All the .man has to do on 
reaching the fire is to turn on the 
stopcock of the jet. Tb; then has 
a powerful jet of water which will 
carry 50 ft. to 00 ft., and which 
flows for about eight minutes. 

Should a further How he required, 
there is a connection titled to the 
copper cylinder to take the standard 
2i.m. coupling, so that the water 
from the main can be brought 
through the indianibbcr hose. 

Fire»e8Capes. Fire-esea]>cs ai-e 
of various sizes and jiathTiis, and 
differ considorably in certain small 
matters of arrangement of parts, and 
so forth, but the liest of those ixi use 
are for the most jiart similar in all 
the essential ])oints. An ordinary i 
fire-escape is a ladder mounted on a 
carriage with four wlicels, two high 
and two low. When all the wheels | 
are on the ground the esca])e stands 0 7o-ft, Ttu 
at an angle of about 25"^ from the ‘ 

perpendicular, and would fall (ShaiHl Mxst 
over unless supported by being ’ 

pitched against a wall, or balanced by a pressure 
at the end of the folding lever attacliod to the 
carriage. The general dimensions on an ordinary 
hand ure-eHcaf)C are as follows : main ladder, 50 ft. 
Sin,; fly huldor, 10 ft. 4 in.; first-floor ladder, 
10 ft. 3 in. ; su])[)lementarv ladtler, 10 ft. 4 in. 
The modern a])pliance, now in use in London, is 
the horsed escape [4J, and in this case the escape is 
carried on a van, which is drawn by two horses, 
and is turned out from tlic station and gailojied to 
the scene on tlio first ringing of any fire alarm 
signal into the dejiat. Jn the case of these escapes, 
the ladders are to a certain extent telescopic, 
and they are supplemented by hook ladders, with 
which the men mount from window to window for 
rescue work. They also carry hose. 

A fire-escape when ])roperiy pitched may safely 
e^rry a man on almost every round, and a fly ladder, 
whea tMishipped and standing on the ground, may 
r^ltyjia^l^ght or ton men ; but a fly ladder when 


ii 

si/ 

mm 

wm 

V 


1 




m^" 

X 

m' 

m 


mm . 


v> 


m 

1 ' 

^ . 


m 








K> 



6. 70-FT, TUltNTABI.E FJitE 
LADDER 

(ShiiiHl, Mason & Co,, Ltd.) 

/ a pressure chemicals [ 5 ]. 


thrown, ought not to have more than about tluree 
men on it at a time, as the whqki weight coines 
on a single spot of the main ladder. In all ladders it 
is necessary that groat care should be taken to dis- 
tribute the weight, and not to allow it to rest on one 
spot or one jiortion. Thus, for instance, a ladder 
28 ft. long may carry one man on every round, or 28 
men in all, whereas six men at some one spot may 
instantly break it. 

Firemen must always use the greatest discretion 
in leaving their escapes, even for a moment. There 
are casc.s in which a fireman is justified in running 
away with a hand piimi), or one of the small ladders, 
ns, for instance, when a fire is discovered within a 
few feet of liis post and within sight, but even under 
tlie.se eircumstanoes be ought to be very cautious. 

Life Saving. The all-important work of 
saving life from fire includes many and various 
branches. If all houses were exactly alike, with 
the same contents, the same 
number of inmates, and those all 
of tlio same ages, the same con- 
ditions of activity or helples.sness, 
anfl occiqiying the same parts 
of the hou'ics, it miglit be possible 
to lay down ]ireciso rules for 
their rescue ; but when it is re- 
membered not tmly that the 
circiimsfances are never alike in 
any two cases, but that the time 
of* the “call” being sent away 
from the lionso on fire, the time of 
its being received at tlie es(?ape 
station, and tJic lime of the arrival 
of the escape all depend upoa a 
number of contingencies which differ 
most materially, and can never in 
any way be foreseen, it will at 
once be obvious that in almost all 
cases everything (lejiemls on tho 
<|uiokness, mind, and 

personal activity of the fireman in 
charge. To do his work jiroperly, a 
fireman must he- strong, (juick, 
fearless, and intelligent ; but above 
all things, he must he resolute. 

Extension Ladders. For 

purposes of dealing with fires in 
lofty warehouses, extending ladders 
on a telescopic prinei])le are largely 
TABIE FJitE Fire brigade, 

' a Ad the most uii-to-date appliance 

& Co., Ltd) ladder which extends itself 

^ ’ automatically by tho force of 

chemicals [5]. In llu^ ordinary long laddorc the 
aiqdiances are usually extended by moans of a 
screw-handle. Turntiible ladders are also used by 
tho Jirignde f6]. 

The Actual Work of the Brigade. 

The manner in wliieli the London Fire Brigade deals , 
with actual tires depends, naturally, upon tho 
character and cxt(‘nt of the outbreak. There are 
three ways in wliich tho firemen receive “ calls ” to 
fires — eitlier verbally from civilians or policemen, by 
the ringing of fire-alarm signals, or by messages over 
tho telephone tluough tho Telephone Exchange. In 
any ease, the station which receives the first “ call ’ 
responds by sending out, first, a horsed escape, and 
then a steamer. The particulars of the first ‘ call ’ 
aro instantly telephoned by tho duty-man, who 
remains at the station, to the district headquarters, 
and from that centre the liromen at the otlier 
stations nearest to the fire are ordered tp proceed 
with their steamers and other appliance.^. 


If^rly WofK at the Fire. The fust 
i^Ytrals at the fire immediately proceed with the 
task ol extinction and lescue work, if there be any 
4ieceesaryt end upon the officer m charge devolves 
the teeponsihility of communicating iinmedntelv 
to hia oistnot headquarters a mcssjige describing 
the character of the outhresk This m done fi om the 
nearest fire alarm post by telephone tor practically 
nil thefiiie alarm posts m London are now telephone 
fttations as well Ihcrt arc thioi^ code me^sige 
wbkih me used, \nd which mdicitc wIkIIui tin 
hre 18 a slight hre^ i serious hie oi a ^eI y d ingeions 
hre If the outbreak IS one whu h in lx deilt with 
by the anphames m hand tin N\mds home ( ill 
are telepnoned to the distiut do]) »t uid no mon 
applianees are sent on Should tin hii be i 
seiious one, and spu »dmg the messige distiict 
cair’ IS transmitted and iltogtthfi i foice of 
about seventy hiemen a dozen ste liners long 
ladders, and other appliances ate despite lad fiom 
the different hre stations m the pirtidilai distnct 
m which the hio is riging The superintendent of 
the distiict proceexis to the scene to elireot o]»opa 
tions, and eveiv stoainoi as it aiincs with lull 
atcira up, begins to pump witci on the binning 
budding In the event of the fiie bting i \ery 
seiioas one, the nmssige biigieh e ill fot the 
pirticulii locality in which the confligiitiem is 
raging is telephone el to the Southwnk he ul 
(jiiaiteis, and then e\(rv district in London is 
( died upon to rendei assistance A scoic ol 
steamers aie hastily concentrated il the scene the 
nvei floats no ouleiel to proceed from then 
moorings if the fiie is invwheic non the inei suit 
liuge e^anvas dams ue cicctc 1 toi the engines to 
pump water from anil withm i mitvelloud^ ‘'hoit 
spice of time poucMful Imd stenmrs \a ill he hus 
m eveiy stieot suiioiineliu^ the jiiopeity in\olvMl 
throwing thousands upon tliousineU ot gallons ed 
witei upon the fJ lines Ihe etfoits of the Ihigide 
will piobibly be directed bv the (hiot Ofheci iiid 
his threio Divisional Officers assistcnl bv the Sujci 
iiitendent of the distiut and while the hie c m 
tmues to rage coil and oil vans will he e cmtiiiuouslv 
luninng between the scene ot the hie and the loc d 
headquarters carivmg fuel fn the >tc iiner'* 
some of which now woil with petiol When the 
hre is m hand a iiussage i*' ehspdihe I ^.ivm^ 
thc^ code word sto]) iiid stitin^ lint no moit 
help H required while Idei on i hnet summnv 
inessige as to the CNtent ot the dimigi is f >r 
w irdeci to heade|uai teis 

Outside Fire Appliances. Nputfiomthc 
diffi>r«*nt devices and ijqili nuts win h the T ondon 
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I III Bii^ad uses m its woik toping with hie 
lie ininy useful mvcniims >t which 1 irgo piivate 
liinis IV 111 them elves foi the purjiose of disclosing 
iiitoiintic dly in c ulhii ik of Inc iml of chocking 
it 11 its me ipH nt stage s I lieso dov ices includo 
aulomitic hre iliims win h tie in angecl so that 
when the temper dine ot « lOom office oi ware 
liouse tlooi uses to I certiin eJegitc i melting tikes 
])li 0 the jmimdidc re ult ot which js to iing 
dirm hells outside the hnildiiv or m connection 
with one svstem into the cnliil ofhcc some dis 
t nice aw i\ from which tlie tiic alnm is given to 
th liH hiigulc 

\ulomtti s]>iniklcis uc uiin t I on a similar 
V tem ind wlu ii the tern] ei itme iiscs to a certain 
d< ICC m i loom fi oth c in which the sprinklers 
in tilUd I w a\ loniu lion is melted which re 
h IMS a force of w dc i fiom httel pqwv. The water 
m its turn uts iqion a spunkier incl the goods 
hcneith this in ingement ire picsently deluged 
with watei [ 8 ) \t li ist om lii^c huildmg in the 
( itv is litlod with i s\stom of sprinklers [71 which, 
when in eqxidion mikes i coin]dite cintiin of 
w itei outside the huildiiv 'md on evciysidcof if, 
till idea Ixing tint should i tiie bulk out in an 
id|oming warehouse the spnnklois could bo set to 
work ml would ut ns a shield to the wuehouse 
in win li the device is tdtocl 

Progress and Improvement. In every 
bunch of fue biigule woik there is so much 
scope for improvement that it would be a wise 
man who could pro]>licsy when finality will be 
lea her! ind m view of the remarkable advance 
which his been made even m the last decode m 
fill extinguishing and life saving applianeca, it 
seems safe to prognosticate that eveiy ^e^ir will 
witness further doyelopments and improvements 
m those all important devices. , 
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LAW 

COMMERCIAL & PERSONAL LAW 

2 

Commercial Law— continucil. Employers’ Liability. Landlord and Tenant. 

Oontinned from 

Personal Law. Marriagfe and Divorce. The Married Woman’s Property Act 


'T'HERP] remains to be given briefly tbe rules as 
* to rlolivcry, wbicjh will ])t‘ found in »Sec*t. 21), 
Z2f and 34 of the Sale of ({oods Act. 

Sect 20. — (1) Wkf’thir it is for thf huj/rr to take 
possesmm of the goixU or for thr .srlfir to send them 
to the buyer i.s a question d( yendinq in each cftsr 
on the contract, expremd or implitd, In tween the 
parties. Apart from any surh co}ftract, c.rpri swd or 
implied, the place, of delirery is the seller s jlace of 
bnsinesSf if he have out, and if not. his r(sidntrr, 
jnroiided that, if the contract he for the sale of 
specific goods vhicli io th( knowhdge of th, parties 
when the contract is made are in some other place, 
then that place is the place of delivery. 

(2) Where under the contract of sale the sdlir is 
hound to send the goods to the huy/r, hut no time for 
sending them is fixed, the stlhr is bound to send 
them within a reasonable iiuu . 

(3) Where the goods at the time of sale are in 
jyossession of a third person, there is no defireri/ by 
seller to buyer unless and until such third po'son 
acknowledges io the buyer that he holds the goods 
on his behalf, provided that nothing in this stetion 
shall affect the operation of the issue or transfir of 
any document of title to goods. 

(4) Demand or tender of dthvenj may be treated 
a-ft ineffectual utdrss made at a reasonabU hour. 
What is a reasonable hour is a question of fact. 

(5) Unless otherwise agrad, txpenses of and 
incidental to putting the goods into a deln'crable 
state must he borne by the si/b r. 

a^eef, 32. — (1) in pursuance of a con- 

tract of sale, the seller is authorised or rtquirvd 
to send the goods to the buyer, dtlimry of the goods 
to a carrier, whether named by the buyer or not, 
for the purpose of transmission to th< buytr. is 
prima facie deemed to In a ddiviry of the goods 
to the huyir. 

(2) Unless otherwise authorised by the buyer, 
the seller in us* make such contract with the carrier 
on behalf of the buyer as may he nasonaftlc, having 
regard to the nature of the goods and the other 
circumstances of the case. If the sdbr omits .syi 
to do, and the goods are lost or da magi d in course of 
transit, the buyer may deeJiuf to treat the deliviry 
to th>e carrbr as a delivery to himsdf, or may hold 
the. seller responsible in damages. 

(3) Unless otherwise agrctd, where goods an 
sent by the seller to the buyir by a route involving 
sea transit under r ire u instances in lehich it is 
usual to insure, the seller must give such notice 
to the buyer as may enable him to insure them 
during their sea traiisif, and if the. siller fails to 
do so, the goods shall hi deem id to he at his risk 
during such sea transit. 

Sect. 34. — (2) Unless othirwi-w agrrul, when 
the seller tenders delivery of goods to the buyer, he 
is bound on request to afford the buyer a reasonable 
opportunity of examining the goods for the purpose 
of ascertaining whether they an in conformity vnth 
the contract. 

Acceptance* And lastly there is the law 

i .to • 

- buyer is deemed to have accepted 

be intimates to the seller thed^he 


has accepted them, or when the goods have been 
delivered to him, and he does any act in relation, 
lo them which is inconsistent with the. ownership 
of the sellir, or when, after the lapse of a reasonable 
lime, he retains the goods without intimating to 
ike seller that Ite has rejected them. 

Serf. 3b. — Unless otherwise agreed, where 
goods are delivered to the buyer, and he refuses to 
accept them, having the right so to do, he is not 
bound to return them to the seller, but it is sufficient 
if hr intimates to the selhr that he refuses to accept 
them. 

We have endeavoured to give the simple rules 
w'liieh Ihc business man sbonld master in the dailj' 
eourse of his affairs. 'I’o discuss such matters as 
stoppage in transition, lien, ^‘rights in rein ’ and in 
“ ])ersoiiain would be profitless here, since they 
correlate some basis of h‘gal training. 

Agency. It is still necessary lo give a few 
rules ex])licalory of the doctrine of Agnicy, and 
then we can pass on liriidly to other parts of tlu* 
law which dc.ils with a man in his life in the world. 

The great distinction in agency lies between the 
agent pro]>er. or ])articiilar, and the broker or 
A\hut we might call tlie agent general. 3’he agent 
t)ro]»er is the nominee of any individual husiness 
man to do his husiness, to sign for him in an; 
fiarlieidar transaction or seru's of transactions. 
Such an agent is in a semi-fid lu iary iiosition towards 
his ]>riueipal: he may he paid by salary or com- 
mission, and taco to face \vith the other side in the 
transaction he praolieally is his principal. What 
the latter does through him he doi'S himself. The 
prinoipal is liable for the agent’s negligence or tort 
or (to a certain extent) dishonesty. 

A broker, on the other hand, is a ])erson wliose 
business it is to carry through ('ontraets of sde 
and j)urchasc of goods which an* not his and which 
he does not buy for himself. He may he the agent 
both of the vendor and tlio vendee — indeed usually 
is. His re.s])onsihility to either is not in any wa;’’ 
so onerous as though he wen* llie appointed private 
agent of either. The niceties of the hnv u]H)n this 
subje<*t are great, hut the business man may eontcnl 
liimself with this single broad distinction. 

lie sliould realise in all eases where he is interested 
in transactions carried through by delegated 
authority whether the delegated authority is that 
of a private agent of his own or of a general ag<‘nt 
or broker. And in the sime way tbe agent sliould 
he clear in his own mind whether ho is employed 
by one principal or by more than one. The 
difi’erence is of vital im])ortnnce to his status, and 
to what he can and cannot do. With that broad 
distinction w'e must leave the law of sale and 
purchase and jiass on to the next branch of a man’s 
daily life. 

The Law of Service, Since every human 
being of adult years is either a servant or a master, 
and not infrequently both, it stands to reason that 
the law’s governing employment must be of vital 
importance to very many. In even the 8impl(^t 
cases questions arise as to how wages should he 
paid, when aro they due, what notice should be 
given, and the Uk^. 





i 9at$et let it be said at once that a great 

dw oi jO[Qii0ense has fotmd its way into the heads 
of fghor^t people upon these subjects They 
jimagme that the law Will not allow this oi will 
allow tliat, whatever the ariangenient bet>^cen 
the individuals Let it be s-iid at once thit the 
olioy of our law is to lea\c as free a hand to m 
ividual idiosyncrasies as possible So loni^ is 
an agreement is not immoral or against piiblu 
policy or obviously oppressne or obtaiiKd bv nns 
representation or friud oi duicsM (lu 1 vill 
compel its fulfilment 

If A and B agree to btromc m istti ind stiv int 
respectively, with wagts ]»ud at uncdt un int« i\ ils 
and no notice of termination on eitlur suk tb it is i 
perfectly good agreement and ( m bt mtoKod 
As a rule, holdover, parties do not circ to iiinr 
upon eccentric vrrangements of this kind ^erv 
often in domestic service no written 1^,11 tmonts 
are drawn uji, since none aie roquiiid \nd tlun 
it becomes a mattei of inti lost to state \\hflt im])l cd 
rules of law govern these rclitions In ] n lish 
domestu servite tlu nsige is tint in the ihseiue 
of any evpioss agicenicriL the wigcs should ho 
paid monthly and th it tin rv 1 ( shonhl 1 < 
terminated by a month s uoIkc on < itlui sidi In 
lieu of this a month s wigcs must b< p iid 01 loifcitid 
Of course, gross msuboidinition u])on the put of 
the servant 01 drunkenne‘<s 01 ininioi iht\ 01 
culpable and wilful c iiclcssm^bs justilics the nn 
ployci to dismiss without luy 110(1 ( nid in (lu 
name wiy a servant who is bulh tu did 01 st i\(d 
may leave at oiu 0 witlioid notii e Ml tlu si points 
are matter of fact or pioot 

Sufhmary Dismissal. I he c mst for Mim 

mary termination must be a subst mtiil one ( k 
I cssness on the pait of tlu scrv mt 01 nntibiliti on 
the part of the cmployei would not jusiitv it llu 
wages need not be pud m advance unless thou is 
an agreement to that end But the> must be pud 
when due Ihe employer may m\kc dcdiu tions 
from them for bieakages but such deductions must 
he honest and careful and not ( tpiicious Ihc 
employer is bound to feed liis indoor doiiustic 
fieivants md give them ])ro])ei sin ping iccommo 
dation — though there is no le d su])er\jsion I0 
ensnio eithei of these requirements and in 1 ondon 
at any rate, even m the best housis they ue often 
conspicuous by thtir absence ilu s«r\ «nt is m 
titled to reasonable lelaxition \o cmpknci is 
entitled to turn a serv nit into 1 slui \iid this 
iclaxal ion must include lci\« of ibscim d statnl 
mter\als Lvery seivant has a nc,ht to (hit, uid 
wlieio it 13 denied the smint is entitled to h i\< 
forthwith, md no court m the (ountiy would think 
for a mmiUo ot penalising such conduct 

i If a servant is jisuboidmde in cmpknei m ly 
turn him (or h r) out, but tlu <nklo\cr will imi 
©scape responsibility foi any hi each ot dhe pe ice 
tliat may ensu'' If an c mployer h is rc ison to belie \ e 
^hat a servant has seci(*ted some ot Ins j»ropei(\ 
he IS not entitled to search the scr\nnts boxes 
^Without an order from a magistiitc md m iiiy 
:j5y <Ja8e an eniployei is never allowed to detain i soi 
j yant*B luggage It may be added that e\ on in e ises of 
summary dismissal a servant is entitle d to iccover 
arrears of wages but of course only those le cnnng, 
and not any compensation m lieu of notice 
Domestiq mvants aro now entitled to compensation 
for irgundff bbt this does not depwvo them of then 
common right to recover damages against their 
for' culpable negligence resulting m 


Clerks and Workmen. Employees who 
are not menials — clerks, staffs of b etc,, 
governesses and tutors — aie usually, in t}ie absence 
of agreement to the contrary, entitled to a quarter’s 
notice In this respect the usage of any pnrticulai 
< illing raiy have weight with the court provided 
it can be proved Agieemcnts for employment 
whcic the employee igioes not to follow out the 
same business himself mtliusime irca after leaving 
ue good in hw But an igriomcnt not to 
follow the sime biisiiitss it all inywhcie would 
prohibit be bad 

Workmen comennekr i cl iss by themselves, and 
miv Im dc lined (bus 

1 u rkftifiH doi'i not inHud( a donu^iic er 
mtnifd siTKint hut imnns any othtr uho 

b( inq a lahnnn > s# ; i ant m hu shandry jovrneyman^ 
ar*ificir handictaf* man nniuTf or rthnu^ 
iiqayd in ynannaJ hibiur v hither nndir or oxer 
lutnlij one ytar of aij has intircd into ir uorki 
iindir a contract mth an employer nheilar the 
coni) act IS )nad( hi fin or nftir the pa^stnij of the 
Act (IS a 50 1 er/ ca/ 00) he ei/ircseJcef or 
imphid oral o in nritinq and he a contract of 
n cc 1 1 a c nil ait po malty to ereeuie any iioiL 
f) lahmr 

The Truck Acts. I he Acts known cas 
the * Inuk Acts which art now being altered 
inel TOtoclifitd lie diieeteei to a very simple 
}>rmciplc 111 11 object is to^picveiit masters 
])ivmg then workmen in kind 01 making deduc 
(ions liom (heir wiges Iho Truck Act of 1831 
foi biels tilt p i> me lit of w igcs m inglit but the current 
eemi ef the ledm No itqmlition must bo made 
by the master is to where and when (ho wages 
miv be s|enl en heiw No employer may pay 
wigcs m goods noi eiii he set off igainst v claim 
foi wves goods supjilied by the employer, or 
sup}>lioel by my shoj) m whieh he may hive m 
interest liifnctioii of the provisions of (Ins Act 
fiystlu cmple)vcr ojKn to a he xvyfinc 

In 18H7 tilt teirmci rnick \et which still remiins 
m piine ijilc the I iw of the 1 md was gre illy extended , 
md to i ceitim cxictil it wis meieliheel Ihiifl, the 
new Ae t speeihe illv recognised \ eemtiict with x 
seivmt ni husbmeliy foi giving linn food, drink 
(non intoxic iting) e cottage 01 othei allowances 
in additun i) monev vviges is put piyment for 
lux SCI vices 

It IS cxpiossly le e me ted that no cniployci shall 
dismixs m> woikm m liemi Ins employment because 
he sjiends 01 fids to s])eiiel his wages at any 
p 11 tie 111 II pi ICC 

Ihis piovisiem wonlel stem to ruse the whole 
qiiestieni ot how fir it is legil for cmployeis to try 
inel plice eeitim phecs of hnsincxs (mostly inns 
anel j uhlie houses) out of bounds ’ foi then 
emjilovees lint siuli i jn icticc is lesoitcel to in 
inoie (hm one distiie t no one who knows mything 
ot I iighsh mdnstiial life will ittempt to deny That 
it IS illct,il whether from the j)omt of view of the 
I nick \e Is 01 ot tlu common 1 iw of tiade inter- 
ference IS less doubtful 

Payment in Advance. Whenever, by' 
custom agiecnuiil or otherwise, a workman is 
entitled to itce ive pirt of his wages m advance, it 
is uniawful tor the employer to withold such 
advance, or niikc any deduction m respect of 
mteust OI poundage 

It miy be worth while turning aside hero for an 
instant to pomt out that the courts almost 
invariably require a strict proof of the existence of 
fx- custom. 
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. Section 8 of the Truck Act, 1387, enacts that : 

No deduction shall b© made from a workman’s 
wages fcir sharpening or repairing tools, except 
by an Agreement which does not form part of 
the conditions of hiring. 

Where articles are made by a i)erson at his own 
home, or otherwise, without the employment of any 
person under him except a member of liis own 
family, the shopkeeper or dealer who buys such 
articles from liira must pay him in the current coin 
and not in kind, under j)enalty of becoming liable 
to the fines imposed for infringement of the Act 
of 1831 (Section 10). 

'This section only applies to articles under the 
value of £5, knitted or otherwise, manufaetured of 
wool, worsted, etc. 

The factory and mine inspootors enforce the Tnu k 
^cts in the factories, mines, and woik.sho])s in- 
spected by them. 

Fines. Under the Truck Act, 1S90, it is 
enacted that : 

An emplu{/er shall malce vo env tract with a 
ivorkrnan to deduct any sum from his vvtfjes by 
way of fine, unless : 

(а) The terms of the contract arc contained in 
a notice kepi constantly in a place open to the 
workman, and in such a position that it way he 
easily read by him ; or the contract is in uritiny 
signed by the workman ; moreover, the contract 
must specify the acts or omission in respect of 
which a fine may be imposed, and the, amount of 
the fine. The act or omission 7nust he one likely 
to cause damage to the emplonvr or hindrance to 
his business. The fine itself must he a fair and 
reasonable one, and 

(б) An employer shall not make any such 
deduction except in accordance with such a contract. 
No fine can he infi,irtc(l unle^'^s and until the u'orkman 
to be. fined has been furnished with the particulars 
for which he is penalised. 

Shop assistants come under this Act as w’cll as 
workmen. Where an cm ploy eo lias been tim'd illegally 
under this Act he can recover within six months of 
the fine. 

Employees “ Living In.” As regards 
the general provisions of the Truck Act, shop 
assistants arc not equally favoured. There has 
grown up in the large retail shops of many large 
towns of Knghmd a system know'ii as “ living in ” — 
the unmarried assistants are suj)plied with meals 
and lodging in lieu of possibly more than half of 
their wages. The objections to this system are ob- 
vious. Men arc herded together, the good and the 
bad without distinction. The State obviously cannot 
deal with morals, as such ; hut if the employer w^ere 
handicapped by statute in liis facilities in paying 
wages in kind, the system would receive a death- 
blow from which it could nev(*r hope to recover. 

That is the purpose, without a doubt, of the 
movement of recent years, whicli, having resulted 
in a commission to see how far shop assistants can 
be brought under the conditions of the Truck Act, 
will indubitably result in legislation crippling a 
' custom which has become an abuse. 

Compensation. The whole (jueslion of com- 
pensation to w'orkpeoplo has been settled by the 
Act of 1906, which, coming into force on July 1st, 

’ 1907, may be said to have revolutionised in ono 
. ; important particular the law upon the subject. 

, For the first time domestic servants have l)cen ad- 
■mitted to the advantages of compensation. It 
Would ^ possible to give in this place any 
the rules and liabilities under the Act. 
r that the prudent employer will now 


Insure against any liability. We , append thqrefpre 
an ideal form of po’icy which is apeopte d by several 
of the better known insurance ofhees. 

SPECIMEN POLICY 

M of (hereinafter called *‘the 

employer ") having i^id to the almvo company the sum 

oI on account of premium for the Indemnity 

hereinafter mentioned, it is hereby afjreed as follows ; 

The company indemnifies the employer fully and com- 
pletely against his or her entire liability (incluaing costs),' 
however protracted, under or by virtue of 

Tbe Workmen’s Coini>en8ation Act, 1900, 

The Eniph^yers' Liability Act, 1880, 

Lord Campbell’s Act, 1840, 

The Common Law, 

The Workmen’s Compensation Acts, 1827 and 1900. 

Ill respect of any injury fatal or non-fatal, which, at any 
time or times iliii ing the continuance of this policy, shall 
happen to any scrvaiit while in his or her employ, or while 
by law so deemcil to be. 

The rorapany in (iases of non-fatal ac(;idents will, in lieu 
of the payment of lialf tlie weekly wages provided by the 
Workmen’s Coninensatlon Act, 190(5, allow the employer 
the full wages paid during the period the employee is 
totally incapaciiatcd from m (jik up to one month from the 
date of the accident, and thereafter the benefits allowed 
by the Ai't, and will reimburse tlie employer any reason- 
able medical expenses he may incur in connection with 
such accident up to but not exceeding five pounds (£6) 
in amount. 

The company shall at its own cost take upon itself the 
settlement of any claim, and the employer shall not, 
except at his own cost, make any payment, settlement, or 
urrangement. The company sliall, at its own coat, take 
over and conduct and c<»ntr<d the defence of any proceed- 
ings taken to enforce any claim, and defend the same in 
the name of the emjdoyer. 

The employer by the acceptance of this policy agrees : 

’J’o give notice to the company at its head or branch 
otllce of any accident, within a reasonable period of the 
time when it comes to his knowdedge, and of any claim, 
either \eii>al or in writing, made upon him. 

'I’o rendiU’ the cinnpany .at tlie cost of tlie company all 
reasonable assistance in connection vvith .any accident, or 
any claim wliich may arise under this policy, and .at the 
expiration of each year of insurance to furnish a statement 
.sliowdiig the total number of persons employed during the 
year, and to pay to the company any additional premium 
which may be due in respect of persons employed in 
ucldition to those on whom premium shall have been pre- 
viously paid (to whicli ailditional servants it is hereby 
agreeil that this policy shall in the meantime apply). 

In consideration of an extra premium of it is 

agreed that this poli(;y shall extend to protect the 
employer against all liabilities under the Workmen’s Coni- 
peiisation Act, 1900, to persons not in the employer’s 
])ermunc]it .servici', ami temporarily or oceasion.ally eni- 
]*loyed by him in his capacity of a priv.ate householder or 
of an oci’upier of ottice or luisincss premises, or for purposes 
incidental tluu’cto. 

'I'liis i»olicy shall )>o in forct* for twelve calendar months 
from the date hereof. 

Landlord and Tenant. The folly of the 
average layman ia oxeni])liHod in no dopartinont of 
law so iiiiirh as in the carolossncss with which the 
leasing of houses and rooms is concerned. Ten- 
ancies are entc^red into without agreements stamped 
and firoperly sealed, with the result that the tenants 
entail upon tlieinselves much Imrdship, and what 
•seeihs to them to be illegality. At the outset, then, 
we would oiler this golden rule : 

Never enter into any tenancy which is for over a 
year without having a properly stamped and signed 
agreement. The value of the stamp required will only 
he a few shillings, and the advantage of security will 
he incalculable. The tenant should (dso he cnrefid to 
7iole. that the lease, contains clear and express provision 
as to the. amount of rent, (he 7node of payment, and 
the notice required for the termination of the tenancy. 

As a matter of practice, most tenants, certainly in 
humble circumstances and in agricultural districts, 
are content to take a tenancy without any agree- 
ment in writing. In such cases, if they^ pay weekly, 
they are weekly tenants ; if monthly, they arc 
monthly tenants, and can terminate their tenancy 
by a month’s notice. Cavses pf perplexity not 



Uii^Uentlj^ occur where the tenancy hoe begun on 
a yeiur'B agreeiinent which has come to an en<l. The 
tenant continues in occupation. His tenancy is 
then governed (in point of time) by the mode of 
payment If his rent is paid quarterly, he is a 
quarterly tenant, and must pay and give notice on 
the day he desires to terminate his tenancy. 

Mode of Notice. Notice, whether given 
by [the landlord or tenant, may be verbal, but 
tne onus is upon the person giving it to show that, 
if verbal, it was properly given. Thus it would not 
bo considered a good notice if the tenant call<*d at 
the landlord’s house and rang the boll, and on being 
informed that the landlord was not at home, left the 
verbal notice with the servant to hand on to the 
landlord. Nor is it a good notice when the date 
of leaving is placed at a day and time wdiieh is not 
legally in accordance with the requiiemcnts of the 
tenancy. Such a notice is altogether bad, and may 
be disregarded. The tenancy always exjiires at 
midnight on the date fixed for termination of the 
tenancy, and the tenant cannot be called upon to 
quit the premises before. 

The landlord’s remedies against a ten.inl who 
fails to pay his rent are dealt with bnclly m another 
place, but here it may be .slid that where eases aiise 
of tenants '* flitting,” leaving the house or rooms 
barred up and empty, the landlord is entitled to 
break in and obtain t)os.se.ssion. Jf the tenant 
should happen to have left anything of value behind, 
the landlord may sell the same to cover the ariears 
of rent, and such rent as would he due in lieu ot 
proper notice. But he is not entitled to double 
rent from the departed tenant and a now one, should 
ho have succeeded in obtaining a new one. 

Distress. The landlord’ .s remedy wlieic tin* 
tenant fails to pay his rent Is by •* distress,” which 
can only be levied by a certificated bailill, and 
must be between the hours of sunrise and sunset. 
Even then, the landlord must see to it that there 
is no forcing or breaking into the house, for the 
rule of the law is that " an Englishman’s housi* 
is his castle.” The bedding of the tenant and 
his family, and wearing apparel in actual use, and 
tools and implements of his trade to tli(‘ value 
of £5, must not be distrained u]>on. (foods belong- 
ing to a lodger or visitor in the house should not 
bo seized, but it is incumbent upon them to .serve <i 
declaration of ownership upon the landlord, ac- 
companied by an inventory sjiceifying the protierty 
in question. It may also be added that : 

Kitchen ranges, stoves, coppers, grates, and otlur 
fixtures of the like nature put up by the tenant for 
the more convenient or profitable use of the demised 
premises, and which he is entitled to sever and rtmene 
during the term, are not distrainable for rent. 

The other rules for distress, inasmuch as the 
process is compulsorily in the hands of expeiicne(*d 
people, need not be given here. It will be enough 
to aM for the benefit of unfortunate tenants tint 
the ^malties foi illegal distress are very heavy. 

Another branch of house letting of iinportanre to 
tenants concerns the question of repairs. 

l^pairQ. Probably it would always be safer 
to specify more fully than is habitual at present 
the repairs for which the landlord is responsible, 
and those which should bo upon the tenant. At 
ptesent, the favourite phrase is '^tenantablc repair,^^ 
and tlie necessity of keeping the house in this con- 
dition is upon the landlord. But the meaning of 
t^S* nhr^e is rather an elastic one. It is not, 
poMible to define it more than generally. 
. ^ possible* it may be said that the 

' bpOfio in a habitable con- 


um 

dition. If the roof falls in, or one of the ceilings, 
if the cellar becomes full of water, he innst see to 
rectifying these defects. But ho will not be respon- 
sible for broken sash cords, or door handles that 
tumble off, or if the chimney smokes. 

Failing, however, any express agreement, the 
landlord has no such liability at all. There is no 
implied warranty on his part that he wdll keep the 
premises habitable, or rebuild them in case the 
roof falls in or they are burnt dow'ii. So a tenant 
wdio is burnt out will find himself under the unpleas- 
ing necessity of still having to pay rent. And more 
than that, the landlord can get the insurance money 
for the destroyed premises and yet refuse to rebuild' 
them. Surely this may he said to be a branch of 
our law cons])ieuous by its oddity. 

Fair Wear and Tear. The responsibility 
upon the tenant, in the absence of any exprc.ss agree- 
ment, is to leave the ])rcmises at the expiration of 
his tenancy m a reasonably clean condition, fair 
wear and tear bcinf allowed. But if he has pulled 
dow'ii a w^all during his tenancy he must rebuild it, 
of course, unle.ss he has obtained the landlord’s 
]>ermis'>ioii for the .structural alteration. This 
liramh of our subject includes the question of 
fixtures, the legal aspect ot wdiich has given rise to 
much perplexity in the past. 

’rile broad rule is that the tenant, at the expiration 
of his lease, may re meme trade and (ornamental fixtures, 
but he mud take care that in so doing he does no 
damage to the fabric. Thus, a chatuh'liei* put up by 
the tenant may he taken down only if the ceiling 
is left in proper condition. Trf^cs and shrubs planted 
by the tenant could be removed if by so doing no 
harm was done to the garden — a rather prohibitive 
condition. Tlic tenant in such cases would be in a 
better condition if h(* hapjM*ued to be a nursery- 
man, and could describe these articles as trade 
fixtures. 

A shop window or counter or show-cases can be 
removed at the end of the ten.incy, but the premises 
must ho restored to their former condition. It will 
he seen then that the subject is one on which no 
detin ite rules can be enunciated. The safest course 
in all eases is to make the.st* alterations the subject 
of express agreement with the landlord. The 
ten.int who, for instance, is at the expense to fit up 
the ]>remi.ses as a shop, and then discover that it will 
cost more to remove his fixtures, must bear in mind 
that he will not be entitled to any compensation 
fiom the landlord for the thing.s left behind — unless, 
ot rour‘-e, the* whole matter h*id been the subject 
originally of express agreomeril. 

PERSONAL LAW 

” He who is his own lawyer has a fool for his 
client ” is n saying which has in it much truth and 
much fall.iey. At any rate it applie.s to lawyers 
as well as laymen, for the family which had good 
cause to rue home-made law was that of a former 
Lord rhancellor who drew up his own will with 
reiuuner.itive eonsequences to the class from which 
ho sprang. But the drafting of legal documents, 
is another story. And here it may be said at tho 
outset that the drafting of legal documents, wills, 
contracts, bills of sale, deeds of gift, should never 
be undertaken by amateurs, however vital the needs 
of economy. If a man has twenty pounds to leave 
behind him, it will be far cheaper in the long 
run to have that trumpery amount conveyed by a 
proper will executed by a qualified solicitor. Hornet* 
inaae drafts are short cuts to litigation ; th^ mail 
who uses them may write himself down penny wise 
and pound foolish* 
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But in daily life legal points arise, too trivial 
to take to a solicitor, or perhaps too sudden to 
leave time for consultation. Often in a man’s 
•bitsincss or employment, or in his relations with his 
landlord or his tenants, or with the doctor M'ho 
attends his children, or the schoolmaster who 
teaches them, he takes a false step suflicient to ])ut 
him out of court for ever so far as that particular 
case is concerned. Husband and wife, through 
ignorance of a minimum of law, may entail con- 
sequences upon themselves of a most uncomfortafde 
kind, to say nothing of the legacy of woo daily left 
to children by married })rrsons who are ignorant or 
careless, or both. 

Husband and Wife. The only bars to 
marriage under our law are disabilities througli 
five causes : 

(а) Mental Incai’acitv. A marriage with 
a lunatic “so found by inquisition” is void, or 
with a j)erson who, tlioiigh not the subject of an 
inquisition, (!an be proved to have been insane 
at the time of the marriage. “Insanity” must, 
of course, be taken to mean real, definite insanity, 
not more oddness or ccecntricity. Jt may be added 
that to go through a form of marriage with a. 
declared lunatic (so found by inquisition) is jmnish- 
able as a very serious contempt of court. 

(б) Ac.k. Marriages contracted under fourteen 
by the male and under twelve by tlic female arc 
voidable - that is, they ean be annulled at the 
will of either of the parties on reaching the marriage 
age. 

(c) RErATrONsiiir. The prohibited degrees 
of relationship arc to be found in the Prayer Hook. 
Those include illegitimate relations and relations 
by the half-blood. Thus, a man may not marry 
Ids deceased wife’s step-sistor, tliougli there may 
have been no blood tie between the women at all; 
also a man may not marry his deceased wife’s 
illegitimate daughter. 

(d) Pniou Maiuua(;k. Tlu' existence of ;i pri<»r 
marriage renders a new juarriage absolutely null 
and void. 

(c) Physical Inpapacttv is a ground for void- 
ing a. marriage. The distinction between void 
and voidahli^. in the above ])aragra})lis must ))e 
clearly understood. Void means mill from the very 
iKiginning — never anything else: while roidahic 
signifies that the marriage is a good one until 
either of the parties ehooso,s to void it. Hut in tlu^ 
latter case, if it coidd be prov»’d that a ]>arty 
chose to take advantage of its voidable character 
through capriciousness — i.c., long after he or she 
knew that it was possible, the r*ourt might very 
well refuse to allow it to be voided. 

Formalities of Marriage. Marriage 
ran be solemnised according to the rites of llie 
Church of England, or civilly, 'ridrdly, there are 
Nonconform ist ma rriages. 

Church of England Marriages arc either by 
Banns, Licence, “Special” Li<'enee, or Hegistrar's 
Certificate. 

(1) Banns. The Marriage Act, 1823, directs that: 

All banns of mairiniony shall he 'published in 
an audible manner in the parish church or in 
some public chapel, in which chapel banns of 
matrimony may vow or may hereafter he hiwfuUy 
published, of or belonejing ta such parish or chapeiry 
wherein the parties may he quarried shall dwell, 
according to the form of words prescribed by the 
rtihric prefixed to the office of matrimony in iho 
. Book of Common Prayer, upon three Sundays 
%4)reoeding the' solemnisation of the marriage, during 
, the Morning Service or of Evening Service 


[if there. shall he no Morning Service in such dmreh ' 
or chapel, upon the Sunday %ipon which such 
banns shall be so published], immediately after 
the Morn ing Lesson, or whensoever it shall happen 
that the parties to he married shall dwell in dimrse 
parishes or chapedries, the banns shall in like 
manner be published in the church or in any such 
chapel as aforesaid belonging to sitch parish or 
chapeiry wherein such parties shall dwell. 

If the names of the parties are misstated in the 
j>ublic{ition of the banns, and this misstatement is 
the result of false information given with the know- 
ledge of both parties, the marriage is void. One 
wrong name might not render tlie marriage void, 
though this is possible. If the misdescription 
(^an be provc'd to have been due to no fraudulent 
intention, or if only Imown to one of the parties, 
the marriage is good. A misdes(M*iption of status, 
as where a widow describes herself as a spinster, 
does not matter, and has no ofTeet u]K)n the validity 
of the marriage. 

Seven days’ notice of the publication of the 
banns must be given to the clergyman of the 
])arish : eonseqiieiitly it must follow that twenty-two 
days residence is comjmlsory in the parish on the 
part of the party who has to obtain residence in 
the parish for the publication of banns. This, of 
<*ourse, refers to a person vUio has no parish of his 
or her own. Then. “ a traveller is a parishioner of 
every parish }ic‘ eoimvs to”: accordingly the man 
(without a parisli of his own) who desires to marry 
a woman, say in Folkestone, must himself become 
a resident in that ])arish (or any i)arish where ho 
^boost's that his l)anns shall he piddislicd) by 
remaining then' seven days to cov’cr the notice 
to tlx' clergyman, and fifteen days to cover the 
three Sundays when the banns are j)ut up. If 
the marriage does not take place wifhin three 
months after the c()m]>lete publication, then there 
must be repnblication for three Siinrlays, 

'riie marriage must be solemnised in one of the 
j)irish churches in whi(‘li the banns were published. 

(2) LK'KNrK, Where it is desired to dispense 
with banns, Cliureh of England marriages ean be 
by licence, to be obtained from the episcopal head 
of the dioc(‘se in which llie marriagi' is to take place. 
No licence can ])c granted unless there has been 
a. residence for pftei n days by one of the jKirtics in 
tlie parisli whore the marriage is to he celebrated. 
Then before tlie lieenfie is grantetl one of the parties 
must swear before tljc bishop’s officer that there 
is no lawful impediment of kindred and that there 
has been fifteen days’ residence, and if either 
party is a minor, and not previoiisly married, then 
that the (amsent of the j)arent or guardian has 
been obtained. A false oath in regard to any of 
these ])artiouIars is a misdemeanour and punishable 
as such. 

The licence must bo prodiK'od for the clergyman 
at the marriage, and will be retained by bim. The 
cost of such a licence varies in different dioceses 
from £2 t o £4. 

(3) Si’ECUL Licence. Special licences, which 
cost £30, can authorise marriage without residence, 
at any hour of the day or night, and in any place 
whether consecrated or not. The special licence is 
granted only by the Archbishop of Canterbiu*y, 
for any part of England, and the application for it 
must be accompanied with an affidavit giving 
particulars as to names, etc., and made to the 
office of the Vioar-Genoral. 

(4) Reqistiiak’s Certificate. Marriages majjr 
also be solemnised in church on a registrar’s 
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certificate. Thiscertificate is also used in Noncon- 
formist marriages and will be treated under that 
head. 

Nonconformist Marriages. By the 

present laws of the land marriages between persons 
belonging to denominations other than the ( hurcli 
of England arc validly solemnised in the jfiaees of 
worship of the denominations to which the parties 
belong. A notice to the registrar is required, after 
which a certificate or licence is grantetl and the 
marriage can proceed. 

A registrar's certificate or licence is valid for 
marriages in Church of Kngland or Nonconformist 
places of worship, or for civil marriages. 

A form must be procured by oiui of the parties 
from the registrar’s oflicc, and filled in with the 
full names, status, etc., of the contracting parties. 
Anyone who wilfully signs a false stafoment knowing 
it to be false is guilty of perjury and can, on 
conviction, ‘be sent to jamal servitude, ^^t the 
time of giving notice the ])arfy must also mak<* a 
solemn declaration of seven days’ residence (fifteen, 
if the marriage is to be by licence) in the district of 
the superintendent registrar. 

If either of the parties is a minor, then fliis sr)l(‘mn 
declaration must contain a sfafement that the mar- 
riage is taking place with the cous(‘nt of those 
entitled to witlihokl it. 

A false statement wilfully made is perjury, ami 
can be punished, on conviction, by penal servitude. 
Hut such false statemenf docs not rend<‘r the 
marriage void. 

The not ice of such a marriage must l)c couspa ii- 
ously exhibited in the oflice of the su])erintcndent 
registrar for twenty-four hours j)rior to the solcmnisa- 
lion of the marriage, to give an opportunity for any 
authorised objection. 

Following U])OU the notice, tl\c parties can take 
their choice of a licence or a certificate. 'Phe former 
is the more expensive and the more ox])cdilioua. In 
the case of the licence also tlie need of a jmblic 
exhibition of the notice is dispensed with. The 
fees in either ease are not. very high, and the exact 
formalities as to prior residence in the district 
will always be given at the oflice of the su])er- 
inteiident registrar. 

'Ilie certificates or licemcs above referred to 
are valid for the solemnisation of marriage in a ])lace 
of worship or in a registrar’s oflice. 

Marriages must in that case lie solemnised in the 
usual form before the super inteiulent registrar in 
the presence of two witnesses. 

Marriages Abroad. The (|m*stion of mar- 
riages abroad opens too wi<h^ a subject to be <lc.ill 
with in an article written for laymen. One gold«*n 
rule taken heart by British men ami women in 
foreign countries will save much iutun*. iinlia])pjucss. 
Never enter into a. marriage <'ontraet with a non- 
British subject witliout first finding out from the 
British Oonsul in (hat particular ])la(r how to set 
about making the ceremony a valid one, both by 
English law' nyid the law of the Innd in v'Jnvh the 
fnarriage rdelmited. 

The rule of our law is that eveiy child born of the 
wife after lawful wedlock is ])rcsiiiiicd begotten of 
lawful intercourse, and tliorefore legitimate. 

But if it can be conclusively jirovcd that the 
husband has had no access to his wife the child can 
be bastardised. 

The old days, when a husband could chastise his 
wife or take her to Smithfield, there to sell her to 
the highest bidder, have passed away for ever. Tn 
the eyes of the law, as it stands to-day, a husband 
is entitled to be master in his owm home, but is no 
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longer allowed to bo tyraint. A married woman 
has many legal opportunities of getting away from 
a husband who is capriciously domineering, orders 
for the sake of ordering, or attempts to rule the 
household to beyond the limit of what is really 
reasonable. 

Married Woman’s Property Act. 

Tt is obviously impo.ssible in this place to give the 
thousand-aml-one details of the law governing 
tile relations bi'twcen husband and wife. Inasmucli 
as the bcdro(‘k of those relations is usually the 
question of ]>i()pcriy, it will be enough here to refer 
fidly to what may be called the Magna (’harta of 
marrieil life— tlie Married Woman’s Pi ojicrty Act 
of 1S82. T'lie main clause of the Act. is the first. 
For that reason it is given in full in this iilace. 

1. — 1. .1 marrifd irornnn shcdl^ in aceorddnee 
u'ith the prorisionA of thi'i .-Ir/, he rnpable of 
argnirintj, holdin;/, nnd dispofiing In/ wdl or othe.r- 
u'i.'ie of on// retd or personnl properly o.f her 
separate properly, in the same manner ns if she 
were a ftnunr soft, without the inlerrention of any 
trustee. 

2. A married uuauan shaf! he eopahle of entering . 
into and rrndt ring herself tiahfe in respect of and. 
to the extent of her s< parole property on any contract, 
and of suing and I wing smd, either in r.ftn tract or 
in tort, or other u'ise, in all respects as if she were 
a femme sole, and her hnshand need not he joined 
with fa r as plai)d{ff (w di fvndantj or he made a 
party to any action or other legal proceeding brought 
hy or fal'en. against her : and any damages or 
cosf.<( recover'd hy her in any such action or pro- 
cieding shall he Jar separate property; and 
any damages or costs recovered against her in 
any such action or proceeding shall he payable 
out of her separate pntperty, and not othenvise. 

.‘k Every eonfraet entered into hy a married 
v'oman shall he deemed to he a contract entered 
into hy her u'ifh respect to and to hind her separata 
prnpoly, nnle.'is the contrary he shown. 

1. Keerg contract •'nt<red into hy a married 
v'oman with resjiecf to and to hind her separate 
propdiy shall hind not only the separate property 
which she is pns^,‘><sed o/ or entitled, to at the dale 
of the contract, hut also fdl septirale property 
which she tnay thereafter acquire. 

o. Every uiarri'd woman carrying on a trade 
separately from her husband shall, in respect of 
her separate /woperfy. he subject to the bankruptcy 
fan s in tie- .'<amr way f/.sr if she were a femme, sole. 

'I’Ik? reui'iinder of (he Act is eijually important. 
It ])rovidcs remedic.s of married women for protection 
and security of separate ]»roj)erty. Another section 
riders to the wife's an(e-nu))lial debts, for which the 
husband is n-s]>onsil)le only to the extent of any 
])ro])(‘rty of hers of wliiidi he has the enjoyment. 
But whereas that Act has the effect of putting 
marriotl women on an ecjuaJify with all other adults 
in re.spect to the owning of projiertv, the law has 
gone a stc]) further and i ndowed (hem w'ith a ])rivi- 
lege denied to everyom* else. 'Phis is tlu* Restraint of 
Anticipation, wliieli is permitt(‘d to be added to any 
gift of laml or income made to a married w'oman. 
During her husband’s lifetime she may enjoy this 
income or the land as her se])ara(e estate, but slie 
may not alienate it . Directly he dies she may dispose 
of it as she })leasos — capitalise it, if it is income; 
sell it, if it is land ; give it away or exchange it. 

The.sc broad lines, then, are sufficient to show the 
main features of the law' governing marital relations 
where property is concerned. One important sub- 
sidiary question remains : How far is a hnshend 
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reaponaihle for his wife's dd)ts 'f It can only be said 
that the law is by no means settled. For her debts 
contracted prior to the marriage lie is responsible 
only to the extent of her estate which he may enjoy. 

But the debts contracted during marriage are 
another matter. He may safeguard himself, it is 
true, by advertising in the newspapers that he will 
not be responsible, but that is a counsel of despair 
not likely to be thought of until the mischief is done. 
At the same tiine there is the point of view of the 
creditor to be considered, tlie tradesman who sells 
the goods and has a right to expect payment. 

Probably in no recent instance has the need of a 
code ever been more cm))hatically inRtan<‘cd. 
Paquin v. Beauclcrk (otherwise Holden), the last 
recorded case iqion the subject (IDOti), crjually 
divided the House of Lords, with the result that the 
Lord Chancellor (I.oreburn) and Lord Macnagliten 
took one view, while their two legal brethren, Jxirds 
Robertson ami Atkinson, took the oilier. 

The result is to make it possible only to state the 
rough rule with considerable doubt. Within the next 
few years, moiitlis even, what lawyers now regard 
as settled n])on the subject may be altered, and a 
definite code be established as to how far marriecl 
women may contract debts on their own and their 
husband’s credit.. 

The Tradesman’s Liability, As the 

law stands, then, a. tradesman who supplies 
a married woman with necessaries befitting her 
appa.ront station in life, or with goods for use in the 
household, must, look for payment to the husband, 
(iroccfies supplied to a villa residence in Sydenham 
must bo paid for by the husband. It matters not 
that he has given his wife fifteen pounds a week for 
household expenses, and she h.is spent the money 
instead on cards ami racing and finery ; the unpaid 
household bills are accumulating against his credit, 
and he must pay them or no one else can be made to. 
But the tradesman is (allied upon to cxc'reise a little 
discretion. The wine merchant wdio, on tlie wife’s 
order, sends in five dozen of his best brand of eham- 
pagne to the house in Park Lane where ho knows 
the husband to he living is in a worse position as 
regards th<^ wife’s liability than if he takes an 
identical order for a lady W'hom he has every reason 
to believe is a w'idow, though living in an eipiaMy 
expensive neighbourhood. Again, the drajier who 
sells a bricklayer’s wife an expensive piece of silk 
may find it difficult to ])rove the liability of the brick- 
layer to defray the bill. But these arc refinements 
which lead only to confusion. Summed uj> in a simple 
sentence, the ]ircsent rule is Cmmit vendor, Hu? cre- 
ditor 8U])pli«‘s a married woman at his own risk. 

The End of Marriage. The methods of 
ending marriage other than death arc numerous. If 
the wife is guilty of misconduct the husbaml can 
obtain a divorce. If she do.s<;rts him, he can no longer 
compel her to return to him, except through the 
process of the court, and to tlm extent that that 
will help him. Certainly he may not employ physical 
violence, or constraint in any shaj)e or form, .lust as 
the Married Woman’s Property Act is the charter 
of her liberties as regards jiroperty, so the Jackson 
Case may be called the seal of her freedom. The 
decision in that case laid it down once and for all, 
so far as our law is concerned, that the wife could 
not bo constrained to live vdtli her husband against 
her will. Both parties are now in the same position. 

The party desirous of cohabitation, whether hus- 
band or wife, may sue for restitution of conjugal 
rights. The other side failing to comply within a spe- 
cified period, the only course then loft is to petition 
{oc a judicial separation. This docs not allow either 
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side to marry again, but neither side can afford to 
disregard it without the consent^f the other. It 
acts as an absolute bar to any' meeting. The party 
against whom it is granted, if the husband, or the 
wife with money, will also find him or herself bur- 
dened with the payment of maintenance to the other 
side, while the custody of the children will also be 
in the hands of the petitioner, though the respondent 
will not be denied reasonable access to the'm. 

The Wife’s Claims to Divorce. 
The same remedy is in the hands of the wife whoso 
husband has been guilty of iiiiseonduet ; for a wife 
cannot, obtain a divorce unless she can prove that 
her hushaiul, in addition to misconduct, has also 
been guilty of legal cruelty. Mere rudeneas or an 
occasional outburst of temper on the husband’s 
part is not enough. 1’he wife must prove that her 
husband lias been systematically cruel, and that his 
behaviour has had a bad cfTcet. upon her health. She 
may also obtain a divorce if the misconduct is 
coupled w’ith desertion without any reasonable cause 
for a. minimum jveriod of two years. There are 
certain crimes on the ]iart of the husband which 
entitle the wife to petition for divorce. It remains 
to state that the husband against whom a deere«* 
is made will havi'- to provide for the maintonanco of 
his divorced wife and children, and though tlie 
eiistotly of the children will be with the wife, he will 
not ho denied reasonable access to llicni. It is 
different with tin; wrongdoing wife. The court will 
not grant her acc(‘ss to Iut children under lb' years of 
age. With children over lb years the court has no 
concern, and refuses to make any order. It must be 
noted that whore a divorce is granted, a decree nisi is 
granted in the first instance, and the parties are not 
free to marry again until this decree has been made 
absolute. No decree will be granted where it can be 
])roved that the ])etitionor suhseqnently condoned 
the misconduct, as knowingly resuming cohabita- 
tion with the guilty party. Nor will a decree be 
granted to a ])ctitioiicr who has been proved to hav(^ 
been privy to the net of miseonduet, nor to the party 
whose own condiiet has palpably and glaringly 
eondiiecd to the misconduct. Disappearance of a 
]iarty to the marriage is not in itself a dissolution of 
the marriage. The other .side must get leave from 
the matrimonial court to ])resume the death of the 
disapjiearcd : and whether this will be granted will 
depend on the length of the disappearance and the 
likelihood of death. To marry without such per- 
mission is bigamy. 

One word of general interest to laymen must be 
mentioned. Poor people are now enabled by law 
to petition for a divorce at a very small cost. 
’I’ke Probate and Divorce Division of the High 
Court, Law Omrts, Strand, London, should be 
a]>])lic(l to in the first instance, and the mode of 
])ro(;edure will be point'd out. 

Parent and Child. The modem parent is 
no longer an absolute tyrant. He is a constitutional 
monarch. He has a right to exact obedience from 
hi.s child who is .still a minor (under 21 years); he 
can withhold his consent to his child’s marriage, 
and no marriage can ho solemnised without that 
con.sent. But it is a very negative sort of privilege. 
Thus the solemnising clergyman, or the registrar 
who issues the licence or the cerlificato, may assume 
that the consent is given, unless he is informed that 
the contrary is the case. Consequently the onus 
is upon the non-consenting parent, and when it is 
remembered what opportunities for secret marriages 
our very elaborate civilisation offers young persons, 
it will be seen that in modem life the .l^ent has 
very little say in the matter. The fact that he opposes 
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the marriage when ho learns about it does not render 
the union null and void. Of course, a parent can use 
reasonable constraint on the person of the child — 
a young person predisposed to a specific act of matri- 
mony against the wishes of the parent may be even 
locked up in a room, but such “ durance vile ” must 
not go beyond what is reasonable discij)line. It must 
not savour of cruelty at all, nor have any injurious 
effect upon the health of the child, for hero Iho 
community steps in, and it becomes a matter for 
the police court. 

The parent, again, is the chief arbiter as to the 
religion of the child, or he may decide to teach the 
child no religion at all. Again, he may decide what 
secular instruction the chihl is to receive and where, 
but he must arrange that tho child u taught, or the 
State will step in and do it for him. The parent, 
however poor, will be responsible for tho mainten- 
ance of the child, and if the latter is starved or 
neglected wilfully (save, of course, through the mis- 
fortune of tho parent), the latter is criminally 
responsible. Conversely, adult children are civilly 
responsible for the maintenance (or a contribution 
thereto) of destitute parents. Parental control docs 
not continue in tho case of children over 21 vears. 

Wills. No such view of law as tho present one 
would be quite complete without a few wonls on 
the subject of wills. Persons who have pro])erty to 
leave should be warne<l to avoid home-made wills. 
In no other branch of law is the rule so often excmpli- 
tied that “ the man who acts as his own lawyer 
has a fool for a client.” But if testators will insist 
upon making their own wills, let them make a point 
of simplicity, unambiguity, and clearness. The 
use of technical words is to be deprecated. If they 


employ them, it will be assumed that they know the 
meaning of the words they use. Neither stamps nor 
seal are now required to the validity of a will. 
It may be dra wn up in any form tho testator pleases, 
but it must l)e signed at the end by tho testator 
and two witnesses in each other’s presence. 
Creditors and executors are competent witnesses, but 
not beneliciarios. 1 1 may be added, however, in this 
rcs])eet. that the will is had only so kir as it con- 
cerns the beneficiary witness. But such a beneliciary 
witness may be given a legacy by a codicil which is 
duly witnessed by other witnesses. 

Intestacy. Intestacy is the term np])Hcd to a 
person who dies without leaving a will. Tlio rules 
for the division of such property are very clearly 
defined. But no family of an intestate should 
attempt to divide the estate except with the hcl]> 
of a solicitor. 

Tho oflico of executor is not by any n)ean3 an 
easy one. It is lii.s duty to wind u]> (Ikj estate, and 
ho must hear in mind that his responsibility for 
proper administration is a very heavy one. It is open 
to him to renounce tho ])osition at the outset, but 
if he accc'pts it is inoiimhent u]>on him to carry tho 
will through to proha tc. Tf this is not done within 
six mouths he lays himself open to a very heavy 
line. The Chancery Court however, will give 
relief in s])ecial cases. A ])ublic trustee has now 
been appointed by Act of Parliament, an^l comO' 
into exi-tence from January Isf, PJ08. Ho is a 
government oHicial who, in return for a .small foe, 
acts as trustee, and (if rorpiirod) executor, in small 
and large estates. The so urity thus given 
against the fraudu’ent conversion of trust funds 
is ob\ ions. 


A SHORT DICTIONARY OF TERMS USED IN LAW 


AQBNT — A i)er8on authorised to con- 
tract legal obligations and acipiire 
legal rights, ainl generally to enter 
into reintioiLR involving rights and 
duties on behalf of another, from 
W'hom his authority is derived. 

Agreement — A niutual contract or 
consideration betwaa*!! the partie-s. 

Aliens - -Subjeets of a State other than 
that in whieli they happen to be 
residing teiniwrarily or permanently. 

Ancient Lights — Uninterrupted en- 
joyment of light for twenty years. 

Antenuptial Settlements — Settle- 
ment of property, etc., upon an iridi- 
vidual prior to hi.s (or her) marriage. 

Appearance — Attendance, either in 
person or by proxy, at a court of law 
in reply to a demand for n'paration. 

Arson — Deliberately setting lire to 
buildings or such property as mines, 
crops, etc. 

Assignment - The conxeyance by the 
bolder of a lease or part oi a leaf-e to 
a third person <’r set fd persmis. 

Assurance — (Jiiarantees to cover risks 
and compensate for losses, given by 
t»ne party <o another for payment. 

Attestation — The aet of wdf nessi.ig : 
the signatures of the witnesses when 
complete. 

Attorney, Power of— -The delegation 
capacity to enter into binding ar- 
rangements on behalf of the person 
so delegating. 

®AIL — Security taken by the court 
that a person charged will attend at 
a future date to answer to the charge. 

® holder of goods to obey 
the direction with which the delivery 

D made. 

Baillns — Officers of the court employed 
to prosecute directions and orders of 
the court as to ejectment and distress 
for rent. 


Bankruptcy — InsutticuMit assets to 
cover all just claims, and such insulli* 
ciency publicly declared by some 
act. 

Barratry -Wilful damage to ship or 
cargo done by master or any member 
of the crew', without tlu* privity of 
the owner. 

Barring of Action -Limiting of right 
to bring an action after a certain 
interval of time. 

Battery— A hostile touch or the bos- 
tileiy tbrow'ing of anytlnng at 
aiiotlicr person, or sp'tting at him. 
I’racticaliy a convcrtil)le term in law' 
for .\ss;iuit. 

Bequest — Property left by will. 

Bigamy— The otfenco of going through 
tlic ceremony of marriage when the 
tlrst huslmm! or wife is still alive, 
and the former marriage has not bc(*n 
diss< jived. 

Bills of Exchange — A bill of exchange 
is an unconditional order in writing, 
adiircssed by one jUTson to another, 
signed by the person giving it, rc- 
(|uiring the person to wiiom it is 
addressed to pay on demand, or at a 
fixed and deterinmcd future time, a 
certain sum in money, to, or to the 
order of, a spccllleil jicrson, or to 
licarer. 

Bills of Sale - Documents operating 
as the transfer of property froin 
vendor to purehaser, or a.s the evi- 
dence of .such transfer. 

Breach of Condition, Contract, etc. 
— Breaking the agreement to perform 
a certain art, ete. 

Burgess — Enrolled and fully qualified 
member of a borough. 

CESTUI QUE TRUST -The person 
for w'hose benefit the trust has been 
instituted. 


Champerty— Bargain betw'cen third j 
party and a party to a suit, to divide I 
the object ol the suit (land), if sue * 
ccssful ; supplying in return inone> I 
to prosecute the suit. 

Chattels— Personal property. 

Cheque -An authorisation to the bank ^ 
(or holder of any deposit.s) to pay a’ 
sum of money belonging to the 
draw'cr of the chejine to tlie payee. 

Claim, Statement of -Thel<‘gal docu- j 
ineni used m iinM‘ee‘iings to set forth] 
tlie deniand.s of the suitor w'lio is tho. 
plaint itf in tlie case. 

Collusion- A i»rivate nndersfamling 
between jiarties, made U) iiitliieiicc or 
negative* tin* course ot justice. Used* 
jjrincijially in case.s in the Divorce | 
(\)nrt, wdn're husband and wife have 
a private undersfanding with a view) 
to obtaining a di.ssolntioii of their i 
marriage. 

Compounding -Agreeing to suppress* 
a <Time, so that the w'longdoer may 
not lie bnnigbt to justice. 

Conjugal Rights — The riglif.s of hus- 
liand and wife to the .s<icict.y and 
.support tlie other. The compul- 
sory common life. 

Consideration The reason demanded 
in law' for the pa.ssing of any property 
from one person to anotlier. 

Contracts - Agreements betw'een two 
or more parties to perform some act 
or ijass property, etc., ete. 

Contributory Negligence — Negli- 
gence in law' on tlio jiart of any victim 
of an accident, disqualifying him from 
obtaining compensation from the 
employer or person responsible pri- 
marily for the accident. 

Copyhold Estates — Tenancies held 
from the lord of the manor and 
entered in the Court Rolls of the 
Manor. 
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Copyrltfht—The propcjrU in writings 
or paintings, »tc., which prohibits 
their reproduction save at the will of 
the owner of the (copyright ) property. 
Corporations — Bodies of individuals 
or sJiifting aggregates or institutions 
troate<i as single individuals as re- 
spects tlieir powers to sue or be Bue<l, 
Init differing fT<mi individuals in 
this that they are immortal. 
Counterfeitlngr—Making base imita- 
tions of the coin of the realm. 
Counterpart— The dupli(’at(M)f a docu- 
ment —c.g., the lease, deposited with 
the lessor. 

Covenants — Olaiiscs in a lease promis- 
ing to do or abstain from doing ccr- 
tajii acts and duties in connection 
with tiie tenancy. 

Curtilage— Tin; same common fem*e. 

surrounding a house and outbuilding. 
DAMAQE FEASANT— .Vny person 
whose property is injured by the 
cattle of another strajing tliereon, 
without any contributory fault of 
his ow'ii, is entitled to seize tlic rattle 
and retain them until he has been 
eompeusated for the durnagti done. 
This is know'll as “ distress damage 
feasant.” 

Damnum Sine InjuriA - Damage. 

caused witliout a wrongful act. 

Debt Judgment-Debt found owing 
by the decision of the court. Money 
owed as the result of a judgment of 
the court. 

Dedication of Higrhways - Devotinga 
thoroughfare (through specified legal 
means) to the use of tlie piiitlic. 
Defamation — Blackening tlie charac- 
ter of another person, either by 
words uttered or written. 

Default- '-Failure to appear in satis- 
faction of legal proceedings. 

Delivery — The legal passing of the 
property in goods. 

Demise — The granting of a term of 
years’ interest in property. 

Devise -Testamentary grant (»f pro- 
))crty. 

Dissolution— Legal termination of a 
contract^ — usually (‘luployed with 
regard to the contract of paTtn*>r!<h>i) 
or marriage. 

Distress—” Tlie taking, without legal 
V^roeess, cattle or goods as a pledge 
to compel the satisfaction of a de- 
mand, tlie perforinanee of a duly, or 
llie redress of an injurv.” (Wood- 
fall.) 

Domicile — The iilace w'liere a person 
has liis ]ierrnanent abode, and 
whitluT (w'hen absent) lie lias an 
intention of returning. 

Drawee of Bill — Tlie person in wliose 
favour a bill is drawn (drawee or 
payee). 

EASEMENT— A rigid. over another's 
land, under whi<;h some siirvicc or 
enjoyment Is vested in a person who 
lias no property in tlie land, iind no 
right to draw any jirotit from it. 
Ejectment — Forcible expulsion of de- 
faulting tenants from house or land. 
Embezzlement -Bobbery by a clerk 
or servant of bis employer’s money, 
etc. 

Employers* Liablllty—IlesiHinsibility 
of cnii)loyer8 to compensate work- 
people injured in llielr service, by any 
cause otlier tlian tln! w’orkman’s own 
fault, or the fault of a fellow'-work 
man. 

Entail — The line of succession U> land 
indicated. 

Estate Duty — The taxes required to 
be paid on succession. 

Execution of Judgment— Enforce- 
ment of decree of any court. 
Executors and Administrators— 
Oilicers appointed under a will to 
fulfil the tenns of the will and ad- 
tiiinister (so far as required) the 
estate. 


FACTORS— Agents employed and em- 
powered to buy and sell. • 

Fee Simple — Practically absolute 
ownership of personal property. 

Fee Tali — A limited estate, or property 
in an estate. 

Felony — “ An offence which occasions 
a t/otal forfeiture of either lands or 
goods or botli, at common law, and to 
which capital or other punishment 
may be stiiienulded according to the 
degree of guilt.” (Russell.) 
Foreclosure of Mortgage— Taking 
complete and actual possession of 
Jiroperty upon which money has 
been raised, in default of repayment 
of said sums. 

Forgery ' Personating another through 
the means of counterfeited writing. 

Fraud -Wilful misrepresentation in 
(Mitering upon an agreement. 

Freehold - Estates held in fee simple, 
fee tail, or for life. [q. v.l 

GRACE, DAYS OF — Extensions 
allowed by law liefore a just debt, 
etc., becomes due after tlic actual 
date of repayment luia vested. 

Guarantee — The acceptance of the 
obligation of a third party to eorn- 
jilctc some agreement. 

HEARSAY EVIDENCE— Rc]iort of 
w'orils used by a third party not 
pres(*nt. before the impiiry. 

Hereditaments— Iniieritanccs applied 
to land. 

Heriot — Feudal "service ” due to the 
lord of the manor on the death of 
tlie ten.aiit. 

Highways— A w’ay otam and common 
to all the King’s subjects. 

Hire-purchase— Payment for goods, 
the actual iiossessioii of wiiieh iia-s 
passeci already to the purchaser, by 
instalments. 

IMMEMORIAL USAGE — Custom 
which lias obtained so long ns tlic 
memory of man can extend back. 

Indor.^oment— Signature of payee (or 
draw’ee) acting as negotiation of the 
bill. 

Infants — I^egal description of those 
wlio cannot enter into contracts for 
reasons of age. 

In FormA Pauperis — ^l^’acilities for sue- 
Ing or defending in courts of law 
where the suitor is too poor to 
employ legal aid. 

Inhabited House Duty— A tax upon 
occupied hou.ses, the incidence of 
W'hieh falls upon tlie occupier or 
landlord aciMirding to the rent paid. 

Inland Bill of Exchange— A hill Ixith 
draw'll and payable upon presenta- 
tion w'ithin the Britisli Isles. 

International Copyright -Protect ion 
of literary property extcjiding over its 
production in foreign countries. 

I nterpleader — Process to ascertain real 
ownership of goods seized under a 
(listriiss for rent. 

Intestacy — Disixisal of the property of 
a deceased iicrson wiio leaves no will. 

JETTISON — Throwing cargo over- 
board to save the sliip. 

Joint Tenancy— Two or more persons 
lioUling land' in commou. 

Judicial Separation —J..egal status 
(sliortof the dissolution of the marri- 
age tic), pronounced by the Divorce 
Court, entailing living apart, but 
not entitling the parties to rc-marry. 

LADING, BILL OF~l)ocument ebn- 
taiiiing description, etc., of cargo 
consigned to a ship. 

Larceny — Feloniously taking another 
person's profierty against his consent, 
with a view to converting to use of 
the taker. 

Lien— Hold on property vested in 
persons having some claim upon the 
actual owner. 

Law conduded 


MALICE— The conscious violation 61 
the law to another’s detriment. 

Marl^et Overt— *’A fair or market held 
at stated intervals, in a particular 
place, by virtue of a charter or pre- 
scription. In the City of London 
every shop is, on every day except 
Sunday, a market overt for the sale 
of goods usually sold therein.” 
(Chitty.) 

Memorandum of Association— Docu- 
ment demanded by law and contain- 
ing the terms governing the forma- 
tion of a limited liability company. 

Misdemeanour — Any crime less than 
a felony (q.v.). 

Mortgage— Security given by a debtor 
to his creditor, either on land or 
personalty, to safeguard the re- 
payment of the amount owed. 

Mortmain— Transfer of property to 
any corporation as distinct from 
individuals or cluster of individuals. 

NECESSARIES— Articles supplied to 
infants or married women which they 
are bound to pay for jiersonally as 
essentials to their mode or condition 
of life. 

Negligence — Acts of commission or 
omission other than those likely to 
be done by a reasonable man. 

PAROL — Verbal as opposed to written. 

Perjury - Sw'cariiig to what one knows 
is false. 

Personalty- Property in cash and mo- 
vables as opposed to realty (land). 

Privileged Communications— Letters 
to solicitors from their clients; or from 
a person to any professional man 
w'ho be is consulting, apd concerning 
matters which it is tlie professional 
man’s calling to deal with. 

Procuration, Powers of— Delegating 
authority to bind another to agree- 
ments, et(!. 

Promissory Note— A promise in writ- 
ing to pay certain sums, made without 
(luallllcation or (vnidition. 

RATIFICATION-Conftrniationofany 

agreement. 

Receiving Order— Term used in bank- 
ruptcy for appropriating the assets 
of a bankrupt towards the payment 
of his creditors. 

Representations Fraudulent— State- 
ments of nrilrue rharaider made 
W’ith the object of indiuMiig others 
to cnttT into some agreement which 
they w'ould not make if they knew' 
the facts. 

Repudiation — Refusal to complete 
terms of a contract, (pi the grouinl 
that said contract had been ohtaincil 
by the other party by inisrepreseii- 
tathm, etc. 

Reversion —Po8S(*ssion of realty or 
personalty vesting after the death of 
the actual iiosscssor. 

Rights of Way— Public capacity to 
cross private projierty at certain 
points [see easement]. 

SEISIN— To become possessed of 
realty. 

Stoppage in Transition— The stop- 
ping of goods on their way to tlie 
perspective possessor; for debt, 
and so on. 

Surety— Individual who accepts re- 
sponsibility for the performance of 
Some obligation on the part of 
another. 

TORTS — Civil wTong for which one is 
liable civilly, but not criminally. 

Treasure Trove— Valuables, to which 
no owner can be traced, found either 
in public or private land. 

WRIT— Legal document used in process 
of civil and criminal actions, setting 
forth the pause of action and formally 
demanding the satisfaction claimed 
by the plaintiff. 
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By JOSEPH G. HORNER 


The Lrathe. Tho craft of wood-turning is 
very ancient. It was formerly done by a re- 
ciprocating mandrel, oj>erated by a bow and cord ; 
or by an overhead si)ring i)ole, oi)erated by a 
treadle. Tho bow and cord still survive in the 
JEaat. All modern wood-turning lathes arc fitted 
with continuously running mandrels. Lathes for 
wood -work are much plainer than those for metal 
turning, seldom comprising more than a ])lain 
ungeared headstock, a sim])ie j)o])])et, and a hand 
tee-rest. For some engineers’ pattern turning, 
a plain slide rest is fitted and a large face-))latc, or 
a special face lathe. But with these (‘xcoptions, 
and that of the ornamental turner, wood-turners’ 
lathes have no aids to s\ip])lement. the work of the 
hands. The fact is, a skilful turmu* is more nearly 
independent of his lathe and tools than most 
craftsmen, and excellent work is done by siudi 
men on lathes that would excite the derision of 
the engineer or tlie w(‘allliy amateur. Wood- 
turning is one of the crafts in which manipulation 
is the supreme factor, one in which the essential 
tools are few in number, and very simple in 
character. 

A large, high-class lathe, much superior to those 
usually found in wood-turners’ shops, is shown in 1. 
made by T. White & 8ons, of Paisley. It is all 
of iron,* while wood figures largely in mueh lathe 
construction. It is of large siz(\ 12-ifi. centre, 
designed for j)attern turning, and gtuieral utility. 
The follow'ing are the priiieix»al jiarts: tlie A, 
having at one end the headfitocJCf B, with tho four- 
stepj>ed cones, C, turned inside and out for xierfect 
balance, and driven from the cones, 1), on the 
countershaft, fitted with fast and looses xmlleys. 
K is an iron facc-pl<jt(% to which w’ork can bo screwed 
directly, or through an intermediary ]>late of wood. 
F is the fork, or proiu; centre, (i is the hose poppet, 
or back j)oj)Xiet, or movable XKijipet, or loose head, 
and its centre is the back centre. It is fitted for 
turning long ta])ers, us on columns, by utilising tho 
cross-traverse movement jtrovided. Tlie. tool rest 
commonly used is the tec-rest, H, with which 
nine-tenths of wood-work is done. But for long 
])ieces, a slidr-rest, .1, is ])rovided, com])rising the 
tool holder on a cross slide, adjustable across tho 
top of the saddle, wliieh is lit ted to (he bed with 
veo’d edges, and an adjustable stri}). The saddle 
is travelled ujj and dowai the bed by a rack, K, 
the jiinion of which, L, is actuated through a jiair 
of gears, N and 0, by tho lower lover handle, INI. 
the ui)per liamllo being for the cross traverse. 
A nest of drawers, P, is formed underneath tho hed 
to receive the tools, and a rack, Q, adjacent, receives 
face-plates. 11 is the back hoard for tools in use. 

Wood«turning Tools. Tho ])rin<'ipal ojiera- 
tions are performed with two tools only, tlio tjouge. [2] 
and tho chisel [SJ, each being usiid in three or four 
different sizes. Both are true cutting tools, both 
require practice and skill in their manipulation, 
but all conceivable sliapes are outlined by deft 
handling of these two. True, there are many 
others which complete a turner’s kit, but they are 
only used for occasional ^finishing, smoothing, and 


correcting. All the roughing out, and by far the 
greater portion of the linishing also, are done by 
tlie.se two very simple tools. We will con.sider 
them and their work in turn. 

The Gouge. This [2] is like no other gouge. 
It has a considerable, convexity of tlu' <'uUing edge, 
tho reason of which is to prevent, or to lessen risk of 
hitching or catching of the revolving work against 
one corner of the tool, wliich would liappen if an 
ordinary firmer goug(* were used for turning; or 
if the gougo were ground like 4, instead of like 5. 
It is this rapid revolution of tlio work, with tho 
centrifugal action, tending to knock the gougo 
away, tlial tho turner, consciously, or instinctively, 
horn of habit, always has to bear in mind. Tho 
iK'ginner, after sundry hitehings, and damage to 
the work, hi.s hands, or tho tool, or all in unison, 
soon learns to present the gouge warily. Tho tiling 
to remember i.s not to allow the work to catch in 
the sides of the gouge, }>ut to do the cutting at and 
near the ))oint a only. Bearing this in mind, 
faces that are ]>erpondiciilar to tho axis of rotation 
can 1)0 roughed down safely, the back of the gougo 
being held next the face being cut. (.’oncave and 
convex ]) 0 rlions aro also easily out, the hack of tho 
gougo always lying next tho face being turned. 

\Vhen turning a parallel, or straight jiortion, tho 
gouge can Ixi liold straight forward |6]; but, 
generally, more rajiid reduction can be cll'erted by 
turning with a diagonal cut, or sideways, changing 
tho direetion of cutting toward.s right and loft 
alternat4‘ly. l)eox)er cutting can ho done by this 
device than by straight-forward jircsentation, 
though tho latter is suitable for taking finishing 
cuts. To suit details of work of ditferent dimensions, 
gouges arc made in ditTerent sizes, from } in. to IJ- in., 
so that either tino details or lieavy roughing down 
can ho done hv selecting suitahlo gouges. Tho 
handles of tlic.se gouges (2 and 6j will ho noted as 
being characterised by much leverage. To this, 
in fact., they owe so much of their value. The 
workman is thus ahlo to control their movements 
in o])])ositioii to the. severe stresses causcil by tho 
revolution of tho work. A firm grip is taken at 
the fulcrum— that i.s, tlie place where tlio gougo lies 
on tho rest [6]. 'J’lie gouge is grijipeil there between 
tin* forelingcr and thumb of the left hand, while 
(h<* end of the handle, gripjied in tho right liarid, is 
kept in constant movement in arcs of circles to suit 
the nature, of tho cutting being done. In some 
eases the. siilo of the. gouge is presented, as in taking 
a tinishing cut in a bore [7]; 8 is a gouge used on 
tho sliile rest. 

The Chisel. This (3] is the only turning 
chisel with a doubly bevelled edge like that of 
tho axe, though u.sed in <(uito a ditferent manner. 
It is pre.sentcd and traversed against the revolving 
work, cutting shavings at and near tho obtuse- 
angled end. Tho degree of pressure exercised is 
controlled by tho hands of the workman. The tool 
is grixqx>d on the rest [lOJ by tho forefinger and 
thnmh of the loft hand, similarly to the gougo, 
while the right maiiipulalcs tho handle. Like 
the gouge, tho chisel will turn straight and convex 
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portions, though not concave ones, unless of large 
radius. The point to observe is that cutting must 
not be done far away from the point, a [9], and, say, 
over one-third of the width from the point, other- 
wise the tool is liable to be caught, and damage 
the work. It can be used indifferently in right 
and left directions 1 11]. The chisel, like the gouge, 
if used properly, leaves a very smooth surface. 
The acute-angled corner of the chisel fulHIs the 
special function of cutting <lown j^erjiondicular, 
or nearly perpendicular faces [12], and of severance. 
Being so keen a wedge, it will cut deeply and 
'apklly, leaving the smoothest possible face. It 
cannot be used for turning like the other angled 
corner, but would be caught by the work if presented 
thus. 

Scraping Tools. Though the gouge and 
chisel are the sheet anehors of the turner, it is 
obvious that they cannot cover all details of work, 
and especially in j)ieces of larg(‘. dimensions. Thus, 
a disc on the face ])Iate cannot bo turned aiul 
finished with the side chisel. For tliis a firmer 
chisel, acting as a scra})c, must be used. A deep 
hole Can bo roughed with the gouge, and partly 
smoothed with the keen nngh; of the side chisel, 
but a true, smooth face must finished with a 
mde tool. A con(Nive portion <*ari be roughed with 
the gouge, and is often finished witli it; but 
frequently it is finished with a ronyul vase, es])ecially 
in work of large diameter. 'Ihese and some other 
tools act by scraping only. ITence, as .scraping 
roughens up the grain, the object, always sought 
is to do as much jireliminary work as po.ssible with 
the gouge, and hike the merest film off with the 
scraping tools. Round nose and side tools are 
shown on page 42(11, in group 22. 

Hard and Soft Woods. Tim relative 
utilities of scraping differ in the ])ractice of tiirning 
hard and soft woods, it is done }injch more, ex- 
tensively in the first named than in the .second. 
The reason is that the grain of hard wood does not 
become rougliened u]) nearly so mucli as that of 
.soft timbers. This, of conri^e, is not an argument 
in favour of scraping, when turning can Im done, 
by the gougo and chi.sel. But when work i.s of a 
Jiighly ornamental character, and of large dimen- 
sions, as in much of that done on tlic face-plate, 
the risks of hitching are lessemal by (he u.se of 
8crJi})ing tools. The harder tlie woo<l, the nion*. 
nearly the conditions approach to the turning of 
llio softer metals. Thus, S]>anish mahogany is 
harder than bay wood, and lignum vita,* or box 
are more suitably scrajied than beech or birch. 
Also, dry, well-seasoned woods <ran be more readily 
scraped than moist and sjumgy stuff. So that 
there is room for exercise of judgment. When 
details have to be turned to exact dimensions the 
scrajKis are valuable aid.s, beeause very 'minute 
amounts can be removed by their assistance. The 
hardwood turlicrs, therefore, have a large a.ssort- 
ment of scrajms for turning concave and convex 
portions, for recessed work, right and lt‘ft- handed, 
besides forms of tools for internal shoulder- 

iugs, etc,, in some of w'hich it would l>e quite 
impassible to use the turning gouge or ehi.sel. 

All turned work may be elassilied under two heads, 
that done between centres and c-huck work. 

Work Between Centres. This signifies 
that the piece to bo turned is supported and revolved 
between the fast headstock and the loose poppet. 
It includes all pieces the length of which exceeds 
the diameter by so much ns to require support 
be$i^.that afforded by the headstock. Generally, 
pieces are held and rotated by the fork or 


S centre. This is Intorchangeable with other 
s on the mandrel nose. It derives its name 
from its fork or prong-like character. The end of 
the wood, if soft, is driven against it, or, in htod 
wootl, a saw kerf is often made to receive it. The 
back poppet centre is entered readily by screwing 
up the mandrel slightly. Occasionally other 
chucks are used to drive work between centres, 
but in most ins(.ances the fork is employed; 14 
shows a piece of wood roughed out with the axe 
preliminary to turning. 

Chuck Work. This signifies that pieces are 
lield at the headstock end only, and without other 
Hiipjjort. Pieces the length of which does not 
greatly exceed the diametor, or which are of less 
(hickness are turned tliii.s. 

Face-plates. These are the principal chucks. 
They differ from those for metal turning in their 
greater simplicity, eom]>rising only two form.s, in a 
range of dimensions. One is the screw point chuck 
(151 — that is, (he work is held on it by a central, 
short, (,a])ercd screw, having a coarse thread. This 
is suffieient to hold a small ]uece of wood, say, not 
exceeding 4 in. or 5 in. in diameter. Thick blocks 
— .say, above 3 in. or 4 in. diameter — are generally 
secured in addition with a couple or three wood 
screws ])ut ill from the back of the plate. 

Large Face-plates. These |16] have 
countor.sunk holes for the attachment of work by 
w'ood screws inserled from the back of the plate. 
Tliey are made in as large a range as the capacity of 
the lathci will admit. For v(‘ry largo face work, 
lathes are made either with a dee]) ga]) in front of 
the headstock, or the headstock is made to turn 
round through (K)' or 180”, so that work can he 
taken as far down as tlie iloor. In smdi cases a 
.s)M‘eial l•€*st is rigged up on a heavy floor stand, 
sufficiently ma.ssive to remain steady under the 
stress of turning. In many cases the trouble of 
reversing the headstock is avoided hy carrying the 
mandrel out at the rear to hold the large face-])latc, 
so that it is always ready for use. Pattern-makerH, 
as well as wood-turners, use these face lathes for 
wheel work of all kinds. 

Wooden Plates. The faee-])lates are made 
of iron, except in the veiy small sizes — say, under 
4 in. — for which brass is commonly used. Rut a large 
j)roj)ortion of turners’ work, and much tlic largest 
ill pattern turning, is done, not on the metal plates 
<lirectly, but again.st an intermediary plate of wood 
.screwed to the metal. 'Iho adv.antage.s are the.se : 
The wood j>late can be faced up truly, while tlic 
metal ]>lateH often run slightly out of truth, due to 
wear on the thread. Turning can be done right u|> 
against the wood without inflicting damage on th‘‘ 
tool edges. There is a slight elasticity in the wood, 
noticeable when turning, by comiiarison with turning 
done down close to the iron. But the principal 
advantage is that the wooden ])lates can be rec*e.ssed 
to receive work for re-clmeking centrally, often, ton, 
without using .screws, the friction of the work ju 
its reee.s.s — or over a check standing out, in the 
case of chucking by a hole — being Sufficient In 
retain it in place for light fuming. In time, as a 
face-plate becomes turned down thus, a new on(' is 
substituted. Small plates are made of solid stuff ; 
but those over 12 in. to 18 in. diameter arc built up, 
the plainest with battens, the largest with a cross 
and diagonals [17]. ^luch work is chucked, not 
directly on the plate, but on blockings screwed to 
it. The reason is, that plates of several feet in 
diameter are rather expensive, and would soon 
wear out if frequently recessed. The face. there- 
fore, i-etained plane, and chuokings are' done on 



1. l2-in. centre wood-turniiiir latho 2. Tnrnii.K Koiijfe 3 . Tiirninf; chisel 4. Tun.ir^ f;ou-e improptM'ly «ronn«l 6. Turning 
gouge properly ground 6. Method of holding g«>uge 7. Finishing with gouge in hole roughing tool 

9. Turning chisel 10. Method of hohling chisel 11. Side chisel applied right and left hand 12. Side dusel eiitting down 
an end 13. Fork or prong centre 14. Wood roughed for turning 15. Screw^-point chuck 16. Large face-plate 
17. lhiiU,-up wooden face-plate 18. Piece of work in cup chuck 19. Sizing tool 20. finished artich? and us temidet 
21. Article as roughed out and strii) marked out in lengths 22 and 23. Article roughed out and finished 24 and 28. 

Article roughed out and fliiished 26. Square! turning 
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temporary blocks screwed to the face. This is done 
in large gear wheels, pulleys, and rings of various 
kinds. 

There are some classes of turned work in which it 
is undesirable or inconvenient to insert screws, yet 
which must He against a flat face-plate. Then paper 
joints are useful. These are adopted extensively in 
pattern turning, and it is surprising how great a 
mass ])ai)er will hold. News]><ij)er is suitable. It is 
glued on both sides, one side going next the jdato, 
the other receiving the work. On large ])icecs, 
narrow strips of paper at intervals are sufficient ; 
])iecos of a few inches diameter may be carried with 
one piece of the same diameter. The joint is broken 
after turning by lifting the work with a ehiscl 
inserted in the joint, wdion the pa])cr s))]its into two. 

The Hell ChucK. The bell chuck is termed 
the CMjo chuck fl8], and is used for some classes of 
work too small or loo long for the faee-plate, and 
also for pieces which have to be bored [7], or for 
objects that have to bo turned and cut off in succes- 
sion fl8]. Boxes, cgg-ciips, vases, are exain]»les of 
the lirst ; drawer-knobs and corJ-puIlcys of the 
second. The wood is driven into the eup and holds 
by friction alone. The clmck is usually of brass. 

There are many very delicate objects which will 
not bear any driving into the bell clmck, or into a 
wooden chuck driven into the bell, and reccH.sed to 
receive work. For such objects the spriurf chucks 
arc valuable. These are made generally in a hard 
wood, box being the best, sometimes also in brass. 
The body of the chuck, slightly (af)crcd outside to 
receive a ring, is split by several saw kerfs cut 
radially nearly to the bottom of the clmck, and the 
metal ferrule is made to compress the body round 
the work by tightening it down the tapered body. 
Turners make these for their own use in several 
diameters. 

Methods of Measuring. The diameters of 
turned work arc mostly taken with common calipers. 
When large numbers of similar pieces have to bo done 
the calipers are often fixed with a thumbscrew. A 
sizing tool fl9] is also used with a guide at the back, 
for repetition parallel turning. 

Dimensions in the longitudinal direction may bo 
taken with a rule ; but when (piantities are done, a 
strip is generally nsed. having the various lengths 
marked across it., whence they are transferred to 
the work. In such cases the ])icce is roughed out 
a)))woximateIy j)arajlcl to the largest diameters, 
and the lengths set off on the rotating piece. Then 
these are set in with the keen angle of the side ehiscl 
down to the various diameters, which are turned, 
and cheeked by the calipers. Every portion is first 
turned as a parallel section, after which the ditferent 
moulding sections are sha]>ed with the gouge and 
other tools. CoiipKire 20 to 25. 

Templets. These afford much aid to calipers 
in repetitive work. They are cut from a thin strip 
of wood and tried upon the work [20] from time to 
time as the final corrections are being made. A 
little chalk or red lead may bo rubbed on the edge 
to indicate the localities where contact takes place. 

Straight Shafts. When a long ])option of 
turned work is to be perfectly straight, as in the 
shafts of columns and pillars, and in pattern pipo- 
tnrning, much time may be saved by first turning 
down at each end and in the centre to the cor- 
rect diameter, and then planing n flat along from 
end to end, forming a tangent to the diamoters. 
This, being chalked or red-leaded, becomes a guide 
to rapid reduction of all the intermediate portions, 
wbiidh can be turned almost to size without stopping 


the lathe: It is then easy to finish with a side chisel, 
and correct, finally, with a firmer chisel. 

Steadies. When long, slender pieces are being 
turned between centres they wobble, and cannot 
be turned truly without support intermediate with 
the centres. Those steadies are very plain by com- 
parison with those used by metal turners. Sometimes 
a rigid rod only is wedged between the ways of the 
lK*d, to be kept in contact with the back of the work ; 
but, generally, a block of wood or an iron bracket is 
bolted to the bed to carry either a vee-block or to 
receive semicircular blocks. A single vee-block will 
cover a moderate range of diameters, but semi- 
circular blocks will fit only one side. The practice 
is to turn down a portion to the correct size, some- 
where about the centre of the length; grip tliai 
with the steady blocks, and then proceed with the 
remainder of the turning. In very flimsy work the 
.steady i.s shifted to two or three successive positions ; 
or more than one steady is used. Lubrication i.s 
necessary, or the friction between the work and the 
.stcvidy will eau.so smoking, and char the wood. 
Soft soap is the best material to emi)loy. If a lathe 
i.s fitted with a slide-re.st, then a travelling steady 
avhich follows th(i work beliind the tool can bo used, 
as in metal -turners’ lathes. 

Square Turning. The ])rincii>le of this is 
ilhistraUMl in 26. The articles to be turned are 
arranged round the peri}>hery of two or more disc.s, 
w'hicb are driven between the centres, driving w^ith 
a face-]>late at one end attached to its disc, the 
other end b(‘iiig sujiported on the back centre. The 
pieces of wood ar<^ attached with screw.s, the lengths 
being in exctVss of the finished article, to allow of the 
portion with the holes to be cut off sub.se(|uently. 
It is not nece.ssary to fill in the spaces between the 
pieces with a view to prevent breaking out of the 
grain by turning, but those who are not skilful in 
the use of llui tools glue strips in, as shown at a in 
26. The blocks, A, in the illustration are simply 
distance pieces, by which the end disc.s are retained 
rigidly. Of course, the larger the diameter of the 
ends the less will the slight curvature due to t}u‘ 
radius bo in amount, and generally such ends would 
have to be framed up with a ero.ss and segments. 
After the faces have been turned corresponding witli 
one position of the artkdes, they iire turned round 
and re-screwed in successive fresh positions, until 
all four .sides are finished. 

Ornamental Objects. The work of the 
geometrical turner rcqnire.s special high-clas.schuck.^, 
aiul a special lathe. But very beautiful, effective 
ornamentation can be prodm^ed by the plain wood 
turner by the repetition of similar figures, such a.- 
those .shown in 20 to 25, and allietl forms, for there 
is no limit to the combinations of curves and straight 
linos which are possible. Va.ses. flower -holdei>. 
candlesticks, watclistands, work about overmantels, 
toilet-boxes, epergnes, and mnch beside, can bo .so 
made, or i'nrichcd with ornament. Much may he 
done by turning rings the cross sections of which arc 
those of various geometrical figures, and cutting off 
area therefrom to form the tripod -legs for stands of 
various kinds, or for carved handles. These arc 
turned on the face-plate, most figures requiring 
re-chucking ; objects of square, circular, octagonal 
or tinted .sections can thus be produced by turning- 

With regard to the finishing of woodwork, 
any of the usual preparations can be employe.!, 
according to the character of the wood and th<‘ 
work — brush varnishing. French jx)lishinc. 
lacquering, painting. Inferior woods may be 
stained previous to polishing. 
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A DVERTTSf NO is tho arl of creating a dcMUand 
by publicity : it is to-day one of tlie greatest 
forces of commercial life, and it is no exaggeration 
to say that millions of pounds arc s])ent annually in 
applying the power. 

Advertising — the art of advertising — cannot be 
taught in the usual way. There an' no lext-i>ooks 
or acknowledged ])rofessors, and the attaininejit of a 
position in its ranks does not entail an expensive 
course of instruction or necessarily involve a. long 
apprenticeship. Tho qualifications are a strong 
personality, a sound general ediication, and a keen 
perception. Tlierc is no business that offers greater 
advantages to tlic man who can see and grasp an 
opportunity. 

We have said that advertising cannot be taught — 
nor can it. One may learn how to draw ii]> an 
advertisement, what type to use, what spacer to 
buy, and how to buy it, and some useful hints arc 
given in these ))ages on these points, ^'ou can le^irn 
a thousand and one tilings, useful and even neoes. 
sary to know in the connection, but of themselves 
they are not advertising — tliey are not the spirit 
of advertising. It is tlie argument — tho happy 
thought — the bright idea — the smart catch })hrase 
— the power of perception — the insight into 
human nature, that sell the goods, and these 
things cannot be learned by rule of throe. 

Placing Advertising Business. It will 
bo as well first of all to enter somewliat into the 
conditions of the advertising business. An 
advertiser wishing to inaugurate a campaign 
arranges details as to space, price, jiosition, etc. 
(a) with tho advertisement manager of the various 
publications direct; or (/>) Ivumiphys an advertising 
agent to make tlie no('essnry arrangements; or 
Ic) he places some contracts direct with tlie 
))ublisher, and some through an agency, as lie may 
deem it exixjdicnt. 

Generally .s])eaking, the business is apportioned 
in the following way : 

About nine-tenths of the total is done tlirough 
advertising agents. The agents handle nearly all 
the business that is iilaced with daily news^iapers. 
The monthly magazines aceoj)t a small amount of 
business from the advertiser direct. Of the adver- 
tising in the illustr.ited weeklies about 2o j>er cent, 
is arranged without the inf<‘rvention of an agent. 
It will be seen from this that tlie advert isiiig agencies 
play a very imj'oriant part in the business, and their 
jiosition in the field is rather a peculiar one for tlie 
rejison that although they work ostensibly in the 
interests of the advertiser tliey receive their re- 
muneration from tlie publisher. On all contracts 
placed by the agency the publisher jiays a com- 
mission, varying generally from 10 per cent, to 15 per 
cent., according to the standing of his publication 
and its power to command business. Various other 
arrangements are often entered into lietwecn pub- 
lisher and agency, such as an additional discount 
for cash or an extra commission if tho business 
received exceeds a certain amount. There is no fixed 
rule, each publisher being a law unto him^lf in this 
respect, but 10 per cent, is tho usual commission pa id 


by firsf-elass j)ublical ions. Th^ agency is respon- 
sible to tlie ])nl)lisher for ])ay intuit for contracts 
])laeed liy it, and is regarded as a prineijial, all con- 
tracts being made as such, and not as an agent for 
the atlvert ist'r. The position of tlie ngtuicyjs analo- 
gous to tliat of a man serving two masters, and 
although mncli controversy has arisen within recent 
times as to tlie cniciency of tlie system, still, as 
exemplitied by lirst-class agentut^s, it a]i])ears to 
work satisfactorily. 

The Advertising Agent. It is not 

)>crha])s of jiartinilar importance for ])re.seut 
jMirposes to (‘uquire into the inner working of an 
advertising agency, hiit it is at least relevant to 
the siihjeet, and digression in this direction may not 
be uninteresting. The agency nets : (I) as space 
brokers— that is. buyers of space from the ]ud)lisher 
on behalf of tlie advertiser: (2) a.s advertisement 
managers and advisers to the advertiser. 

In either ease the commission pa ill by the 
]iublish(T is tlie same. Some agency biisines,ses con- 
sist entirely of the former, some the latter — others 
com bine, the two according to the requirements of 
individual clients, (ienerally one of two methods 
is adopted by tho advertiser in pro.secuting hiscam- 
jiaign : (1) 'j1ie organisation of an advertisement 
dejiartmenl under the control of a man who com- 
bines a knowledge of advertising with a study of the 
exigencies of the advertiser’s particular line of 
business, or (2) he places himself almost (in some cases 
quite) unreservedly in Die hands of an agency. 
In the former i-asc ho make.s such arrangements as 
will, in his o])inion, ensure that liis business will be 
jirojierly and ])rofi(ahly conducted. His advertise- 
ment manager is generally a man with an extensive 
knowledge of the art of advi'i tising. Ho has learnt 
from ex}>ci ience what to Imy in the way of space, 
and the lowest rates at which it may be obtained. 
He designs ropy, «ir has in liis dejiartment exjieri- 
enced copy-writers, and, being on tlie spot, he has his 
lingers on tlio pulse of the husine.ss, and should be 
al»ie to tell williout loss of time wlien a publication 
or a jiarticular advert isement fails to shoM' a jirofit on 
the outlay. Almost, invariably he euqiloys an agency 
to act as sjiace hrokci , to make the necessary arrange- 
ments with the publisher. Hy doing this he often 
saves time and money, the agency, acting for several 
advertisers, being freijuently in a position to buy 
more cliea])ly ; and, on the ground that .service i.snot 
requireil in any other direction, the agency fre- 
qiK'ntly comes to an arrangement with the advertiser 
coiu-erning the commission received from tho 
])ubl isher. 

Turning to the .second method, the propcrly- 
c(pii]»pod ugoney can and generally docs render very 
important service to the arlvertiser, whether his out- 
lay be large or .small. It acts the part of an advertise- 
ment manager, and, in addition, brings to bear 
the experience gained by years of experimenting and 
observation made in the interests of numerous 
clients with diverse interests. The agency majis 
out tho campaign, the publications, to bo used, 
advises as to buying space, and secures best positions 
possible. It writes the advertisement copy and 
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booklets; executes illustrations, and makes the 
process blocks ; designs posters and sees that they 
are properly displayed ; organises where neceasary 
a follow-up system; originates selling schemes; 
checks accounts to make sure that the advertiser 
has received the space ordered and charged for, 
etc. 

In addition to the business of space broker and 
advertisement manager to the advertiser, the 
agency sometimes undertakes the <lutica of adver- 
tisement manager to a publication — that is, it lakes 
over the whole of the advertising space in the 
journal. This is known as “ farming,” and the 
financial arrangement is either a commission paid 
to the agency on the advertising revenue it earns 
for the publisher, or the payment of a fixed sum 
by the agency for a fixed amount of space. 

These, then, arc the conditions under 
which the business of advert ising is con- 
ducted. A knowledge of advertising may 
bo acquired in anyone, and applied to 
anyone. The defined tracks are — service 
with the advertiser, with the publisher, 
or, with the advertising agency. For 
service with an .advertiser a knowledge of 
the following subjects is requin'd : tho 
writing of advert isemonts (technically 
cojiy- writing) ; conditions governing the 
buying and using of space in the ])ress, 
and outdoor }>ublicity; the buying of 
advertising material such as colour 
printing and show-cards; the weight of 
paper, etc. 

Copy -writing. The broad jirin- 
ciples which must be followed, if adver- 
tising as a wholt^ is to bo successful, and 
a particular advertisement is to fulfil its 
purpose, may be stated as follows ; an 
advertisement must (1) attract attention ; 

(2) invite reading ; (3) carry conviction. 

Various devices are employed to arrest 
tho eye of tlu^ reader. A distin<*tive 
border may be used with eficct, but to 
rely on a border is to a certaiu extent a 
confession of weakness on the part of 
the text. 

Pictorial blocks also find favour with 
many, but the picture which has no 
relation to th(^ text is open to the same 
criticism as that applied to the dis- 
tinctive border. If a block is used at 
all, tho design should be an integral p;irt 
of tho advertisement as a whole. Such 
a block will serve a double jiurjiose. It 
will arrest attention in the first instance, 
and will then fulfil the second refpiirc- 
ment of a good advertisement by draw- 
ing the reader uneonseiously to a perusal of the 
text. The s.ame may be .said of a ])r(‘gnant ami 
illuminative headline— a collection of words which 
givc.s, as it were, a slight mental .shock to tlie 
reader, stimulates his curiosity, and makes him ask 
for more. 

The Heading. To invite reading, as wo 
have just seen, an advertisement must in the first 
lace have a significant design or letter-press 
eading. After that, lype-sctiing plays a very 
important part ; excessive dis])lay should be 
avoided, and a generous allowance made for white 
space. Ty ))0 of a smaller size set in an open 
manner will always present a more attractive 
appod^ance than typo two or three sizes larger set 
60 al to cover the whole space available. In 
order to sustain the interest of the render the 
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minor headings should, if possible, be made no less 
significant than the title itself. Up-to-date news- 
papers and magazines contain in their editorial 
columns excellent examples of the use of attractive 
cross- headings, which tho advertiser who desires 
to give life to his advertisement will do well to 
study and imitate. 

We now come to the most vital characteristic 
of a good advertisement. The announcement may 
be .seen ; it may be read ; but if it fails to convince 
tho reader of the merits of the commodity offered, 
and of the desirability of posse.ssing it, all effort 
ha.s been wasted. It is here that tho art of tho 
copy-writer comes into jfiay. Tho qualities of 
good copy arc so .subtle that it would be hopeless 
to give any directions likely to help the a.spirant. 


out Ix'ing wordy, terse without being obscure, 
eloquent without being extravagant. 

To write intelligently, an intimate knowledge 
of the article is reipiirofl, its value from all points 
of view, what the buyer wants to know about it; 
and, equally important, what you want him to know. 
It .should also be remembered that different subjects 
require different treatment ; a motor-cac cannot 
be advertised in the same way as a patent medicine. 
The public, too, vary in class and temperament, 
and a successful appeal to one cl.’hss may prove a 
failure to another if the same point of view is taken. 

The “ Dummy ” and its Uses. The copy- 
writer is furnished with particulars of the subject 
of tho announcement and of the space allotted. 
His first duty is to rule off on a sheet of paper a 
diagram exactly tho dimensions of the proposed 
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1. J5X.\MPLE OF DUMMY ADVERTISEMENT 



adverti^ment. This sheet, which should have a 
total area at least twice as largo as that of the 
diagram, is known in printing offices as a “ dummy.” 
We shall assume that the copy-writer has drafted 
the text to his satisfaction, and that it now remains 
for him to adapt tT>3 text to the space before him. 
For the sake of simplicity w'e shall supjmse that the 
advertisement will consist of letterpress only. 

How to Make Headings Attractive. 
The main Ijieadiiigtirst claims attention. Sunic?ient 
space must be allowed to enable it to stand out 
clearly. White space should be left eitlior on one 
side or on both. The heading which runs across 


FIRST 

IN EIGHTY YEARS. 

TKi* will be a* of<lin«ry sale, but one that will ctceplional- 
BOl ooly in the bargains to be offered, but ip the fact that it will 
ba the fint tale tiace the firm was established eighty years agai 
We moan to make il one that will be long remeiMered. both Inr 
tbo quality of the articles to be offered, and for the pnee at 
whuh ihqy will be sold. 

Owing to the JleconatructioA of the firm, 
caused by the retirement of 
one of the partners, 

ROBINSON & CO., 

HOSIERS, GLOVERS 
AND OUTFITTERS. 

will tell the whole of their tlock. includinf 
their newest designs in holiday wear, as 
well as travelling goods 6f unrivalled make 
and price, during the week, hegianuig 

MONDAY NEXT, 

JULY 21. 

Write at emee for 
Catalogue of this 

EXCEPTIONAL SALE, 

which will be sent post free on applittlion 
•Do not miu this golden opportumty. Wnie now 
—or better still, cal) any day during the week. 

ROBINSON & CO.g 

78. KINGSLEY ROAD, LONDON. EX. 


2, ADVERTISEMENT SET El* FROM DUMMY 


the full measure of sjiacc allotted i.s .seldom effective. 
The secondary headings, in which <loul)tK\ss other 
important fenlurc.s of the advertisement lind ex- 
pression, should next be considered. 'Phe ))robable 
distance l>etween each should be calculated aiul 
care be taken that no two of them come too closely 
together. IShould this apjyear likely to luip])en 
there is nothing for it but to alter the intervening 
text. The positions of headings or display lines being 
• thus more or less settled, these headings may bo 
sketched in pn the “dummy,” and the .subsidiary 
matter, or, to give it a simpler term, the “ story ’ 
may now be dealt with. If the story be a long one, 
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any attempt to write it in the space left between 
the headings on the “ dummy ” will only give trouble 
to the unfortunate printer and result in typo- 
gra])hical errors. A much better plan is to have it 
written .sejiarately, marked off in sections A, B, C, 
etc., the spaces in the “ dummy ” which each 
section is lo fill being marked correspondingly. 

The illii.stration }1] shows a “dummy” adver- 
tisement ready to hand to the printers, and 2 shows 
tlie .same advert i.semeiit in type. At this stage the 
adverti.scnicnt is known as a “ proof.” For in- 
structions in correcting jiruofs, sec jiage 4193. 

Use and Abuse of Bold Type. The last 

point which falls lo bc! coii.sidcred is th<^ choice of 
tyjie.s. As it rul»*. this is a matter which may 
generally be left to the printer.^ if the copy is to be 
set in an office w'hieh is known to employ export 
display compositors. It is a. great mistake to 
insist on the use of bold tyjic throughout. Bold 
tyjm is all very well for headings, and even then 
it should be used with discrimination and in 
different tlegrees of boldness, otlierw’ise one. head- 
ing will kill the other. In tlic* body, bold typQ, 
should never be used e.vcejit for one or two line.*! 
at a time wliieh recpiire special emphasis. The 
e\Ve soon tires of following mor(3 than a dozen 
lines mujihasised in this manner. For different 
styles of tyjie, sec article beginning on page 5026. 

Some Devices of Display. The adver- 
tisement shown in “ dummy ” and in tyi>e i.s of the 
mo.st straightforward ch.iracter. The object ha.s 
lK*en merely to show the student how to prepare a 
simple announcement for the printer, and to 
initiate him into the more simjile devices of display. 
These devices, indeed, are multitudinous in number. 
The rules and bonlers commonly found in a printing 
office cun be employed in almost an iulinitesimai 
variety of combinations. The art of creating now 
and original devices is a matter of exjiericnce, 
and not difficult to acijuire. This leads us naturally 
to discuss the question of jiictorial advertising. 

Pictorial Advertising. The term “ pic- 
torial advertising,” for convenience sake, will be 
regarded in its widest sense, bmng takim to include 
all designs used iu advertising which have liecn 
cre.itcd by an artist and rejnodneeil by an engraver. 
A jiicture or design whu h has been ie]>roduced by 
an engraver lor })rinting piHqioses is known as a 
“ bloidv.” Jn regard to the value of blocks in 
advertisements there is s(um‘ difference of opinion, 
(’ertaiii su<tces.sful advertisers rarely or never use 
them. Other.s, again, dejicnd almost w'holly upon an 
at>jH5al to the, eye rather than to the intellect — much 
dcj lends upon the siibjeid. 

Varieties of Blocks. A block may Ix^ a 
rcjiroduetiiin of the article or artickis offered for 
sale ; it may be .symbol ieal of some idea which is 
the main-sjiring of th(‘, advertisement; or it may 
Jiave no relation to the text, being introilnc.ed merely 
til arrest attention. The first case is simjile. The 
bhiek should rejiresent tin* article accurately, and 
without exaggeration, and too much emphasis 
cannot laid on this jioint. The symbolical 
design or jiicturc affords great siropo to the 
ingenuity and imagination of the advertiser. The 
design which has no relation to the text is the least 
satisfactory form of juctoriul advertising. It may 
serve to arrest attention, it is true, but it is quite 
possible that the reader who lias been induced to 
turn from the latest news of the dav to the con- 
temiilation of a picture of a beautiful woman may 
experience some measure of disgust when he finds in 
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tho picture merely a device to bring before his 
notice some prosaic article. 

Blocks in common use among advertisers are of 
two kinds — line blocks and half-tone blocks. For 
information concerning blocks and their making, 
see article beginning on page 6481. The advertise- 
ment student need not desj)air if he has no artistic 
talents — the actual drawing can be done by any 
artist. It is the i<h'a in designs, as well as the 
text, that commands success. 

Newspaper Advertising. With regard 
to tho media in whi(;h the advertisement is to 
appear, the advertiser has an enormous choice — 
daily and weekly newspapers (London and pro- 
vincial), and periodicals (weekly, monthly, and 
yearly) ; some jmjndar, some devoted to a com- 
j)arativoly seleet few, others to given objects. 
The selection rlejamds entirely on th(‘ article to he 
advertised, and the amotmt of advertising apjiro- 
]>riation. (Generally sj)paking, if the article is a 
•|)opiilar one, the daily and weekly i)ress are lik<‘ly 
to j)rove the most ]>rofitahle. 'this is evidenced 
by the attitude adojded by most adveiHisers 
4o-day. Of course, if the amount at the disposal 
of tho advertiser ])ermits, he ean go very much 
furtlior athdd, liis only <'are in any case Ixung 
to ensure a prolitahle return for his money. News- 
pa])er advertising differs considerably from that of 
magazines. In the case of tlie former, it should he 
remembered tint there are fewer and largt'r ])\ges, 
and that each page carries a number of advert iso- 
monts. The advertiser has the ehoieo of an 
ordinary or preferred ])osition, tli<‘ latter l>eing next 
editorial matter, and costs anything from 10 per cent, 
to r>0 per <‘<*iit. extra, according to tli<‘ nevvspa])er. 
Groat care should be exercised with the roj)y 
intended for ordinary ])ositions, so as to secure a 
contrast with other advertisements. Very juuch, 
indeed, depends on the intelligence of the jirinter 
or advert is(*m«*nt otlice cl(*rk, as tin ordinary 
jmsition advcM’liser is not allowed to dictate just 
exactly where his advert is(uiicnt shall apjjear on the 
page. Several suecessful attempts hav(‘ been made 
to ))rint iialf-tone blocks in ncwsjiapcrs, but the 
result, at flic moment at all events, is not to be 
entirely relied upon, and more satisfaction can be 
obtained from line bloi^ks. If a half-tone is used, 
the screen shoidd not be more than (it). 

At the beginning of a camjiaign es])ecially 
large spaces ,are desirable. To tl»e advertiser with 
a larg(^ a])pro])riatioii and a ])opnlar article, they are 
always profitable. At tlie same time there are 
thousands of advertisers doing a good and slea«ly 
business by the use of small s])aces ; inueh depends 
on the article* — much mon* on the eo])y. The 
arguments in favour of newspaper advertising are, 
shortly: the juice* ja^r lliousaml is low ; the returns 
are (juick; it covers an e\tre*mely large tiedel ; it 
allows of topical advertising. 

Magazine Advertising. With regard to 
magazines, the chief jioint- to remember is that 
the paper aiiel juintinJ^ aile>w of ceinsieh'rahle 
pictorial effect, and this should be taken advan- 
tage of to the full. An artistic and striking 
design should invariably be used, and, other e*oii- 
ditiona being eaiual, the result is good. Here, 
again, it must be remembered that tho advertise- 
ments are placed together, mostly at the beginning, 
and some at the end of the hook. The front and 
back covers are obviously good positions, and one 
or two preferred pages may be had. If the adver- 
tiuer can afford it, a whole nage should be u.scd, and 
a right-hand one if possible. The arguments in 
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favour of magazine advertising are briefly : it has 
a long life ; it has generally a home circulation ; it 
allows of artistic pictorial display. 

Outdoor Publicity. In this branch of adver- 
tising the field is very wide indeed, and includes bill- 
posting, omnibus and tram advertising, railway 
advertising, bosrdmen (commonly known a.s sand- 
wichnien), signboards, and metal plates, window 
disjdiiys, circularising, etc. It is not within the 
province of these articles to indicate whether amr or 
all of these forms of publicity arc profitable. It tft 
jniblicity, and must have some value to that extent, 
blit the advertiser requires n long purse and much 
jaitience who invests his money solely in this form 
of advertising. As a matter of fact he rarely does. 
Here, again, much depends upon circumstances, 
and it is yet anotlu*r instance of tho fact that adver- 
tising is not “ rule-of-three ” work. Bill-posting 
holds the foremost plaoe in outdoor publicity, and 
is h‘‘rc dealt with. It is unnecessary to go into 
details concerning 1 he many other campaigns, as they 
are com jjara lively unim))ortant. 

Rill>pOSting. Bill-posting is — and from tlie 
very nature of it probably always will be — a most 
difficult form of advertising to conlrol, and for this 
reason it is a]>t to ]>rove exjiensive. Posters, to be 
elFective, require considerable skill, and np small 
outlay to jaoduce — twenty thousand douhle-crown 
sheets (.‘50 in. by 20 in.), in three colours, costing 
about £.10 to ]>riut, in addition to which tliere is the 
designer’s fee. The advertiser is at the mercy of 
the hill-])osting m(‘n, .itid has, further, to take into 
account tin* vagaries of the climate, a bill often being 
put om* day and destroyed by rain and wind the 
next. Then, again, the <*mi)l()yment of insiieetors 
is generally neccs.sary to ensure that the bills are in 
position. Much imjirovcment has been noticed in 
recent years, however, as far as the human element 
is eoncermal. 

Hoardings .ire owned by different firms of bill- 
post<‘rs in com))etition with each other. In J..ondoii 
there are l)t*tweon lifty and sixty lirms, but in the 
provincial towns the hoardings are held by one 
or two men only. 

The chai'ge to advertisers is ba.sed u])on a fixed 
.sum j>er we«*k jM‘r double-erowri sheet. This covers 
the cost of posting the bill (which, of course, is 
sujqdied by the advertiser) oii the hoardings, and 
renewing it as often as neeessitalcd by the weather. 
The r(‘ntal varies from 1 .Jd. per week down to ^<1., 
and .som(‘tim(‘s less. As the same jirieo is generally 
paid whor(‘v(‘r Hu* loeation may be, it is obviously 
more ja'olitablc to the advertiser to pay greater 
attention to ])osition than to ju’ice. 

The most convenient size bills for jiosting in the 
United K ingilom are vertical 16-shect and horizontal 
S-.sheet jiosters, tho former being 10 ft. high by 
6 ft. H in. wide, and the latter 5 ft. by 6 ft. 8 in. 

Here, as in juess advertising, the sucee.ss or 
failure of a cam]»aign dcjK'nds very largely upon 
the d^^*.sign it. self. Poster designing is a thing 
which an amateur should not attempt unle.ss he 
combines art. of a very high order with his 
knowleilge of adxTrtising. It should Iw remem- 
bered that very little in tho way of argument 
is possible, the design must speak for itself ; the 
])as.ser-by has not always the opportunity, and 
rarely the inclination, for absorbing argument. 
What the poster wishes (o convoy must be conveyed 
at a. glan(*e or it fails in its object. 

Posters are used generally to strengthen a press 
camjiaign, although instances occur where tho 
advertiser relie.s solely on this form of publicity. A 
great advantage of the system ia that advertising 



oan be localised, a consideration to the advertiser 
who wishes to concentrate his attention to a jiar- 
ticular district — a theatrical enterprise, for instance. 

Much valuable information regarding billi)o^tir»g 
and other forms of advortisiiiT is cont lined in 
“Benson’s Facts for Advertisers,” publidiod by 
S. H. Benson, Ltd. (10 Od, net.) 

Mail Order Business. Mail or post 
order trading is practised very niiicli more exten- 
sively in America tlian in (.real Britain, for one 
reason because the large shopping centres are far 
more widely distributed, and but for the mail order 
advertisers dwellers in remote districts would have 
to go without many little luxuries that they now 
enjoy. The system has much to recommend it to 
everyone but the local provincial trader, who views 
with some alarm tlie growing custom of his neigh- 
bours to spend money, perhaps huiulreds of miles 
away, that would otherwise tinrl its way into his 
till. The remedy, of course, is for the local trader 
to take up mail order trading. [See jiage /i930. | 

The eareful student of tlie advertisemenl eoliimns 
of the press will have observed that the )>opularity 
of this class of business is increasing. To the 
aspirant to honours in the advertising field, there- 
fore, the question of mail order advertising is of 
considerable import aiiet', for, of course, advertising 
is the basi.s of the whole business. The wafeliword 
of the mail order ad vert i.ser should he “now,” and 
his copy must convey tliut imjiression to the reader. 
“ He who hesitates is lost,” and many an order or 
inquiry has been lost to the advertiser because of 
the hesitation of the reader. CJoods mu.st lie des- 
patched “ now,” and inquiries answered “ now.” 

Mail Order Advertising. 3’here are three 
distinct features in mail order advertising — thci 
advertisement; the eatalogiio; and the folio w-u)) 
system. The aim of (lie eo])y shovdd Ixs of eourse, 
to sell a certain article, or obtain applications for a 
catalogue. If a eomparativoly small space is to bo 
used, one article only should be advertised, }*ar- 
ticular attention must be jiiid to the block, which 
should jiortray the article in an attractive and 
])lciising manner, but with absolute truth. The 
])ricc should be moderate enough to be on the face 
of it a bargain. Hear in mind that the object of Ifie 
mail order advertiser is to eidtivatc satisfied cus- 
tomers — the selling of one article is a small matter — 
it is subsequent sales to which you will look for 
business. Every ]):ireel desjiatehed will contain a 
general catalogue, and such useful literature us 
you have prepared for the ])urpose. 

The catalogue is the big gun id (he mail order 
trader. It must be well got uj», though not neees- 
sarily expensive. The blocks must be good and 
attractive, the tyjie clear, and the arguments con- 
clusive, the whole leaving in the minds of the reader 
a desire to buy. Bear in mind that you have .severe 
eom})etition from retail traders all over the kingdom. 
Bluntly, your object is to deprive him of his local 
trade, to bring tint trade to a centre — your estab- 
lishment. 

On the trade.sman’s window tlepends much of his 
trade. Your catalogue is your window. See that it 
is well dressed. You cannot ex|)eet a purchaser to 
desert his local man without good reasons. See that 
those reasons are logical and clearly defined. 

Save your customer as much trouble as possible ; 
enclose simple self-measuring forms, if necessary, 
and always an order form, which should require 
very little filling up ; also printed addressed 
envelopes. In addition to the catalogue, a nicely 
got-np . brochure should be prepared, the object 
of which will, be to interest the applicant for 
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catalogues in yourself, your business, your methods, 
etc., with illustration.s of the premises, different 
dcpirfments, staffs at work, etc. This will create 
a valuable personal impression. If the public do 
not know you, they wdll know of you, and it all 
helps to instil eonfulenee. 

The Follow-up System. The follow-up 

system is brought into use (1) to coax an appli- 
cant for a catalogue into becoming a purchaser; 
(2) to sell further goods to a customer already on 
(he f»ooks. 3’h(‘, can! index system is the only 
sMeees.sfnl method for tlie jmrpo.se [see page 6520J. 
Below is ])rin(i*d a .sugge.sted card for the forme: 
pirjio^e. 


(’aud No. 1. 
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The card show.s to exactly wliat use it should be 
put. Tlie details can, of eourse, he altered to suit 
individual trades, the oiu' givmi being intended to 
illustrate the method. Tlie card should be kept 
under forivard dates, so that as each date comes 
along the second or third follow-up can bo des- 
jiatehed. For instance, the catalogue is despatched 
on duly 1st, the date is entered on a card which 
is put into a date file under date July 8tli. The 
ilate file is examined every morning, and July 8th 
i.s reached automatically. Follow'*up letter No. 2 
is then desjiatohed, the date marked on card, 
which is then jmt forward to, say, July 15th, and 
so on. At the end of your system you will have 
either secured an order, or given the applicant up as 
ho]v.dess. 

Follow-up Letters. There are divergent 
ojiinion.s as to the length, number, and character of 
follow-up letters; but there should be no two 
ojuiiions as to how they are turned out. The letters 
are a piusoual matter between the advertiser 
and his eorresjioiident, and should be written in a 
])ersonal strain as a htttr, not a oircular. To be 
effective, it is ivcJl to let the recipient think that 
your mes.sage is to him, ami him only. With the 
iqi-to-date nieehinical ajijilianees now' on the 
market, it is a si: qile matter to tyjio in a name 
and address to match the body of the letter. 
Above all, the signature must be an autograph. 
A )»rint, litho, or rubber stanqi deceive few 
people nowadays. The employment of a few 
girls to autograph letters will well rejiay the outlay. 

The object of the folhnv-ii}) letter is to establish 
personal relations--to ]uit you on calling terms, 
so to s})eak. The hdters must be consistent and 
eontiniioiis as to contents, ami with increasing 
insi.stenee, but not to the i>oint of causing annoy- 
ance. Letter No. 1 is sent to cover catalogue, 
draw attention to the conqirehensive character 
of the book, and suggest that recqiient will find 
what he rccjuires within its pages. In letter No. 2 
trust that catalogue was safely received ; assume 
correspondent undecided as to making purchjwe, 
although full particulars given of articles similar 
to that described in original advertisement upon 
w'hich application for catalogue was made ; dilate 
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a little on prices and quality, and liopc to hear by 
reUirn. In letter No. 3 express regret at not having 
hoard; ask if there is any further information 
required ; suggest as goods arc seasonable lines 
will shortly be out of stock, and will not bo 
replaced ; that it is a good opportunity to teat 
value given at the emporium, the cost of tho 
particular goods being so small ; the cold weather 
will shortly bo sotting in ; has corres]>ondent 
noticed the bargains in warm undendothing (or 
other topical allusion). In letter No. 4, after 
referring to rorrcsj)ondence, })oint out in strong 
sentences that goods are guaranteed to be as 
described, will be sent on a j)prova I— carriage paid; 
that you please tlioiisands of customers weekly, 
and have no reason to think cannot please cone* 
spondent. Porha])s [)iirticular retpjirements are not 
listed ; catalogue of other departments enclosed. 
Try another topical alhision. 

The above arc givc?i to show the idea, and are 
probably more or less eommon])Iace in themselves. 
The follow-u]) letter gives unlifuited seo])C for the 
display of individuality, and on this quality depends 
the success of the attack. 

Each suoccssivo transaction should he noted on 
card. These cards should be examined j>oriodically 
to see if the eiistomer has eeased to do business, 
and should this occur, as, of oourset it must in time, 
a little follow-u]» series should be sent asking 
reasons, etc., an<l card should bo taken from active 
tile. 'J’his will avoid waste of jiostage, catalogues, 
etc., through sending to j>eople who have removed. 


Caud No. 2. 


Name: Thomas Smith. FoUo 
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Tracing Results from Advertising. 

This is technically known as “ keying.” A key 
is a special mark, appearing in the advertise- 
ment which, when answered, sliows at once the 
medium which produced it, and it eiii be extended 
to show the particular copy used. 

Presuming the name and address of the adver- 
tiser is W. A. Baxter, 14, Fenehureh Street, 
London, E.C.. variations could be made as follows: 

11. A. Baxter (a ditTerent initial for each pajier), 
or — 

W, A. Baxter, ,14a Fenchundi Street (different 
letter to number), or — 

W. A. Baxter, Dept. A., 14 Fenehureh Street 
(ditforoni de])artmcnt letter). 

Different combinations can be used to distinguish 
particular copy. Every ciivelo])e containing an 
order or application for catalogues should bo 
scrutinised for distinguishing signs, and a careful 
record kept in a book ruled as follows : 


For Catalog iTK Apclication.s (left of book). 
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HeiiiarkK. 


A most reliable clerk should be placed in charge 
of tho hook, and the advertiser, or his advertisii g 
manager, should watch it closely. Directly a 
medium fails to ])rocluce profitable results, a strict 
inquiry should be made and, if necessary, the 
offending sheet cut off at once. 

General Advertising. The advertiser 
who trades through the rebiiler invariably, at the 
beginning of his eam])aig!i, backs his cadver- 
tising with a “ selling ” scheme in order to get h’S 
goods stocked. As a particular selling scheme is 
rarely used luore than once, there is no object in 
dealing w'ith the subject here. Such schemes can 
be tboiight out only after eareful consideration of 
the conditions governing the particular trade in 
view, ami the advertising man who can originate and 
carry tlirougli a good scheme is eagerly sought after, 
and commands a high nununeration. 

At the beginning of a eami>aigii tlic jiress advertis- 
ing should 1)0 of an educational nature. A series of 
talks on the wdiy and wherefore of the goods, written 
in good telling language, and set in plain, easily- 
rea<i body type with little dis])lay besides the 
heading. Tlu‘ pietorial designs and fancy borders 
will follow after to serve as eontinual reminders. It 
should be remembered that designs consume much 
.‘'])aee, and only a little letter j)ress can be included — 
see that that little is good and to the point. It is 
impossible in the S})aeo at our command to give 
further specimens of advertisements, or examples of 
copy- writing. The student has the whole of the press 
before him to use as text-books, and a study should 
made of tho announcements put out by tho 
many prominent advertisers of to-day. A habit of 
uflvertisement reading should be cultivated, and 
close study will soon indicate the lino to be adopted. 

To Obtain a Position. As in other walks of 
life, luck must enter somewhat into this matter. 
On leaving school, ami esj)celally if influence can- 
not be brought to bear, the young man is often 
obliged to take the first }»romising berth that is 
offered to liim. but he can influeiK^c his destiny very 
mueh by continually being watchful for an opening 
elsewhere. If he has a gift for copy- writing little 
diflieulty need be ex])erienced. In these days copy- 
writers are in great demand, but the work must, 
show signs of genius to earn aj)preciation. A good 
])lan is to study as far as is ])ossible from the outside 
the business of different advertisers, and to submit 
the advertisement per.sonally. The common 
mistake .should be avoided of putting a price on one’s 
w'Oi k until it has been accepted. In the case of 
a mail order proposition the advertisements should 
lie offered on the “ no cure no pay ” principle — that 
is, if tho advertisements fail to produce results they 
are not to be paid for. An offer of this kind will 
create confidence, and should the designs bo 
successful more will be requested. 
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THE STAGE 

Broadly speaking, actors resemble poets in that 
their gifts come direct from nature, and only to a 
limited, extent is their art a. thing of schools. There 
are many critics, of course, who object entirely to 
the word “ art ” being applied to acting, and it is 
no doubt true that any art which relies so much on 
the physical personality of the artist is not entitled 
to rank high ; but, with this limitation, a good case 
iHjay be made for the art of acting. Wo have here, 
however, no space for academic discussion, and must 
confine ourselves to a very brief and [)ractical 
consideration of the qualities necessary for succ(‘ss 
on the stage and the means wdiereby these may be 
brought into use. 

The Efforts to Teach Acting. Sehools 
of* acting inniimerahlc have had their little day 
and ceased to he, from Macklin’s school, whence 
came Foote and Dr. Aaron Hill — who also tried to 
found an “ academy ” — and Sheridan’s more am- 
bitious, but more visionary, “oratorical academy,” 
to the different proj(‘cts associated with the name 
of the late Sir Henry Irving. Doubtless, long before 
Macklin and Sheridan, enthusiasts set up dramatie 
schools, and long after the present generation has 
disappeared enthusiasts of the future w'ill l>c 
wasting their time at tlie same futile business. 
Por there is no gainsaying that the only good 
school of drama is the stage itself. It is true that 
on the Continent dramatic teaching has long 
obtained, hut the best judges are agreed that the 
methods of the Tlu'‘atre Fraiujais applied in England 
would do more harm than good. It is all in the 
best interests of English aiding that the notion that 
an actor can he taught should be consistently 
discouraged. There is, ]H*rha])s, no calling for which 
the impulse must be accom])anicd by natural 
aptitude to the same degree as that of the actor ; 
and we would have the aspirant understand, in the 
most unmistakable manner, that, lacking this, no 
amount of hard work, no amount of intelleid, will 
help him to success ; and, equally, ])ossessiiig it, 
success is most elusive and less to he reckoned upon 
here than in any othc” profession, wlnle, once 
secured, it is more difficult to maintain. 

It is true that in tlie case of women, good- looks and 
a commanding figure may hel}) in these degenerate 
days to secure success on the stage. Wc have in 
mind at the present moment a lady whose name is 
familiar among the eminent actresses of to-day, 
whose photograph is vastly popular with eolleidors, 
who is never out of an engagement, and, beyond 
looking handsome, and walking across the stage with 
some degree of OTacefulness, she is utterly ilestitiite 
of the slightest dramatic ability. There are others 
in like case, and the serious student will have these 
awful examples always to reiiiind him or her that 
there is something rotten in the state of the stage ! 

Adult Acting and Child-play. The 

natural gifts that are essential to good acting 
have been in the possession of each one of us, but 
we have not all succeeded in retaining them. The 
dramatic instinct is born in every human being ; 
a great deal of child-play is essentially acting, and 


excell<‘nt acting somclimos. But most people, as 
they leave their childhood behind, leave with it the 
land of mak{‘-b(*lieve, become self-conscious, and 
cannot at v'ill subordinate their owm personalities- 
to those of imagined characters, which in childhood 
they had done almost as an act of faith. The actor 
has to be consciously unconscious, so to speak ; 
lie has cfm.^cUmdy to imitate the gestures and 
attitudes which, in a child, are the result of no- 
artistic effort ; he has to be as “ natural ” as the 
child by means of consummate ifrt ; he has to 
appear to hclu^vo in tictions of the brain in which 
the child actually helivvcs. This faculty, which is 
far more rare than peojile are apt to think, is some- 
what vaguely defined as “ dramatie instinct.” It 
follows, therefore, that a technique of aeting can 
only Iwgin by assuming the presence of this faculty, 
and in its absonoe all is vain. 

The Essentials of Good Acting. 

Assuming that the aspirant has dramatic instinct, 
which involvc‘s a. natural feeling for the display of 
emotions, a ready symjiathy for the distinguishing 
traits of character, and the pow'cr of expressing 
feelings with some dramatic conviction, there 
remains much that may be done by study, and 
something also by instruction, in order that the 
dramatic talent may he develotx'd to the fullest 
extent. Lloyd, in his poem, ‘‘ 'L’hc Actor,” very 
justly observes : 

” To this one standard make your just appeal, 
Here lies the golden secret : i.EAUN TO kbef,. 

Or fool, or monarch, happy or distrest, 

No actor pleases that is not 

But even so, the poet jioints out further on that 
feeling is not enough : 

“ The ])layer’8 province th'^y but vainly try 
Who want these iiowers — Ih'jiortment, Voice, 
and Eye.” 

'I’hal is to say, having derived from nature the great 
and essential gift, one must turn to art for the 
means of a|)}>lying that gift to the best advantage. 

The Actor must “Feel” His Part. 

Pcrhajis feeling might he given forty poii\ts, and all 
the other qualities together, sixty ; but feeling is 
precisely the quality in which the ruck of our actors 
are deficient. It alone can give inlolligence and 
consistence to tJio reproductif)n of a character on 
the stage or llio interpretation of a sequence of 
emotions. “ I cannot simulate suffering without an 
honest sympathy w’ith it," says Mrs. Bancroft. 
“ T hold that without great nervous sensibility no 
one can act pathos ; it is jriipossible to feel the 
sentiments one has to utter, and but half the author’s 
meaning can be conveyed. It is a casket with the 
jewel absent. The voice in emotion must be 
j)rompted by the heart, and if it is ‘ out of tune, and 
liarsh,’ why, then indeed, the voice is ‘ like sweet 
bells jangled.’ Art should helji nature, but nature 
must help art.” The eelcbratcd actress puts the 
matter very clearly in these words, which indicate 
that a deep and abiding interest in one’s fellow- 
creatures is an essential characteristic of the good 
actor. 
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Studying Others and Ourselves. 

Tho i^roper study of mankind is man,” and 
aasiirodly this is a maxim that must ever be in the 
mind of the actor. Not only must he study and 
sympathise with his fellow-men, but, as Lewes 
remarks in his classic on acting : ” We are all sj^ec- 
tators of ourselves ; but it is the peculiarity of the 
artistic nature to indulge in such introspection even 
in moments of all but the most disturbing passion, 
and to draw thence materials for art.” This is well 
illustrated in the confession of Talma, the great 
French actor, when he says : “I have suffered cruel 
losses, and have often’ been assailed by profound 
sorrows ; but after the first moment, when grief 
vents itself in cries and tears, I have found myself 
involuntarily turning my gaze inwards, and found 
the f'ictor was unconsciously studying the man, and 
. catching nature in the act.” It is thus that great 
acting becomes jmssible. A tailor’s dummy or a 
dressimfkcr’s model would be quite sufficient to study 
for many of the actors and actresses who cumber 
the Knglish stage to-day. 

(liven great natural gifts of sensibility, a rich, 
passionate natmc, strong symjiathetic voice and 
expressive features, but almve all an utter ahstiiice 
of ^’cll'-eonsciousncss, it is surprising how physical 
defects may be ovcrcoim*. Many famous actors, 
s\icli as Betterton, (larrick, and Macrcady, trium- 
phed tlniH over physicnl inequalities ; but a }»leasing 
})ersonality is also greatly to be desired, thoiigli 
hojuty of feature is by no menns essential, as it is 
notorious that most of the great actresses have been 
y)lam women : ami in the strong light of the stage a 
plain woman often looks better than one who is 
naturally beautiful. This, however, touches the 
question* of " mak(‘-up,” at which we shall arrive 
in due, course. Of first iinjuatancc after the 
qualities we have already mentioned is the art of 
speaking. It is doubtful if there is a peo])le, other 
than the Americans, who speak, on the whole, more 
slovenly than we Kiiglisli do. Speech is an art that 
has been all but ncgleetod among us. Here, our 
stage is immeasurably behind the French stage, and 
this is one of the elements of the actor's jut that 
can be taught. 

Elocution or Effective Speech. Some 
there are to whom a clear and effective mann<*r of 
speech, with a good range of voice, M'hadi almost 
unconsciously (Imy can ])itch to suit the hall or 
theatre, they are s])e:\kiiig in, has come as a <lirect 
gift of natun*. But they reyiresent a very small 
minority, and it may he taken that most aspirants 
to the stage or ])latform, however good their iialurnl 
speaking voice may be, would be the better for a 
thorough course in elocution or voice produetion. into 
the matter of elocution the ])"*rsonal ecpiation enters 
so largely that it is not ])Ossihlc to lay down any hard 
and fast rule whicli woidd be of C(pial service to all 
beginners. That might he done, and has, indeed, 
been done, with some measure of siu t-e.ss in a long 
treatise, but nothing can quite take (lie place of a 
course of study with a master, who is watching 
every characteristic of the student, correcting his 
faults and leading him gradually to the full 
exercise of such powers as he po.ssessos. Provuhnl 
the student is already endowed with the histrionic 
qualities enumerated above, a course of voice- 
production might with advantage take the jilace 
of the ordinary lessons in elocution, as there is 
a tendency in the latter to leave the student 
with some mannerisms Required from the master, 
gpd this, unless it is strenuously resisted, may be 
^ipastrous. 



While we are all for the “ natural ” in acting, 
imperative to remember that natural acting is not 
the mere reproduction of everyday speech and ge8» 
turo. Heaven forbid ! Shakespeare’s plays hold the 
mirror uj) to Nature in a way that is at once the 
admiration and despair of all modern dramatists ; 
yet his characters, throbbing with human passions, 
arc made to declaim their emotions in blank verse 
such as no human being ever spoke in actual life. 
Here is the poet’s art ; he enthralls ns with the 
l)eaufy of his diction and the reality of his creations. 
So should the actor aim at perfection in his speech, 
which, carefully studied and polished, will bear no 
absolute resemblance to the ordinary speech of daily 
life, but will yet, by its charm and natural delivery, 
])roduce in the audience the agreeable feeling that 
it is ‘‘ true to life.” 

Importance of Emphasis and Pause. 

After having understood his author — which is, of 
course, the first duty of the actor — he must next 
make clear his author’s moaning, for, as Tennyson 
says, “ Words half reveal and half conceal the soul 
within.” A word may be made to convey just as 
much or as little as the speaker determines ; hence 
the need for him to know precisely what he wishes 
it to convey, ^rhought must precede and regulate 
the utterance. “ Km]>hasis and pause,” says Lewes, 
“ are, indeed, the su})reme diflicultics of elocution, 
'rhey are rarely managed by those, who read blank 
verse, even in a room, and on the stage the diffi- 
culty is greatly enhanced. Nevertheless, no one can 
])rctend to be an actor of the poetic drama who 
his not ma.stcrcfl this art, although in the jiresent 
day it is like many requisites, badly disregarded, 
and we hear tiie noblest verse.s H])oute(l (not sjioken) 
with the remorseless indifference of the actor who 
announced himself thus; ‘ ’Tis I, my lord, the 
eirly village eoek !' ” (Villey Cibber also observes 
justly that “ the voice of a singer is not more strictly 
ty’d to time and tunc, than that of an actor in 
t hea t r ica 1 eloc u t ion . ” 

Life and Spirit of Good Speaking. 

Canon Fleming, in his oxficllent treatise on 
“d’hc Art of Reading and Sjieaking,” illustrates 
very effectively the importance of proper enqihasis 
tlius : “ On the right management of emphasis 

depends the very s])iril and life of good s])paking. 
If no due emphasis is ])lacod on any words, not 
only is our sjieaking heavy and lifeless, but there 
is no intelligent meaning thrown into what we speak 
or read. J^ot us take a sim])le question : 'Do 
you ride to town to-day ? ’ These six words are 
i-apable of no fewer than four different meanings. If 
jironouneed thus, 'Doyoa ride to town to-day?’ 
the answer may be, ‘ No ; I intend to send a 
messenger in my stead.’ If thus : ‘ Do you 

ride to town to-day ? ’ the answer may be, ‘ No ; 
I intend to walk.’ ' Do you ride to town to- 
day ? ’ ‘ No ; I intend to rido into the country.’ 

' Do you ride to town to-day ? ’ ‘ No ; but I shall 
do so to-morrow.’ 'rhus the whole, force of an 
exjiression may (Uqiend on a word, and we may give 
our hearers quite different views of the same 
sentence by ])lacing the emphasis differently.’’ 

It may be thought that these niceties of detail are 
scarcely necessary wlien^ one lias mastered the sense 
of the words to be sjioken, but that is as groat a 
mistake in acting as de])ending upon “ the insjiira- 
iioii of the moment,” which Lewes very happih' 
likens to trusting to a shi])wreck for one’s first 
lesson in swimming. Perhaps the crowning diffi- 
culty of elocution, which nothing but constant 
practice will overcome, is the need to be slow while 
not seeming slow, “ to speak the phrases with such 
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distinctness, and such management of the breath, 
that each shall tell yet due proportion be main- 
tained/* as hurry destroys all effect, and is the hall- 
mark of the incompetent actor. Even Garrick in his 
early days had not attained proficiency here, and, 
having failed to study his breathing, came near to 
spoiling his greatest scene on his first appearance. 
On the whole, wc urge the a.s])irant to stage honours 
to make a most careful study of voice-production.. 

Gesture on the Stage. Following the 
mastery of the art of speaking, and inliiuately 
associated therewith, is the consideration of gesture. 
Here, again, our national characteristics have to 
be overcome, as there is so little nafjiral grace in the 
gestures of English pt'oplc tliat on the stage 
actors are apt either to he defi(*i(*nt in g(‘slure or 
to overdo it. Hamlet's address to the })layers is 
the supreme classic of advice on the subject, and 
there it will be reiucinbcrcd the actor is advised to 
“suit the action to the word,” but equally “the 
word to the action.” He is also warned against 
excossiv^e gesticulation in these words: “With this 
especial observance, that you o'crstc]) not tiu* 
modesty of nature; for anytliing so overdone is 
from the purpose of playing.” A visit to almost any 
London tlieatrc to-day will show that, im|K‘ccal)lc 
though Shakcs])care's advice undouhpally is, sur- 
])risiiigly few have i)rofited by it. ^rhe annals of the 
stage from Betterton to the present day an' full of 
stories illustrating tlic errors of even gr(‘at actors 
in the important art of gesture. When one rea<ls. 
for instance, of the extravagances of Quin, it is diffi- 
cult to understand how he came hy iiis rcputntitui. 

Even (hirrick never <|uite c()n(tuercd the art of 
“ repose on the .stag(',” and ^facroad}’' only achieved 
it by the most rigorous training, such as reciting 
violent scenes from ShakeHi)ear(‘'s tragedies with his 
arms bandaged, so lliat his tendency to over- 
gcsti(!ulate might thus he ov^ercome. “ The easier an 
actor makes his art appear, the gn'ator mu'^t havi* 
been the pains it cost him.” L(^t all aspirants hear 
tliese words of Macrcady in mind. Wc have seen 
many books illustrated with numerous diagrams 
purporting to teach the whole art of gesture, hut \\o 
(•aimot recommcTul any, and, exe(‘])t certain rules 
for walking upon the stage, which may bo imparted 
to the student or acquired by liim from observing 
graceful actors, there is nothing that can he s(‘t. 
down in writing l)eyond the words of Shake'^])ean‘ : 
“Let your own discretion he tutor,” and “do not 
saw the air too much witli your hand.” Of course, 
all exercises of the limbs, such as calisthenics and 
dancing, should be undertaken by the nould-l«e 
actor, as they tend to impart grac«* and supideness 
of the body, and if thcrci is an iiitelligeut mind 
controlling that body, tin* result cannot help being 
satisfactory. 

Costume and “ MaKe»up.” Wt' come now 
to the question of making-u]), hut can only touch 
upon this in the briefest ])ossible way, as notliing 
but ex]>eripnee gleaned from “old stage hamls ” 
will help in the tletails. It is an art in which tin* 
modern, stage is vastly in advance of flu*, days of 
Garrick or .Macrcady. Actors of our generation 
have largely thrown off the traditions that used 
to rule ill (he matter of costume and make-ii]). 
For generations »Shyloek was ])layed in a rod wig. 
Edmund Kean was the first to break this tradi- 
tion, which originated from the belief that Judas 
was a fair Jew. Macrcady was probably the last to 
observe the old custom of wearing a plume of 
feathers, long thought to bo indi.spensa ble to the 
leading figure In a tragedy. The red wig still lingers 
iu the make-up of the country bumpkin, but, 
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broadly s|)eaking, the stage is now rid of all stupid 
conventions in the^matter of costume, education 
and travel having made such inajipropriate dresses 
as Garrick wore in Shakespearean parts and foreign 
characters quite impossible. Thus, in the matter 
of costume no advice beyond the dictates of common 
sfmse and historical accuracy is rccpiired ; hut in the 
make-up of the face tliere are still many actresses, 
Ihough ehadly tho.se of no importance, who require 
to he remimled of these wwds written by the late 
Lady .Marlin (Helen Faueit) many years ago; 
“ \Vh(‘ii tlic skin is covered with what is in fact a 
painted mask, the (ailonr, whi<*h, under strong 
emotions waiuld come and go, is hidden under it, 
and the natural cxju’cssion of the countenance 
destroyed.” 

Prospects of Success. Having every 
fjualiticalion for success on the stage, the a.spirant 
may still find himself faced with nothing but 
failure. As already hinted, it is not always genuims 
ability tliat leads to sue(;ess, but wo have not the 
sp.iec! here to di‘al w'ilh the v'aried eausc.s which 
make the life of the ])layer a greater lottery, and, 
on the whole, a source of less satisfaction than 
that of any other ja’ofessional. The theatrical 
wairld swMrms with nndesirahles, with harpies, and 
wilh sharpi'rs : and the path of the aspirant is, in 
eons(*ijU(‘nci‘, full of [>itfalls. The real tragedies of 
the stage-<l()or an* often as poignant as, and 
infinitely move nuiiKaams than, the mimic tragedies 
of the stage. We can, therefore, only advise 
a.spirants to act witli llui greatest ]>ossihle caution 
in any dealings with “ theatriital agents,” and to 
endeavour rather to get into touch with tlio 
managers of provincial eomjianies. 

The Best Fields for Aspirants. Time 
was when the avc'iua* to success was clear and 
uiiohstriK ted to all who had the talent. TTial 
was in the old days of the stock eom])anies, when 
in all the large towns th(‘atrieal managers employed 
jiermanenl eonipaiiies of actors who could support 
any “ star ” from London in whatev(;r repertory 
he or she (‘Iiose to give the local playgoers. I'hose 
st(»ek eoinpanii‘s. and the old “ (‘ireiiits,” were the 
training ground of the Victorian stage, and produced 
many of our most famous ai tor.s, not a few of the 
“ older hamls ” of tin* ])reseiit day having graduated 
from them. But, unha]»j)ily, the modern system of 
Hooding tlie taovinees witli “ touring eomjianies,” 
tliat merely give imitations of London Rueee.ssos, 
lias ruined this most excellent training ground 
for th(‘ stage. An actor of very limited ability can 
pass muster for a few years, and possibly have an 
enjoyable life meanwhile, as an intelligent jiarrot, 
repeating to provincial amlienees imitations of 
London a<-tiiig; but tin’s is not training nor ex- 
jHTierice wortli having for the serious aspirant, 
:in<l ill the end it is a very jioor life indeed. There 
are a few re])(*rlory eomjianies, such as Mr. F. IT. 
lieiisotrs and Mr. Ben (Ireet's most excellent 
Sliakespeareaii and “ oUl comedy” eomjianies, that 
jirovide the young actor with a good suli.stitufo for 
the stock <*ompanies; and proof of the value of such 
comjiaiiH's, whii'h tour the jirovinees with consider- 
able n'pertories. changing their bill almost every 
night during a fortnight, is seen in the fact that 
many of llie leading actors on the London stage 
to-day have been trained in the.se repertory com- 
jiaiiies. it is to eomjianies of this kind, where, 
instead of jilaying the same piece for throe ycar.s on 
end, the young actor will have constant and re- 
freshing (diange of jiarts, that the aspirant should 
direct his attention. Needless to say, the amateur 
dramatic society is a most useful first step 
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m ihe direction of a stage career, and enables a 
person of sense and sensibility to ascertain whether 
or not he has any aptitude for the art. 

We cannot but confess that, if asked to advise 
anyone on the adoption of a stage (Career, the 
person of discretion with knowledge of the theatrical 
life is bound to say that if one can find prolitable 
occupation in any other brancii of wo]‘k, on'' 
would do well to leave the stage severely aloue, 
and to young women this applies with (‘special 
emphasis. 

Playwriting. Here we can only touch 
very briefly oii tlic Miijjcct of ])Iay writing, as 
it is not "at all probable that any student of 
the Sklf-Educator will look to it for assistance 
in the writing of a jjlay. Altliough wc have many 
examples to the contrary, there is littI^^ doubt 
that a practical knowledge of the stage is of 
great im))ortauce to the (Iramatist. Hr. Pinero, 
Mr. Jerome, Mr. Brandon 'riiomas, and many 
other successful dramatists, liavc ])cguii llicir 
careers j.is^,actorH. It is wortli while remembering 
►wilRWriluit many of tlie £liz.abetlia?i < Ira ma lists, 
including Shakespeare himself, were actors also. 
The ability that makes of a man a successful 
novelist might be of very little value to the making 
of a playwright ; but tlu' income that can he earned 
by a, popular dramatist is so great that there are 
few novelists of note wlio have not made a hid 
for stage success, and not one in a scor<‘ has suc- 
ceeded. If one has the ambition to wrile stage 
plays, it would, tlierefore, be well to secure so:ne 
practical knowledge of tlie st <ge in any sort of 
comjiany as a preliminary stcj». But so far a> tlu* 
actual writing is concerned, wc fear that only a 
laborious study of ])ublishcd plays — classic and 
modern — will lielp to a mastery of techni<pie, and 
after that there is a ])r(‘ssing need of some original 
inspiration, (dven the latter, one might succeed 
even witli bad techniipie, but without it tin; b(>st 
techni<]up in* tlie world could not juevent failure ! 

THE BUSINESS SIDE OF 
AMUSEMENT 

By Aujernon Bosk 

The degree of enjoyment is governed by the 
capacity to apjaeciatc. Ttiiis, the habitual theatre 
or concert -goer in a city hecoincs more and more 
critical. He is not content unless tlie performam e 
possesses artistic excellence. In small provincial 
towns people are less fast idious, and audiences wel- 
come less accom])lished jiert'ormci s. < Jrcat talent , as 
long as it draws, may, in a big town, demand its 
own terms ; but mcdioi rc ability must, take what 
it can get . 

Acrobats. The term acrobat applies rhicfly 
to ccjuilihrists, eolitortionists, and trapezists. Sim-c 
189J, the Jaw in Kngland lias ])ri)hihitefl the training 
of children as acrobats before the age of sixteen, 
except by their own father, d’rairiers, in eonsetpieiiee, 
have removed chiefly to Brussels and Antwc*rp. 
There, children of tender years are put through 
many cruel cxcreise.s in order to give abnormal 
flexibility to their bones and muscles. Aerobatic 
talent often runs in families. Tim membcr.s will 
practiso perseveringly together and work at certain 
tricka for many years before exhibiting in public. 
This has been the ease with the famous Oagg.s — the 
fathcj^ who was self-trained, teaching his live soils 
and one daughter many extraordinary feats. 

Th^jce;j^ as much difference between an ordinary 
dancer and such finished performers as 
'^aggs as there is between a “ piani'st ” who 


“ vamps ” ah accompaniment , and Pader-ew^ski. 
While the remuneration in one case may be 
the other £50 a night may not suffice, in this ol«^s 
of entertainment, certain names stand out above 
all others, even as those of a few musicians appear 
a.s Tritons among.st thousands of struggling minnows. 
Tliore w ere pos.sib1y many acrobats able to balance 
themselves as well as Blondin. He was recognised 
— they w'cre not. In like manner Leotard could 
ascend and descend an immense spiral, balancing 
bims€*lf on a large ball. He obtained a vogue, and 
a ('onse({uent bigne.ss of salary which others failed 
to get. Amongst many tdever jugglers with inani- 
mate objects we find the jiersonality of Cinquevalli 
eclipsing that of his rivals, and his dexterity in 
accomplishing flu? a})parently impossible oxciting 
flic interest of vast multitudc‘s. 

Trapeze Work. When we come to trapeze 
work, tlu* names of the Leamys are remembered 
everywhere. Although the .safeguard of the net 
has made such ^lerformaufcs Ics.s dangerous than 
they were, eTiiulation has jnereased proficiency. 
The he.st trajieze work of to-day excels that of 
twenty years ago. Trick bicycle riding, balancing 
on the hack in .lapaiicse fashion, equestrian 
feats, and strong-man business, if remunerative, 
depend not alone on perseverance, daring, and 
ability to do what is undertaken, but on the gift 
possessed by the performer, or leader of the trooji, 
to (‘onvinee those who give engagements that the 
entertainment offered will attract ]>owerfuIly and 
more than justify the terms demanded. The 
’‘management ‘ of a hall have an unsympathetic 
way of regarding art. 'Dicy estimate the precise 
amount in cash that ea(di turn will “draw.” 
'riiis atiplii"- c(pially to the greatest concert per- 
formers. From a business point of view, Caruso 
or Mtdim an* “good for” sonuuh. It is a mathe- 
matical problem. Hcckmiing 21 in. as the ft])aco 
ea< h ]M‘rson in the house will oc« upy, if a certain star 
will “ draw “ .» spivifii*:! nnmbcr of jieople, and the 
auditorium ‘‘holds” a given sum, the fee to leav<’ a 
tangible profit cannot exceed a certain limit unless 
a larger building is taken and a greater risk incurred. 

Advertising. It is \v(dl known, in dealing 
with the commendal side of amusem(‘nts, that the 
ch‘verest artist fnapiently possesses least aptitude 
in finaii'^ial m'gotiations. If he gets big terms he 
is indebted for them to the ability of his agent. 
Where, however, as in the ease of Sarah Bern- 
hardt or .Adelina F^itti, artistic and commercial 
talent are almost eipial, tlio way in which the 
former is aid(‘d by eh'ver r«*clame considerably 
enhances in ]ad)lic estimation the status of the 
individual. The study c»f tiie public performer 
who receives big fr(‘s is liow constantly to attract 
the notice of tliose wlio ])ay willingly high 
fU’iecs for atl mission. Such is the contrariness of 
human nature, that it is a truism to .say, 
“Once convince the jmhlic that they cannot get 
into an entertainment, and thoywdll clamour for 
admission.” But. it should not be forgotten that 
if inadc(piate ability is “ boomed ” unduly, it 
frequently means disastei* to the artist. 

To turn to early engagements, the young pro- 
fessional. if without other mean.s, must contrive 
to live by foes received from pupils. Without 
exporienoe as a temdier, he cannot at first demand 
his ow'n terms. Vet, the axiom, “ do as you w'OuM 
be done by,” should be remembered. It is not 
chivalrous to deedare that a neighbour’s system 
of teaching is wrong and to offer mstruction at 
half-price. When there are other children not being 
taught, it is despicable to ** poach on the preserves ’ 
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of a fellow professor by un lcrsclling him. In past 
years professional jealousy has done much mischief 
to the interests of musicians as a body. To counter- 
act such tendencies, the Incory>orated Soiuety of 
Musicians was formetl. mcmbershii) being confined 
to properly qualified candidates. In many ways, 
the society is most helpful to thost* embarking on 
a career. The young professional, therefore, cannot 
do better than seek election as a member. It will 
bring him in touch with the right people, and 
differentiate him from certain bogus teaeliers who 
advertise lessons at 2s. (id. a course, or .‘hi. ea(di. 
They are dear even at that sum. 

To make a beginning, it is advisable to have* a 
neat circular printed and sent to the most likely 
addresses given in the local directory. Mor4* 
effective than ])rinted matter is, however, ]>ersoiial 
recommendation. In return for assistance given 
at charitable performances, the clergyman, organist, 
or other ofTicer of the jdace of worship attended by 
the ycMing musician, can often assist him materially. 
In order to get one’s name into the programme and 
become known, there nt^ed be no scni])ie in offering 
to assist at a bona-fide charitable entertainment. 
At a time of life when the enthusiast is most 
impetuous it may he dilTicult to wail in hope of 
engagements to come ; yet it is waste of energy 
to i)a.dger ac(iuaiutaiices in a tactless way. 

Getting Known. The young professional 
should be contented with a little at lirst and 
devote his energies to ja'acticc aiirl eompo.sitiori 
rather than spoil a favourable impression lie may 
have made by declaim iiig against lliose wdio happen 
to be more fortunate than. hinis<*lf. If, ]>rt‘seiitly, 
ho obtains tw'O ])U])ils a day at 2s. (id. an hour 
they will l)ring him in libs, a week, 'rhis is more 
than many a young ]>hysician, after a far costlier 
training, earns in the lirst or second year of his 
professional life. The jihysician may not advertise 
any more tliaii a memher of the Slock Exchange; 
but the musician has no such restriction. Mevm-. 
thcless, he must l)e careful not (o indulge in any 
advertising wdiich looks vulgar. If he desires, 
ultimately, to win the favour of cultured jieople, 
he must strive to keep up the dignity of his 
proftjssion in all that he does. 

The biographies of most of the great virluo''i 
show Hiat before becoming famous tliey had to go 
through the drudgery of te.iching immusHa! 
pu])ils, how^ever galling it may have been to lluuu. 
As a rule, the life of the great exet ulive artist 
begins with teaching reluctantly. But it ends with 
imparting ex])ericnce wholc-hcart»‘dly to pupils of 
his own choice. Keen on getting recoguilion, the 
talented young singer or player endeavours to 
procure a minor engag(*uient in a company making 
a provincial tour, 'rids may be li\(‘d during the 
summer vacation, when the coinjiany may visit 
various seaside resorts. As liis ])upils are then 
taking holiday, permanent teacliiug w ill not lu* lost. 

Touring. As with theatrical touring, a «-oncci t 
tournee requires good health on the part of every 
member of the company. If the tour is to pay, ti) 
get from one tow'n to another in a given time may 
ne(?essitate frequent night-travelling. Sometimes, 
on arrival at a destination, it may he iieces.sary to 
proceed immediately to the concert-room witlioiit 
a meal. If the rough is taken cheerfully with the 
smooth, and the manager of the tour is honest, 
when it is ended unpleasantnesses will he forgotten 
iwd the change remembered hap()ily. 

During a tour the young musician should 
collect carefully any favourable allusion.s to hia 
performance in the local papers. Printed sub- 


sequently as “ Opinions of the Press,” such 
testimony will carry more weight than the most 
coiivseieiitious self-])raise, or even certificates W'on 
at a music school. Possessed of a number of nevv.s- 
fiaper notices, his ])!aii — if Ik; is a solo singer or 
instrumentalist — is to send his eirenlar to the 
secretaries of various societies, in the provinces or 
London suburbs, mentioiu'd in the Musical Directory 
(Carte, Beruers Street. \V.), in which he should bo 
careful also to have his name euten;d. Personal 
app<‘arauce being of equal im])orlauc(; on the concert 
platform as on tlie theatrical stage, it is (uistomary 
to have a photograph printed on the front of tho 
circular. These may he taken also to the music 
sho))s or music luiblishiiig houses, the latter being 
requested to send jirofessional copies — if the 
musician is a singer — of any songs they wish made 
known. It is tlic (‘xperienoc of ])ublishers that, if 
a new song is encored at a concert, its sale is 
iiw reased. For that reason the servir'os of a. good 
singer are rei-ognised by the payment of a small fee 
for eacli public rendering. The singer foiwvards 
eojiy of the programme as a voucher. 

Paying for Appearances. I’iie pressure 
of young artists to obtain a hearing in a limited 
number of iutluential concerts is nowaulays exces- 
sive. Aml)ilioiis ])(‘rformers. possessing ])rivato 
means or well-to-do friends, havi; become, therefore, 
easy victims of unscrujuiloiis conccud. agents. By 
this it is not inferrctl that all agiaits are dishonest. 
Tiiose of repuf ation, wlio act on behalf of established 
favourites, seldom coucerii themselves with artists 
seeking recogniliou. But a new and less scrupulous 
*■ Ctniccrf Direction,” oil being established, will 
often send circulars to young musicians requesting 
a. visit. A critical luMriug is given, as well aa 
sympathetic adxicc. It is pointcfl out that to hide 
such light under a bushel is wrong. To achieve 
siuM-css a conctut must be given, to which tho 
musical critics will be sjjccially invited. The agent 
undertakes to hire the hall, engage attendants and 
artists to assist, to ])rint tickets, [irogrammes, ani 
sec to the aihertising. An estimate is giv^cn. If 
beyond the means of the aspirant or liis friends, the 
sum is reduced. A '<ubslaulial dejiosit being paid 
ill advance, the concert takes place. 

As sjiace is valuable in the daily i>apers, the critics 
flo not attend. .Minor journals may insert para- 
grafdis suppli(‘d f>y the agent, oi even detailed 
comments. 'J’hcst‘ arc of little worth. According 
to the gullibility of the victim, so is the length of 
the hill. Tht' artists who liave ai^sisted, and 
w'ho^e fees arc specilied in a. luniji sum, may, 
individually, have jiaid for the privilege of appear- 
ing. Vet, in a busin(‘ss sense, the agent, may have 
acted honestly in regard to tho items for the hall, 
])riuting, and advertisements In any ease, the 
uiouev is lost so far as the. artist himself is con- 
cerned. \Vlu‘lher at bogus or houa-tide concerts, 
the sv->(em of paying for appearances is WTong. 

( ’ouspicuou.s tahait, providing that it exists, can- 
not for ever remain unrecognised. 

Xhe Theatre. Successful theatrical specula- 
tion involvi's consideraldc capital. The actor- 
manager, who takes the financial responsibility 
upon himself, lias an exceedingly anxious time. 
Xot only have suitable jiremiscs to be leased and 
staffed by a small army of w^tirkers, but if the piece 
]>ut on is a new' one and musical, unless the manager 
has a will of his own, what with the interests of 
the librettist, lyric writiu's, composer, singers, and 
actons to consider, little progress will bo made. 
When we hear of one artist receiving £100 a week, 
another £70. and another £00, it may surprise iho 
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amateur to be told that, on the authority of a 
London magistrate, well acquainted with the 
aubjeot, an aetqr’s average is not more than 35s. 
a week. What ’many members of the profession, 

* therefore, desire are “ smaller salaries and larger 
incomes,” It is, of course, better to receive 35s. 
n week regularly than to play in a i)iecc at £30 a 
week which runs less than a month, the cost of 
dresses being deducted from salary, and, after 
rehearsing gratuitously for six weeks, “resting” 
the other ten months in the year. For rehearsals 
there is no ])ay. These sonietiines go on for 
months. In a fe\v London theatres salaries are 
now paid during the last fortnight. 

Opera Companies. <hie opera company 
, advertises that (dioristcr-pay per week is for 
t-eftors, £2 7s. Ctl. ; baritones and basses, £2 as. ; 
sopranos and contraltos, £2 ; extra salaries being 
given for small parts jdayetl by the chorus. 

To many aspirants such tonus may ajipear 
attractive. It by no means follows that the 
amount.s advortis<*d will be received. AVhen a 
personal trial is given, the manager may c-onsider 
the quality of voice, or ability to act. falls short 
of his standard. In (certain choruses, instead of 
receiving salaries, novices have to pay for appearing 
in minor parts to get experience. In a West End 
theatre a stage manager (not act or- manager) 
may get £1(1 a Aveek for much hard work, liaxing 
to bo in the theatre from early meniing till late at 
night. The stage-car))enter will ]»robably rendve 
£3 a week. This he supplements by ])er({uisites ; 
otberw'ise there might la* no limelight to s]>are for 
the lesser stars. In certain theatres the <*ondu<*tor 
of the orehestra receives £12 a week. Daly’s baml 
alone costs over £200 a week. Some of the players 
in this band possess violins valuefl at more than 
£50 a})iece. A West Eml box-oflii e kee])er rc'ceives 
£6 a week, anti his assistant £3. Prognimmc-scdlers 
and cloak-room attendants get 3s. a night, and the 
supers Is. (>cl. In the ]»rovinces half West-Eml 
prices are paid. Tlie a.spirant avIio has taken pari 
m amateur theatricals anti becfum* stage-smitten 
finds the glamour dissolve when coming to the 
practical side of theatrical life. 

The Dramatic Agent. Engagements are 
solicited througli the dramatic agent. His oflieeiii 
London is cither in the Waterloo Bridge Hoad, a 
turning out of the Strand, or in the purlieus of 
Shaftesbury Avenue. Tlie hours are frf)ni 1 1 a.m. 
to 4 p.m. Contingents of unemploye l, sometimes 
in poorest attire, wait their turn to hear if 
engagements can be founrl for tliem. On a name 
being entered, a small fee is ])aid. If an 
engagement results, 10 per cent, or more is charged 
on the first year's salary. Without interest, the 
chance of getting into a goorl tonring company is 
nil. All tliat can he hoped for is that the tour will 
be geiiiiiae. Tlieie are few actors who have not 
experienced being stranded a long distajue from 
home in their early days wIjcm a toui* lias collapsed. 
If the company is bona-tld<‘, an engagement, 
including travelling, seldom yields more than .30s. 
. a w'cek. Out of this, boanl and lotlgiug liave to 
be paid and sometimes dresses ]>rovided. In ease 
of illness no margin remains. There may be a 
fatiguing journey in the morning, a relicarsiil in a 
. strange place all the afternoon, ])rior to the ]>er- 
formanco the same night. After that it m«ay be 
necessary to search for lodgings, unless these have 
been secured in advance. Add to the.se troubles 
the rivalries and jealousies of stage life, and it is a 
“mumming” should continue td 
. mJSfeFsib many victims. 

•VAf’ A \ , 


Pantomime. The manager relies chiefly hdtiir- 
adays oh scenic and spectacular effects. Xiargo sums 
of money are lavished on the mise-cn-sedne, oftm , 
at the expense of the salaries of the majority of the 
company, just as, in grand opera, the chorus may 
l>c starved in order to provide big fees for a few stars. 
After long gratuitous rehearsals, ladies of the ballet 
receive 25s. a week. But their dancing is not com- 
parable with the highly-trained terpsichorean skill 
of the prima ballerina, wdiose salary will be £30 or 
£40 a week. The principal boy may receive £10 
a Aveek. The first cdowm w'ill probably,get £20 a 
wec'k, the harlequin and ))antaloon receiving £5 
each, whilst an ordinary knockabout has 30s. The 
harle^piinado, which used to be the chief pantomime 
attraction, is now relegated to the end. In the days 
of Joso])h Grimaldi, his genius brought the clown 
into great ])rominence. Since liis time there have 
been no men of similar ability in his line, and the 
clown no longer draws in the same w’ay. * 

Music Halls. A eomic singer, doing three or 
four halls a night will receive, according to his 
ability, from £10 to £40 a w’eek. From this he has to 
deduct the liirc of a conveyance from one theatre 
to another. Only exceptionally gifted artists com- 
mand their own prices. Dan Lem), working four 
l)alls a night, made over £200 a week, but the 
excitement killed him. A well-known serpentine 
(lancer m ever-changing colours rc(;cived £20 a 
week. A trejupe of good acrobats may got £50 a 
week, whilst debutants who have not yet made a 
name, may only re(X*ive £7 between a troupe of 
seven. A wrestler wdll get about £20 a week, as 
well as a ]»urse, if sueec'ssfiil. T'nknown performers 
are paid nominal sums on short contracts, and are 
]uit either at the beginning or end of a programme. 
Should the “ turn ” score a success, they are then 
at liberty to demand higher fees and receive longer 
agreements. As I<.>ng as t hoy are ca]>able of drawing 
the amount asked, tlu* managiMimnt is not likely 
to let them go elsewhen*. After some ye;irs of 
minor engagemtmts. a husband and wife, making a 
prodigious “ hit ” in so-called “ thought transfer- 
eiiec,’’ are receiving £500 a week beeause they draw 
nu^re than that sum. 

Circuses. Whet her in town or country, I he chief 
care of the circus manager is lus stud of horses. 
3’hese arc often of great value. An intelligent per- 
forming hor.se may be insured for £1.(100 or more. 
Besides these, the manager has always a plentiful 
sup])ly of daring rid('rs. As there is an excess of 
young men desirous of breaking their necks in 
public, (ho f(!('s paid are not high. The Englisli 
horseman, being siij)erior to most foreigners, it 
is often ])ossibh‘ to get more lucrative engagements 
on the Gontinent than in this country. Here the 
riding-master may get £5 a week ; principal eques- 
trienne, £20 a week, and t ho principal horseman, £30. 

Conjurers. West End ticket agencies o.’ 
libraries do c■onsidcrahlc business during the season 
ill su])])lyiug all sorts of artistic talent for bazaars, 
juvenile parties, or social functions. As a rule (he 
agent deducts 10 per (?ent. as liis commission from 
the fees paid. Sometimes an agent will make an 
exclusive arrangement for the services of an artist 
who cannot himself obtain engagements. A clever 
conjurer known to the writer found it to his advan- 
tage to make such a contract with a firm in Regent 
Street. A brougham was in waiting for him every 
evening. During the fashionable season he was 
driven oil to different aristocratic houses. There 
ho gave a two hours’ entertainment of sleight of 
hand, ventriloquism, and so forth. After having 
supper, he was driven home. For thiis he received 



£6 a week. Beyond drawing up his programmes, 
he had no oorrespondonco to attend to. 

In this case, when charging a fee of ten guineas 
for a performance which cost only £1, the agent, 
often made a big prolU. Nevertheless, the enter- 
tainer was contented with his bargain. Ho bad 
no expensive promises to maintain, and although 
skilled in his peculiar way, had no ability to 
make negotiations direct. So far as be was 
concerned, as long as he was in good health and 
able to entertain, he had a sure income of over 
£300 a year. If his agents ^iccasionally made a 
large sum, it was their speculation and not his. 
But between the (umjurer of average ability, who 
may get £1 a night, and a ]die!iomenal ])restidi- 
gitator like the late JSlr. Bertram, whose fee for a 
single appearance sometimes exceeded £20, there 
are many intermediate stages of skill. 

Dance Music, foe ])ai(i to an .agent for 
a lady pianist for four hours is usually Os. Od., 
with 2s. per hour afterwards and t ravel) ir»g expenses. 
In other words, she may get a. fee of 7s. Od. plus 
Is. Od. extra for every hour, and licr rail or ’bits 
fare'. A man pianist, for the same work, is charge. I 
by the agent £1 Is. and eah fare. This probably 
means for him 15s. for the night. A 1 rio, eonsistiiig 
of violin, cornet, and piano, is usually charged 
£3 3s. for the night. Quadrille bands cost £1 Is. 
for each performer. 

Concert Promotion. Whether the event 
he a concert. l<*<*ture, darua*, or other enter1:ain- 
ment, the cost of organisation is tirst governerl 
by the necessary })aymcnts for hiring the hall and 
adjoining rooms. In mnnicipjd buildings, the hall- 
keeper has a graduat('d list of charges. For a ])ul>lic 
meeting of ratC])ayers, th(* liall is free. Special 
reductions arc made if tlie enttM tainment is in ai«l 
of a local charity. On the other hand, for a gather- 
ing not coming nnd(‘r these headings, full prices 
are charged. Th<‘ <‘ost may vary from £l Is. for 
tlu‘ UHf3 of a small room during the afternoon, to 
£10 JOs. or more for the large hall arranged for a 
concert. Proprietary concert halls have their own 
scale of fees. The higliest charges are nsnally for 
an all-night hall. This necessitates llic hall being 
cleared beforehand, a?id the floor s])eeially ])repare(i. 
'Pwo guineas may cover cost of printing tickets and 
programmes for a dance. If liglit refreshments, 
or a sit-down sup])er, are meludcd, the catering is 
estimated at so much ])er head. When fixing the 
l>rice of tickets, the (;ost of the band must also be 
considered. Refresh m cuts shonUl be ])rovided for 
the latter. In otlim* entertainments, tin* fees of the 
artists constitute the main items to he defrayed. 

Concert promoters should remember that all 
])orformers should bt^ given their fees heba-e thioy 
leave. The money should be enclosed in an enve- 
lope and banded over by the treasurer or sca relarv, 
a voucher being signed as receipt. W’hcre several 
performers receive dilTerent fees, enclosing tin* 
latter saves nimeeessary jealousy. Prompt payment 
also, after a ])rofessional performer has doiu* his 
best, is more satisfactory than to ho told that his 
“ cheque will bo sent on,” 

Lectures. Lectures, either grave or gay, by 
eolebrities well known in the literary world ean be 
arranged tbrougb various lecture agencies. The 
foes paid range from £l Is. to £10 10.s., and ex- 
l>enses. If the lecture is illustrated, and an oil 
lantern is required, it will cost £l Is. extra. With 
limelight, the fee is £l Jls. 6d. A pianist may also 
he required. Where cinematograph exhibitions are 
given, the apparatus and attendants will probably 
run into £5 exclusive of travelling expenses. 


OFFICIALS IN SPORTS AND 
PASTIMES 

By Ernest A. Bp^'ant 

Cricket and football are essentially the sports of 
the imi.sses. The development of the attractions 
of football is one of the most striking features of 
latter-day outdoor life. 

The Professional Footballer. Some 
thoiisaiKls of men of varying skill make a liveli- 
hood from football, but if a man means to be a 
jirofessional footballer, he must make up his mind 
to devote the wliole of his time to the game. 

Under th(* nilr*s of the Football Association, the 
maximum wage* to In* paid to jilayers is £20S per 
year. The actual ])Priod over which play extends 
is only tliirty-tive weeks in each year. Football 
in pulilie begins on the lir.st day in Sejitember, 
.and ends on the la.st day of A])ril. For seventeen 
we<*ks in eacli year the player has liis time to Iiim- 
hclf, exeejifc that in the early days of August he is 
exjieeted to he within reach of his club to begin 
training for the first mat(di of tlie. season. Until 
a few years ago this limit in the wage -earning 
jmwer of the filayer did not exist. Men were paid 
as much as £.">0(1 a year in actual waiges, to say 
uothiiig of the gratuities giv'en for the winning or 
tlrawing of mntelu‘s. It proved in practice that 
the eliihs could not maintain the ))acc which they 
had set. Football linaiu'c had become one huge 
gamble. .Al tin* cml of one season clubs, hoping 
for success in (he following sea.son with the big 
g.afes which this woulil mean, hid high for 
playc'is, and found, too late, that they could not 
sujjport the liability to vvhicli (hey were eoinmitted. 
In addition to tin* £20S per y(*ar vvhieh a man 
may reeeiva* in wages, he is entitled also to a benefit 
match after lie lias served his club for five seasons. 
This may amount to anything from £100 to £1,000, 
ami so considcrahly in(*rease the average* of his 
earnings. Only om* other jiayment is jiormittod : 
the ])lay(*r on signing an agn*cmcnt to servo a club 
is entitled to a gratuity of £10. 

The Start. O’o a man of sound filiysique, 
good health, and average agility, the WMy into 
a. football team of rcjaitii is not ditricult. 
Nothing, in tact, is easier, provided lie have (lie 
ipialilications, for football, like cricket, is one of 
the .splieres in wliidi the demand for lirst-class 
men always exe(*eds the siqiply. A ])layer 
takes to the game, liccause he likes it, while a 
hoy. (Generally In^ begins as a forward. If 
he has not s])ee<l enough for tliat jiosition, or 
finds that it is more to his iastc to sjuji] the game of 
another ])lay(*r than to take the initiative in attack 
himself, then his ])laeo is at half-back. Uentre half- 
back is the ]>ositi()n at whieh a man sliould aim. 
In that ]»hn*c lie must be equally ready with either 
foot, and this gives him siieh command of the ball 
and players that h(* can take either wing at a 
moment's notice. He has to aceiistom himself 
to placing tlic ball with ai'cnrsey to his forwards, 
to taki* a shot at goal himself, or to drop back to 
the assistance of tlie men in his rear. He is the 
pivot of tlie whole team. 'Phe man with a par- 
ticularly good kick will {uia])t himself to the full- 
back xiosiiion. He must be alert and courageous, 
.and as little ])rone to nervousness as possible. 

From a junior club the ))laycr will go to one of 
better calibre, and soon lind, if he has any real apti- 
tude for the game, that openings in still stronger 
sides are available. Many men have made their 
entry into First League football while still in their 
teens, and represented their country in international 
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matches before their twentieth year has been reached. less iinportant matehes^ oi^ will be appointed tot ft 

The trainer of a football team is generally an old place on the ground statf. In the latter case' he 

player. He looks after the physical training of the . will bowl for practice games, and members of 
men during the week, travels to and from their club will reward him for skill, assiduity, and 

matches with them, and, in a rough -and -ready way, courtesy. When he becomes a regular member of 

acts as first-aid in the case of <an accident on the field. the eleven he will receive, on an average, £5 ])or 

For a reallj^ educated trainer, with a sound know- match, out of which he will have certain expenses 

ledge of anatomy, dieting, and rational exercise, to meet. Every time he scores a given number of 

there should be a good o})ening. Many trainers of runs, or takes so many wickets, he will be entitled 

teams are retired professional pedestrians, whost'. to what is termed “ taient money,” while he may be 

system of training is wholly wrong w hen applied to sure that a specially good performance will then and 

footballers, whose need is s})eed with eiKiurauce. there result in a subscri]>tion on the ground. He 

A good trainer can command from £2 to £4 a week. sliould average £200 a year from his cricket, while 

The secretary of the club is generally team-manager. his benefit match will Iks worth £600 with a team 

Recently it has become the cu.stoiii to a])point like U'arw'ickshire, or if the man be a Hirst — which 

old players of good reputation to this oftice, w'ith a does not lia'|>})en to be likely — he will realise as much 

clerical assistant to keep the books, 'fhe secretary- as £3,000 from teams like Yorkshire or Lancashire, 

ship of a good club is worth £6 }M‘r week. At the Handsome additions to the cricketer’s income 
end of his j>laying career — which may extend result from })rivate engagements to “coach” 

over ten to fifteen years, the footballer may hojw* ’varsity or other players, from schools, and from 

for an a]>}>ointment as a liriesinan. For this he re- private clubs. When his playing days are done 

ceives half a guinea a match ill addition to travelling he may be a|)]>oiiited an umpire, for which he will 

exiienses. This ajijiointment, if satisfactorily dis- reecdve .a guinea a day. Many men have retaining fees 

charged, leads to his engagement as referee, in which from the M.C\f\, to earn which they must play 

he is paid a guinea a match, sometimes two, as well in matthes, and make an o/easional appearance 

as train fare and hotel exjienscs. at J..ord's ground. 

CricKet. It is less easy to succeed in cricket Gymnastic Instructors. The gymnastic 
than in football, for the reason that there are fewer instructor is a man always in demand during the 

first-class teams, (iood men are always w’anted, but winter. He should be still more in deimand. As a 

they cannot ])roduce tlie necessary ability. I'here rule, how’cver, the instructor is content to follow^ 

' is a vast difference between liigli-class club cricket where others have led. The man who hopes to 

and the cricket which even a nuxlerati* county succeed in this line must be ])rcj)ared to initiate new' 

aide jdays. A man who scores hundreds regularly schemes for gymnasia. He must, of course, be 

for his local club, or tak(‘S half a dozen w’iekets master of bars and boxing: must be able to show 

for next to no runs every Saturday nflernoon, something new witli the Indian elubs ; invent new 

may be a hopeless failun* on a)»pearing for his exercises with dumb-bells, and have the true eye 

county. Men like Hutchings of Kent, and Rhodes and sujiple wrist for singlc-stick and foils. Army men 

of Yorkshire are few and far between. I’lii'V liithcrto have made the best gymnastic instructors, 

fitopt^d full-fledged (‘xperts into county cricket. but too often they have preserved the same old 

With the average juan the f»rocess is long and systeniyearafter year.and killed the iiiterestof their 

arduous. Experience }>rovc.s lliat only one man in )>upils. TJie man who knows his work wall be ahvays 

a hundred can bowl as well as bat. 'riiercfore it devising ways and means, not only of maintaining, 

is as well, perliajis, that the aspiring yilaycr should but of inenaisinghis membership. A ])rosperouseluh 

develop that game for which ho has a natural in- e.iu afford to pay him £2 or £3 a week, w'hich sum 

elination. If he bowls naturally, he had better bow l ; he will increise by })s ivatc le'^sons to nervous or 

if batting be his forte, let him ])ractise batting. But backward pu])ils. 

there is this reservation : no man should cultivate Milliard Players. The billiard profession 
one phase of cricket to the entire exclusion of ollu'rs. is very much envied by young men W'ho can make 

The good batsman must learn to howl sufti<-ieiitly two or three “twenties” in the course of a gaim^ 

well to lake his turn as a change bow Icr. Hundreds of *‘n hundred-up.” The life is not a })leasanl 

of matches have Inaai won hv tin* man who goes one. Very few suececd. »Such harvest as is to 

on to bowl a new style of ball when all the regidar result must be gathered early in life, for the vitiatefl 

bowlers are weary and unable to dislodge a “ stone- atmosphere in which billiards is played does not 

walling” batsman. Hayward. A. (). .loncs, Quaife, make for jnotracted jiosscssion of undimmed eyes 

the late J. T. Brown, and many other examples will and nice touch. The man who succeeds has, as a 

conic to mind. rule, begun liis career in a billiard saloon as a 

No man should presume to send in his record marker. This is the last occupation to be com- 
to his county club until lie lias made himsrlf a mended. It in voIvts long hours in a bad atmosphere, 

master of fielding. He should model his work and temjitations to intemperance and gambling, 

in the field upon John 'runniclifiV* and Ran- Still, the youth who lias an aptitude for the game, 

jitsinhji, for the slijis : upon Jcsso]>, Ernest. and is thoroughly steady, can make a good living 

Jones and Denton for mid-olf and mid-on: and in this manner. His .salary, which may be any- 

upon William Gunn and Victor Trumper for the thing up to £2 a w'cek, does not matter. His 

long field. These men are wwth their places Ml any presents piove of more importance. By steady 

team for fielding alone ; they not only score run.s practice lie qualific.s for match play. Ho enters the 

theniselve.s, they prevent their .ipponents from doing Markers’ Handicap, perhap.s, or meets privately 

so. And that is the whole a un and art of CTickel. another jihiycr. As .soon u.s his reputation become^ 
CricKeter's Fees. Thus ecpiipped, the noised abroad he is invited to ap^ar in exhibition 

young player at the end of the summer sends in a matches, and wdien he (pialifics for games in London 

record to the secretary of his county club, giving ho may make his thousand cr more a year. Once his 

bis average in batting and bowling fttr the season. name is made be can earn a great deal of money 

If hd be worth a trial, he will either be permitted by teaching billiards. On the whole, the calling is one 

tp pi the following year in one or two of the of many risks and few succesces. 

Conduded , 
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explained : “ 5.637 moans Class 5, Katnral Science ; 
Division 5, Geology ; Section 3, Economic Geology ; 
tSub-section 7, Mineral Waters/’ This seems 
complicated, but it is really a very simple and 
elastic system, and is now largely used in both 
large and small libraries. 

Mr. Charles A. Cutter, another American librarian, 
has a somewhat elaborate system, too elaborate to 
be extensively employed. Tt is known as “ (^utter's 
Expansive Classification.” He employs the 26 
letters of the alphabet to indicate his classes, and 
the second letter to mark his subdivisions. “ This 
second letter,” says Mr. Cutter, “divides each of 
the 26 main classes into 26 parts, and then a tliird 
letter divides each of these 676 divisions into 26 


parts, or over 1S,000 in all, taking the single letter, 
the double letter, and tlie triple hater classes to- 
togother.” Anypne wishing to study this system 
must consult Mr. Cutter’s jniblislied tables. 

English Classification Systems. A 
really excellent and simple system was iji vented 
by two experienced Englisli librarians, Messrs. 
J. U. Quinn and J. I). Brown. Books are divided 
into 11 main classes, as follow : 


A. Scionees. 

B. Useful Arts 

0. Fine and Recreative 
Arts. 

D. Social and Political 

Science. 

E. Philosoj)hy and Re- 

ligion. 


( leo- 


Hislorv and 
grapliy. 
a. Biogra])liy. 

H. I.anguage .md Lite- 
rature. 

d. Poetry and the 
Hrama. 

K. FVos(* Fiction. 


L. Miscellancious. 


“ Incieh main class,” says Mr. Brown, “ the class 
let ter alone is given to general works covering the 
whole, or a considerable ])ortioji of the subject 
matter of the class at large. 'riius ’ B ’ would 
mark all the general treatises or dictionaries on 
the ‘Useful Arts,’ ‘tt’ gcmcral collections of 
‘ Biography.’ It lia.s not Ijoeii tliougJit advisable 
to make an elaborate system <if sub-divisions and 
sub-divisions, but simply to number in one secpicnce 
of even numbers each sub-class or division in its 
order. This enables the clas.s of most books to bo 
erusily expressed by the plain notatit)n of a letter 
or figure or two — H2, B.’K), FI 66, etc. Tlio odd 
numbers are reserved for fresh divtsioiis of the 
main cIa.s.so.s, and it is thought that thi.s feature will 
be u.seful in most libraries where new subjects 
are continually cro])ping up." Mr. Brown’s 
‘^ Manual of Cla.ssitication ” must also be studied. 

Alphabetical Classification. The 
!..omlon Library is large and well )>lainied. 
The system adojjied is as follows : "I’lie books arc 
arranged in broad divisions ; that is. History in one 
division. Theology in anotlier division, and so on. 
History is divided into om^ large al])]iabet. Abys- 
sinia, Arabic, Egypt, Englaml, FVance, etc., follow 
each other in alpluibetieal order. All Ijooks in those 
subdivisions are in al])liabctical ordci under the 
author’s name. This rule a})plies to all divisions, 
'rheology is one largo al])habet of subjects — Bible, 
Bible Commentaries, etc. Learned sm ielies foran 
one large alphabet, each society being placed under 
the first word of the title of tlie society. Period ic.-iJs 
are shelved in a similar marine’ fiction under the 
names of the authors. Biogra]>hy is one large 
division under the subject of tlie biography whkth 
brings all the lives of one man togethei’. Mi.sceUa- 
neoiis subjects, such as Agriculture, Anatomy, Art, 

^ Motor-oars, Science, Political Economy, Zoology, 
ore arranged under their lespective subjects in 
;^)habetical ordej* in one large division named 


It will be gathered lyom theJdirO^ln^ liyi^e^ 
that a librarian must know something of many sujb- 
jects to enable him to decide in which, class to 
place a work. 

Cataloguing. The compilation of a cata- 
logue is, next to the selection of books, the most im- 
portant part of the work of a librarian. Before start- 
ing one a careful examination of the better exam- 
ples of catalogues should be studied. The compiler 
must regard his catalogue as the key to unlock 
the store of knowledge in his library. It must be 
simjile and concise, but .sufficiently full to indicate 
the nature of the book n.amed. in many libraries 
ii.sed by the more cultured classes, the classified 
.system is employed, and librarians, from expe- 
rience, know bow difficult it is to use by anyone 
except Ji well educated person. The dictionary 
catalogue is now the most )>opular and the 
most u'icfu). This eat,aloguo supplies names of 
authors with lists of their books, *the titles 
of all books, and the Subjects under different 
bendings, all arranged in alphabetical oixler. The 
contents of some books must be briefly indicated. 
Numerous eross-referenees must be given in rosiDCCt 
to aiitbors pen names and real names, and whore 
writers change tlieir names. In short the facta 
given should enable a person to obtain from a 
library the bonk or information required. In 
afldition to ])riuled ‘‘atalognes, card catalogues 
should find a place in every lihrarv, and be kept up 
to <late, 'Fhe information on a card may Imj fuller 
than in a juinted catalogue. Various books deal 
with lliis imyiorlant ])art of library work, and niust 
be carefully studied, and ospeoially well-compilod 
catalogues. 

Education and Examination. The 

liibrarv .\sso( iatioii. founded in 1877, and incor- 
porated by Royal Charter in 1808, carries out a 
useful work iu teaching and holding examinations, 
and gr.'Mil ing dijdoma.s. Summer schools are hold in 
variou.s parts of the country, and ])ractical lectures 
ar(‘ givert hy experienced librarians, (correspondence 
<las’^es are also conducted. Particulars may 1 h> 
obtained from the '-eerctary of the labrary Associa- 
tkui. Wliitcomh House, Wliileomh Street, London. 
TIu* eoiiisc of ti'aiiiing is as fol low’s : 

(a) Study in various ju-escrihod subjects, namely: 
Jilornry itHory, eleuuuits of j»raetieal bibliography, 
classification, cataloguing, library history and or- 
ganisation, and ]jractical library administration. 

(b) Examination in each subject, and the writing 
of a sati'^factory essay upon some as})ect of each sub- 
ject. 

(c) Practical experience of not less than twenty- 
four hours a week, for at least three years, as a 
member of the .idmiriistrativc; staff of one or more 
iihrai'jj's a)>})roved by the couneil of the Library 
Association. 

'Hie candidates may study as they think proper, 
hut to gain the full diploma their preparation must 
include the examinations, the prescribed cs.says, 
and ])ra<’tieal experience. The “ Library Year 
Book" contains all derails of examinations and 
long lists of books to be studied. According 
to the jegulations, “candidates for the full 
certificate or diploma of the Library Association 
shall have jiassed the examination in each of the 
six sections, and, if required to do so, a further 
oral test. Each candidate shall be required to mak(‘ 
application not later than March 1st in each year to 
the Hon. Secretary of the Education Committee 
of the Library Association asking to be granted 
the diploma. The application must bo accom- 
panied by:. (1) A thesis on^some topic previously 



^-frgCHEDULE 

OF EXAMINATIONS FOR LIBRARIANS 

Age 

Limit. 

Examining Body, 
Time and 

Place of Examination. 

. 

CERTIFICATE EXAMINATION. 

Fees. 

None. 

Library Association, 
Whitcomb House, 
Whitcomb Street, 
Pall Mall East, 
London, S.W. 

In May annually, in 
various parts of Vlreat 
Britain and Ireland, 

Examination in each stihjcct, and tlie writing of a satisf.ai'toiy essay upon 
some aspect of each of the following subjects : 

(1) literary llistoiy ; (2) Elenmnts of Practical Bibliogiai>hy ; (Si riassiflea- 
tion ; (4) Cataloguing; {a) Library liistoiy and Organisation ; (t>) Practical 
Library Adininistr.ation. 

Practical expen«‘ncc of at least twenty -four hours a week for three years ac a 
member of A(lmini.«tr.ative St.'itl of one or more Libraric.s ajjprove*! by the 
Council of Library Association. 

None. 


J )IPL( )M A i: X A M I N A 'ITO N. 




Each enudidatc to make application t<» the Honorary Secretary of Education 
Committee of the Library Assoeiation asking to be granted the Hiploina. 
Apidleation to be accompanied by — 

(1) A tlusis on some topic prcvioii.sly sot by tbe Council. Notice of this topic 

will be given in the January number of tlic lAhrary Agaocialion Jiecord. 

(2) Certificates showing that the candidate has satisfied the Examiners in 

each of the seetion.s of the Kxnminntimi. 

(3) A Cortirtcate, a]>proved by ihe (.’oiincil, show ing that the candidate has 

worked for not less than twenty-four Jir)nrs a week foi* at least three 
ye.ars as a member of the Administrative Staff of one or more Idhraries. 

(4) A Cciliflcatc, approved Jiy the Conneil. showing that the (iindidate 

l)ossesKes an elcmcnt;iiy knowledge of Latin, and of one mi)dern foreign 
language, 

'The Examiners decide if it be necessary to subject tin' iii>p1ieant to an oral 
examination. 



set by the Council. Notice of tliis topic will bo pjivon 
in the January number of the " Library Association 
Record.” (2) Ortificates showing? that the candi- 
date has satisfied the examiners in each of the 
sections of the examination. (3) A eertitieate, 
approved by the Council, sliowirig that the candidate 
lias worked for not less than 24 liours a week, 
for at least three years, as a member of administra- 
tive staff of one or more lil>rarics, and (4) a eerti- 
licate, approved by the Council, showing that the 
candidate possesses an elementary knowledge of 
Latin, and of one modern foreign language. 

A youth entering a library slioukl master '* A 
Primer of Library Ih-aetiee for Junior Assistants,*' 
by C. L. Roebuck and W. R. Thorne. It not only 
gives advico of a practical nature, but suggests a 
good course of reading. All ])ersons engaged in library 
work should cultivoitc neat and plain writing. This 
is a most important matter, for he who writes well 
among the assistants in a library usually gets 
the more important work. In addition to the use 
of the typewriter there is much to be done w'ith a 
j)en. It is to be regretted that more attention is not 
jiaid to teaching writing in schools. 

How to Obtain a Situation. Situations 
for youths in libraries are usually advertised in 
the local newspapers. It is, how'ovei-, a good ]>lan 
for a person having a taste for library w’ork to w'rite 
a letter to the chief librarian in the town in which he 
resides, asking to be put on the list of aj)plicanls for 
a situation. He must state his (jualitications, 
say where educated, and get a testimonial from 
his schoolmaster, or clergyman, or minister. Roys 
in the larger public libraries start at (is. per week, 
and at the age of 21 arc paid about 2os. ])er week. 
‘If ho has made the best of his op])ortunities lie may 
expect to take charge of a brancJi library or dis- 
charge the more important, work in the library, or 
become a librarian of one of the many smaller 
public libraries, and work his w\ay into a lea •ling 


posilion. Librariaiwhi]) is by no mean.s a well- 
paid profession, but it is ])leasant and improving. 
Salaries of chi(‘f librarians range from £100 (or even 
less) to £1 ,r)00 per annum. 'I’he hours w'orked are not 
long, generally about 48 liours per week, but often 
the assistants are engaged when others are on 
pleasure bent, and this eircumstance often leads to 
unrest. A man to be a suee(*ssful librarian, useful to 
others, and hap|>y in liis w'ork, must have a real love 
of books, and know' th 'ir contents, and be of use 
to those seeking information. The ideal librarian 
should ho a maiiy-si(h‘d man, know' something of 
everything, and (na'rything about something. 

Those engaged in library work often have their 
temjKM's tried by (x> 0 ])le who have no considera- 
tion for oth<*rs. and are hu'king in good breeding. 
It is difiieult to deal willi such ])eople. We 
must remember if they are jiide we must not 
sink to their level, hut .do our best under trying 
eireumstanees. The chief librarian should set his 
staff an oxam]>le, and tliey will not be slow to 
follow' his lead. 

Bibliography. The following books cover the 
work eonneelcd with a library : 

Chambers & Fovargue. “ l.aw Relating to Publio 
Libraries and Museums, and Jatcrary and Scientific 
Institutions,'’ ]S!)b. 

Library series, 5 vols. : ‘‘ Free Library,” by Ogle : 
“ Library (Mnstruetiou,*’ by Rurgoyne ; “ Library 
A<liiiinistra(ion,'’ by Maefarlane ; “Prices of Rooks,” 
by Wheatley ; “ F.ssnys in Librariaiiship,'’ by Garnett. 

“ British Library Year Rook,” JbOO-1, by Green - 
W'ood. 

“ Guide to the Choice of Books,'’ by Aekland. 

“ Abridged Decimal Classilieation,” by Dewey. 

Library Association series : “ Handbook and 
Library Appliances,” by Rrowu ; “ Public IJbrary 
Ijcgislation.” by Fovargue and Ogle ; “ Public 
Library Staffs,’’ by Cow'cll ; “Public Libraries,” 
]>y Greenwood ; “ (^ire of Books,” by Clark, 
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STEAM BOILERS 

Classification. Horizontal Boilers. Cornish, Lancashire. Galloway. Multi- 
tubular, Marine, Locomotive, Vertical, and Water-tube Boilers. Combustion 


By JOSEPH G. HORNER 


•^HE fnn(;tion of a atoiuu boiler is the giuieration the water space. The ilistincl ion is a vital one, 
* of heat, apart from the engine in whicli the constituting entirely different types, 
heat is to be utilised. It is n far cry from the earlier Horizontal Boilers—The Cornish and 
boilers, which carried steam pressures of only .3 lb. Lancashire. The Cornish is a single.flued 

or 4 lb. above t hat of the .atnios])hor(‘ to those of the boiler, shown in cross section in 100. The flue lies 

present, in which pressures of 180 lb. and 200 lb. centrally in the horizontal direction, but below the 

to the inch are common, sometimes exceeded, centre in the ])er])endieiilar axis, in order to give 

and pressures of CO 11). to 80 lb. low. There are am]>le water sjiaee above. In Continental types 

certain early tyjies, often illustrated, which are not a placed to one side. A considerable space is 

made now, though their use lingers in some old oeen]ued by the tine: thus in a boiler 5 ft. in 

firms. These are the extea’iially-fired egg-ondeil diameter, the Hue is 2 ft. in. in diameter. This 
boiler, the Rastrick, the box boilers, and the old a large s])aee to take away from the water and 
typo of haystack. Also tlie use of iron for boilers «leam .spare, and leaves little room between the 

has been nearly discarded for that of steel, woth bottom (ff the furnace Hue and the bottom of the 

all the practical advantages that result from the ijoiler shell, and renders cleaning difficult in the 

n.so of tlie latter. The sujieriority of mild steel over contracted Sj)ae(‘s. The Lancashire flOl | resembles 

the boiler ((ualities of wrought iron is the reason the Cornish in .all respeets, exoe])t that it has two 

why few boilers are made oi iron now. Ileing furnace tliios instead of one, which is jireferable, 

liighly ductile, severe work, such as bending and as boiha-s increase in size. The minimum diameter 

Hanging, can be done uiion steid that could not be of the flues for Lancashire biiilers is about 2 ft. 4 in. -- 

done ujion iron. Its elastic limii being high, it o ft. 0 in. is iM^lter -and they range thence to 

will stand more severe strain tlian iron without ft. (*> in. 'Phe iliameter of the flues controls the 
undergoing iiennanent sot. Being of high tensile size of the shell for a given boiler. There should not 

strength, higher ])rcssun‘S van be carried in st<-el p,. less s|)aee than 4 in. or 5 in. between the flues, 

boiler.s than in iron with eiiual se.ud lings, or eipial between the flues and the sides of the slicli. 

pressures with lighler seanUmgs. or with larger .Shells range froiii 0 ft. In 9 ft. in diaineter. J>rigths 

diameters. Owing to tlie absemr of lamination vary from about 14 ft. or 15 ft. to .30 ft., 28 ft. or 

in stool iilates, tliey are less lialile than iron to ;i0 ft. }„4ng a usual standard length for a large 

deteriorate due to overheating. The methods of Lancashire boiler. Koughly, the length of a Cornish 

constructing boilers ]i;ue been treated on pag‘ or Lancashire boiler is eipial to from three and a 

3005. We shall therefore lie able to eontino the half to four times the diamelm’. 

present remarks to the design of the i)rineij)al The illustration selected (1011 one of the 
types of boilers now made. standard 30 ft. hy 0 ft. boilers by Tinkers, Ltd. It 

Classification. Cylindrical boilers may be differs from ordinary ty|)es in the gradual reduction 

classilied in tw'o great groups, horizontal and of the furnace flue. A, toward t lie back end, and iu 

vertical^ signifying that the longitudinal axis of the the liingeil (li.iracter of the gusset stays, B, over 

boiler is either set horizon- ^ ^ the furnace flue. ' The other 

tally or vertically. J’lie gussets are of plated type. 

horizontal types inehide the — . ^ The conical tubes, C, are set 

Cornish, or oiie-fluod, and i y "' /r " \* ' asiiithcusualpractiee,vcr- 

the Lancashire, or two-flued ; ! ' r ' ' A ' ' tieally, and at angles of 30 ' 

the modified T.nneashire, [ Ml I ' rigdit and left ; D is the 

with three or five tines ; the J \ (( / )] / ' manhole ; 10 is the anti- 

Galloway, WMth the two flues > ^ \ ^ I' ' priming pipe wLence dry 

united into one behind fhe ; ‘ steam is t.akon. Only the 

bridge, therefore a breeehc'. | r' p 7 , . ’ front and back end plates 

flue tyjie, wfitli a largi' p I — — ^ I a . are single-riveted (see the 

number of conical tubes. In j [ ^ I ; / enlarged detail ]. The end 

the horizontal groii]i, all ^ 1 . ' .. plates receive additional 

marine— Scotch type— boilers ‘.-r— r-— • ; . ■ ...... . sii])port from the fm-naeo 

are included, and these also JOQ. cucjss SECTlOX Tliuoruii (.’ornish tliies and the gusset stays, 

are classified variously. It BOILER AND SETTI.VG lOlsew'lwM’O the circular scams 

also includes the mult itubular are double -riveted. The 

arrangements as used on the locomotive and longitudinals cams are treble-riveted through butf 

marine boiler types, which arr.ingements are also straps. Each ring is formed of a single plate, and 

adopted in a good many Cornish and Lancashire they break joint in the m, ‘inner indic.ated. Such a 

boilers. The vertical group includes plain and boiler wanild, in the old days, have, required eighteen 

mult itubular forms in many and varied designs. iron plates. The furnace flues are plain cylinders, 

Outside those lies the groat group of water-tube with Adamson flanged seams [see page 3102, and 

boilers. In these, though tubular, the w'ator is Figure 226 J the seams hit and miss as shown, 

contained in nests of tubes around which the fire TJio water circulation is sluggish in the bottom 
plays;, while in the multitubular boilers proiier of Cornish and Lancashire boilers because the 

the flame and hot gases pass through tubes in water there lies below the furnace flues. At one 
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time this was aggravated by the 
had practice of bringing in the 
cold feed water there, which is 
now always brought in above 
them. The seating for the check 
feed valve which regulates 
the water supply is seen at F, 

The Beatings for the water 101. lanc^ashtrb botlek, 30 ft. 
gauges arc shown at tb H 
is the mudholo. The Aurious 
seatings on the top are for dilTcrent valves. J 
is for the high steam and low-water safety 
valve, K is for the junction valve, L for the 
deadweight safety valve, Al is the seating for the 
blow-off cook. 


BY 9 FT. (Tinkers Ltd.) 


Galloway Tubes. These, shown at C [101], 
are so termed from their inventor, and are also eallecl 
conical tubes, from their form. They have ad<led 
much to the efficiency of both Cornish and Linca- 
shire boilers by im})roving the circulation between 
the dead water at the bottom and the hot Avater at 
the top. The c.ona^al foiJU is iir4>arfcd simply to 
permit of the insertion of the smaller end of the 
tulx) through the hole cut for 
the larger end. The tubes are 
arranged in different f»Iancs, 
vertically and diagonally, in 
order to allow the hot gases to 
strike fairly against each 
successive tube. 

The Firegrate and 
Flues. The firegrate, shown in 
103 and 104, occupies the front 
of the flue in Cornisli and 
J^ncashire and horizontal 
boilers to a length of o ft., t) ft,, 
or 7 ft. Thence the ])rodiiets 
of combustion j)ass through 
the furnace fine or Hues to the 
rear, and out at the back of 
the boiler [see the section 100 1. 

Thence they return tJirougli 
brickwork fines by Avliat is 
termed a split draught ; that is, 
the • hot gases pass down t he 
doAvntake at the rear, and back 
to t^e front of the boiler by a 
eontaral flue of brickAvork f 100,' A], 

Thence they are diverted to 
right and left under the act, ion 
of the chimney draught into 
side flues, B, J3, and so out 
at the chinmey [com])are also 
with 108], Frequently an econo- 
Biisor, or feed water heater, is 
placed in the passage of the 
gas9s between Uio termination 
u flues and the entrance to 
the chimney, so that they yield iq) heat to the 
boiler foed^ water confiiined in the licatcr jjqies. 
Ine gases in their passage through the brickwork 
flues i^der.up heat to ihe water in the lower part 



103. GALLOWAY BOILER 
A- Conkwil tubes JJ. (Jussets 


of the boilci’, whif^h is least 
cjVccted by the heat from the 
furnace. The brickwork flues are 
therefore an essential feature of 
tlu‘S(’! la?id boilers, as they were 
formally termed. The boilers 
arc siip])ortod on seatings of 
brickwork, [1001, Avhich form the 
AA'alls of the lines. Dampers 
are provided to regulate the 
draught. 'I’he result is that the boilers are very 
<‘Coiiomi(‘al. easy io operate, and have long 
been deservedly ])o])nlar among mill and factory 
projuietors. The fire hriclg(^ 1103 and 104] is a 
bridge built of brick at the rear end of the firegrate 
ill all boilers of tliis giouj). It, reaches to within 
from 0 in. to 12 in. of the to]) of its furnace flue, 
and its function is to delay the escape of the hot 
gases into the smoko flue, and so to promote com- 
])lc(c com bust ion. 

Three and Five Flued Boilers* Some 
of the largest boilers have three fire tubes— two 
below and one above, centrally. The object is to 
still further increase the advan- 
tage of the substitution of 
smaller for largo flues. Boilers 
are also made with five flues 
for burning waste gases. 

The Galloway Boiler* 
This is ;i, modification of the 
Lancashire ty])e, Avhich gives 
greater ofliciency by increasing 
the number of conical tidies and 
providing n number of Avater 
]>o(‘kcls. 'Hie tubes are not 
])laced as in the ordinary boiler, 
but in a breeches arrangement, 
in whicli the tAvo furnace tubes 
unite in a single smoke flue 
b(‘vond the bridge (shown in 
section in IC2i, Avhich line 
contains the (hilloAvay tubes. A 
modern full-sized boiler Avill 
contain thirty of th(’se tubes, 
besides four side ])ockets, which 
helj) to break iq) the flame and 
lieat the water. 

Multitubular Boilers. 

There an- <‘onsiderable numliers 
oi rornisli and Lancashire 
boilers made of the multitubular 
<h*sigii. That is, the furnace 
flue terminates a little way 
beyoml tlie bridge, and the hot 
gasc's ])ass through a nest of 
tubes to the back of the 
boiler. The tubes are larger 
than those of locomotives, being 
generally about from 3 in. to 4 in. in diameter, 
i’lioy A’^ivry in number from about 20 to 90. In 
some designs the tubular system is adopted 
entirely, as in 103, which is a horizontal boiler 
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mounted exactly like a Cornish, over brickwork 
dues, but is externally lired. It is surmounted 
with a largo steam drum. The flame and products 
of combustion ])ass from the grate A along under 
the boiler, back through the tubes B to the 
smoko box C at the front end, thence to right and 



where it is connected to the furnace 
water covers the chamber and the tubes 
depth of several inches, and the space above' 
occupied by steam. 

Double»ended Boilers, Those are fired 
from opposite ends, and are essentially two single- 
ended boilers placed 
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Tho 

may. 


back to back, 
furnace tubes 
however, enter a com- 
bustion chamber com- 
mon to both boilers, or 
the chambers may be 


Half front 
pleviitlon 


Hi'iK front oU-valion, 
with hiirkwnik loniovt’il 


103. MUT/riTlTBULAR BOILER (Tinkers, Ltd.) 


left through the side Hues 1) to llie downtake K, 
and chimney. The damper F regulalcs llie drautdit. 

Horizontal Boilers — Marine Type. 
Those arc commonly ternled Scotch boilers, and they 
include several modifications. They arc all of 
rcturn-tubc. design. That is. tlic products of 
combustion on loaviug the back of the iurnaco 
flue return through ' a nest of ttibcs which 
traverse the water space immediately above the 
furnace [104], At tlie front of the boiler there is 
a large casing of slietd iron (not shown) into which 
the tubes enter. Tli(‘ smoke jiasses thcnco into 
the funnel. Having th(*sc features in common. 


distinct, in wliich case tho resemblance to two 
iiid(‘peiulent bjpilcrs is most j)rononnccd. 

Number of Furnaces. Only in the 
smaller boilcr><, or those nj) to about 8 ft. or 9 ft. 
in diameter, is a single furnace fiscil, the diameter 
of which should not usnally exceed 48 in., and is 
seldom less than about 3(1 in. Boilers of 9 ft. and 
over and U]> to 13 ft. b in. diameter should have 
two furnaces; u]) to 15 ft. three furnaces, and 
over that size. four. If the attem])t were made to 
obtain evaporative ]) 0 \vcr l>y lessening the number 
of furnaces and increasing tlieir diameter, the 
grates would have to be too long to be tired i)r()perly, 
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boilers are named according as they have one or fr*;}., 
more furnace fines, or as they an‘ liiaal from one ;; 
or both ends, or ns they are w«*t or dry at the 
back, besides which there are several more or I;/ : 
less specialised designs. 

Single»ended Boilers. These are so 
termed because they arc fired from one end only. 

An example occurs on ))ago 3099 (220 and 
221]. The furnace flue 0 in that figure o]3ens at 
the end opposite the grate O into the comhuatioii 
ehambor (I, which is attached both to the iluo and 
to the shell, and extends uj) into the latter high 
enough to rover the ends of the return tubes. 
Water entirely surrounds the chamber, excepting 



with the result, too, 
of a larger volume of 
sluggish water belov 
the flues. An un- 
desirable length of 
grate would he 
necessary to get the 
required grate area, 
which increases only as the diameter, while th‘‘ 
cross section of the flues in which the products ol 
combustion have to be utilised increases as the 
square of tho diameter, which is a correspondingly 
greater ratio. The question of the number of 
furnaces involves also that of the combustion 
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DRY-BACK MARINE BOILER 
(Tinkers, JAfl. ) 





chambers. The simplest and the worst design is 
that in which all the furnaces open into one common 
combustion chamber. The disadvantages are that 
a leaky tube places the whole boiler liors de combat, 
and that the firing of any furnace produces a rush 
of cold air all over the surfaces of the chamber. 
In another design all the furnaces at one end meet 
in a common combustion chamber and all those at 
the other end in a similar chamber, the two chamlxTs 
being divided by a water sj)a<!e. This is not tl.o 
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beyond the bridge, and the tubes are carried 
beyond the chamber instead of returning over 
the furnace, thus requiring a longer boiler- than 
the usual design. The tubes enter the smoko- 
box at the farther end. Of the 3 in. tubes in 
this boiler, 183 in nunibcr, 40 aiv .stay tubc.s. 
As the roof of the combii.stion cliarabcr is flat, it 
is stayed to the top of the shell with sling 
stays, an alternative to the bridge or girder 
stays on page 3009 |220 and 221]. 



best form, as tlie stays are liable to cau.‘?e 
trouble. Another design is t liat in which 
each furnace has its own independent 
combustion chamber. It is satisfactory, 
except on the score of ])ricc and weight, 
and is not, therefore, used so much a^thc 
next one named. In this the furnaces, 
which arc opposite to each otlier, have a 
common combustion chamber. Eacli 
chamber is divided from the on(‘ adjacent by 
water space. To lessen risk of leakage' of the 
tubes, due to the inrush of cold air on the o])ening 
of one of the furnaces, a semi-partition, a kind of 
hanging • bridge of brickwork, is sometimes tilted 
across the combustion chamber at right angles to 
the direction of the tubes, and corning some way 
flown into it. This tv])e of boil<T is, perhaps, that 
most commonly used in marine .service. 

Dry«bacK Boilers, Tire foregoing arc all 
Wet-back boilers — that is, tlie combustion ebambf'r 
is backed by a water .s])ace, and this is lire design 
which is almost invariably adopted. There is. 
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liowever, a type— the ’ dr y 

boiler — in wdiich tlie boiler 

terminates with thf? 
furnace end and 
tube ends, the com- 
bustion chamber 
being formed with 
brickwork. Its prin- 
cipal advantage is 
cheapness. Figure 
104 is a dry- back 
boiler by Tinker.^, 

I-'tcl., the brickwork 
not being iJlu.s- 
trated. The furnace 
flue goes right from 

^nd to end. There arc 114 tubes, 3 in. in 
diameter, solid drawn. Twenty-four of these 
stay tubes — that is, they are screwed and 
nutted at the ends to gri[) both inshle and 
outside the end jihites. Tlierc are no gusset- 
stays requii'od at the top, but only tho.se at 
the bottom. 

1 Boiler. In another design of 

nry-b^k marine boiler, the combustion chamber 
at the end of the firegrate just 


Oval Boilers. Most marine 
boilers arc of cylindrical shape. 
But a number arc made of the 
.so-callcd oval form, which is. 
however, composed of two 8?mi- 
circlcs connected by flat sides, 
Tlie only afl vantage of this is that 
su(*h boilers can bo set in spaces 
where width is contracted. 

The Locomotive Type. In this, the 
distinguishing feature is the largo number of 
smoke tulu's which, passing through the water, 
as.si.st in the rajud generation of steam. For re- 
marks on these, .see the article on Locomotives, 
page (>514 : .sec also 227, on page 3101. This 
type of boiler is used extensively in other ways. 
It is emj)loyed on torj)edo boats, ditfering chiofly 
in the fact that tin* firebox is wider, and generally 
longer. It is used for portable and traction engines, 
106. and for the under-type engines. 

In order to obtain a large amount of heating 
surface from lubes, they are made ndativcly small, 
and closely jiaeked. A few large tubes would not 
provide the same h<*ating surface as a large number 
of small ones, because 


A I 


T 
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while 
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the circumfer- 
ence of a tube 
increases only ns 
314159 of its dia- 
meter, the space 
0 (:(*U])ied ine.rea.sc.s 
ncvirly as the s(|uare of its diameter. Thus, 
while a lube 1 in. in diameter will have a cirenm- 
f<‘rencc of 3'J4159 in., one of (i in, rJiametor will 
havea eireumferenee of (> X 3'14159r“ 18*84954 in. 
But it will o(‘cupy ;in area of ero.ss section of 
28*1744 ill. »So that in an ineli tube, tho ratio 
of eireumf(‘renee to cross section will bo 
3' 14159 to 0’7854, and in a (>-in. tube it will be 
18*84954 in. to 28*1744 in. 'riicrefore, by placing 
a large number of small tubes in a boiler, a much 
greater heating surface i.s obtixined than by tho 
insertion of a few large one's in the same space. 
But this must not be carried too far, for then the 
lubes and spaces are liable to become choked and 
the circulation impeded. 

The Vertical Boilers. Tim horizonU’- 
fluod boilers have a good reputation for stay mg 
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capacity. That is, they will maintain a large 
supply of steam with little fluctuation. ^ The 
volume of water and steam space is large, the 
firing can be done very regularly, the water level 
and the steam pressure can he maintained very 
easily. On the other liand, they are not .suitable 
for any but permanent service, >>eing necessarily 
located in one spot over brickwork flues, and being 
moreover very massive. Hence, for a large extent 
of service the vertical boiler is employed. It is 
' never made in dimensions so large as those of 
Lfiiioashire boilers, though the largest vertieal arc 
as big as many Cornish boilers, 'riiey re(]uire no 
brickwork, and no foundation, and can, therefore, 
bo easily transported and set down anywhere. 
But they aro geneially used as a fixed element, 
as on the foot ]>late , 

of a steam crane, __ 

or a hoisting engine, 
or a fire engine. 

I mmciLso num (>ers 
are used, more u 
because of tlu'ir \[ 
great convenience 
t ban for hi g h 
efticiency. They 
are not so ccoiio- 
ni i c a 1 as the 
(brnish and liUii- 
eashire, the steam 
supply runs down 
very r a ]) i d 1 y 
under severe ser- 
vice, because the 
steam and water 
areas are small, 
and firing cannot 
1)6 done so well 
ns in the other 
boilers iiaiucd, 
l)eeauH6 the grafe 



of the firebox is connected to the crown of the 
shell by means of an uptake, through which the 
smoke and products of combustion pass into the 
chimney. In the larger boilers screwed- stays also 
connect both croums. All boilers of this type, 
except the smalhvst, are fitted with cross tubes, 
ranging from one to three. These are set at angles 
with each other, and arc often inclined slightly 
from the horizontal to lessen chance of deposit 
occurring. Mudiiolos are set opposite the tubes. 

(generally the designs of tubular vortical boilers 
involve firetubes. There are many of these, 
varied in all eonc^eivable fashions. Many are 
objeefionable, because of the difficulty of cleaning 
and repairs. A nov’^el design is that in 107, in 
which water tubes are tilted, the flame surrounding 

them being dis- 
Trrr ur rr t r i b u t e d and 



broken up by the 
two cross tubes, 
assisted by the four 
diffusion 'plates [A] 
socn in jilan and 
elevation. T h e 
circdcs of tubes 
increase in size 
towards the cir- 
cumforence where 
the heat diminishes, 
lu'ght of the outer 
eirclc aro stay 
tubes. B is the 
firing hole, and C 
the ashpan open- 
ing. The drawing 
is largely self- 
cx])l!inatory. 

Water - tube 
Boilers. These 
have bc‘en slovvlv 


winning their wav 


is not suitable I »<•-«. | to favour as rivah 

for preliminary -- - t ^ to the Seoloh boiler 

coking of the fuel, ' ^ t . >r. / marine service, 

l)cing of rather kj/''- , 1 '""f / // ’ • aufl to tlio tJornisli 

small dimensions, / jf • ‘ and Lancashire foi 

and having im) / ' / ' 11 ' ' \ ])ower plant. 

<lcad i)late. Still, - 'r ‘ T 

for interinittenf I ' \ /'"'If ' J ki central 

kinds of servic<‘ \ ‘ Ji' ' \ ^ Ji stations, and {U'c 

they are useful and ' \ ^ y/ popular in 

popular, and steam — — 'i America as in 

can be got -up in ' ' - ^ .fljj Europe. They arc 

them ill a small k- 1 -i-'* economical. and 

fraction of the ’ 1 • ' the furnaces can 

time required in A j easily be designed 

the boilers laid on for burning iiifcrinr 

brickwork Hues. 107. tinkers’ PATJ iNT “ ACCESsrBJ.E ” water-tub 1: boii.kr fuel.. Water - tube 
The vertical boilers are the tyj»e 

boiler [see 218 and 219, j»age is a cylinder of the near future, bollj on l-iml and sea. They 

standing on its base, the upper j)ortion of whicli satisfy the demand for high pressures with dimiriu* 

is occn})ied by steam, and tlie lower by wafer, tion in weight. This i.s chiefly due to the difference 

covering and surrounding tlio infernal furnace in confining water and steam in the body of a ScolcU 

(firiibox). Tliis also is evlindrieal, but is a marine boiler, which is a easing of largo diameter, 

fru.stuiu of a cone, tlu^ amount of coning on the mea.suring from 14 ft. to 10 ft., and confining it 

depth of the firebox amounting to about 3 in. in many tul)es of small diameter. The steel plab'"^ 

in the diameter. The reaf^on of tliis is to faeilit.ite of which a large marine boiler are made range from 

the dtseiigagement of the hubbies of steam as they H in. to U- in. in thieJeness, and this thickness i- 

are formed in the narrow annulus betweeu the necessary to withstand steam pressures of fi‘<»'' 

outer shell and the inner firebox. The two are 150 lb. to 200 lb. to the square inch. But small 

united by means of a ring at the base— the foimda- tubes only J in. thick will endure pressure'' 

-^n ring — or by flanging, and also by a ring ea- of 300 lb. or 400 lb. to the inch with absolute 

poling the lirehole. In large boilers a few safety. A boiler, therefore, having water-tube- 

screwed stays als-o connect the two. The crown of 3 in. in diameter, and but i in. thick. 


6878 




PRIME MOVERS 


stronger than a cylindrical boiler the shell of 
which is li in. thick. 

The Beiiovillo boiler is the pioneer broad type 
on which many others have been designed, the main 
characteristic of which is the fact that the tubes are 
inclined within a' few degrees of the horizontal. 
The methods by which they arc made to communi- 
cate with the steam drum vary in different designs, 
and their method of fitting also. Some of these 
^ differences are of much practical importance ; 
* but the only point whicli we note lierc is that 
these boilers constitute a class l)y tliomselves, 
and that their value lies in their capacity for regular 
service, which renders them suitable for battleshi})s 
and cruisers, as well as for the mercantile marine, 
in which they are largely used, and for land service. 
The boilers of this broad ty])e include the liclb'- 
viJle, the Niclausse, the Babcock and Wilcox, the 
Dilrr, and the Lagrafel d Allost. The other main 
. ty])e of boiler is that which is used chiefly for 
<or})e.do-boats and destroyers. The best known 
examples arc the ’S'arrow and 'rhornycroft, the 
NoiJiiand and the Du Temjde tbiyot. 'riiere tlie 


The Babcock and Wilcox. Wo can 

illustrate only one type here [ 108 ]. It is one of 
the few very suceesstul kinds. From five to six 
millions of horse-power of these boilers are in use 
in various parts of the world. One of the land 
type is shown in the ligures, encased in brickwork. 
hVoni the firegrate A the hcat])asscs up among and 
along the inclined tubes B. C is the drum which 
contains water and steam. The circulation is 
sot 11}) in the water by the heat, the steam generated 
ill the wafer-tubes B is liberated, and rises to the 
ii])])er part of the drum, and water from the lower 
})art of the drum comes down to occupy its place. 
This circulation goes on through the headers D, D, 
which are steel box(‘s into whicli the ends of the 
lubes are secured by cx|uinding. 'liie brickwork is 
enclosed in a (casing of slu'et steel, ami doors are 
j>rovi<led to the furnace and to the ends of the 
tubes. 'I'he various valves, gauges, and damper 
will be noticed. 

Combustion. Tlio economical results of com- 
bust ion arc so dilfeicnt under different conditions 
that it will be well to state what goes on in a boiler. 



tubes are arrang<*d in grou])> far removed from the 
horizontal ])ositioM, being, in fact, slo])ed several 
d(‘grecs away from the vertical, whicli imjiarts 
to their casings an approximately triangular outline 
instead of the square, box-like form of the casing 
of the other ty})cs, '^(’his broad ditference is most 
imjKirtaiit. The nearly vertical slo])e of the tiilx's 
])eMnits the steam to esca))e more ra]>idly into the 
collector or drum tlian the nearly horizontal arrange- 
ment does. Hence these boilers are very ra})id 
steam raisOiS, and are thus admirably suited for 
torpedo-boat service. These boilers re})resent the 
very highest developments of the water-tube ty})es. 
They are the nerves .aid sinews of the tor])cdo-boat. 
and kindred craft. But the tyjie which is best suited 
for this service is not the best for a battleshij) or on 
land. Not only in naval service, but also in the 
mercantile marine, these boilers arc displacing the 
older types. Water- tube boilers predominate on the 
Continent over all other kinds, but they are not as 
yet great favourites in Great Britain, the exceptions 
here occurring chiefly in some of the modern works 
for producing electric light and power. 


Ill tlici most ])crfccf combustion (haf- can occur, 
the air su])j)!icd would be in the exact quantity 
rc(piisitc for the com}>lcte combustion of the carbon 
and hydrogen in the fuel, without leaving any 
sur])lus. A ])oi lion of the oxygon in the air would 
combine wilh the liydr»>gcn libcrat(‘d from the fuel 
to form water, gas, or ^(cam. the remaining portion 
uniting witli tlic gaseous and solid incaudoscent 
carbon to form carbonic acid. The steam, the 
carbonic acid gas, and the inert but healed nitrogen, 
dissociated from the oxygen of the air, }va 8 S on 
into the chimney, having their heat abstracted 
from them during their transit. This is a result 
achieved in few, if, indeed, any furnaces, unless 
pcrlia]»s for cxi*c})tionaIly short periods. The 
jjerfoct diffusion aiul intermingling and chemical 
union of the elements in their combining W'eighls 
results in intense heat, the heat due to chemical 
energy ; while having no elements left unsatisfied, 
there is no waste and no thick smoke, the waste 
gases being nearly colourless. The more nearly 
practice can be made to appeoximate to this j^crfect 
combustion the better. 


Pkime Movers concluded 
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.The Chief Commercial Natural Products of the 
World not Described Elsewhere in the ** Self-Educator ” 


A lur^o proportion of the natural products of comTnereial value have been dealt with in the Selk- 
Koucatok in the places in which they fall naturally, under the particular industry or manufacture 
in which they are used. But there remain many which must escape treatment on these liites or which 
are not themselves described as fully as their importance merits. An endeavour has been made to 
cover these deticicncies in the following pages. The information given in the previous pages will 
be found by consulting the names of speeitic articles in the General Index, beginning on page OtOO 


ABACA — See Manilla hemp. 

Acacia —The acacia is a pciius of 
thorny trees of 'W'tucli t here are several 
hundreds of varieties. They flourish 
especially in Africa and Australia. 
There are several acacias that yield 
commercial products. The babul 
tree of India is the Acacia. araHca^ 
and its wckmI is a useful timber ; its 
leaves are used as fodder, its bark 
is of value in tanninR and in dyeini?, 
and its gum is used as a substitute 
for gum arabic. 'I’he Acacia. Senegal 
of West Africa and India yields Gum 
Senegal (see (jums\. Acacia catechu 
is the source of extrai^t of cateciiu, 
which is prepared )>y boiling the wood 
chips in water and evaiMiratiiig tin; 
decoction until tlie extract thickens. 
The dose of this extract, which is 
official in India and tdher colonies, is 
5 grammes to 20 grammes ; it is given 
as a tonic astringent in diarrha.'ti and 
intestinal liemorrliagc. 'I'he, eatccliu 
of the British Pharma Ciipo'ia is from 
another source, the Uncaria gamlner. 

Aconite — Aconite or monkshood !sce 
also pages 1152 and 721 1 is a poisonous 
plant {Aconitum napelins). and the 
root is now the only portion used, its 
sole employment being medicinal. It 
grows in Kngland and in the moun- 
tainous regions of Central and South- 
ern Kurope. It is collected in 
autumn, alter the leaves and stem 
have fallen. Tin; roots are trimnuMi, 
washed, and dried. The active prin- 
ciple is aconitine., which, as an internal 
remedy (otticial dose, two grains), is 
used as a febrifuge and to relieve 
pain, and as an external remedy for 
file relief of pain. Aconite ])oisoning 
has been successfully treat mi by 
hypodermic injections of digitalis. 

Alder— rhe alder (Alnus glvtivosa) 
grows in Europe, North Africa, and 
the North of Asia. A humid soil is 
favourable to its growth. IFor its 
botanical dassitication see page ‘.15.5, 
and for its physical propi^rties see 
pages 1260 and 1261.) In apjiearance 
the wood is of a reddish-yellow colour, 
and resembles birch, to which it is 
akin. It stands immersion in water 
well, for which reason it is used for 
pile work, but it decay.s when wet 
and dry in frequent succession. 

Allspice — see Pimento. 

Almonds — Almonds are tlie fruit of 
the tree Amygdalus communis, which 
grows in the counlries bordering the 
Mediterranean, and in certain parts 
of Asia. There are tw'o varieties of 
tree, one yielding sweet almonds and 
the other yielding bitter almonds. The 
best almonds are those from Malaga 
and known as “ Jordan " almonds. 
They have nothing to do with the river 
of Palestine, and the name may be a 
corruption of the French word jardiri, 
garden. Other varieties imported into 
this country are known as Valentia, 
Sicily, and Barbary, all being sweet 
almonda, used as a des-sert fruit and 
• in, manufacture of confectionery. 
' several varieties of bit- 


ter almonds — French, Sicily, Barbary, 
etc. — and from these essential oil is 
exjircssed. The bitter almond yields 
both all essential oil and a ttxed or 
fatty oil ; the sweet almond yields 
only a fixed oil. The best oil is ob- 
tained from Majorca almonds. Bitter 
almonds are generally used, as the 
cake that is loft may be used by 
perfumRr.s. The residue from the oil- 
press is steeped in salt water for a 
day, and the oil is distilled off. The 
crude oil is .suitable for perfumers* 
use, but if it is to be used for medi- 
cinal juirposcs, the prussic acid con- 
tained must be removed. An artifleial 
oil of bitter almonds, otherwise 
known as essence of mirbane, is made 
from coal tar [see page 4971]. 

Aloes — Aloes is the dried juice of the 
leaves of certain trees growing In 
Africa and in the West Indies. Tin* 
best variety is Barbados or (^nraeao 
aJoe.s (Aloe rern and .Sloe chinensis), 
and others are Hoeofrine or Zanzibar 
aloes {.iloe perrgi), and Cape aloes 
and Natal aloes, the 1:1*51 two of wbieli 
are not regarded as official by the 
British Pharmacopa'ia. The juice is 
evaporated by boiling to a solid mass 
or extract, in whi<‘b condition it 
reaches our market. Medicinally, aloes 
used as a purgative (d().*-e. 2 gr. to 
."> gr.), and is reputed to be the i luei 
ingredient in many of the most 
popular patent medicines. It is 
iirepared as pills, tinctures, mixtures, 
and other preparations. Its active 
principle is alain (dose, I gr. as an 
aperient and I gr. as a purgative). 

Alum — Alum fsce also page 1721, 47Ho, 
5993] is found native as an incrusla- 
tion upon rocks in volcanic regions, 
hut the greater p.art of the alum of 
eoinmerce is obtained from alum 
sliale, a bituminous shale found in tliis 
rountry, in Norway and clsewhen*. 
Bock alum, as the native alum is 
called, is found In the district around 
Naples, and in Hungary. It consists 
chiefly of sulpliatc of alumina and 
silica. It is reduced by roasting in 
kilns, and afterwards by being kept 
moist for some months, after whicli 
the alum is dissolved out and re- 
crystallised. Alum is used exten- 
sively in textile dyeing and printing 
I see page 5779], in sugar refining, in 
papennaking, in pliotography, and 
for many other industrial jmrposes. 
Ill medicine alum is .used as an 
astringent. 

Amber — Amber isa fossil resin, t lie chief 
source of which is the Baltic sea, from 
the bed of w'hich it is detached and 
waslicd up. It is used cliiefly for the 
mouthpieces of pipes ami cigar- 
liolders, for beads, and, dissolved in 
alcohol, it is made into varni.sh. The 
chips of amber are fused under 
pressure, making an artificial amber, 
which is stronger than tiie natural 
resin. It is mao made artificially 
from copal, camphor, and turpentine. 
Amberfirris — Ambergris is a sub- 
stance of waxy texture and consist- 


ency, .streaked or veined, and of 
light grey colour, found floating in 
the sea. It is supposed to be a 
biliary secretion of the spermaceti 
whali'. It is found in masses 
usually of only a few ounces, yet 
oeeasionally running up to 2 ewt. 
It has a nleasaut odour and is used 
extensively in pe^fume^^^ not so 
mueli, however, for its own perfume, 
hut lieoause it makes other perfumes 
less fleeting tliaii they would otlier- 
wise be. It is readily soluble in oils, 
ami in ether and absolute alcohol. It 
owes its properties to the aromatic 
snb.stauee ambreine. Its market value 
i.s about £5 per ounce. 

Aniseed — Aniseed the seed of an 

annual plant (PimpineUa anisum), 
that grows in France, Spain and the 
Levant. Star anise is the seed of 
lllicimn anisatum, a Chinese plant ; 
it ri'sembles Kuropean aniseed very 
closely. The two varieties are equally 
valuable, lM*ing almost indistinguish- 
able in flavour, and both yield an oil 
by distillation. Aniseed is used as a 
flavouring ingredient in t)astry and 
in liqueurs, and the oil is used 
medieiually (dose h minim to 3 min- 
ims), as a stimulant and earminative. 

Annatto— Annatto is a dye in tlie 
form of a paste, whieli settles after 
macerating with water the pulp and 
seeds of liUa orellana, a plant that 
is extensively cultivated in the 
French colonies in South America. 
It is iisi'd in dyeing [page 5907} and 
as a colouring for butter and cheese. 

Apricot — The apricot {Primus armeni- 
ara) is a sjicides of pliint, supposed 
to have been native to Armeida. 
It grown in all parts of Europe 
excejd the North, in Syria, Egypt, 
Eastern Asia, and America. In 
Kiigiaml tile apricot is usually grafted 
on the plum, but the chief supplies 
for our market come from France. 
There are many varieties of apricots, 
and the mush-mmh of tlm Levant 
is dried and compressed apricots. 

Arachis — see. Ground-nut. 

Archil — When subjected to tlie action 
of ammonia and air, certain lichens 
of ( eylon and Portuguese East 
Africa yield the violet-blue dye 
knowm as archil. The dye is iiscd 
for wool and silk. Archil is a liquid 
dye which, on evaporation, givers 
cudbear, and if further treated with 
ammonia and lime makes litmus, 
familiar to chemists as the agent tor 
determining acids and alkalis. 

Areca — Arena nuts, or betel nuts, are 
the seeds of Areca catechu, an India n 
palm whicli grows also in Feyhm 
and the Malay Peninsula. The mip 
are mottled brown and white »n 
appearance, and are about oue incn 
long. The natives chew tlie nuts, 
first cutting them jnto thin slices 
adding lime, and wrapping in betei* 
pepper leaves. The habit has 
strong a hold as has the opium habit 
upon the Chinese, but apparently 
has no evil effects. Areca nuts a-e 
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used in Western countries as a medi- 
cine for dogs and as an ingredient 
in dentifrice. Cntch, used in dye- 
ing, is made from areca [see page 
5900 1 . 

Arrowroot — Arrowroot is obtained 
from tbe underground stems of a 
tropical plant, Maranfa arnndinarea 
[for botanical classillcation see page 
:i56J., Tile linest arrowroot (romes 
from Bermuda. The root stciiiH arc 
white in colour, and grow up to 12 ft. 
long, 'riie starch w’hirh they contain 
is extracted by macerating and 
washing tliem, alloM'iiig the fibrous 
outside portion to be removed, 
and the milky liquid remaining to 
settle, after which the sediment 
is taken out and dried. Arrowroot 
is rich in starch, and is an easily 
digested food, hence its value for 
invalids, but it is low in nutritive 
value. It is extensively adulterated 
with potato starch. Kast Indian 
arrouToot is ol)tained from dilTcrent 
varieties of Curcuma^ a j)lant of the 
ginger family. Florida starch or 
Florida nrr.,wroot is nia<lc Irom 
species of Zainia. 

Ash — 'Pher^ art; sc^veral scores of 
varieties of ash-trees. Fnglish ash 
(Frnzinus ejrcHaior) provides tlie 
most valuable timber (for its physieal 
strength see pages 12h() and 12«1: 
for botanical classification see page 
.‘{54, and for principal uses .see (icneral 
J lulex] . 

Aspen — See Poplar. 

BAMBOO— The Immboo {Bamhnna 
nrnndinacea) is tlie name applied to 
a group of grasses with woody stems 
that grow in tro]>ieal countries, 
notably India, China, .Japan, and to a 
smaller extent in Africa and America. 
'Phe coiniuon bamlxx* (Itawhum vul- 
garis) .sometimes gr<iws to a height of 
over 100 ft., witii a base diameter of 
1 ft. It flowers at intervals of some 
years, and the grain is used as a food 
in India. In the West Indies the 
young shoots are eaten. Tlic hollow 
eane.s are solid {it the nodes, and this 
makes them ea.sily cut into vessels. 
'Phoy also serve as pipes and as 
curtain poles. Cheap tables and 
otfier furniture are made from bam- 
boo, and l)icycle frames were made 
from them a few years ago, but this 
was a fad whicii sptu'dily {'xpired. 
'Pliere are over 200 ditferent species 
of bamlKX), and .several of them are 
hardy enough to be grown in Kuglish 
gardens. The young .shoots of 
baml)o(> are used as -a paper-making 
material, the older stems being use- 
less on account of tbe silicious ex- 
ternal coating whicli tliey have 
developed. (See also page .5724.] 

Banana — During recent years the 
banana has advanced in favour in 
threat Britain until it ranks high 
among our imported fruits. Our 
eluef source of supply is .lainaica and 
other West Indian islands. The 
cultivated banana is seedless, and is 
propagated by cuttings. 'Pbe true 
banana is the Musa mpirnfum, the 
plantain or pisang l)eing a sub- 
variety. The Jamaica bauaua-tree 
is about 12 ft. in height, and is larger 
than the Canary or China baiiana, 
which grow's {il)out fl ft. high. 'Plie 
plant has root stems which send fortli 
leaves, the petioles of these leaves 
forming a hollow stem. The bladr*s 
spread out from the loaf .sheaths, and 
are 6 ft. long or more. The fruit - 
earrying stems, which spring straight 
from the roots, emerge from among 
the leaves. Tlie fruit grows in huge 
clusters, such as may be seen in our 
fruit markets — a cluster weighing up 
to half a hundredweight. Tlie fruit is 
gatlicred green, and ripens on its way 
to our market. The banana is an 
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important article of food in the coun- 
tries where it grows, but is generally 
despised by the higher classes. In 
Jamaica it is given to cattle. Tlie 
dried flour of ripe bananas is maiie 
into bread and cakes, and has some 
nutritive value, containing about 20 
per cent, of sugar and .5 per cent, of 
albumin, the remainder iieing nearly 
all water. 

Basswood — See Lime. 

Baywood — Sc'C Mahogany. 

Bebeeru — See (Jreenhearf. 

Belladonna — The belladonna, or Deadlu 
niyhhhnde (Alropa belladonna) i.s 
a perennial poisonous plant that grows 
in ICunipe, Asia, and America. Tlie 
root, the slenis, and the leaves art- 
used in medicine, being of value for 
the active principle atropine, whi<*h is 
isolated tiy distillation with alcohol 
and elitoroforin. The dose of the 
leave.s is I gr. and of tlie root 3 gr. 
(oflieial I I.S. A.), but in this country 
the drug is adinini.stcred only when 
prepared as an extract or tincture, 
or a.s a preparation of atroi>ine, 
while externaliy it I.s used as a lini- 
ment, an ointment .and a plaster. 
Externally, bella<loiina is applied for 
rheumatism, neuralgia and local 
inflammations. Internally it is given 
for spasms, heart failure, fever, aeute 
sore tiiroats, ete., and in the torm of 
atropine is apfilied to tlie eye. 'I’he 
antidotes to belladonna poisoning are 
tlie stoinach-pump and (uneties, 
followed by stimulants, also anonior- 
phine and pilocari»ine injeeted liyiio- 
dermically. 

Benzoin— Benzoin, otlierwise eallt'd 
gum. benzoin or gum Benjamin, is a 
resinous balsam from the sttjrux ben- 
Zidn of .lava and Sumatra. Jlie 
chief uses of benzoin are in tin* 
manufacture of perfumery ; es an 
incense for clinrcli u.se ; and in 
medicine. When lard is used as an 
ointment base, benzoin is usually 
added to ])re.serve it sweet. As an 
external application benzoin is stimu- 
lating and antiseptic; compound 
tincture of benzoin, wliieb is known 
as Friar's balsam, is in est<*em as a 
dressing fi>r wounds. Internally, 
benzoin is antiseptie, and a stimulat- 
ing expectorant. 

Betel Nut —See Areen. 

Bibirl --.See (ireenheart. 

Birch — Tlie coiiiiiion bircli (Befnla 
alba) is tlie most graceful tree ot our 
woods, and is one of the hardest. It 
can grow' in tlie most ex]>osed situa- 
tions, and is tlie only tree found in 
(ireenlaiul. It flouri.shes throughout 
Norlhern Europe and .\sia. It grows 
as higii as 80 ft., and has small, 
serrated leaves, and its fruit is a 
small nut. The thin outer skin of 
the bark, which has caused it to lx* 
known in some districts as the silver 
iilrcli, was formerly u.sed as a wriling 
material. The hark has been used 
extensively for eaiioes by the Nortli 
American Indians, and in I..Hpland it 
is used as a rfH>flng material — two 
evidences of ils enduring qualities. 
It eontaiiis about 10 per cent, of 
tannin, and is used in leather inaiiii- 
I'uct tiring -both in this country and 
in Bussia. Hu.ssia leather owe.s its 
eliuracteristic propertie.s to birch 
bark, wliich, in addition to its tannin, 
contains an aromatic oil which tlie 
leather absorbs. Tlie oil is extracted 
from the bark and used in leatlnT 
dressing, and also as an anti.septie 
for open wounds b.v Bussians. Birch 
tree.s are easily jwfqKigated from 
seeds, whieli are sow’ii in spring in a 
fine sandy soil, which sliouhl just 
cover them. 'iW w'ood i.s soft but 
durable, with a close and even grain. 
It is largely used for clniir and furni- 
ture manufacture, and much turned 
woodwork is made from it. Selected 


pieces with fine wavy markings on the 
surface are used in the form of veneer. 
There are numerous varieties of 
birch in Europe and America. 

Black cuppants— See Currants. 

Bog: oak— See Oak. 

Bopax — Borax is hiborate of soda 
and occurs naturally in several parts 
of the earth, all hough it is also 
manufactured from iioracic acid 
ublained by evaporating the w’atera 
of flic volcanic lagoons of 'rnscany, 
iind from borate of lime found in 
I’eni. 'I’he oldest source of native 
borax is Tibet, and it is Imported by 
way of India. It comes from the 
East under the name of tineal, and is 
frequently received reflneii, the 
operation of refining being per- 
formed by dissolving it in water and 
allowing it to recrystallise. The 
cliief source of borax is now the 
Facifle .sh>pe of North America — tlie 
Cohimhiis Valley in the State of 
Nevada, the largest known borax 
field (10 miles long ami 7 miles 
broad), being a desolate and for- 
bidding regitm, devoid of vegetation 
except small saline ])lants. The 
most important use of borax is as 
a flux in glazing p(dlery and In 
wehling and br.iziiig metals. Boraeie 
acid, the valuable antj.septic and 
anti putrefactive, is obtained by the 
actifui of siilplinric acid on borax. 
It is used as a powder, as an oint- 
ment, a lotion, and in many other 
forms. Both borax and boraeie aciil 
are used to preserve milk and other 
foods ; medical opinion is divified 
upon the value of this practice, 
many experts holding that, e.s- 
pt‘ciall.v ill the case of children, it is 
pernicious. 

Boxwood — Comuiou iioxwood {Borns 
sent per Virens) is an evergreen sliriih 
familiar as an edging for garden 
jilots. It is propagated by enttiiigs, 
and is dcvailoped best by division. 
It. grows slowly. Some varieties of 
boxw’ood may reach tlie height of 
20 ft. 'Phe wood is hard and close, 
fine grained, and of even texture, it 
is most familiar a.s the material from 
vvliich carpenter’s rules are made, 
{Old it Is also iiscxl for wood (uigraving 
and tool handles. Owing to the small 
supply of true lioxwood, a siibstilule 
has been found in tlie West. Jmlies, 
and i.s largely used. Jt is know n as 
West Indian boxwood, or white 
cedar. 

Brazil Nut— The Brazil nut that 
reaches «)iir market Is the fruit of a 
\ree {Jterflndlefia excela) that grow'.s 
ill Brazil, Venezuela, and (Biiana. 
Phe nuts or seeiis — u.sually from 18 
to 24 in mimber — are contained 
in a liard shidl of round shape :iiid 
about 11 in. diameter. This outer 
slicll is broken, and tlie seeds are ex- 
tracted and dried in the .siin behu'O 
being packeil for export, d’he nuts 
are rich in oil, of wliieh they can be 
made to yield 00 per rent, of their 
weiglit. ’Phe process of oi> exlr.ie- 
tion consists in roasting the miis 
and expressing the oil hy pounding 
and f)re.ssiiig. Tlie oil may be re- 
covered also from the unroasted 
lints. When fresli, Brazil nut oil, or 
Casfanha oil as it is tisnally termed, 
may be u.sed for culinary purposes ; 
but as it Soon turns rancid its use is 
chiefly for Snap-making and burning. 

Broom corn —The broom corn is 
extensively cultivated for the fruit- 
ing stalks, which are el(*ared of .seed 
and used for carpet liruslies or earpet 
whisks, as they are termed, and 
dandy brushes for stable use [sec 
page eiOrtj. The plant is the grass 
Sorghum dura, wlileh is allied to tlie 
sugar sorghum [.see page 435-1]. 
In America, broom corn is an im- 
portant crop. It is sowm as early «s 
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posoible in rouH aboiii 3^ ft. apart. 
When the Klioofs appear, they are 
hoed and ^^oon afterwards thinned. 
'I'hen a stiallow rutting plough 
is run l)('twe<*M llio rows. I'he eorn 
tops are rut while the corn is yet 
green, and tfie seeds are removed by 
a niarhine, '.rhen the *' brusltes,” 
or panicles, are spread on racks to dry 
and are packed lor transport (»r go 
info the factory to be made info 
brushes. The corn stalks after the 
removal of the crops are 5 ft, to ft ff. 
high ; they are allowed to remain and 
are ploughed in the following spring. 

Buckwheat — See Miffct. 

CAMEL HAIR— Camel hair Is an im- 
portant article of export from Nortli 
Africa, Asia Minor, and Central 
Asia. It is the hair both of the 
dromedary (W single-humited camel 
and of the two-humped eannd proper. 
It has (lithTcnt degrees of fineness, and 
different colours according to hK'allty, 
and to the age and individuality of 
the animal from which it is taken. 
One animal yi(‘lds hair to the extent 
of about in II). annually, the under- 
side of the neck, the humps, and the 
upper legs being the places yielrling 
hair sufficiently long to be com- 
mercially valuable. The hair IToin 
the younger animals is the liner. 
'I'lip Arabs weave it into cloth, making 
shawls, carpets, etc., with it. t>ome 
very line cloths, which are both warm 
ami soft, are made with it, and the 
modern prophet who followed the 
example of his ancient prototype in 
affecting “ garments of camel’.s hair ” 
wouhl not necessarily lead a life of 
bodily discomfort. The so’called 
camel-hair brushes are made with the 
hair of S(|Uirrel.s’ fails, and nol with 
the hair of the camel. 

Camphor — Camyihor may he re- 
garded as a resin as it is soluble 
hi alcohol to the (ijlent of 1 in 
JJ, while it is soluble in water only 
to the e.xtent of 1 in 700. It is 
a white crystalline substance ob- 
tained from the Cinnainomum cam- 
phorn of t’ormosa and .lapan. It 
reaches this country in the form of 
enhes of various sizes and of hells. 
Flowers {)t camphor is the powdered 
form, (’amphor is tiscxl in wardrobes 
and museums to prevent the ravages of 
moths ; as an ingredient in varnishes ; 
in the niannfaetnre of fireworks ; and 
in medieine. For external aiipliea- 
fion camphor is of value in sprains, 
rlieiimati.sm. and indaininatiOTi, and 
i iternally (dose 'Z to 7t grammes) it i.s 
sedative, carminafivo, and anti- 
septic ; and is given for nasal catarrh. 
It is also used extensively in the 
maunfarture of celluloid or xylonite 
[see page 5470]. 

Carragreen — See Irish Moan. 

Catechu— S(‘e Areca and Acacia. 

Catgut — Catgut may be inelndod 
among tlie natural jirodiicts. It is 
made from intestines, but never 
from those of the cat. lienee the 
name is entirely inappropriate. The 
intestines used are generally those, 
of the sheei>, and sometimes those of 
the lior.se, innle, and ass. The first 
process in iiianufaetnre is to clean the 
intestines thoroughly, after wliieh the 
small ends are tied together and laid 
over the edge of the vat or tub, in 
v.’hicli tlie greater portion of the in- 
testine remains to soak for a few’ days, 
the water being frequently renewed. 
'I'liis treatment loosen.s the niern- 
braiies. Now’ the intestines are laid 
on a sloping table and scraped with 
a steel instrument, which removes 
the external membrane, wliieli is 
used for making the strings of tennis 
rackets and other purposes. The 
intestines from whieli the outer mem- 
brane ha.s been reinoVed are then 
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steeped for one <iay and again 
scraped. Tlie large ends arc now 
cut away and sold for sausage skins. 
The small parts are again allowed to 
lie in w’ater, and are then steeped in 
a bath of water in w’hich potash and 
carbonate of pota.sh have been dis- 
solveil (I oz. of each to the gallon of 
water). Then they are draw'ii by 
liand or machine through a perfor- 
ated thimble, which makes them 
niliform and smooth. After a final 
washing they are sorted according to 
size, and are ready for the market if 
to 1)0 sold iinspiin. If desired to 
twist them into '^ords, the lengths are. 
sew’n togetluT, the external mein- 
hrane removed at the first scraping 
lieiiig used as a thread. The sewm 
lengllis are put in suitable iiumhcrs 
info a sort of roiie-spiiining machine, 
wliere they are tw isted. 'Pliey then go 
into a lead-lined ehainher, Avhe.rc they 
are exiiosed to sulphur fumes, and 
are then dyed, smoothed, heated for 
a short time to make them firm, 
twisted into strands, and ai(‘ ready 
for the market. The chief use of 
catgut is for musical instrument 
string.s and for cords for elock- 
w'cight.s. it is also n.sed as a cord 
for sash -weights in sliding window 
frames. I'he gut used bir 

anglers' liooks is made by taking 
tlie silk glands from the body of the 
silkworm before it has begun to spin, 
by extracting tlierdrom the silk 
which is still ghitinoiis, and by 
drawing it out into a thread. 

Cedar — 'I'he cellars of nehanon (Cednts 
Nbani) arc famous liistorieally, and 
furnished thew’ood for theTemiile of 
Solomon, Init they have ceased to 
furnish tiiiiher for industrial use. 
The w’ord cedar is now applii’d to 
the timbers of tlifferent trees wliieli 
all have the (pialities of yielding 
woo<i of oven grain, liglit and soft 
and sometimes aromatic. Cedar 
used for lead jieneils is chiefly the 
wood of Jumperix hcrmiidiana, 
a re<l-eolonre<l fragrant wood with 
the required ])roperties. Red eedars 
of India ami the West Indies are 
(‘xtensively used for cigar hoxiis. 
'I'he Indian ei'dar, ()r dodar {CedruH 
dcodara), is looked upon as sacred, and 
is fo’iiid around Imlian temples. It 
is also used for sacred images, 
for coffins, and for railway sleepers. 
It is tlie chief tree of the Himalayas, 
and grows in forests. 'I’he ditfereiit 
varieties of cedars are used for 
furniture — being valuable tor the 
interiors of w’ardrobes, etc., on ac- 
count of their immunity from attack 
by insects — and for w’aiiiseottjng 
and turning. The eoiisiimption is so 
great that the. market is always on 
trie look-out for new’ soiirees or for 
w’oods w ith r'qually siiitahh* proper- 
ties. 'I'lie cedar is one of the most 
imposing trees in an English laiid- 
seape, its dense hranclies of dark 
leaves making it distinctive. Cali- 
fornian redwood (tSeguoia semper- 
rircus)\A a red cedar, and its timber 
is the softest used in eommeree. 
Tlie mammoth tree of (.'alifornia 
{Sequoia gigantea) is another variety, 
it is found only in California, and 
siieeiiiiciis have been known over 
400 ft. high and 110 ft. in circum- 
ference. One tree has had a tunnel 
made through its base, and a road- 
way goes throngb it. The White 
Cedar of the West Indies is used as 
a substitute for boxwood [see liox- 
wood]. 

Century plant— See Sisal. 

Charcoal — Charcoal may be wood 
charcoal or animal charcoal, made by 
burning wood and bones respec- 
tively. In making charcoal intended 
for fuel, the usual practice is to pile 
the W(X)d Into heaps, usually in a 


dome-.shaped kiln, ami burn it until 
it is charred, the charred w’ood, wliieh 
retains its original shape, being tin* 
charcoal. For the iiianufactiire of 
ehareoal for gunpowder special care is 
exerdsed in .selecting the wood, wliich 
must he sound and free from adlieriiiti 
bark, and the beat is applied to the 
outside of east-iron retorts in whii*h 
the wood lias been placed. Animal 
elinreoal or bone-hlack, as it is also 
called, is made by heating bones in a 
retort or ermlble, w'heti gases are 
given olf, some of which condense 
as a lieavy oil, called hone oil. 'L'ht! 
chief uses of w’ood charcoal are as fuel 
in themaiiufaeture of gnTipow’der,aml 
as a iion-eoiidiieting material for cold 
storage chambers. 'J’be eliiil’ use of 
bone charcoal is for decolorising 
syrups and in sugar mannfaetiire. 
[See also page 4151.) 

Cherry- 'riie cherry is a small fruit 
of the plum family. 'J'hcre are many 
varieties of cultivated cherries, whieh 
liavc probably all evolved from 
Crunus avium and Pruniis cerams. 
Cli(*rries are grown extensively in this 
eomitry, although we derive some 
.snpplie.s troni r'ontiiiental Fnrope 
and trom (Canada. f'lierry trees 
should he planted in an open situa- 
tion with a southern aspeet. Standard 
cherry trees should be planted 21 ft. 
apart and bush cherry trees ft ft. 
apart. Rranehes should be thinned in 
.Inly and December every year. 'I'he 
late morello cherry, one of the best 
rooking varieties, grows best on a 
wall. ('herry brandy and various 
liqueurs, iiiel nding mara.sehino, kirseh- 
wasser, and ratalla, are made with 
cherries. 'Fo make cherry brandy, 
till a bottle half full of morello cherries 
— having cut off the stalks, wiped 
the fruit and pricked it with n 
needle. 'To each pound of elierrios add 
twelve scraped bitter almonds and 
3 oz. of sugar candy; then fill the 
bottle w’itli hramly and allow’ the 
whole to stand for not le.ss than fii\ 
months, after wliieh the liquor may he 
strained off. There are nnmerons va- 
rieties of cherries, the chief of which 
are the late morello and the Xenlish 
(both good cooking cherries), the 
early ydlow Fltoii, the May Queen, 
the Archduke, and the Jilaek Fugle. 

Chestnut — 'The chest nut (Casfanca vul- 
garis) is found in Kuropc, Asia 
Minor, and in teiiqierate America. It 
is also known us the Spanish or su'vrf 
chestnut. 'Fho chestnut tree is 
hardy, but the fruit comes to rijX' 
ness only if the sit nut ion is .shelf eri'd 
'I'he tree must have not less than ‘201 1, 
of space all round. 'J’lie wood reseiiihh s 
oak in colour, being of various 
shades of brown, and is used for simi- 
lar purposes. 'Flu; roof of Westminster 
Hall is allegeil to be chest nut. Flie 
wood of old tree.s i.s somewhat britth , 
and when strength i.s wanted, younger 
trees are selected. 'Flic nut of the 
chestnut free is edible, and is usually 
roasted. Wiien the nuts are ripe 
and full, they should be gathered, 
taken from their husk.s and dried. 
The dried nuts are sometimes ground 
into Hour, and made into bread 
or fritters. The Italians favour chest - 
nuts as a food, and liave scv<‘ral 
methods of cooking them, 'fhey make 
a porridge of chestnut Hour, and call 
it polenta. 'Fhey also sprinkh’ rose- 
water and grated cheese upon clie>t- 
nut flour fritters, afterwards frying 
them in fresh butter. 'Flie eliestiml 
is not particularly nutrition® as a 
food, but roasting makes it nnieh 
more easily digested. 'The mit <'' 
the horse chestnut {Mscnlus hipim- 
castanum) is too bitter for linnun' 
food, but is sometimes given to eay 
It also contains an oil of a daiK 
green colour, wliieh is expres>jp<i, 
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nnd in Continental countries is re* 
i^arded tui a specific for rheumatism 
and gout. 

China Grass~See Ramie.. 

C iron — See Lemon. 

Clingstone— SCO Pearh. 

Coca Leaves — Coca loaves, the source 
of the valuable local aiuesthetic 
cocaine, are the leaves of Rry- 
throxylum coca, a shrub that grows 
ill Itolivia, Peru, and in some parts 
of Southern Asia. ’I’lie Bolivian 
loaves are brownish green in colour, 
oval, and vary in sixe from H in. to 
:i in. long, by from 1 in. to 14 in. 
broad, with a characteristic odour and 
a bitter taste. Peruvian coca leaves 
are smaller and more fragile. Coca 
has remarkable sustaining properties 
upon both the mental and physical 
organs, and the South American 
natives chew the leaves, mixed with 
lime and the ash of a local plant. 
'I'he drug is insidious and intoxi- 
cating, and many men become slaves 
to the hal)it, which shortens life. 
1’he official dose of cocaine leaves 
is 4 dr. to 2 dr. Of the various 
preparations of coca, the prin- 
('ipal is coca wine, given as a 
nervine and muscular tonic. Of the 
alkaioiils cemtained in coca, cocaine 
js the chief. It is used in dentistry 
as a local ainesthelic, being injected 
hypodermically into the gum ; also 
('\l('rnally for burns, insect bites, 
f(‘vers, etc; and internally as a 
slomacliic. The preparations from 
c(jcainp and its salts are very numer- 
ous. Antidotes to cocaine poisoning 
are amyl nitrite, nitroglycerin, 
digitalis, strychnine, ammonia, ami 
strong coffee, and ether in hypo- 
dermic injections. 

Cochineal— Oochineal is the name of a 
(lye ami of the insect from which 
that dye. is made, 'this insect is the 
Cocrue cacti, tlie chief sources of 
which are (Jiiatemala and the t’anary 
islands. It lives upon s(‘veral species 
of eaetu.s, the ])rinci})al being Cactus 
napal. The insects an; (Carefully 
n*ared, and the fernalea are jdaced in 
gauze hags, which are hung around 
upon the leav('s of the growing tree, 
the buds of which are removed as th(‘y 
app(*ar, so as to give all the snsten- 
ane(‘ totlie leaf growth. As the young 
insects are born they siiread them- 
selves over the leaves. When the 
time of spawning approaches tliey 
are eolleet^d into baskets, spread out 
on the ground or on trays for some 
time, then placed in heated ovens for 
a few hours, and finally thoroughly 
dried in the sun. Itlack (’oehineal and 
.silv(‘r e(jehineul are the names given 
when differently pnifmred for the. 
market. Cochineal is ITeciuenfly im- 
poverished or adulterated. Its ehi(‘f 
use is in dyeing, althongh th(‘, coal-tar 
dyes have seriously impaired its value. 

Cocoa — CcK'oa, or cacao, is the p(jd 
fruit of an evergreen plant, Thco- 
hroma cacao, Miiich grows in the West 
Indies, tropical America, (iiiinca, 
Ceylon, and elsewhere. [Tlie inami- 
hieture of C(K*oa and chocolate has 
been described on page GG.'i.').] The 
f’ultivatiou of cocoa demands rare. 
"I’be seeds are taken from the ripe 
po<ls, and are a(wn about 1 ft. apart 
in furrow’s 2 in. deep, and just 
e(wered with earth, on tlie top of 
which plantain leaves are spread. 
After two weeks, shoots will have 
appeared, and must be kept well 
watered until they are 14 in. or 10 in. 
high. Tlien they are transplanted to 
meltered situations, where the soil 
IS vvell irrigated. Tlie (‘ocoa-tree 
requires shade, and this is got by 
planting with them coral-bean trees, 
which grow much higher than the 
cocoa-tree. Tlie trees must be pruned 
regularly, so as to develop a single 


stem with a full head. Tliere are two 
harvests ti year, in .Iiine and Decem- 
ber ; but ill tlie tropics the fruit 
gets ripe tliroughout the y(;ar, and 
what is ripe is gathered fortnightly. 
The pod.s are detached with a knife 
on tlie end of a pole. The average 
yield is 0 tit. per tree per unnuin. 
liefore being exported tlie pods are 
cured [see page 6555). 

Coconut — The coconut, generally 
miscalled cocoanut, is tlie fruit of 
Cocos nuci/era, a tropical palm, and 
must not be eonfouiided with the 
evergreen Theohroma cacflo, w'hose 
jaal fruit is made into cocoa and 
chocolate [see above). The eoc’oniit 
palm is found in nearly all tropical 
countries, and there is no single tree, 
(‘.xeept perhaps the huiuboo. which is 
so generally ii.seful. In the Paeilie 
Islands, in the Kast and West Indies, 
and in tropical East and West Africa, 
the tree grows abundantly. The 
triM's are propagated from the nut, 
and are planted during the first four 
mouths of the year, or in August. 
The situation should have sun 
expo.siire, and tlie patch of ground 
should be elevated, so that it may 
be drained naturally. 'J'he nuts are 
planted about I ft. ajmrt in trenches, 
which are kept moist, but not w<‘t. 
'I’lie shoots are tran.splanted from two 
to twelve months aft(*r their appear- 
anc(‘. About tb«‘ seventh year tin* 
tree begins to bear fruit, and attains 
maturity about tin* tenth year, and 
eontinues to yield fruit until tin; 
seventieth or eight icdli year. 'I'he 
annual yield of a tr(‘e is from lilty 
to a hundred nuts. 'I’he kernel 
of the nut contains about 70 per 
cent, of fat, which, in the form of 
eoeonut oil, is largely used in soap 
manufacture |see page 4H:t21 and for 
eainll(*s. In the West Indies, coolies 
eat the oil, using it as we use butter. 
'I’lie eoeonut palm can be diverted 
from bearing Iniit by cutting off the 
tlow’cr stalks; tlien, by making an 
incision in tlie stiimji and lieatiiig it, 
the juice, which is called toddy, is 
made to flow’. 'Ibis is an estia'iiied 
beverage, but ferments (piiekly, and 
becomes very intoxicating alter 
standing a feu’ hours. It serves as 
yeast, and is extensively used by 
bakers in (’eyion and elsewhere. .A 
sugar Known as jaggery, and resem- 
hling maple sugar, is made from toddy, 
tin; unferniented juice heiiig boili'd 
to a syrupy eonsisteiiey and poured 
info buckets, where it er.s.stallises. 
'I’liis jaggery is a valuable article 
of fo(Ml in some districts ; and it has 
also a limited use in the maiinlaetnre 
of a eemeiit, bt*ing mi.xed with white 
of eggs and the lime from burnt 
shells. 'I’his cement is highly tena- 
cious, and, wiieii polished, resembles 
wliite marble. 'I’he fibre that en- 
closes the coconut comes into our 
market as coir. 'I'lie fibre covering 
is removed from the nut before the 
latter is fully ripe, as, if allowed to 
n^niain, it becomes more coarse. It 
is then .soaked, preferably in salt 
water, from six to eighteen months, 
or for a shorter time if tanks wherein 
the water is h(*ate<l by steam be u.sed. 
'riie husks are then beaten or crushed 
in a mill, and finally “ willowed,” 
when the fibre is ready for export. 
Tlie chief use of the fibre is for press 
bags, u.s(*d in oil refining, and candle 
making, for mats and matting, for 
cheap scrubbing brushes, lV)r a coarsi; 
cordage chiefly used in the liarvi'st 
field, and as a stiiflliig for clieap 
furniture. 'The bark of the eoeonut 
palm yields a strongly cohesive gum. 

Cod-liver Oil — (’od-liver oil i.s ex- 
tracted from the liver of the common 
cod {Gadus morrhna). The chief 
sources of cod-liver oil are Xorway 


and Newfoundland, the former draw- 
ing its supplies of flsh from the North 
Sea, and the latter from the New- 
foundland banks, (treat improve- 
ments liave been made in tlie methods 
of extracting the oil. with good results 
regarding tlie purity and (piality of 
tlie prodliet. 'Hie livers must i)e 
fresli, not more tlian tw’olve hours 
after file flsli is caught, (tood, healtliy 
livers only are selected, others being 
r(‘jeet(*d. 'I’liey are placed in tubs or 
(qieii barrels, and as the oil exudes it 
i-4 ladled off. 'I’he livers are then sub- 
jected to heat not exceeding 180 E., 
and more oil exnde.s. 'I'be oil is fln-n 
subjected to extreme cold in cliam- 
bers furnished with cylinders ir 
pillars containing liriiie and snow. 
'I'he portion that remains after re- 
ducing the teiiip(*ratnre is drawn off, 
strained, and filten'd, and eonsf itiitcs 
the finest niedieiiial eod-livcr oil. 
After the livers have been subji'cted 
to the natural expression d(‘seribed 
above they are heated again, which 
causes a further expression, tlie 
result being a darker coloured and 
slightly inferior oil, which is still, 
however, used medicinally. After 
fhi.s treatment the livers are boil«*(l 
down, and yield the dark brown 
cod-liver oil used by tanners and 
for fattening cattle. 'I’be refuse 
livers are used as manure, and are 
adil(‘(l t(» other refuse matter in tlie 
maniifaetiin* of what is called psh 
guano. Otlu'r llsh besides the cod - 
the ling, the turbot, the haddock, 
etc.- yield oil, which is sold as cod- 
liver oil, but no oil other than that 
from cod llvi*rs is regarded oftielally 
as cod-liver oil. Cod-liver oil has 
nnfrifive iiroperties, and is al.so an 
active alterative; it is extremely 
valuable in (‘ases of phthisis. Sonu^ 
stomachs r(‘jeet it or accept it with 
dilliculty, lienee It is freijnently given 
as an emulsion made by mixing 
with yolk of egg;», water, and other 
ingredients. 

Cola Nuts — See Kola Nuts. 

Colocynth'-Coloeynlii, or hitter apple 
(('clitcynthidis put pa of tlie British 
Bliarmaeopieial. is the dried pulp 
of tlie fruit of ('druHus colocynihis, a 
eree])ing plant of the eueuniber 
family that grows in Asia. North 
Africa, and some ]>arts of Europe. 
AVhen fresh, the fruit is green, but. 
is yellow-brown when dried, 'riirkey 
eoloeyntli is eonsideri'd better than 
Spanish eoloeyntli, although its 
superiority has not been e.stablished. 
'I’he. ollieial dose is 2 gr. to 
8 gr. It is a fnvpient ingredient 
in aperient pills, and is a drastii* 
cathartic. 'I’lie active principle of 
eoloeyntli is cofocynthin, a glueosidt* 
in the form of an amorphous yellow- 
powder (dose. IMteen minims of a 
I ])er cent, solution in glye('rin). 

Copal — Copal ri'siiis, much used in the 
Miannfaeture of superior varnishi*s 
for outdoor us(*, include East African 
copals, .Vmt'riean copals an l Kauri, 
Cowrie or New’ Zealand copals [see 
page DKUl. 

Coral — Coral Is formed by .some of the 
marine animals known as Coelcnteru 
(meaning hollow’ - bodied), vvhi(;li 
have the power of absorbing lime 
Irom sen-water, and of building up 
therewith limy skeletons. These limy 
skeletons in the mass form what we 
know as coral, of whieli there are 
numerous varietie.s. 'I’he delicate pink 
C(»loiired coral is the most esteemed 
variety, and is the dearest. Then 
there are red, black, and dull-white 
corals, all of them divided again into 
several varieties, usually aceiwling to 
colour. 'Fhc cliief sources of eom- 
mereial coral are along the coasts of 
Italy, in Dalmatia, and in Algeria. 
The sole use of coral is for purposes of 
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ornanicnl. particularly for niaiin- 
factiirc into beads, which is an im- 
portant Italian industry. 

Cotton Wood— Hoc Poplar. 

Cudbear —See Archil. 

Currants- The dried currants of the 
Kroeery shoi)s are Hinall seedless 
grapes, prown in (Jn'ooe and the 
l.evanl ; they are dried and troddtm 
iido casks. The nann‘ currant is a cor- 
ruption of Corinth, from the district 
around which they liave always come. 
Tin* currant jj:rape is also ^rown in 
Italy, and made into certain kind? 
of Jlalian wine., '('he currant of (ireecc 
must not bec«»j»fnsed w it h tlic berries 
Krown in Kntilish gardens, of which 
there are thrcMi varieties -the red 
currant {Ilihca rnbriim). tlu' white 
currant (RibcH album), and the black 
currant (Itihvs niurnm). Jllaek 
currants make the most profitable 
market crop. The youn^ slioots arc 
thejsc wliieh carry fruit, and every 
year all the dead wofxl and much of 
the old wood should be eut away. 
Oidy as imieh of the younp wood 
shonifl be eut as will prevent over- 
erowdin;; of tl)e shoots. Jn re«l and 
white currants slijilitly different 
conditions prevail. The young wood 
slionld ha'e mueh more cutting, and 
the old wood mueh le.ss, as the latter 
carries the berries. In May the new 
shoots should be e\it to five leaves, 
and in the following November to 
two biid.s, at which time also the 
lending shoots shouhl he eut dowm to 
six inches long. Hushes without 
hranchos in the centre yield the best 
crop. .\11 three varieties <lo be.st in 
fairly rich soil deeply trenched. 

DAMMAR — Dammar is the name 
a]>plied t<j a number of resins the chief 
of which is Singapore dammar or 
u'hite damma), the resin of the .Am- 
boyna pine (Dammara oricnfalis), of 
Java and Malacca. Damm.ars are 
used for varnishes and for making 
sticking plaster. 

Damson— The damson is a small, 
hardy plum largely grown in Kngland, 
and originally imported from tin; 
Leyant. 'I’he name is a corruption ot 
Damascus plum. It. is u.sod for 
cooking and preserves, and for a 
pres.sed conserve calle<l damnon 
checiie. The mountaiti dani.son, or 
hitter damson ot the West Indies, is 
the Sim ir aba amnrn. 

EBONY— The name ebony is i>roi)erly 
apiilied only (o (he heartwood of the 
trees of the genus IHospgrox, but it 
is frctfucntly applied loosely to any 
luird black wof)d. Tlie tiest black 
et)ony comes from India, Teylon, and 
flit Malay Peninsula (I)iosppros 
ehenum). The Iicartwood is (jjiite 
black, while the .sap wood is white ; 
the latter is removed before the logs 
are shij)ped. Creen ebony, so-ealle(l, 
comes from eertaiu <.»f the West 
Indian islands, and red ebony from 
Madaga.sear and Mauritius. .let 
black ebony is the species most biglily 
valued. It is used chietly for inlaid 
work, ami for small turned articles. 

I For the stn'iigth of ebony, see page 

Elm — There are many varieties of 
elm ; four are found in (jreat 
Britain and two are abundant, the 
common dm (flimus campestris), 
and the wycb elm {Vlmm monfana). 

I For the physical properties and 
strength of elm see page.-; 5;! and 
12rt().] Elm is largely used for 
piles and otlier \vork under water. 
()ld water conduits are found to 
be elm trees hollowed out into 
cylindrical shape. Elm, however, 
decays where it is wet and dry 
frequently In succession. It is also 
i» favourite wood fcir making coftins. 
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Spaninh elm is a West. Indian wood 
{I'ordia gerascanthm), the timber of 
which is also known as Pri-nce wood. 
Esparto — Esparto, or alfa (SHpa 
tenaeisHma), is a grass that is 
extensively used in pa]>er-malving in 
this country, although it i.s used for 
this purpose nowhere else. It grows 
in Spain, Portugal, (Jreecc. JS’orth 
Africa and elsewhere. It is hardy 
and can be cultivated in England. 
'J’hc grass grows in tufts ami the 
interior of the leaf .sheath is liairy 
[sec page (>2801. 'J'iie best localities 
for esparto are on the sea coast 
facing south and at moderately high 
altitudc.s. Chalky .soil is be.sf and 
clay is unsuitable. It is twelve 
years after sowing before the plant 
liecomos ])r()fl(able. 'I’lie most profit- 
able propagation is by burning down 
the annual llowor .stems, and a gf)o«l 
<‘rop is got live or six years latter ; 
but this inetbo«l is i>ossible only on 
old esp.arto land. One acre may 
give ten tons of the gra.ss. ITarvj'st- 
ing can be dr>ne only in dry weather, 
when an experienced man can pull 
the leaves from the stems, leaving the 
latter uninjured to develop iresh 
loaves again. In addition to i)aper- 
inaking, esparto is used for cordage, 
sieves ami baskets, and in uphol- 
stery. 

FLAX — The uses of flax (Jdnntn 
mitatisnminn) have been iliscusscd 
elsewhere f.sei* Oeneral Index]. 'I’he 
seed of tlie jilanf— /i/nsreZ— is chiefly 
nsed for the oil it contains, which is 
e.xiirc.sscd from it, and which is used 
aa a vehicle for paint, as a cattle 
medicine and in linoleum inanufae- 
tijnr. The residue from the oil-press 
is made into cake and is a valuable 
cattle food. Cru.slied lln.see<i — the 
Hnnm contuanm of the Hritisli 
Pharmaeopo'ia — is used ine<lieinally 
chiefly for poultices, and flux seed is 
also sometimes given internally for 
habitual constipation, a tcaspoonful 
floating in water being taken before 
breakfast. Carron oil, used ns 
liniment, for burns, is a mixture of 
linseed oil and lime water in equal 
parts. 

Freestone -See Peach. 

GAMBOGE — (j’amboge i.s a gum resin 
from a tree (darcinia morella) that 
grows oil tlie roasts of (Y*ylon, Cochin 
China, and elsewhere in Asia. 'J’he 
bark is ineisiMl as soon as the flowers 
a])pcar and the resin exudes. It is im- 
ported in the form of solid and hollow 
cylinders, and in cakes; the most 
esteemed variety lieing Siamese 
gamboge in the form of pipes. 'J’hi* 
chief purpose of gamboge is as n 
])igment, hut it Is also used medi- 
eiually as a purgative. It is an 
otlieial pre]»aration in India and the 
Eastern Colonies. 

Gooseberry— 'File goo.seberry {liibes 
groHfsalaria) grows wild in temperate 
Europe and in Western Asia, and 
lias of recent years been introduced 
ami successfully cultivated iu the 
ITiited Stales. It. is a hardy plant 
and grows better in the north of 
Britain than in the south. The soil 
S’liouhl be fairly heavy, deeply dug, 
and well iiianured. Full grown 
Inishos should be 5 ft. or 0 ft. apart. 
The iilants are ii.sually reared from 
shoots, which ought to be eut in 
September and should be not h^ss 
tlian 12 in. long. Cut olf tbe tops 
of the shoots and plant with about 
4 in. showing above ground. I’run- 
iiig should be attended to, old w^ood 
cut away as new shoots appear, and 
cross hraiiehcs removed with the 
knife. The pruning should be 
sufficient to allow sunlight into the 
middle of the bush and to permit 


entry of the hand for phiklng. 
Young bushes will yield a crop oi 
about three tons to the acre and 
after three years quite six 
Grape Fruit — See shaddoep. 

Graphite — Graphite is fri'iinently mis- 
ealled plumbago or blaeklead, an 
error w'hieh has arisen from thesup(U). 
sit ion that lead wns one of its const itu- 
ents. It is a native form of carbon, 
and is found in the form of inas.ses or 
sheets with mica, schist, granite, and 
other minerals. Its geograpbi«*a’ di.«i- 
tribiition is very wide, ami it occurs 
generally throughout the globe, 'i'he 
only knowui deposit for many years 
was at Ki'swiek, iu Cumberland, and 
the mines there were worked to enor- 
Tiions profit for a long time. The ehief 
sources at present are Siberia and 
Ceylon, the prineipal known deposit 
in tlie former country being in the 
hands of Faber, the famous (lerman 
pencil-maker. Apart from the manu- 
facture of lead pencils, graphite finds 
its most Important use as a material 
for cnieihles, and is also insed as 
a dry iuhricant, and as a stove 
polish. It is used also in electro- 
typing and as a conductor in elec- 
trical work. It is manufactured 
nTtilieially by beating coke iu the 
cleelric furnace. 

Greenheart — creenheart {Nertan- 
dra rodiwi) is a tree of British 
(Jiiiaria. It is highly esteemed for 
its strength, elasticity and emhirii’g 
jiropcrticH [see jiagos 57, 1200 and 
(>497J. from the bark, which is 
known as tcUdri or bebeerv is prepared 
buxine or pelosine, a sulphate ot 
beberiiic, used in medieino as a Ionic 
ami febrifuge (dose 1 grain to 10 
grains). 

Ground Nut— The ground nut, also 
know'll ns the pea-nut, or nionlo'.v 
nut, i.s the nut of a low creeping 
t>lant, Arachu hypogwa, which is 
extensively cultivated in India and 
the Malay Feniiisula, Africa, and 
America. The nuts are nntrition.s, and 
are mueh eaten in America, being 
usually roasted. The most ei-onomi- 
eal method of extract ing the oil is 
to clean the nuts, n*move the .sliells, 
and winnow' the kernels free from 
shells and dirt. The oil is then pressed 
out cold, aft(‘r which the residue is 
finely ground ami pul iimler great 
pressure under st(>am heat, yielding 
an oil of an inferior quality. Some- 
times there are three expressioiw 
yielding respi'Ctively a culinary oil, 
an illuminating ami wool-dressing 
oil, ami finally a coarse oil suitable, for 
soap-making. Nut oil is often sub- 
fditiited for olive oil. 

Guaiacum — See Lignum VUce. 

Guano — (Brnno is the excretion i>) 
sea. fowls, such as sea gulls, penguins, 
cormorants, and its value as u 
manure Is due to the fact that it con- 
tains the most valuable constituent^ of 

]>lanf food in a form that can !»■ 
readily assimilated by the plant 
The jirecise composition of guano 
depends upon the locality from 
which it has come, upon the animals 
or birds responsible for its prodtu' 
tion, and njion tlie. food of these 
birds or animals. The ehief constitu- 
ents are nitrogen ami phoHiiliati'f-. 
Nitrogenou.s guano .conics from 
hot, dry countries, and phosphatic 
guano from dump countries; the fur 
mer variety is the more vahniid' 
The beat supplies have come froin 
the Chincha and other islands oil 
the Peruvian coast, and less vahiaht 
supplies from Patagonia and 
Africa. The known supnlies oi 
guano are fast becoming exhausted. 
Artificial guanos are nianufactmed 
chiefly from fish and fish 
Norway has many guano in.-iuu- 
factories, making guano from lisu- 
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Guinea Corn— Sec MUIel- 

Sums — glim iH a substance obtained 
from plants, and capable of solution 
in water, so as to form a sticky fluid 
with more or less adliesive properties. 
Various so-called gimis used in 
varnish -making and for other pur- 
I)()ses are not gums proper, being 
soluble In alcohol uiul not in water ; 
they are pro])erly resins Isee ReninH]. 
The most coniiiion gums jiroper are 
gum arabic or gum acacia (which 
constitutes (juite a class derived from 
several sources), gum tragacanth, 
agar-agar and Iceland moss, (him 
arabic is tlio exudation from the 
stems and branches of Acacia Senegal 
and of other si>ecies of acacia. It 
occurs in the form of round or ovoid 
tears or irregular masses, and is 
yellowish In colour or almost colour- 
less. The trees wliicli yield it grow iu 
Kgypt and the surrouudiug districts. 
The last variety Is generally called 
gum Senegal. 'I'he mucilage of acacia 
of the Ilritish Pharinacopiria is 
made by dissolving 4 oz. of gum 
acacia iu « fluid ounces of water. 
Tfhas a limited use iu medicine, not 
for its inediciual elfeets, but because 
it enables other drugs to be held iu 
suspension or in eohesiou. Ordiumy 
olllee glim is made witli gum arable, 
but is frequently adulterated with 
or replaced by dextrin. (him 
arabii! is also used extensively iu 
certain branelies of tlie textih* trades. 
Hum tragacanth come.s from Asia 
Minor ami (Ircece. It is the exudation 
of Astragalus gummifer, and lias 
■slroiigcr eohesivci jiroperties than 
gum aeacia. Agar-agar is a seawissl 
U*locarin lichenoides), found in C’liina 
and Malaya and is usisl for jellies, 
paper varnish, and other luirposes. 
Iceland moss is a liclien found in 
Iceland and is’ortli Kiirope, ami is 
used for similar purposes. 

HAZEL— The liazel {Caryl us arcllana) 
is a coinmon Hritisli shrub. It is too 
siuiill to yield timber of commercial 
value, but the wood is used tor 
garden furniture, and forked hazel 
twigs are the common divining rods 
used by those with the mysterious 
ability to find water by their means. 
Hazel nuts are esteemed as a dessert 
Iniil. They yield an oil by exjires- 
sion, and this oil has a limited use 
in ])erfunipry. 

Hemlock — 'I'he commr)?! hemlock is 
a native Hritisli jilaiit (Conium morn- 
latum), of the order Cmbelliferce. 
It is a tall plant having a smootli 
stem with purple markings, ami 
tinely rut, glossy, green leaves. It 
has a strong objectionable odo-.r 
and is a poisonous plant. It is used 
medieinally, usually in the form of a 
tincture, its action being to jiaralyse 
llie respiratory centres and the motor 
nerves. In addition to the liemloek 
t>lant whieh grows in this country, the 
name is applied to certain JVorth 
American trees, v/hich are used locally 
as a building timber. Hemlock bark, 
so-called, is obtained from one of 
tliese trees {Abies canadensis), and is 
51 very important tanning material in 
(’anada and tlie thiited States. It 
eontains from 7 per cent, to 10 per 
cent, of tannin ami produces a 
leatlier of reddish colour. Hemlock 
extract, containing about 30 per 
cent, of tannin, is made from tlie bark 
and is exported from Canada to the 
t nited States and to Europe. 

— Henbane grows in England 
Uiyoseyamus niger) and throughout 
Europe aiid Asia. It is a 
fall herb with large hairy leaves and 
a pungent odour. E.vlract of hen- 
bane is used in medicine (dose 1 gr. 
fb 2 jff.), and is a hypnotic and 
narcotic. It contains the poisonous 


alkaloids hyoscyamine and hyosciue. 
The antidotes are the same as for 
belladonna [see lielladmna^. Numer- 
ous medicinal preparations are made 
from henbane. 

Henoquen — See Sisal. 

Holly — The eommon holly {Ilex 
aquifolinm) is a well-known heilge, 
tree, growing very close, tliough 
slowly. The red berry makes the 
holly an esteemed decorative tree. 
Erom other varieties of holly, whicli 
arc widely distributed tliroughoiit 
Europe and North America, tlie 
liolly wiMid of coinuierec is obtained. 
It has a tine close grain, is tough and 
hard, and i.s used for cog-wheel teeth, 
and in enbinet-makiug. 

Horn —Horns are important arti»-les 
of commerce although many of the 
manufactures for whieh horn was 
formerly the sole material are now 
made of metal, celluloid and vul- 
canite or hanl rubber. Horns are 
imported into (ireat Hritain from 
many countries, the chief being 
France, (iermany, and the Argentine 
Hepiiblic, although none of these 
siijqily .so much as our own fndia. 
'J’lie most valuable horns imported 
ami u.scd in manulacturcs are tbii.se 
of the Brazilian o\, the Cape Initfalo, 
and the Arnoe butfalo of India, llic 
mo.st important u.scs of born are lor 
combs, for buttons, and for hamIU's 
for cutlery, umbrellas, ami walking- 
sticks. The horn is iireparcd for 
comb muiiufactiirc by being softciiciJ 
in water and then in ai‘id ; it is tlicu 
.split or sawn into tliin pieces, which 
are subjected to liydranlie i»ressure. 
rieccs of born may be joined together 
by pressure and beat, aiul no evidence 
of tlie junction will be reveali'd. 
H<»rii may be dyed as desireil 
page 07(571. 

Hyssop — Hyssop {lly<<sojms ofliei nails) 
is cultivated in tlie South of Franci'. 
It is a liardy plant, aroiual ic ami 
liilter. The leaves are used to fla\our 
.salails, and are one of the ingredients 
in tlie beverage absinthe. The dried 
llow'ers are medicinal. An e.sseiitial 
oil isobtaineil by aipieous distillation. 

ICE- Tee is a natural product, importeil 
into this country iu considerable 
(piaulifies I’roiii Scandinavia. 'I'he 
imports have fallen since ice began 
to be mauufactured artitieially. 
Wlieii the ice on tlie Norwegian lakes 
is about. 12 in. Ibii'k it is cut. First 
an ice jdane drawn by horses is 
liassed over it, and then parallel ami 
ciiuidistaiit grooves are cut with a 
liaml plough, ami deepened with an 
ice plough. A saw is used to remove 
tlie first few blocks ami the remainder 
are detached with the help of special 
breaking bars. The blocks ar«‘ then 
floated to the iiT-hou.se or to the 
place of transport, during which tlic.v 
are generally protected by i»iuc 
shavings. 

Indian Hemp— Indian hemp, the 
Cannabis indiea of the British Phar- 
ma copirla, is the dried flowering or 
fruiting tops of Cannabi^f satira, wliicli 
grows in Northern India. The her!) 
is ail annual, 8ft. to 10 It. higli. 'Hu‘ 
form iu w’hieh it reaches tin* w(*steru 
market is a conipres.sed nia.ss, consist- 
ing of the stems, leaves, and Iriiit, 
matted together with tlie natural 
resiii of the plant. 'I'he otlicial dose 
of the bark is 5 gr. to l.i gr. ; the 
pharmaceutical preparations made 
from it are an extract, a "aid extract, 
a draught, a tincture, and pills. It 
is narcotic and anodyne, and is given 
for hy.steria, asthma, and migraine. 
Overdoses are poi.sonous, although no 
death from it is on record. The ant i- 
dotes for it are the stomach pump, 
emetics, stimuJnnt dnuglibs, artificial 
re.spiratioii, and coffee. Indian hemp 


induces dreams : is the hish'sh of 
Alexandre Dumas ; and tlie bhang 
of India. 

Indigo — 'The uses of the dye indigo 
have been discussed elsewhere (see 
page 5781]. 'The cultivation of indigo 
is an important Indian industry, 
although the synthetic manufacture 
of indigo [sec page has inflicted 
great injury to thi^ cult ival ion of 
indigo. Many plants iu many tropical 
and subtropical countries yield 
indigo; but the most important is 
Indignfera finctoria. 'I'he best soil 
is rich loam, alluvial for preference. 
Ploiigliing taki's place in October 
and November, and sowing iu 
February, March, ami April. 'The 
harvest is iu July, Auuiist, ami 
Septi'inlier, when the blossoms are 
full. 'J’lie dye is gem rilly prepared 
by the green leaf iiroei^ss. In this 
process the plants are cut down 
ami ])iit info tanks, being held down 
by beams placed on to]> of tliem and 
athwart tlie vats. 'I’lii'y are covered 
with watiT and allowed to steep from 
fen to sixteen lioiiiv, the duration 
(iepemling upon the weather. Men 
then go info tlie tanks ami agitate 
the eoiileiifs for from two to four 
hours, until the feeiila liegin to separ- 
ate ami seltle and the colour of the 
water changes troin green to blue. 
More wafer is added, ami this basten.s 
tlie deposition ot the feeiila.aml after 
a few hours the water Is run olf 
Jroiii the top, leaving the dei^isited 
feeiila, wliicli is I hen taken and 
boiled for alioiit six hours under 
coiitinnons stirring. 'I'he contents of 
the boilers are run oil' into strainers, 
ami after about twelvi' hours the 
remaining mass is pressed, cut, 
stamped, and driMl, the final prodnel 
being the indigo of eommeree. 
Other sources of imli-ao, besides hiilia, 
are China, Japan, Siam, the Fbilip- 
])ines, Java, ami .some South Ameri- 
can countries. 

Ipecacuanha— Tlio drug known under 
this name is the root of Csychotria 
iyecarnanha, a slirnb growing in 
South America and the j'last Indies. 
Its uses in medicine are as an expee- 
toraiit and an emetic. It is a favoiir- 
iti^ remedy for eroiqi ami other 
diseases of eliildriMi, being given 
generally as ipeeaeiianha wine (adult 
dose 10 drops to .‘50 drops as an 
ex|>eetorant, and ( draebnis to (> 
draebnis as an ernclie). 'J'lu' dose of 
the j)ow(len‘d root is i gr. to 2 gr. as 
an expectorant, ami I.) gr. to 30 gr. 
as. an emetic. 'I'he drug eontains two 
alkaloids, emetine ami cephm'ine, and 
powders and other prei>arat ions from 
wliieli the former 1-. extraeti'd, are 
given for dyseiiterv. Kxfraets, tinc- 
ture, syrup, and pilU of ii)ecacuanba 
are also made. 

Irish Moss — Irisli moss, or Carrrageen, 
is a seaweed {Chrandrus crisyns) tlie 
eommereial sources of wliieb are the 
west and north-west eiaists of Ireland 
and a small part of the coast of 
Massaelmsetts. In America, whence 
comes the greater ((nantity, tlie moss 
is pulled from .May to September, 
boats being used 1o rfaeh the rocks 
Spring tides are iisnally ebosen for the 
pniliiig, as the ebb of the tide leaves 
more rock surface uimovered then. 
.'The moss is bleaclied in tlie smu 
washed repeati’diy in salt water, and 
dried. Irisli moss is used medicinally 
for jelly for eonsumiitives, and as a 
decoction flavourc*! with sugar and 
lemon juice it is demuleent and 
nutritive. It is also used for refluiug 
beer, and the poorer qualities for 
making size for cotton and paper. 
Sometimes it is fed to cattle. 

Istle— Sec Sisal. 

Ivory — 'True ivory is the tusk of the 
Indian and Afriean eleplmtit. When 
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thp olcplianf is famp<], flu* tusks 
decrease in size and deteriorate in 
quality, henre the tusks of the wild 
elephant form the best ivory. The 
African elephant ns\ially possesses 
torjx(‘r tusks than the Indian elephant. 
The former have yielded tusks up to 
2()(t Ih. weiuht, and eveti heavier, hut. 
flu* latter si'ldom show more than 
7u lb. weight. The use of ivory has 
diminislied for cutlery haftinjr, 
billiard halls, (dc., since xylonite or 
celluloid ap])eared on the market, 
'.rusks that are only sliuhtly curved 
are preferred io tlu)se with sharper 
curves and (wists. Fossil iroty or 
mammoth ivory is a true ivory 
from the ice-preserved remains of 
the extinct mammoth elephant 
Jilcphas pritui^jeniits, and is found 
within and near llie Arctic circle of 
the fhre(‘ Jiorthern continents — 
notably in Siberia. The largest 
variety — supimsi'd to he the tusks of 
the mal* — are about ft. loii};, and 
a smalli'r variety — su])]U)sed to i)e the 
female-- aliout ft. loufx. These are 
true ivories ; there are other so-<*alled 
ivories that are not true ivories. 
Walrus ivory is the tusks of the walrus 
or sea horse, and is obtained cluelly in 
Alaska. These tusks are sometimes as 
Ion« a.s 2 ft., ajid usually wei^?h about 
2 11). each. ^ 'I’hey are coarser than 
elephant and hiiipopotainus ivory, 
and <*onimprcially are of less value. 
Jlippopof.mnuH ivory is the tooth of tin* 
African hippopotamus. It is harder 
than elei)hant ivory, l(‘ss liable to 
stains, and of delicate, whiteness, but 
it is inclined to be brittle. The sup- 
ply is small. Hippopotamus ivory is 
used for the handles of .surgical iustru- 
nients and for other purposes for 
which elephant ivory is employe<l. 
Haru'hal ivory, sometimes wrongly 
called swonijish horn, is the tusk of 
the inaki narwhal or m/ unu'orn. 
It Is obtained as loni,' as lo ft. 
It is the supposed unicorn's horn 
esteemed in inedieino a few een- 
turios ago. The supply is small, 
the (piality eoarse.and the value low. 
Dugong ivory is the tusk of tlie 
Australian dugomt or sea eow'. Only 
the male has tusks, and these have a 
value as ivory. The supply is small. 
Vegetable ivory is the alhiiineii of a 
South American nut {.see page 812]. 

JACARANDA WOOD— See lloseivood. 

Jalap "dalap is the tuberous roots of 
Jpomaa purga, a Mexican plant, 
which also grows in Jamaica and 
India, and even in the South of 
England. The roots are dug up and 
dried, the larger ones being sliced open 
to hasten the drying jiroeess. 'J'lie 
<lose of the powdered root is .'i gr. to 
20 gr. Its effect is purely purgative, 
and it is mneli le.ss used than it w\as a 
generation ago. It is also adminis- 
tered as a tincture, as a compound 
powuler, and as an extract. 

Jarrah — Jarrah iKumlgptus mar- 
ginaf.a) is the best knowti of the West 
Australian hard woods, and is 
extensively used in this country for 
paving blocks. It j.s also used for 
piles and railway sleepers, as it is very 
durable, and ha.s the property of re- 
sisting attack by animal organisms 
that destroy most other woods 'Die 
tree grow.^ to a great size, so that large 
planks can he obtained. 'Phe Karri 
{Earalyptus versicolor) is closely allied 
to Jarrah. and is also from We.stern 
Australia. If has similar I’ses. 

Jet — Jet is a variety' of lignitf? or brown 
coal wiiich has turned black by 
fo.ssi]isation, ami it was formerly 
extracted from the rpj)er Lias 
shales near Whitby. It occurs al.so 
In other countries— notably Langue- 
doc in France, Galicia, and Massa- 
chusetts. J'be harder pieces are the 
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jet, wlileh is cut into heads and other 
ornaments. These arc intensely 
black, and take a high polish. Jet, 
as a material for ornaments of per- 
sonal adornment, used to be much 
more fashionable than it Is to-day. 
Job’s Tears—See Millet. 

Juniper — The eoinnion jnnii^er is an 
evergreoTi shrub iJuniperus com- 
munis) wiiieh is iiuligenons in Great 
Hrlfain and \orth Kiirope. The fruit 
of the juniper— juiiip<‘r berries — is 
used in the mniiufaetiire of gin. haw 
grain sjiirit is llavoured with the 
grouml or crushed berries, or bags 
eontainiug juniper berries may be 
susiiended in the still, this being held 
to yield the belter product- Holland 
is the chief s(‘at of gin manufaetun*, 
the centre of the industry being 
Schiedam, where the world-famed 
seliuaps is distilled. British gin - 
so-called — eontaiiis no juniper berries, 
being merely grain spirl* flavoured 
witli turpeiifiue. Oil of juniper i.s a 
volatile oil obtained from the 
berries by distillation, and is of 
grei'iiish-yellow colour, and of a 
turpeutiue taste. H is given luedi- 
einally (dose .'S min. to 20 min.) 
as a diuretic and for kidney troubles. 
A variety of juniper (Juniperis 
ojrycedrus) yields oil of cade, which 
is use<l as an external apiilieatioii in 
diseases of the skin> iueluding 
(‘(•7-ema. Sandaraeh I him; Snmlarach] 
is frequently erroneously called 
gum juniper. The so-called cedar 
woo<i used for lead pi'ueils is the 
W(H)<1 of Juniperus hermndiana 
I see ('edar). Virginian rial cedar is 
tin* timber of duniperus virginiaua , 
and is imicb used for furniture on 
account of its immunity from attack 
by in.s<‘ets. 

Jute — The treatment of the jute fibre 
in the textile iiiduslries has been 
considered elsewhere Isee (ieiieral 
Index], and the remarks in this place 
will eoneerii only the cultivation of 
the plant. 'Tlie two jute plants 
<*ultivated for the fibre ar«^ Corchorus 
capsu/aris and ('orchorm olitorius. 
'I'he chief seat of the jute cultivation 
is India, especially Bengal, althougli 
(’lilna and the Malay J’eninsula are 
also not unimportant sources. 'Phe 
former plant is tlie larger, although 
both are of equal industrial value. 
'J’hey arc annuals, amt an* most sue- 
ecssfully cultivated in a loamy soil and 
ill a hot damv> climate. 'The. sowing 
season is from the middle of March 
to May. 'The llow'CT is yelU)w\ When 
from ft. to 10 ft. high, and in flower, 
the j)lants are cut down, the harvest 
being from July to October. In cut- 
ting, a .sickle may he u.sed, or tlie 
plants may be uprooted entire. 
Bundles of stalks are immer.sed in 
stagnant water to rot, and remain 
there Irom a few days up to a month. 
'Phis separates the inner hark from 
the rest of the stem, and the inner 
bark is that used industrially. 'Phe 
linal separation of extraneous matter 
is effected by manual labour, a man 
standing in the water and pulling off 
the bark in long lengths. After wash- 
ing the fibres, tlicw'ater i.s wfuiig out, 
tlie fibres are hung iq) to dry, and are 
llnally packed in hanks and bales for 
export or for the factory. 

KARRI— Sec Jarrah. 

Kauri Pine, or Cowrie Pine— This 
timber (Agathis australis), is the 
most important exporteil from Now 
Zealand, and constitutes the greater 
part of file timber exported from the 
new Dominion. It is found in the ex- 
treme north of the vnUmy, and also in 
the district around Auckland. It is a 
t.aU tree, growing to the height of 
160 ft., with a straight, smooth trunk 
rising 100 ft. before the first branch is 


readied. Its diameter is from 5 ft. 
to 1.) ft. 'Phe grain of the wood is 
straight ; the wood is easily worked, 
is sound, and free from knots, and can 
he highly polished. 'The great length 
and hreadtli of tiie planks obtainable 
from the tree added to the (pialities 
mentioned, make it a very valuablr 
w’(.M)d for many purposes. Its length 
makes it litted for ship masts, 
and it is also used for ship decks, 
llooring, and general house work, 
vehicles, furniture, and paving blocks. 

It has also been used for ehureh 
lutings. [For its strength eompare»l 
with other woods, .see page 126U.1 
Kauri gum Lsee page 1034 and 5123] 
is a valuable resin used for varnislies 
and in linoleum manufaeturo. Jt is 
foiiiul diietly as a fossil gum in ground 
where the tree has grown during 
thousands of years. A small quantity 
ol the gum is obtained from growing 
t rees. 

Kola Nuts — Kola or cola nuta an* 
valuable on aeeoiint of their aetivi* 
])riueiple, the alkaloid caffeine, which 
is also found in eolfee. 'Tliere arc two 
trees that yield kola nuts, the Cola 
acuminata and tUda vera, botli being 
native to tropical Africa and the 
latter being the more valuable. 'The 
nuts are eliewed and eaten liy Die 
natives on aeeoiint of tlieir sustaining 
and .slinuilatiiig properties. 'J’hc 
alkaloid eaffeiiie stimulates the heart, 
raises arterial tension, and keeps ofl 
fatigue ; it is given as a diuretic, ami 
for kidney troubles and typhoid (do.se 
1 gr. to .'i gr.). Antidotes to eaffeim* 
poisoning are the stomach pump ami 
emetics. 

LARCH - The larch (I/irix niropam) U 
a valuable limber. I For its cultiva- 
tion, SOP page 4679 ; for its Tiropertn s 
and uses, sci* juige bb ; and for its 
Blivpgth, see ])age 1260.] 'The hark 
of the larch is used ns a tanning 
material, and is vahiablo for light 
leathers. It contains about 11 prr 
cent, of tnmiin. Venire turpentine is 
the exudation of the larch. Incisions 
arc made through the bark of the tree, 
usually about llie end of March, ami 
the turi>eiitine, flows during tin* 
Riimmer. 

Lavender — Lavender is tlie flow’crs nf 
a hardy perennial herb {jMvandula 
rent), eiiltivated at Mitcham ami 
clsew'here in the South of Eng- 
land, and in Southern Kuropi'. 

'The dried flowers constitute tlir 
lavender of commerce. They retain 
their perfume for a long period, hem i* 
their value. Oil of lavender is inadi- 
from the female flowws by distilla- 
tion. English oil of lavender eoni- 
inaiids a much higher price than 
foreign oils, due to the care with 
wiiieh the plant is eiiltivated and the 
oil expressed. 'The llrst oil expres- 
Rion is used for the manufacture ot 
lavender water, and the later exiires- 
sioii for soap perfumery. The oil 
from tlie male lavender (Lavandula 
spica) is known as oil of spike, and it ' 
chief use is for artist .s’ colours. 

Lemon — 'The lemon is the fruit of 
Citrus limonum, a small tree of tie* 
orange family. The tree is about 
3 2 ft. high, and thorny ; it carru"' 
pumoroiis branches, bearing oval 
leaves and llvc-pctalled flower-. 
There are several varieties of lemon. 
Including the citron, or Median leiuon 
Icitrus medica), the pearl leimm 
(CUrus margarUa), and the swe>'i 
lemon (CUrus lumia). 'J'he juic,’ off h‘- 
lenioii has a distinct medicinal valm*. 
due to the citric acid contained. D m 
is valuable in malaria and m 
scurvy, and has been given with go<> i 
result.sin chronic rheumatism. Gil'T 
essence of lemon is expTe8.^ed or 
distilled from fresh lemon-peel. I- 
pages 4968 and 4969.] 
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Lifirnum Vitae — Lignum vitae is the 
heart wood of a West Indian tree 
{Guaiacim officinale), and is tlic 
heaviest and hardest wood known. 
The tree grows to a height of ahout 
40 ft., and to a eircumferenee of 
4 ft. or .'i ft. Its brandies are 
niiiueroua and knotted. Jamaica is 
the diief source of tlie lignum vitw 
imported into Kngland. The wood is 
of a dark green or brown colour, 
freely streaked, and is so cross- 
grained that it cannot be split, and 
must be sawn or turned. Its chief 
use is for pulley blocks and nillers 
ill machines of various kinds. I For its 
strength, see page 1260.J Tlie resin 
of the tree — guaiamm resin -is usimI 
extensively in medicine (dose, 5 gr. 
to ir> gr.). It is used for rheumatism, 
lumbago, and diabetes. It is also 
administered as a tincture, a mix- 
ture, and in the form of tablets and 
cap.sule.s. 

Lime — The lime tree (Lilia evropcea) of 
North Europe must not be con- 
founded with the fruit-tree described 
I eiow. Our lime tree, the linden of 
(iermany, is of rapid growth, and 
nourishes even in the dust -laden 
atmosphere of cities and towns. 'I'he 
trunk is thick, and the branches are 
slender, clo.se, and upright. 'I’he 
leaves are large and flat, eoming to 
an apex. 'I’he tree attains a great 
age, tieiiuently over 1,000 years. 
'I’he flowers are sweet-smelling, and 
c(»utain honey, which attracts bees. 
'I’he timber is white and close-grained, 
ami makes a gooil carving wood. 
.\cetic acid is obtained from it by 
distillation Isce page r)40r>i. Jiass- 
uood is the timber of tbe .\meri<‘an 
lime-tre(N and is common in ('anada 
and in the eastern portion of the 
fluted Stales. Its nature and uses 
are .similar to (hose of our lime tree. 

lime — The lime (Citrus wedira ariila) 
is !i valualile fruit, of the orange 
lamily that isextensively cultivated in 
the West Indies, and to a less e.xtent 
in India and Burma. 'I'he common 
tree is very siiiny, although one 
variety is spineless. It grows in 
])oorcr .soil and in more exposed 
situations than the lemon, and the 
fruit is small- about one-third as 
large as a lemon. Lime-juice has 
anti-scorbutic properties, and by 
I'-nglish hnv every ship must carry a 
supply, a precaution which lias 
banislied scurvy from our mercantile 
and naval marine. 'I'he juice is 
ex]»res,sed by pressure, and is after- 
wards Altered and clarified. Sweet 
limes (Citrus medica limettn) grow 
in Southern India, and are not .so 
highly e.steemed as the common or 
sour variety. 

Linseed— See Flax. 

Liquorice — Liquorice is the root of 
(Hucerrhizn glabra, a plant that 
is widely disiributed tluoughout 
Southern Europe and Asia. 'I'he 
root enters our market iu a dry state, 
and is sweet, nmeilaginons. tough, 
ami flexible. Tlie root is inaimfae- 
tnred into extract of liquorice, being 
crushed, boiled, and evjiporuted. 
The condensed juice— black or brown 
in colour — is ri'hcd and stamped with 
the inakcr’.s irime, ami iu this form 
comes to our inarkid. 'I'lie most 
esteemed brand is Succus solazi. 
I he powdered root is the chief 
gredient in compound liciuorice- 
powder, and several other prepara- 
tions are used medicinally. Liquorice 
is a mild and agreeable laxative. 
Litmus— See Archil. 

Locust Beans — Locust beans are the 
pod fruit of the Cerafmia sifigua, or 
earob tree, eommon in Southern 
HiUrope and the Levant. They an* the 
Teputed food of John the liaptist in 
the wilderness, and are lienee known 


as St. John’s Bread. The chief 
sources of the locust beans imported 
into this country are Sicily and 
Southern Italy. 

Logwood — Logwood is a tree (Thrma- 
toxylon campecManvjn) that grows in 
Central America. 'The heart wood is 
cut into chips, moistened and ex- 
liosed to the air, when it undergoes 
fermentation and turns a deep red, 
and is then suitable for use a.s a 
dye [.see pa.ge A decoction and 

an extract of unferniented legwood 
arc given medieiiially for diarrlio a. 

Loquat — The loqiiat (Kriobotryu ja- 
ponica) is tlie Japanese medlar or 
quince. It grows in England in 
sheltered situations, but as it flowers 
in autumn it must be grown under 
glass if the fruit is to ripen. 'I’he 
fruit is of an orange y'cIUiw colour, 
small, round, or pear-sliapecl. and 
clustered. The flowers are white. 

MAHOGANY — M ahoga iiy (Swirtan in 
mahagoni) ranks pre-eminent among 
high-class timbers, in spite of many 
rivals to favour. 'I’here arc Un*) 
varieties of true mahogany — Spanish 
and Honduras mahogany’ [see pages 
.'ifl and I2fih|. Wlieu the tree is cut, 
the wood is of a light reddish colour, 
hut exposure to light darkens it. 
Honduras mahogany^ known also as 
baywood, is not figured like Si>anish 
mahogany, and is more brittle. 'I’he 
best Spanish mahogany is now used 
only as a veneer. 'I’he largest mahog- 
any logs come from Mexico, but this 
variety is apt to he solt iu the eeiitre, 
and to develop star shakes. Other 
varieties of so-calleil mahogany 
come from India, aiul .\frira. 'I'he 
mahogany-trees are cut in the heiglit 
of the dry season — April and May — 
and after l)cing s<|iiared and freed 
from branches ami hauled to the 
rivers by oxen, are launetuMi, made 
iulo rafts, ami floated to the sea tor 
shipment. 

Maize — Maize is also known as Indian 
corn, and as mealies. II is the grain 
of a tall grass, Zen Mays. 1 For its 
cultivation, distribution, amt food 
value, .see the pages imlienteil iii 
Ooiieral Index.] Maize stareh «>r eorn- 
llour is used as a substitute for arrou - 
root, ami starch for laundry use is 
imole from it by crushing it ami 
allowing (he starch to .settle iu water. 
Maize straw is used for paper-making. 
Maize oil is extracted from the grain 
by hydraulic pressure, ami is used as 
a salad oil and in soap mauufaeture. 

Manilla Hemp— The use ami prospe«*ts 
of abaca or Manilla hemp {.Mimt 
trxtiHs) have been diseu.ssed in the 
eourseon 'I’extiles fsee page 711)j. 'I’he 
fruil of the plant is a non-e(lil)le 
banana, ami tlie leaf sheaths furnisli 
(he lihre. 'I’he plant flourishes best 
on liiltsides, and the atmosphere 
must he humid. 'Fhc plant is jiropa- 
gated from root sm-kers or from seeds, 
the. former taking three years to 
mature, ami the latter about cloulde 
that lime, .\s the buds appear, the 
plant IS cut down, the leaf sheaths are 
detached and split into lay^Ts ami 
then thinned into strips about 2 in. 
wide and i in. thick. Scraping re- 
move's the pulp, leaving the white 
strips rcady'^ to be baled for export. 
Owing to its strength, Manilla hemi) 
is of great value as a cordage material, 

Mnnna — Manna, a saccharin exuda- 
tion from Frnxiuns oruus, or the 
manna ash, comes to our market 
chiefly from Sicily, although it is also 
obtained in Southern Europe ami 
Asia. It is obtaiiieel by incising (he 
tree, when the innnna exudes ami 
liardens— at first, brown, but turning 
harder and whircr. Manna r<'aelu|S 
us in tlie form of flakes, and imleed is 
known as flake manna. As a drug, it 


has mild laxative properties, but in 
not an official remedy in this country, 
altliongli it is official in the United 
States. Dose, i oz. 'J’he manna of 
the Old 'i’ostament wa» i)rol)ably the 
honey-dew of a Mediterranean scale 
inject. 

Maple - -The maple tree has many 
species. 'I’he common maple of our 
(•(Miutry (Acer cawpesfre) is of no 
use for its wood. 'I’he maples of 
commerei' come from North Amcrie.n, 
ami (lie maple leaf is the (’anadian 
national emblem. 'I’lie beautiful deep 
ami variegated hues tak<'u on by the 
mapb'. l(‘al in autumn give the 
Cauadiau woods a wonderful wealth 
of colour. 'I’lic most important 
species of maple is the sugar maple 
(Acer saccharuui), which yiehls mai'le 
sugar Isee page the red maple 

(Acer rubruht), Ihe .silver maple (Afvr 
.sarrfnirinuui), and the hroad-lea\ed 
maple (Acer ntacrop/inlliDu). [For the 
u.ses of maple, .■a'c page .')7, ami lor 
its strength, see page 

Mastic — Mastic is the resinous exmla- 
(i(»u troiii a shrub {Cistarm leufisrus) 
gro\\iug ill tlie countries bordering 
the Mediterranean Sea. it is im- 
ported in yellowish or greenisli tears 
and is used for variiisli maiuifaeture. 
It is also used, dissolved iu alcohol, 
by dentists, being placed on cotton- 
wool (o apply to the mcuilh during 
the aiiplieation of an autisejitic. 
There, are also an Indian ami a (’ape 
inastie of less inqiorlaiice. 

Medlar 'I’he, medlar (Mcspilus ger- 
uiauicn) was onei* a more popular 
fruit than it is to-day. 'I'he flowers 
are large, and white," with flve-eteft 
calyxes and eorollas, and the fruit 
is h'mon-shaped. 'I’he tree grows 
best ill heavy, moist soil, somewhat 
sheltered, 'llie medlar is generally 
grattt'd on seedling medlar slock, or 
on pear, qiiinee, or whitethorn stock. 
The fruit should be gathered at the 
end of Oetober, and kept a few’ weeks 
before being eaten. The loquat is 
the Japanesi^ mi'dlar fsei; Ijoquat]. 

Meerschaum — .Meersehnum is en 
earthy mineral, white or yellow in 
colour, and consists of hydrous sili- 
cate of niagm'sia. It occurs iu veins 
or nodules, ami the ehb'f coiuniereial 
source is Asia .Minor. Betore being 
I'Xported, meersehaqm is scraped to 
free it from the earth with which it is 
usually nssoc'iated, then dried lu the 
suii or iu ovens, scraped again, ami 
filially t*iilished with wax. 'I’he eom- 
mon qualities are used in tlu' maim- 
fm'ture of porcelain, ami the best 
pieee.s are made into meersehnum 
pipes, iirineijially in Vieiin-i ami I’ai is. 
'J’hi' absorption by the nieersehaiim of 
oil from tlie tobacco eaiise.s the colour- 
ing of meerschaum i»ipes. 

Millets— Certain eereal ami forage 
grasses are known as tnilhis. The 
importance of millets as loud may be 
judged by the fact tlial about one- 
third of the worhi’s poiuilatiou- - 
chiefly .X.siath — eat it regiilar’y. 
Sorghum, also know’ii as Guinea wa, 
and ill Egypt as tihurrn, i.s a variety 
of millet. It is u.sed in sugar nianu- 
fiictnre f.see page ;{()'>2l, ami a.s ii 
ea'tlefood. Young .sorghum should 
not he given to cattle, as it has been 
proved to la* poisonous, l)ut the 

mature plant is tree from tioison. 
.loti’s tears, the fruit of Coix lachrymu, 
whieh grows in Tmlia ami Jaimu, la 
a variety of millet, ami is used for 
ornamental luii'iioses, chiefly for 
beads and mats. JlurkLcheaC—crnm- 
eoiisly named, for it is a small nut. 
not a wheat— is another millet, and 
is used as a food chiefly in Kii.s.sia 
and in the United States. 

Mother-Of-Pearl— -See t*Farl. 

Mulberry — The nmlherry {Ml^us 
7iigra and Morns alba) *s u small d ' e 
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of the stingiiirt-nctlle orde/. The 
black ninlbcrry yichN a black, 
Iii.sclous berry. Plaiifing should be 
done at the end of October or the 
bcginniiiK of November in well- 
drained soil. 'J be yonn« branches 
should be cut, leavinuonly four, and 
these should be cut buck to in. or 
4 in., and to an outer eye. 

Muscatel — See llaiain. 

Mush'Mush — See Aiiricot. 

Mushrooms — Mushrooms are a species 
of Mlible fuiiifi of our wofuls. They 
can be eidtivated in any situation 
with a nniforndy warm temperature, 
rnderiironnd cellars make admirable 
mushroom beds, and in om‘ ease, at 
least, highly sueee.sshd results are fjot 
by utilisin« a disused railway tunnel 
for the yuirpose. The temperature 
should he ke])t at about btr K. 'I'he 
mushroom beds may be mad(^ in 
boxes or shelves, 2 ft . or .‘t ft. wi<le, and 
ranged above each other a^jainst the 
walls. Dried Imrse manure, either 
alone or mixed witli 2."! j)er cent, (by 
measure) of loam, forms the l)est 
material for the be<ls. 'I’liis is placed 
ou the shelves or in file boxes to tiie 
depth ot about I ft., and is pressed 
tlnnly down. The beds of maimre will 
ileveiop heat, and when this is sub- 
sidintr, and is about 90" D., the spawn 
should he broken up into pieccis about 
the size of walnuts, and ]>laeed in the 
bed about « in. apart. Kijjht days 
afterwards, a layer of lieavy loam, 
1 in. tliiek, or more, should be put, ou 
the surface and beaten down bard. 
About a month later the nmshroonis 
appear. 'Fherc^ an' many more edible 
fuMiy:i in our woods besidc's the mush- 
ro^ifn, but fear of the poisonous 
varieties prevents their use. Mush- 
room.s. though edible, have no hiuhly 
nutritious properties, and are there- 
fore of small snstaininK value as a 
food. Tru'ifcit are a varied y of fuuKi 
that we import from Italy, preserved 
in oil. Tliey arc used for poultry 
atuftiiuz and for sauces and soups. 
'I’he Morel is another fungus used in 
sanee inannfaelure ; it mows in 
Kurland to a liiniteel extent, l)ut is 
enitivated in Italy, vvhenee our 
supplies rome. 

NECTARINE~.See Peach. 

New Zealand Flax— See Phnrminm.. 

Nux Vomica — A small tree {Sfrm'hnoa 
rtux I'oniira) that prows in India, 
t’eylon, Persia, and North Australia 
yields flie seeds known as nux 
romica. wliieti i)lay an important 
part in medicine. The .seeds are flat, 
eirenlar, smootli, and drab coloured. 
From three to five are einb(‘dded 
in the pulp of ttic oranpe-Jike fruit. 
They are extracted, washed and 
dried in the sun before heinp ex- 
ported. They are stronply poisonous. 
They are used for dyspejisia, heart 
weakness, as a peneral tunic and 
stomachic, and to incre.sse nervous 
enerpy. The otiieial dose of the 
powdered! nut is 1 pr. to 4 pr., but 
the drup is usually piveu as a 
tincture or as an extract in pills. 
'I’lie alKaloM which is the active 
principle is the stroiip poison 
stri/chniue. It is so rapid in its 
action that antid«)tes are seldom of 
value. 'Die antidotes recommended 
are eineties, followed by wnshinp 
the stomach with permanpanate. of 
potash solution ort'ondy’s Fluid and 
by t dr. doses of bromide of potas- 
sium. Artificial r(‘spiration should 
also be tried. 

OAK — 'Pherc are numerous varieties 
of the oak Ifor which see the papes 
indicated in tiie tlcneral rndc.xj. 
The species of hiphest importance is 
♦he British ouk (Querens rohwr), which 
is found in Kurope and Asia and prows 
almost ns tar north as tin; Arctic 
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eirelo. Aft a timber, oak combines 
luirdnesft and totiphness, hence its 
value. Tlie wt)odcn walls of Old 
Enpland *’ were the battleships 
built of oak.- The introduction of 
iron and steel for ship hulls deposed 
oak from its supreme position in 
shipbiiildinp work. The durability 
of oak, even under water, i.s remark- 
able. 'Phe oak prows to preat ape and 
attains preat size. 'The Newland oak, 
in (tloucestershire, had a circum- 
ference of 45 ft., and the extent of 
the spread of the oak is proverbial. 
Oak is extensively used for furniture 
and for wainscot ting. It darkens 
with ape, due to the action of the 
at tnosplierc upon the gallic acid which 
it contains. The darkened effect may 
be produced very quickly by ex- 
posinp the wood to the fumes of 
ammonia. Wood so darkenetl i.s 
termed fumed oak. and the process 
is common in furniture mamifactiire. 
Oak is piven to warpinp, but all 
varieties do not warp e(iiially Isee 
pape 53]. It rusts when in contact 
with iron. 'The wood contains acetic, 
acid, and 7*1) per cent, has been 
distilled from it fsee pape 5465). 
Oak bark has an extensive use in 
taiininp. Bog oak is oak which has 
become blackened by the action of 
iron salts in peat mosses where it has 
lain. Its endnrinp qualities in such 
a condition excel those of the natural 
wood. There are numbers of so- 
called oaks found over the world — 
Indian oak at)pUed to teak, African 
f)ak, a hardwo(»d of troincal Africa, 
and others. 

Olives— The olive tn.o (Olea europlva), 
of whicli there is over a scon; of 
varieties, flourishes in warm but not 
in tropical elirnatc.s. Kxtnune heat 
is as fatal lo its successful cultivation 
as is extreme cold. 'Ph(‘ ehi(“f centres 
of olive, etiltivation are the countries 
bordering the Mediterranean, and 
from these we iini)ort pn'served 
olives and the olive oil of roinnu‘ree. 
Olive frees have, how’cver, hecfi hitro- 
(hieed into Auieriea, Anstr.'dm, ami 
other eonntri<*s held to be suitable to 
tlie cultivation, and mo<leratc success 
has attended fhe.se enterprises. 'Phe 
olive free prows on poor .soil, and may 
be siieces.sfiilly enitivated on pround 
((Uitc unfit for other crops. 'Phe soil 
should be dry, calcareous, and rocky, 
and tlrainape must l)e poo<l. Hill- 
sides are lavouritc situations for olive 
trees, and they are. frequently cut into 
terraces. Propapation is effected by 
euttinp.s, by plantinp tiie nmt .suckers, 
by seeds, and by praftiiip. (huKi 
stroftp manures should be usc<l in 
olive farininp, and should be ai)plied 
annually if the soil is very poor, or 
biennially if it be of fair (piality. 
Fruit is borne in the third or fourth 
year if repular pruninp lias beim 
practised durinp the preeedinp years. 
The olive is a small, fleshy fruit, 
about the size of a prape, and con- 
tains one larpe hard-shelled se(‘d. 
Tiie best olive oil is procnri’d from 
olives that are palhered before they 
arc fully ripe. Fnlty ripe olives yield 
iimre oil, but of a low^er quality. In its 
wild state, the olive tree be,ars fruit 
only every two years ; but by careful 
cultivation, and by patberinp the 
fruit repularly before it is fully ripe, 
annual crops ran be .secured. 'J'he fruit- 
should be patliered by hand. 'Phe 
practice of beafiiip the tree to cause 
the fruit to fall is common in some 
places, but it does serioii.s injury to 
tlie branches, and impoverishes the 
succeeding crop. The yield of oil is 
from 25 per cent, to 50 iier cent, of 
the weight of the fruit. The fruit is 
crushed, the stones or kernels being 
sometimes broken, and si^metimes 
not, and then put Into bags, which 


are pot under presses in a warm room, 
where the oil is squeezed out. 'The 
mare, from w’hich the oil has been 
pressed, is mixed with boiling w’ate.r, 
and again pressed, the sec^ond 
expression yielding an oil of inferior 
quality. Olive oil is also known as 
salad O'U, alfhoiigli many inferior oils 
are also sold under the latter name. 
Olive oil is sometimes given as a 
medicine, on account of its nutrient 
and laxative properties. It enters 
into the manufacture of Castile .soap. 
The residue, or marc, alter the oil has 
been extracted, is a valuable cattle 
food, ami is also u.sed as manure. 

Opium— Opium is the dried milky 
juice from the unripe seed capsules 
of the opium poppy {Papaver 
somniferum). 'Tlic cultivation and 
preparation of opium is an im- 
portant industry in India, but it 
conn’s also from Turkey, Fcr.sia, and 
China. Attempts have been made 
to cultivate the plant in Hiirope, 
especially in France, and some ol 
these attempts have been snceessful, 
although not commennally so. In- 
cisions are made in the unripe seed 
capsules with an instrument that 
will not injure the seeds, and tlie 
juice flows out and coagulates. 
After a few hours if is removed witli 
a knife and placed in inclined trays 
to drain. It is then dried somewhat 
in the sun, and eomc.s to the Western 
market as a stiff, cohesive mass oi 
dark hrown colour. Upon the awful 
results of excessive opium eating ami 
smoking we need not enlarge. 
Tile habit is the curse of China, and 
even in tbi.s country excess in drink- 
ing laudanum and preparations of 
morphia is too common. The drug 
(dose i gr. to 2 gr.) is a valuable 
remedy for pain, checking inflamma- 
tion and nervous diseases, and 
benefits sufferers from cough, diarr- 
luea and dysentery. 'Phe liniment is 
use for rheumatism, neuralgia and 
sciatica, internally it is given in 
nnmerons forms, ehii’tly as a pill and 
as a tincture known as laudanum 
((lo.se 20 to 30 minims.). For 
smoking, opium must be spiM’ially 
jirepared. Of the three alkaloids 
of opium — morphine, narcotiiie, and 
codeine the first is the most im- 
portant (dose ,1,^ gr. to \ gr.). It is 
administered in over a score of 
different iireparations in addition to 
the powder. For an overdose ol 
opinin or morphine the antidotes arc 
the stomach pump and washing out 
tiie stoiiiaeh with a solution of per- 
manganate of potash, also hot coffee, 
ammonia, or ether. 'The patient 
should not be allowi’d to simcnml) to 
the .sleep indnend by the drug, hut 
should be made to walk until the nar- 
cotic elfect lias subsided. 'To cur<' 
the nioriihine habit it is recommended 
that the morphine solution shouM 
be nqihK’ed gradually by sparteine 
sulphate, 1 gr. inereast’d to S gr. four 
to six times a day. Poppy oil, or mau' 
oil, is expressed from the .seeds of the 
opium pojipy. It is used for artists' 
paints, as a salad oil, and as fuel and 
h)r soap niannfactnre. 

Oranges — 'J'he common or sweet orange 
{Citrus nurantiuru) is native to 
(’hina, and was introduced to Europe 
by the Portuguese in the sixteenth 
century. 'The best orange of the 
common varieties purchased >'* 
English shops is the St. Miclnu’l 
which is thin-skinned, pale, aud 
juicy, and has very few stones. 'D"* 
orange tree is very prolific in frui' • 
a tree fully mature may bear 12 , 0 d'> 
oranges in one year, and eases 
are on record where over 20,000 have 
come frmn one tree In one year. 
Orange blossoms are white and fras^- 
rant, and from them is extract eu 
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♦ho o3Bon1ia1 oil — oil of noroli ; 
but. the natural oil haft boon displacod 
by ftyiilhotio. oil of neroli [see i)aKf‘ 
4i»71]. Oranjzo trees attain a t?roat 
ajze, living for over 150 years. 
'I’liey have been successfully roared 
in the South of England in pro- 
tected .situations, but the expense 
attending .such ventures and tne 
poverty of the results have discouraged 
their further prosecution. The best 
flavoured oranges do not reach this 
country, beeause. imported oranges 
must have been pulled ^vhcn not fully 
ripe, and before they have roa<*he4 
their highest exeelleneo. The nuiu- 
darin, or Maltese (. ange (Citrus 
nohiiis) ift grown in China, in Malta, 
in the Azores, and elsewhere. It. 
is a small fruit of oblate spheroid 
shape, with a loose skin, which, when 
fidly rip(‘, may become spontane- 
ously detached from the interior, 
allowing the latter to be .shaken 
about loofle within it. The fruit is 
exc(;edingly sweet, but does not 
keep 80 well as other varitdies. 
Tangarine orat»ges are a variety of 
mandarin oranges. 'I'hcy are suitable 
for hothouse, cultivation, and are 
prolillc. 'the tree is small, being sel- 
dom higher than 7 ft. even in North 
Africa, the licadcpiarters of their 
cultivation. ()lln;r varieties of the 
SM’eet orajige arc the Maltese blood 
oranges, a line, large oval, rich blood 
fruit with dark red pidj) ; Majorca 
oranges, a seedless variety ; .latfa 
oranges, and a small kind known as 
Kum-qunf, and coming from Cbina 
and Japan. Seville or bitter oranges 
(Citrus aura uH urn biuarddin) are 
chiefly lifted for making marmalade. 
They are bitter, esjarially the tind, 
which is rugged and uneven. The 
fruit is round and dark coloured. 
The li<iuenr Curacao has bitter orange 
as one of its chief ingredients. The 
peel is po inded in a mortar under 
water, and after standing some time 
is distilled with alcohol. Sugar is 
added, and to some brands a siieeial 
variety of rum. 'J’he rind of the bitter 
orange is also used for making candied 
pei'I f.see ]iage 4H4HJ. Another biller 
orange ((Htrun aurautium hergamia) 
is grown in the South of France and 
in Sicily. Its only })resent use is for 
♦lie expression of oil of bergamot Isee 
page 41)70]. 

PEACH — The largest and most deli- 
cious fruit of the plum family. In the 
English peach this fruit reaches its 
highest excellence, due to the care 
expended on its cultivation in this 
country. It grows best in loamy 

and calcareous soil, and benefits by 
the aifiilication of vegetable manure. 
The wall upon which peaches are 
trained should have a south-eastern 
exposure. Planting should be done 
about the end of November, and 
pruning should be regular in .lanuary 
or February. The trees should be 
about 14 ft. ajiart, and tlie fruit 
fthitidd not In closer than bin. There 
are three varieties of jieaches— 
clingstones, freestones and nectarines. 

Pea Nut— See (iround nut. 

Pearls — l^earls arc ]>roduced in the 
fthclls of several varieties of molluscs 
upo)) the introduction of a grain of 
sand or other foreign particle within 
the sliell. Cluniieally, pearls are 
carbonate of calcium," and are built 
up in exceedingly thin layers, which 
show their characteristic iride.scence 
by the interference of light. Attempts 
have been made to cultivate pearls by 
introducing a particle of sand within 
the pearl oyster shell, and leaving the 
ammal to do the rest ; but thcfto 
experimentfi have not been crowned 
wi^ conspicuous success, and practi- 
cally all] the jiearls of commerce have 


been produeed without the assi-^ting 
agency of man. The chief sourees of 
the salt-water pearls, which are the 
mo.st valuable variety, are the 
Aoiculidae. The most famous 
pearl fisheries in the world are in th<^ 
(hilf of Manuar, in Ceylon, and other 
fisheries are in the I’ersian (Julf, in 
Queensland, and in California. Fresh- 
water pearls are of iniimr importance, 
commercially. I’hey arc formed by 
the Cnwnidnc, fresh-water molluse.s. 
'J'he rivers of Scotland were formerly 
of some importance in stipidying 
liearls, and a few com#' from tlu're 
now ; but fresh- water jicarl fishing is 
not a regular industry as marine 
pearl fishing is. Taking the Ceylon 
pearl fisheries as illustrative, the 
lisliing last.s for only a few flays 
anmially, and natixe divers deseeml 
from boats, relieving eaeh f>tlier 
freiiuenlly. Tlie pearls are sorted 
out into weil-defiiu‘d classes, aeeord- 
ing to lustre, .shaj)e, and •<ize. Some 
oysters have the interiors f>f their 
shells lined with the poarlous suh- 
Btauee known as mother-of-pf*arl, and 
many of the fisheries are eondueteii 
for tlie mother-of-pearl only, altliough 
pearls are also got in thesf* plae»‘s in 
small (luantities. The best mother- 
of-pearl comes from the lisheries of 
the coast of Qneenslantl, and other 
im])ortant sourees arc the seas of tlie 
Indian and South raeitie ocean. 
Coiumereially, mother-of-iiearl has a 
ide ■ th 

butt«*iis, stiuls, fans, and other articles 
as well as lor inlay work. Artifieial 
pearls are non an import:! nt article 
of eommeree, aiul the best of tln iii 
are made from the sealcs of the 
bleak fish. 

Phormium — Phorinlum fibre, or New 
y.ealand flax, is an important oonlage 
fibre wliieb will attain a liigher jilaoe 
imhistrially than it holds to-ilay. 
It is soft, white, and lustrous, and 
its strength is said to be great it 
tlian hemp or flax. The percentage 
of fibre yielded by the plant is high, 
being as much as 15 per cent, of the 
green plant. The preparation emn- 
I)ris(‘.s crushing between heavy 
rollers, imunding of the erusheil 
leaves by beaters on a revolving 
drum, washing in running water, 
ami drying and tdeaehiiig in the 
sun. 1 See also page 817.1 
PiassaVcV Tiassaxa, or i*iassaba. is 
the “ bass ” of- our broom manu- 
f.'ieturers, and is the most important 
material used for stable and street 
brushes. The fibres are black or 
dark brown, aiul reaeli tins country 
in bundles. They come from tlie leal 
stalks and leaf sbeatlis of large paliu.s 
that groxv in Soiitli America and 
tropical Africa ; the best is bahia 
piassava. 'I'lie tree grows wild, ami 
is propagiiteit naturally by its nuts. 
It is not cultivated. The unopened 
leaves are enveloped by coarse 
fibr<“< of ehoeolate colour, whieb the 
natives remove witli axes. The 
filires are Mien combed out, .straigJif- 
ened,aiid eh'aned - all simple mamial 
proees.ses -and finally paekcfl in 
biindleft of about 80 Ib., whicli again 
are made into bales of 8o lb. to 
100 lb. for sliijiment. Locally a rope 
is made from the fibre, luit its only 
use in Fhirope is for brushes. Para 

f iassava is another variety from 
'ara. African pias-sava and .Mada- 
gascar pias.sava are coarser. ISee 
also page 610(5.] 

Pimento — Pimento, or allspice, is tlie 
dried unripe fruit of Pmetdo 
officinalis, a tree tJiat grows in the 
West Indies, Mexico, ami South 
America. The chief soiireeis.lanmiea. 
An illustration of pinienlo appears on 
page 4720, and a brief account on 
page 4722. The fruit consists of black 


or «ieep purple berries with a smooth 
and glossy exterior. It is ])ieked by 
hand when fully grown, but before 
it is ripe, ami is sjiread out on lloorii 
to dry, a process which takes about 
a week. 'Ihe popular name of all- 
since arose from the fragrance of the 
berry being thought to resemble a 
blend of various ofluT spiei's. The 
wood of pimento is used for walking- 
.stieks ami umbrellas. 

Pineapple— Tlie fruit known as the 
pineapple grows on a tree (Auauas 
saliva) native to tropical America. 
To sueeessbil cultivation a long hi.t 
summer and absence of frost in 
winter are e.ssential. Most oi the 
pineapples entering the J5ritish 
market come from the Azores. 'J’ho 
fibre of the jilant has a limited value 
for textile fabrics [see page 8181. Tlie 
inlialiitants ol Formosa ami Cliina 
use it for a coarse fabric, and tlie 
Pina elotb of the Pliilipiiiucs is also 
made with it. 'I'he leaves of the plant 
are sera])ed xvith a jiieee of sharpened 
bamboo, or with the edge of a broken 
piece of pottery. The fibre is then 
washed and sun dried, issuing soft, 
xvliite, Ilexihle, duralile, and water 
re.sisting. If is then spun and woven. 

Plsangr — See linnana. 

Plane — The plane tree (Platanus 
orieutalis) is a hardy tree, grow’ing 
well ill a city atmosphere. It has a 
smooth, grey trunk, with a hark that 
Seales iu flakes, ami large five-lohrd 
serrated leaves. The Western plane 
(Platanus occidentalis) is not (piite 
so hardy. It is called sycamore, and 
sometimes huttonu'ood in the Fnited 
States; but it is not the same tree 
as our common sycamore (Acer 
pseudo- fdatan us), wiiieli is abundant 
both in Furope and North America. 
All varieties yield a fine, easily- 
worked white wood, extensively used 
for general jmriioses. 

Plantain — See Pauana. 

Plumbagro— See Cruphite. 

Polophyllin — Podopbyllin is the, 
resin of the root of Podophyllum, 
petfatum, a plant that grows in 
('anada and the Eastern States. It 
is tlie American mandrake, or May 
apple, ami is .sometirne.s called 
vegetable mercury from its value as 
a biliary imrgative. It is given also 
as a laxative and as an aperient. 
Podophyllum comes to the drug 
market as flattened root stems, 
ami the resin is extracted in the drug 
sliops by precipitation by means of 
acidulated water irom an alcoholic 
solution. 1’he result is a greenish 
brown powder of a decided odour 
and a<*rid taste, soluble in aiiueoiis 
ammonia and almost entirely in 
alcohol. Tlie dose is I gr. to 1 gr. 
It is made into pills, tablets, tinc- 
ture, and extract. 

Poplar — The mo‘>t common varieties 
of jioplars are the white poplar 
(Populas alba), the black jioplar 
(PopuluK nigra), and the aspen 
(Populus tremula). 'I'be wood of tin* 
pojilar is soft, has a line grain and 
a silky appearance, and is easy 
to w'ork. For strength of the wood, 
see pag(‘ 1200. 'I’lie cotton wood of 
the I'nited Stales is a variety of 
poplar, and yellow poplar is a name 
applied to white wood. 

Poppy Oil— .8ee Opium. 

Prince Wood — See Elm. 

Prunes — The prune is a variety of 
plum. It is cultivated iu America, 
Frame, and several Mediterranean 
countries. It is a hardy tree that 
flourishes in a rieii, moist soil, but 
by suitable grafting it can be crown 
on oilier soils. Sun-dried prunes are 
picked when fully ripe ; they are 
peeled, strung upon twigs, put into 
straw frames, ami suspended in the 
sun. After a preliminary drying ihe 
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stones are removed, and the prunes 
are then intKie thoronRhly dry in the 
sun. In Kranre, prunes not yet fully 
matured are plueed in boiling water, 
then transferred to baskets, and 
agitated till eool, then eoinpletely 
dried by exposure to sun heat. 

QUINCE — The cjuince {Cmionia vul- 
gnria) is a iriiit sinitlur to the luodlar. 
it has tuHMi grown in the Mediter- 
ranean eonntries since pre-t'hristian 
times, and, while not edibl(‘ on 
account of its bitterness, is exten- 
sively used in the rnaniiffKdure of 
jelly! The word wnnnnluil(‘ is said 
to be derived from marmt'/o. the 
rortuguese word lor quince. It is 

’ also cooked witli apples and other 
fruits. The tr<*e is ns(*<l as stock for 
pear-trees in this country. 

RAISIN — Kaisina are <lried grapes. 
Sultana raisins come from Smyrna, 
and Daniasens raisins trom Itainas- 
CU9. Itoth are stoneless varieties, 
The latter being the larger. 'I'he 
ordinary raisins of coniineree come 
troni Valencia. 'I'ln* usual method 
of drying these varieties is to expose 
them to the sun and air, and then to 
spread them out in rooms, sprinkling 
them with aqueous solution of potash 
tir soda, which causes ihc tormation 
of grape sugar, the small .sweet 
accretions huiml on tin* truit as 
]Mirchased. Musrat<‘is, which come 
irom Malaga, are a variety of raisin 
that are drietl while stdl hanging 
troru their branches, the leaves being 
]>ulle<l oif and the bramdi cut half 
Through until the fruit is dry and 
ready for [tacking. 

Ramie — Tlie three namt'S rawu, rhea, 
and China qranH are u.sed coinmcT- 
cially without distinction tor two 
fibres. Rhea, or ramie, is the lihre 
trom the sttqus oi Jioehnn’ria nirea 
tcnacissimn, a large plant «)t tlie nettle 
order. It grows only in hf»t eliruates. 
The related plant, Hoehmeria nirt'n, 
grows ill temperate as well as tropical 
climates, and is properly China 
qroHS. Tn China, China grass is pre- 
pared for tlie market by manual 
abour, the outer skin being scraped 
ami washed. Tin* process of degum- 
ming— the need for which has pre- 
vented ramie from taking a \ery 
higli place among textile tlhres — is 
usually carried out at the mills 
wliitluT tlie ilhre.s are .sent. ISee 
page IHOU.I 

Raspberry The rasi)l)erry (Cnhns 
i'imm) is a well - known fruit Tfiat 
grows wild in teuqxTate Kuroi>e ami 
is also exleu.sively eiiltivateil. .Shoot.s 
spring from the root every sjiring, 
bear fruit in the summer of the 
following year ami die in the autumn, 
'riip soil should he well manured ami 
deeply trenched. I'liv plants are 
usually li ft. apart in rows, each row 
being about *> ft. from its ueanst 
neighbour. They may he tied iqi 
with stakes or trained to a trellis 
of wire rimniiig along the row. 
I’runiiig consists in removing the 
excess stalks, leaving from three to 
live (»f the best and in cutting oil the 
growtJis that are not in a position to 
be siipi>orted. The eane.s are cut 
short, hut not too short, in spring, 
and any side brandies induced to 
carry fruit. Autumn fruiting rasp- 
berries are iiruned dilferently ; in 
danimry the ennes are cut to the 
ground and in spring those that have 
sprung are cut, leaving not more than 
four. 1)0 not .shorten the canes at 
all as only tlie upper portion -hears 
fruit. 

Red Currants —See Currants. 

Redwood— Sei* fVdur. 

Resins— Resins are thickened nlant 
juices in.soluhte in water, but soluble 
in alcohol and oiks. Substances from 
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kindred sources and soluble in water 
are known as gums fsee Owns], 
although many resins are known as 
gums. Resins are usually found in 
plants that yield essential oils ; for 
instance, common resin, or rosin, is 
found in pine trees, the essential oil 
of which is turpentine. The principal 
resins of commerce arc as follow : 
Resin, resin, or colophony fsee page 
1034], amt»er, gamboge, copal, san- 
darac, camphor, danituar, mastic, 
benzoin, and tolu. Particulars of 
these are given under their respective 
names. Shellac is also a resin, 
altliougb it is prodiieod as an incrus- 
tation ufsin certain trees by the hidp 
of an insect fsee ,Shellac\. 

Rhea — See ICaniie. 

Rhubarb — Rhubarb is a perennial 
plant cultivated for its leaf stalks, 
which arc used for making jam and 
wine. It is usually propagated by 
division of the root, ami nourishes 
best in rich, deeply dug soil. It is 
often forced by being covered with 
ilowcr-p«>t.s, whicli arc covered with 
stable manure which ferments and 
supplies heat. 'I’he rhubarb of 
meilirine is the root of a plant 
ilihrum palmatam), larger tlian our 
garden rhubarb. Jt is grown chiefly 
ill (Tiiiia and Tibet, and although 
the most est«‘emed variety is known 
as Turkey rhubarb the name has 
nothing lo do with its source. 
.‘Vtteiiipts to grow medicinal rhubarb 
in Europe have met with some 
success. As a drug it is given in 
powdor form (dose !.'> gr. to 30 gr., 
or if repeated, 3 gr. to 10 gr.). 
Coinpouml rhubarb powder is gener- 
ally known as (Iregory’s powder. 
Rhuharh is also administered as 
extract, as ])ills, as a syrup, and as a 
tincture. Its effect is laxative, and 
it is freely given for sfomai iile dis- 
or<tcrs. 

Rico- For the cull i vat ion, prepara- 
tion and food value of rice the 
pages referred to in the (Jeneral index 
shouhl he eoiisulted. Here we shall 
mention only some of the uses of 
rice which are not mentioned jn 
other j)ag<*s. In .la)mii, rice .straw, 
iH’sides being used as cattle fodder, 
is plaited into hats and shoes for 
men and horses. The bran and 
<lnsf are also u.sed as cattle bnid.s, 
as statcil elsewhere. The chatf from 
nee forms a good manure. Rico 
liowder, or poudre-de-riz, is soinetlmea 
deccidive as it is frequently merely 
llnely powdered soapstone, although 
a genuine rice powder is also sold 
as a complexion p<»wtler. The .laiiaii- 
ese make an alcoholic drink named 
salid from rice by .soaking it and 
inoculating with the fungus Asper- 
gillus nri/zal, which produce.s a 
ferment, and after several processes 
of ferniciitHtion yields a beverage 
named as above, and coiituiniug 
about 13 per rent, of alcohol. The 
Chinese and the Malay natives also 
manufacture aleoholic beverages from 
rice. Wild Jiiee {Zizania agaafica), 
is a wild plant tliat Is extensively 
toiiiid ill America as well as in Asia. 
It tiouri.sbes in muddy soil under 
shallow water. Attempts to culti- 
vate it by Americans have not been 
I’onspiciioiisly sueeossful, but, under 
the rt'gis of the Depurtmeiit of 
Agriculture, experiments are pro- 
ceeding. 

Rosewood — The rosewood of the 
cabinet-maker has nothing to do with 
the English garden rose, and derives 
its name froin the odour resembling 
that of the rose to some extent. It 
is the timber of certain Brazilian 
iree»f notably Dalbergia nigra. Other 
varieties of so-called rosewood come 
from .Jamaica, Dominga, Burma and 
A"cw South Wales. Jaearanda wood 


is a name sometimes applied to the 
Brazilian Dalbergia. Rosewood is 
hard and even in the grain, has a 
fragrant odour, and a colour ranging 
froin purple-brown to black. It is 
a high-class wood in furnitu re-work 
and for piano cases. 

8ANDAL-WOOD — Sandal - wood is 
the heartwood of .several .species of 
santalum, and is esteemed for its 
aromatic properties and for the 
essential oil that it yields. The chief 
source is India, but it is also found 
on some of the Indian and South Sea 
Islands, and in Western Au.stralia. 
The Indian tree is the Sanfalum 
album, and the forests wliere It is 
cultivated are usually Government 
reserves. After the tree is felled 
it is allowed to lie for some months, 
during which time white ants devour 
the sap wood, w'hieh is of no value. 
'ITie heartwood is then cut up and 
conveyed into the stores. The chips 
from this cutting-up and the sawdust 
is u.sed for essential (ul distillation 
[see page 4970). Sandal-wooil is 
made into trinket-boxes in India, and 
is easily recognisable from its frag- 
rance and dark cedar colour. It is 
also burned as incense in religious 
ceremonies. Sandil-wood oil is ex- 
tensively used in medicine for 
chronic bronchitis and other dia- 
cases. It is given in a variety of 
fonus. 

Sandarach— Saiular.ich. also known 
as gum saudaruch and erroneously 
as juniper gum, is the exudation of 
the North African tree {Callitris 
guadrirnfris), and is much used for 
tine varnishes. It Is use«l as a varnish 
for coating pills. 

Satinwood — Satinwood {Chhroxylon 
swietenin) comes from both tin; East 
and West Indies ; that from the East 
is figured, whili‘ West Indian satiii- 
W'ood is not. It is a beautiful bard 
wood, of yellow colour, and is valued 
in cabinet work. It is not obtainable 
in large pieces, the usual size of log 
imported being about 10 ft. long ami 
7 in. or H in. square. 

Senna — 'I’he leaves known as senna are 
used in medicine us a purgative. 
There are two varieties — Alexandrian 
senna, the leaves of Cassia aruH- 
/alia, \\hieh are eoDeeted by the Arah.s 
in the neighbourhood of Siiakim, and 
East Indian or Tinnivelly senna, the 
dried leaves of Cassia augusti/olia, 
which are cultivated in Southern 
Indi.a and are longer, narrower, and 
lighter in colour than the .Xlexandrian 
senna. Senna is administered as an 
infusion, an elixir, a confeetion, and 
in other preparations, (’ompound 
li»]Uorice p«>wder is one-sixth pari 
senna. The American mediein d drink 
known as Garfield tea contains senna. 

Shaddock — 1’hc shaddock (CHrus 
denimana) is a large fruit of the orange 
family, ami is largely cultivated in the 
Malay poidiisula and Southern Asia, 
and in some, of the Oceanic islands 
It has a smooth, pale yellow skin, ami 
a white or reddish pulp. It some- 
times weighs from 10 lb. to 20 lb., 
thc^ Ilavour resembles that of the 
grape, and hence it is often called the 
grape fruit. The West Indian grape 
fruit is another variety of the Asiatic 
shaddock. 

Shellac — shellac Is the most common 
rosin used for varnish iiianiifactnr •. 
,and is also used for sealing wax aiul 
forms an excellent natural eenient- G 
is formed on the branches and twii:> 
of a large number of Indian trees I y 
the lac insect {Coccus laeca). The 
incriwtations are removed and melted 
in boiling water, afterwards bein'.’ 

f loured upon a cold surface, xvIutc 
hey take the form of thin, irreguhu 
flakes. Ground skellae^ also known 
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u ruler half-a-dozpii otlier namos, is 
the resin of the AiiKtraiian XantJior- 
rhaean. It is iiscmI for varnish, for 
staiiiinK wood, and also in 11u‘ inanu- 
faetnre of picrie acid. 

Sisal — The fibre known as sisal hemp 
ranks second only to ]Munilla henrp 
as a strong cordaKe fibre. 'Fhere ar e 
two varieties of sisal, the A{fare 
rhjula eiovgafa of Yucatan, and tire 
A|7rtcc simlana of Florida, Cuba, 
and the Ihihainas. 'I'he latter is the 
Tiiore iniyrfrrtant, and is known also as 
hent'quen. 'J'he sisal has recently been 
introduced into India and Ilritish 
Kast Africa, and lire foundations of 
new industries laid in these colonies. 
The plant flourishes in any stony 
soil rich in liiuestoin*. 'I’he treat- 
ment of the Krowiii" yrlants and of 
the fibre-yielding leaves is .similar 
to that of Manilla, hemp. After 
preparation, tin* fibre is a. strai};ht, 
yrale yellow ribbon from 2 ft. to 
4 ft. lonir. Other plants of the 
same order are the Ameriran nioe or 
Century plant, the lath or 3I(*xican 
librc, and Mauritius hemp- 'I'hese are 
inferior to the true, sisal. 

Slate — Slate is a clay that has been 
folded and compressed in its bed, 
so that it. can la; split readily into 
thin and uniform plates. iSlates 
dilfer in colour a<*cordinfs' to locality. 
'J’he slates of the bake District are 
greenish; Cornwall slate i.s prey. 
'I’he best known slate (in.arrics in this 
country are the JVnrhyn (piarncs 
near Bangor, in Isorfh Wales ; in 
Scotland the. most important source 
is Ballaehulish, and in Ireland, slates 
are obtained at Valent ia and Killaloe. 
Slate is obtained by sawing large 
blocks in their bed.s, and these arc 
aawu up into lengths, either ma- 
chinery or hand .saws being used. 
Slate splitting ia done by hand, the 
tools employed being thin, broad- 
faced wedges and wooden mallets. 
In winter-time slates may be split 
by the natural action of frost, water 
being poured over the blocks, and 
when this expands by freezing 
fracture occurs along the nufnral 
plane of cleavage. 'I'he chief use of 
thin slates is for rooting inir])oaes, 
and they are the most widely used 
roofing material in this country. 
Superior (pialities are used for 
writing-slates; and the manufaetnre 
of writing-slates i.s an important in 
dustry in North Wales. In thick 
slabs slates are used for the beds of 
billiard-tables and for cisterns, and 
when ])ainted with special enamels 
and fired, slate forms chinmey-ytieces 
inade to resemble tin; ditferent vein- 
ing.s of marble. 'J’ho bones used for 
sharpening knives and edge to(»ls are 
varieties of slate. Much of t he supyily 
<»f holies f!omes from abroad, 'J’nrkey 
hones, esteemed for edge tools, 
coining from Asia Minor. Of recent 
years the chief .supplies of hones lia\e 
come from tlie I’nited States. 

Sponges — Sponges are the elastic 
skeletons of murine animals, Porijem, 
which inhahit the seas of Kiiroi)e, 
America, Africa, and .\sii. Si)ongcs 
grow in seas where the temperatures 
of Biiiiiiner and winter do not vary 
tnuch, and in tin; zone where 
they an; found tin; best are those 
where the dimate is most, nearly 
uniform and warm thronghont tlie 
year ; tliose which are on the outer 
edges of this zone, and which, there- 
fore, are in a climate varying to- 
wards the temperate, are coar.se and 
poor in quality. Sponge.s are most 
prolific along the shores of islands, 
and where there are fairly strong 
^can currents, wliioh seem to convey 
to the animals the materials of sus- 
tenance. Attempts have been made 
to improve the culture of sponges by 


cuttings, blit it has not been ywoved 
that tins increases the iminber of 
sy)ong(‘S beyond that yirodiiced with- 
out cut ting. Sponges always grow on 
hard substances, such as rocks, reefs, 
and tlie steins of marine yilants. 'I’lie 
bevt are in deep water, and the 
poorest qualities in shallow' water 
near the shore. 'I he sjuMigt's are 
ci»Heete»l by the ii.se of “ haryioons,” 
or thin long yioles, with wlfleh they 
are dislodged by di\crs; (»r by dredg- 
ing with a drag net. S|>orige divers 
.smmtimes work naked, and some 
times in a special dress. If the 
fornuT, tln*y earry a bioek f»f stoin* 
to enable them to descend. .\ di\er 
can remain Isdow for :U minutes, but 
not longer, and usually <leseeiids about 
20 fathoms. Syumges, when cr»llect(‘d, 
ar»* alive; they die within 21 hours 
ot having been exposed to the air and 
then the animal remains must be 
removed so as to leave only the 
skeleton sponge. 'I’ln* .skin i.s re- 
niovetl, sometimes with a knife, and 
kneading them, orslamydiig them out 
with the teet.gels rid of most of the 
other animal matter. Then they are 
washeil and dried ; they must not. be 
packc<l bi'fore they are <lry, or they 
will syniil. .'<]»onges may be Ideaclu'd, 
but the yirocess inipaires the durability 
and ynirchasers sbonld avoid bleai’lu'd 
sjionges. J’here are many varieties 
of symnges due to different localities, 
'f ile cliief varieties sold are named 
'I’urkey and boneyeonib- -the forinei- 
being the sinall-lioled, close variety 
of flat or cap shape, ami the latter 
being the largc-lioled A’ariety, wliich 
is also usually of a paler colour. 

TEAK — Teak is the chief wiMKle.vyiortc'd 
from India and Burma. It is found 
also ill .Siam, Java, Cochin Cliina. and 
ill some of the islands of Dutch East 
India. 'J’eak is tin; timber of trees of 
the genus Tectona or Thera, the 
Imlian teak being Teetoaa grandia. 
The trees ar(‘ very large, having 
trunks 80 ft. to 00 ft. liigh before the 
first branch is reaelio<l, and a cir- 
eumferenee of 20 ft. to 2.’) ft. 'I'lie 
timbiT is har<l, and Jirown or yt'llow- 
brovvn in colour. Its water-resisting 
properties make it valuable in sblp- 
bnilding. [For strength of teak, see 
ymge 12()0.J 

Tolu — Tolu is the resinous balsam of 
Mgro.ri/lon toltd/era, a tree that grows 
in nio.st .South American countries. 
It is bronze yellow in colour and i.s 
syruyiy when collected, but becomes 
hard ami brittle. It is used in yuT- 
fumery ; and inmedieine in its natural 
state (dose ,") grammes to l."> grammes), 
and as a syrup, and a tincture. Its 
chict \alue in medicine is for eongbs 
ami liroiichial irritation. 

Tortoiseshell — 'rortoi.seshell is the 
horny back covering of tiie haa'k''s 
hill tartle (see Turtle]. 'The shell from 
a single animal may w'eigh uj) to 
about. 8 lb. For ornamental ynii- 
])oses tortoiseshell has a wide use, 
and is made into combs and otlicr 
articles of use and ornament. In its 
natural state it is very thin, ami it 
is nece.'isary to join tt>gctlicr several 
sliells so as to attain thickness. The 
shells are boiled or are heated in oil, 
wlien they become soft, and may tlnni 
be moulded to any desire»i form or 
welded together intr) intimate union. 

Turtles — Turtles are marine animals 
belonging to tlie order Vhehmin. 
'Fvvo of the .sjiecies are commercially 
important — the luiwk’s bill turtle 
iCnrloue imhricata), wdiicU inhabits 
tropical seas, and which fnrnislics 
tortoise-shell [.see Tortoiseshell], and 
the edible or green turtle {Vhelone 
midas), which is found throughout 
tlie Southern oeeans, ami particularly 
near the Bahamas. Tlie green turtle 
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sometimes weights n]) to ."i ewt. or 
S ewt., 'iiid may be as long .as ."J ft. 
Its fat is of a green colour, lieucc* its 
name. Its use is for the turtle soiij), 
ami the eonsiimjitioii is large, es])cci- 
ally in l.omloii. Jii the Itnbanias, 
when the turtles land todejuisil their 
eggs, they arc simvdy turned on their 
biu'lis and are iiu'apahle jit turning 
over again. 'Fho Chinese catch tur- 
tles with a sneking-Fish, to the lad ft 
which th('y attach a siring : the fish 
fastens npoii a turtle, and hotli turtle 
and llsh an* draw ii into tlie Itoal . 

VANILLA — Vanilla is tlie cured taxis 
of Vauilta. plauijolia. a eliinliiiig 
plant native to Me\i(*(», Init now 
grown ill Ce> Ion, .Manriliiis, and oilier 
liarts of the glotie. Other varieties of 
plants eontribnte to tin* supplies of 
commercial vanilla, but that men- 
tionofl IS the chief. 'Flic iiods arc 
developed only after the flowers have 
l>ecii fertilisetl, and artilleial pollina- 
tion is practised to increase! the yichl. 
The ttolleii is tihuaal by hand upon 
the stigma, a small tiointed cane being 
used for tin; purpose. 'File pmls are 
cured, and this develops the flavour, 
the curing ])roecss couMsting in 
immersing them into water almost at 
boiling point, ami imnunliately with- 
drawing them and (ultting them into 
baskets lined with hlaiikets, after- 
wjirds drying them in heated rooms. 
'Flic aetive iirlnciph; is vanillin. An 
artificial vanillin, ma<lo from .sugar, 
is one of the recent trinmplis of 
modern clicmistry. 

WALNUT — 'Fhe walnut tree (Juglnus 
regia) grows extensively in North 
Enrofio and Asia. For uses and 
strength of the timber, see pages .'i7 
and 1280. Drcat Britain imports the 
walnuts from Italy, Cermany, and 
France. Before being paekeil they 
are dried in a. kiln, a process tliat 
lireserves tliem but injures their 
flavour. Ariieriean walnut, or black 
walnut. (Juglans nigra), is valued for 
its apiiearanee, ami is used tor 
furniture, both solid and as veneer. 

Whalebone— Whalebone ia not. bone, 
but is th(‘ substance of Ibe nature (»t 
bristlo.s with wln<*li the months ol 
(“('rtain varieties of whales arc fur* 
nislnsl in order tliat they may catch 
and erusli the small fish and gea 
animals on which they feed. Whale- 
bone resembles hardened hairs ei;- 
im iited logetber, and in its elinrae- 
teristics is more like born than bone. 
'I'liere are seviTal speele.s of wiiale- 
bone wbales both in the Northern ami 
in the Sontherii si'as. A (ireeiilaml 
whale ot full maturity provides about 
a ton of whalebone. The sides of the 
upper jaw are. the places where the 
whalebone is found, and each side 
usually has about 3U(J blades, which 
are from 12 ft. to l.l ft. long, being 
longc'^t III the middle, and 10 in. «»r 
12 in. broad at the base, witli a 
thickness of not (init(' half an ineb. 
Before being cut up, the blades arc 
cleaned and softeiw'd by being boileil 
for a few hours, and arc tlnm, wbili; 
still hot, ]»lamMl or shaved liy hand, 
the tool used re.scmbling a S]x)kc- 
sbiive. Alter being planed, the whale- 
bom; is polished, usually with the 
edg(; of a piece of glass or a. steel 
sera per, then w’ith emer>’ powder, 
and limilly with pow'dered rotten- 
stone. Commereially, the value of 
whalebone lies in its elasticity, flexi- 
bility, and strength. 'Flic r<x)is of the 
blades, where they are thickest are 
n8ed in the manufacture of w'alking- 
stick and umbrella handles, and other 
purposes. The use of whalebone a.s 
a. material for tlie ribs of corsets is 
practically a thing of the pa.st, as 
it has been superseded by steel. 
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THE SELF-EDUCATOR AT A GLANCE 


A CONSPECTUS INDEX ARRANGED IN ORDER OF THE GROUPS, BEING 
A READY GUIDE TO THE WHOLE CONTENTS OF THE SELF.EDUCATOR 


All the Articles in the SclLEducator are briefly 
summarised in the following pages, under the 
groups, sub-'groups, and sections to which they 
belong and in order of publication. This affords 
a brief general survey of the branches of know- 
ledge and also gives an easy means of obtaining a 


general idea of the scope and nature of the artic’es. 
Sections of the groups are indicated by side-head- 
ings in italics. For particular subjects or items 
of information, reference should be made to the 
General Index, beginning on page 6900. A list 
of plates and frontispieces is given on page 6892. 
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8’uriuTy and machine shop, mill- 
ing, grinding, .screw .and ge.ar 
cutting, turret work, high- 
speed tools .. 8816.8101. 8628 

Dictionary of machine and tilting 

terms 8400 

Fitting, erecting, assembling .. 8687 
Engineers’ coppersmit fling .. 8884 

Testing 8061 

Tools: Cutting tools 4140 

Scraping tools, milling cutters, 
drills, borers, reamers . . . . 4250 

Eoring tools, taps and dies, saws 1 170 
Machine wood-eutters, tiles, 
grinders, shearing, detnisive 
and percussive tools . . . . 4582 

Me.'isuremi'iit tools 4701 

liathes 4012 

Machine-tools, planers, .shapers, 
slotters, drills, borers ., .. 4000 

Milling and grinding machines, 5204 
Dictionary of machine-tool 

practice 5215 

Portable machine-tools . . 5275, 5448 
Machines and appliances : En- 
gineering orgiiiusatioii and 
training 5580 


Eooks on meclianical engineering 5505 
Clocks and Watches 
Clock motion, cleaning, repairing, 

5711, 5882 

Watches, cleaning, repairing .. 6081 

Srienti/ic imfruments 0122 

MUitary pnqinppring 0265 

Arms and Ammunition 
Pistols, rev, -I vers, rides, guns .. 0415 
Large guns, iiowifzers, ammuni- 
tion, shells, fuses 0610 

Explosives 6757 


GROUP 13 
Geography 

Physical qpoqraphy : 

Relation of tlie. earth to human 
life : day and night, dimeii- 

sions, seasons 10 

Atino.sphere, rain, winds, climate 208 

The solid earth 8()2 

The shajiing of the earth .. .. 456 

'I’he oceans ami seas . . . . 460, 554 

Volcanoes 461 

Political qeoqraphu : Survey of 
the living world . . . . 625, 850 

(leography of Europe 852 

Eritish Isies 980 

Scotlaml 1064 

England 15271 

Wales 1276 

Ireland 1365 

l.slands in Eritish w’aters .. 1367 
Norway, Su’etlen and Denmark 1560 

Franee 1681 

Belgium, Holland, Germany, 

Switzerland 1885 

German Empire 1972 

Austria-Hungary, the Balkan 
Peninsula 2162 


i* ver. 


Italy, Spain, :iiid P(>rtug:il .. 2280 

Kiisria '. 2100 

Asia 2560,2716 

Enssia in .-V-'hi 2716 

Arabia, Per-ca, Afghaiiisfau .. 2817 

India 2818,2072 

Climcsc Em|)ire 207 1 

.lapaiie'se Empire 8158 

Coiif incut of Africa 8275 

Nortlicrii .Vfrica 8450 

Central and Sonlli Atricii .. .. 8582 

Australia 86t>7 

Qiu'ensl.iiid, New South Wah-;, 

Victoria 8700 

South and West Australia, Tas- 
mania, New Zealand and 

Pacific Islands 8800 

Geography of North Aiiichca .. 4061 

Canatla 4065 

IJmlcii States. Mexico .. 1172 

Central Ameriea, Wi'st Indies . . 4176 

South Ameriea I2x2 

( oiHincrrial dCtxjrnpfm : Earth as 

the home of man .. .. 1108 

Ailapting tlie world to man’s 
needs, transport, towns and 

ports, maps -151 1 

F'.'rcsi products , , . 4657, 4H78 

Cereals, fruits 4878 

Root (Tops, stimiilaiils and nar- 
cotics, tea, colfcc, cocoa, pulses, 

sugar e.'ine 4951) 

Fibre plants, meat find dairy in- 
dustries, animal lU'odiiets, lish- 

enes 5117 

The world's minerals 5802 

Economic conditions and trade 
of trotiical and siih-tropical 

countries 5370 

Conditions and trade of tem- 
lierate lands : Ear East . . . . 5658 

Tcmjierate lands under Euro|»ean 
eontrol : .southern lands, and 

North America 5600 

Europe in devdoiiment . . 5707, 5822 

Europe industrially develoiied .. 5824 

(in'at. Hritain ; industries; ex- 
ports and imports; carrying 

trade f>900 

Astronomy 

The stars ; constellations ; earth's 

motions 0115 

IManefary motion laws; a.s<ro- 


iioniical iiK'asurmm'Mts, eclip- 
tic, te,les{*op(*s, spectroscope, 
llu‘ .solar system, the sim, 

sun-spot s 6241 

Alereury, Venus, tin; E.irth .. 6102 
I’hc M(Hm, Mars, asteroids, ,lu- 
piter, Saturn, Nejilune, eoniots 6564 
Shooting stars, the tixml stars, 

nchiihe, cosmic evolution .. 6695 

GROUP 14 

Geology 

C (‘((logical history of tluj earth .. 617 

MiiK'ials 624, 705 

Rocks, igm'ous rocks, st‘dimcn- 

tarj rocks 896, 1006, 1071 

Eartli's crust changes ; volcanoes, 
earthquakes, seeuUir move- 
ments, chemical action ..1206, 18«2 
Atmosplicric, a(picous, glacial, and 
organic agencies . . 1 499, 1688, IfsDj 

F((rmati((n of strata 1815, 1921, 2065 
(JeoJogical map of Britisii Isles . . 1921 

Extinct monsters 2064 

(.h'oh^gical periods 225.8 

Dictionary of geological terms .. 2257 
Mining 

Milling and <pi:irr>ing, d(‘posits.. 2375 
l*ros])ecting, boring .. 2880,2581 

Boring 2582,2665,2845 

Dictionary of mining terms. . .. 258« 

Quarrying, dredging, hydraulic- 

ing 2955 

I’lnh-rground mining : wtIIs, pit.s, 
.sloping, bed mining (coal), 
shaft-sinking 2960 8i90, 3304, 3457 
Surface and otlu‘r works .. .. 3766 

Mine treatnumt of minerals. . . . 3769 

Distribution of minerals .. 8771 

Metals 

Metallurgy, processes, properties 
of metals 88: 5 
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Metallography, alloys, refractory 

materials 

Furnaces 4125 

Copper, lend, silver, Kold, ]dat- 
iniini, nickel, aliiininiuin, zinc, 

antiiiiony, etc . . 4 1 2rt, 4.303 

Iron 4404,4635 

Steel 4746,41)07 

W ir(s wire-work 5013 

Tube manufacture 5310 

Cutlery 5474 

Art inetal-work 5521,5687 

Cold, silver, platinum, coinage, 
precious stones, jewellery . . .. 5847 

Nickel, lead, aluniinitim . 5081 

Tin, zinc 0161 

Copj)er, bra.ss, bronze 6305 

Welding, .solderinj^ 64.53 

Paintinf«, ehranin^, polisliimt, blu- 
ing, enamellinj!, colouring 
inetal.s, Barltinj;, elect ro-plat- 

Mlnerals 

Tables of the principal minerals . 6730 
Gas 

Varieties, manufacture and distri- 


bution 6817 

GROUP 15 

History 

Dawn of History, Babylon . . . . 16 

The Karl i/ E uh* : China .. 215 

India, K^ypt, Assyria . . . . 417, 5oo 

Plm'nicia, Medes, Persians .. 501 

llel)rews 665 


The Hiite of Greece, Alexander the 
Creat, Creek philosophers 

667,772,072 


Home : LcRcnd and liistory, i»lc- 
beians and patricians . . 1 135, 1201 
Pyrrluc wars, Punic wars, the 
Cracchi, Marius, Sulla . . 1203, 1381 

,1 ulius Ciesar 1513, 1670 

The Ca-sars (Aucustus, Tiberius, 
Claudius. Nero). . 1671, 1830, 1037 

Tiie emperors followiuii, the 
Decline ami Fall .. ..1930.2008 

Middle Akos 2241 

Development oj Europe : Mirtli of 

States, Arabia, Maluunet 2241, 2353 
British Islands, Allnai, Canute, 

William 2.354 

Scotland, Ireland and Wales in 

carlv times 2607 

William |{utns to .lohn 2674, 2913 

Early history of Prance and 
other European States , .2915, 2045 
Enfjlamt : 'I'lie t)ar()ns’ war, tin* 

Kdwards 3073 

Kiehar.'l 11., the Henrys 3240, 3463 

Wars of tin: Hoses, Eilward IV., 
prinliii}?, a:nniM)wder, the New 

World 3603 

Henry Vll., Henry VII J., the 
Benais.sance . . . . 3649, 3832 

liUthci, Jalward VI., Mary, 

Klizahethar Afje 3007 

Medinval Europe: France 4101, 4320 

Italy, Spain, Netherlands, Ce*'- 
many, Switzerland, HniiKary 4.320 
77/jr/fand .* .lames I., Charles I . .. 4551 
Commonwealth, Best oration .. 4761 
Janies II., William and M.ary 4.S4I 

Anne 4950 

Europe. : France, the Louis, the 
Bevolution, Napoleon, the 

Hepuhlic 5110,5238 

Independence of Sweden, de- 
cline of Sjinin, Portiijial . . 5306 
England : the Ccorizes . , 5554, 5685 

William TV 5686 

American Revolution, r.S.A. .. 5844 

Irish Rebel lion 5073 

United States : John Adams, 1812, 

Slave War, Spanish war . . . . 5073 

Europe: Russia, Ivan II. to 

Jaiiancse war . . . 0200, 6301 

I’ru&sia, Italy, Spain, Holland . 6302 
Germany, Norway and Sweden, 
Denmark, Turkey, Crecee . . 6445 

India, Australia 6548 

Great Britain to 1907, Japan . . 0690 
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Housekeeping 
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Qualities of good servants, general 

and legal conditions 609 

Butler, house-keeper, valet . . .. 761 

Lady's-maid, footman, manser- 
vant, coachman 814 

Groom, stable-hands, gardener, 
cook, kitchenmaid, house, par- 
lour, still-room, and laundry 

maids, betwecii-girl 1001 

General servant, sewing-maid, 
nurses, charw'oman, daily ser- 
vant 1091 

Cookery, marketing guide . . 1225 

Methoils of cooking . . . . 1485, 15.30 

Table of provisions in season .. 1531 
Cookery recipes . .soups, meats 

1735, 1872 

Fish, poultry, game 1873 

Puddings, savouries, .sauces. 

salads .. 2001 

Vegetables 2126 

Breakfast dishes, cakes, bever- 
ages, vegetarian 2331 

Kitchen economies 2335 

Umndry mork : utensils, material 247 

Wa.shiiig 2.590,2688 

Ironing and folding . .2689, 2910 

Laundry inaiiagenient . . . . 2964 

Food Supply 

Milling, wheat and other cereals, . .3078 
Breadmaking .. .. 3281,3302 

Biscuit, making 3592 

Sugar : Sugar cane 3652 

Dictionary of sugar-making .. 3655 
Cane sugar manufacture , . . . .3827 

Beet -growing 4047 

Beet -sugar manufacture .. .. 4160 

Maple, palm, and sorghum sugar 4351 

Sugar rehiiiug 4151 

Sugar analysis, milk-sugar, glu- 
cose 4554 

Condiments 4717 

Fruit preserving .. 4844 

Fisheries : methods 4989 

Fisiiery investigatii.n 5188 

Fishing restrict ions, ha telling, 
diseases, preparation for mar- 
ket, eertilleate.s, fisiiery law . . 5314 

Food preservation 5403 

Catering : household, piililie . . 5581 
Clubs, boarding-houses, hot (‘Is 5720 

Carving food 5934 

Dictionary of menu terms . . . . 5937 

Bniwing 0067,6228 

Wines, eider 6353 

Mineral waters 6391 

Tea, eolfee, and cocoa 0553 

GROUP 17 

Ideas 

The practical value of ido.i.s . . 75 

The pow(T of ideas 201 

Ideas in the industries . . . . 376 

Building and engineering ideas .. 519 

Misci'llaneous ideas 639 

Local trade possibilities . . . . 769 

Ideas wanted : Italian prizes . . 965 

Sclent itic and eommereial ideas . . 1153 
Fields to re-explore 1286 

Patents and Inventions 
Invention: taking out patents 1398, 
1610 

Colonial and foreign patents .. 1011 
Applied Education 
Tse of education generally, value 
of observation, use of kiiow- 
ledge, (‘ducat ion and character 1743 
Observation : its value, training, 


and sphere 1881 

.Tiidgnient and criticism : impor- 
tance in education 1945 

Reflection, meditation, discussion 2136 
Memory and attention, concentra- 
tion 2304 

Rational freedom : value and 
abuse, tolerance a product of 

knowledge 2404 

Adaptability and will-power, 
strength of character . . . . 2548 

Tse of time 2672 
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Habit, guidance of the will, 
parental responsibility, in- 
fluence of social heredity. . . . 2860 

Reading (general advice) . . . . 2937 

ISubconscioiis mental activity, 
pa.ssive acquisition, inspira- 
tion 3183 

Economy : insurance, savings 
hanks, friendly societies, mort- 
gages 3222 

Banks and investments generally 3482 

GROUP 18 

Languages 

The study of languages . . . , 115 

English 

Alphabet, noun, gend(?r .. .. 121 

Number, case, noun syntax . . 245 

Adjectives, articles, pronouns .. 445 

Bronouns, verbs 605 

Moods, gerunds, participh^s, 

tense, verb “ to be,” analysis 755 
Auxili.ary and notional verbs . . 902 

Strong and weak verbs . . . . 1049 

Advi'rbs ^ .. ..1184 

Bnqiosltions, conjuiictiims, inter- 
jections 1336 

Punctuation .. .. 1338,1471 

Style, reading aloud 1472 

J’arsing, iina lysis 1617 

History of English language . 1768 

Esperanto 

Tourist vocabulary 1957 

Alphalad, article, noun, promin- 

eiatiori, verb 4511 

Alhxes, adjective'^, prepositions, 
pronouns (personal), verl) . . 4655 
Adjectives, adverbs, v(?rbs 

(future tense) 4799 

Numerals, pronouns (posse.ssive 

niul refhixive) 494.3 

ConJuiH*! ions, interrogation .. .5087 
Degrt'cs of comparison, numcrola 5231 

Aecu.satjve, prelixe.s 5373 

Adjective'S, adverbs, pronouns . . 5516 
Conjunctions, numerals, verbs . . 5654 
Advc'rbs (variable), prepositions, 

suthxi^s '. . 580.5 

Elision, pronouns (pa.ssive re- 
flexive) 5949 

Suni\'(‘s, v(i;rbs (imperative mood) 609.3 
Partici])lal adjectives, sutfixes, 

vc'rbs (impe.r.sonal) 6237 

Participial adjectives, nouns and 
adverbs, active) and passive 

voice, suHixes 6380 

Sullixes, subordinate claus(^s .. 6521 
Suflixes, corn])ound word.s, abbre- 
viations, geogruiihical nanuis. . 6666 

French 

Alphabet and accents . . . . 123 

Cajiitals and small letters, liaison, 
jiiuietuatioii, accents, cedilla 448 
Article, verb auxiliary, .. .. 750 

Gender rules 005, 1052 

Verb (1st conjugation), plural 

formation 118<i 

Adjectives (position), comparison 
of adjectiv(^s, adverbs, irregular 1 330 
Adjectives (demonstrative and 


possessive), comiiound tenKe.s, • 


the negative 1475 

Numerals 1619,1772 

Adjectivcjs (indefinite) .. .. 1876 

Personal pronouns 2046 

J’ronouns (dernonstralive and 

p()s.se.ssive _ 2104 

Pronouns (indefinite) 2348 

Verb, imperfect, indicative . . 248 r> 
Pronoun, relative-interrogative 2633 
Verbs, Ist conjugation . . . . 3643 

Verbs, 2nd conjugation .. .. 3787 

Verbs, ,3rd and 4fh conjugations 302 s 
Pronominal verbs, reflexive verbs 4073 
Verlis (pronominal, pa.ssive, 

neuter) 4216 

Verbs (impersonal, irregular) . . 4361 


Verbs, irregular, Ist and 4tli 

conjugations 4506 

Verbs, irregular 2n(l conjugation 4649 
Verbs, irregular, 3rd conjugation 479 1 

Verbs, defective 493'-' 

Adverbs 
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Conjunctions, interjections, pre- 
positions 5227 

Articles 5370, 5512 

Adjcclives, syntax 5651 

Pronouns, syntax 5800 

Verbs, syntax .. .. 5947,0087 

Adverbs, prepositions, conjunc- 
tions 6083 

(lERMAN 

Tl elation to Englisli, pronuncia- 
tion, alphabet 243 

Article, personal pronouns, verb 
(auxiliary), declension (strouK) 715 

Nouns, adjectives, Kender(niasc.), 
verbs, ronjunatioii, personal 


pronoun, declension .. .. 10.it 

Nouns and adjectives, Keiider 
(fcin.), verbs (weak), conju- 
^^ati()n (iinperleet indie.) 1189 

Verbs (weak), participle (imper- 
fect), prepositituj.s, luujns 
(strong (iecleiision), possessive 

j)ronouns 1311 

Stron« verbs, adverbs .. .. 1473 

Inrtnitive partieiple, weak sub- 
stantives (deeleiision), verbs 

(eonipound tenses) 1621 

J’reimsitions (syntax), attribu- 
tive adjectives 1771 

Possessive pronouns, verbal pre- 
tixes, stroiur deelensiou . , . . 1 878 

Pi'tlective i)ron()Mns, cardinal 
numerals, strom.? verbs (with 
stein vowel “ i " 2049 


Nouns not used iu plural, demon- 
strative immouiis, stron;{ verbs 

iu " e ” stc'iiis 

Nouns (plural, double jdiiral), 
interroirative pronouns, .syntax 
(.ft i»repositions, riassilieatiou 

of V(‘rbs 

StroiiK verbs, plural of nouns, 

eoujuuetious 2037 

Pelativo pr«m«>uns, iudetiuite 
pronouns, strouu verbs ., .. 2776 

Auxiliary verl)s of tense, iuter- 
jeetions, voeative ca^e, strouj? 

verbs 2926 

loiuparison of adject ivt 

numerals 3002,3213 

Irreuiilar verbs 3215 

Auxiliary verbs of mood, jjassive 33.')5 
t’se of lenses of verbs, allirma- 
tiou and nettatiou, use of 
moods, position of verbs O.'iOl 

Verbs (transitive, intransiti\o, 
Uoverniiiji dative, genitive, 
impersonal), position of word: 3047* 
Verbs, interject ions, olliptie 

.sentences 3788 

(uivernment of adjectives, co- 
ordinate, subordinate clauses 3931 
Clauses (subject, ol)jert ), sub- 
junctive in subordinate clauses 4075 
Attributive, relative, adverldal 


clauses 4218 

Punctuation, eorrespoiulenee .. 4 J(i3 
CiRKKK 


Classical and modern, aliihabot, 
pronunciation, brea tilings, 
aeeeftts, iiouns, (deeleiis. 1 and 


2), tlie articM 5:57 4 

Adj«‘etives, nouns (declous. 3), 

verb "to be’* 5518 

Nitiins (deelens. 3), adjectives, 
verbs (regular), syntax . . . . 5655 

I'roiiouns 5806 

Nouns (irrcKular), adjectives, 

adverbs, numerals 5951 

Verbs, rcKular Uno) 6094 

Verbs (contracted), ueeuMitive 

case 6238 

Prepositions (syntax) 6382 

Verbs (regular in -mi), genitive 

me 6526 

Dative case, negatives, relative 
pronoun, oratio obliqua, 

middle voice 6668 

Pro.se composition, order of 

word.s 6808 

Italian 

English importations 1770 

Ipurist vocabulary 1957 

Alphabet, pronunciation, accent, 
arricles, prepositions .. .. 2043 
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Nouns (gender rule.s). auxiliary 
verb (indicative mood) .. .. 2102 

Nouns (plural rules) 2 4.36 

Auxiliary verb«, plural of nouns 2 484 

Adjoctives (rules for feminine and 

plural) 26:31 

Adjectives, possessive an I iu- 

delinito 2770 

Adjectives, immerieal .. .. 2919 

Adjectives, comparison . . . . 3058 

Adjectives, inodilleation . . .. 3209 

Verbs 32 to 

Verbs, irregular (1st e(»njng.itnm) :i I ‘37 
J*ronouns, personal, idiom-^ . . 3642 
1‘ronouns, juT-sonal, verl)s (2iid 
and 3rd conjugations) .. .. 378 4 

Verbs (3rd ronjiigntion) . . . . :592i) 

Pronouns, personal verbs, passive 1070 
Verbs (irregular); pronouns (per- 
sonal) 4214 

Verbs, reflexive and irregular 4:5.")S 
Verbs (intransitive, iiregular and 
impersonal); pronouns (demon- 
strative ami possessive) , , .. 150:} 

Verbs (irregular), pronoiin.s (rela- 
tive), interrogatives .. .. 1647 

Verbs (irregidar), idhunatic e\- 

pressums 4792 

Verbs, (irregidar), adverb .. 4937 
Adverbs, verbs (irregular). . .. 5080 

Prepositions, verbs (irregular) 

(’onjunetions ; verbs, irregular 
(2ud and 3rd eonjugatioiis) 


5649, ,->915 
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Alphabet, ])ronuneiation, declen- 
sions (1st ami 2iul), ver!> 

" to be ’* 

Nouns (41h and 51b deidensions), 
lii'oiiouns, conjugations scheme 
Comparison of adjectives and 
adverbs, relative and interro- 

g.alive pronouns 

I’rononns ami adjectives, num- 
erals, passive voice, aldative 

absolute 

Nouns, irregular and ilefeelive, 
ablative ea.se (idioms) .. 

ViTbs, anomalous and defective, 
deponent vert)s, dativ'e and 
genitive cases, syntax 
Verbs, frequentative, liieeptp e, 
desiderative, quasi - passpo, 
defective, impersonal, irre- 


gular; oratio obli<(na .. .. 1047 

Verbs, irregular (2nd eoninga- 
lioii), Koinau eulemlar, sutj- 

j n net iv’c mood 1182 

V 'I'bs, irregular (’3rd eonjiig it ion), 
Uoinan money, inlere>t, ir;n- 
tions, sequence of teipes, in- 
linitive mood, gerunds and 

supines, geniiidive 133:3 

Verbs, irregular (:5rd and Ith 
conjugations), preposit ions 
eomp<mnded with verbs, in- 
terrogative seiitenees .. .. 1160 

MisecHaneons idioms, graininati- 

eal terms, textbooks .. .. 1615 

Verse and inel re 1766 

Spanish 
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AlpJiabet, proiiniieiation, accent, 
genders, numbers, articles 

Articles 

Nouns (i>Iural. gender) 

Adjectives (feminine and plural) 
.Adjectives ; diininntive ami aug- 
ment alive snflixes 

Numerals, prose extract . . 
Primoiins, personal, rellexiv.* . . 
i’o.s.sessivc mljective.s and pro- 
nouns 

Pelative and indeflnite pronouns 

An.xiliary verbs :{318, 

Article, gender, iiuniber, dates, 
days, month, euphony, errata 
llcgular verbs (Isl ami 2nd con- 
jugations) 

Regular verbs (3rd conjugal ion) 

Verbs 

Irregidar verbs (:3rd and 4t!i 
classes) . . • • • • 

I 'nclassitlable irregular veri>s 46.>i,, 

Adverbs 
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Preposit ion.<J, prepositional 

phrases, commereial ]>lirase- 


ology 5085 

Conjugations, interjeel ions .. 5229 

I'amiliar dialogues 5514 

tieiieral eorrespondenee .. .. 5803 


(’ommereial eorrespondenee 6091, 6235 
Root Words, Latin, and (Jueek 
Derivation rules and English, 
KrtMieb, Italian and Spanish 
derivatives 6810 
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Literature 

I’l.ice of literature in life .. 403 

How to get the best out of book-^ l()."i 
I'nrtru : Origin, purpose, forms. . :{():i 

Ihiglish poetry : (9iaueer, (lower, 

Wyatt and Surrey :521 

I'dizabethan lyric poets : Sidiu'j', 
Spenser, Raleigh, Dravton, 
sonneteers, and allegorists . . 5:56 

Elizabethan dramatic poets : 

Marlowe, Shakesjicare . . . . 678 

T5eii .lonson, Hp.aiimoiit, Eletehcr 
and other dramatists .. .. 84,5 

Choice of Klizabetlian books .. 849 

•Milton, Dryden, I’ojic, I5iiriis .. 991 

Dramatic poets and playwrights 
in 17th, I8tli, and lUtli eentnries ll 49 
Nineteenth eentnry poetry .. 1304 
ProKc : ( liaraet eristics, j)rosc of 
•Elf red, Chancer, Malory, 

Enussiirt, More 1607 

Aseham, the I5ible, essayists, lltni 

.lonson 1639 

Eigli1(‘entli century prose : De- 
foe, Swift, St(*ele, Addison .. 1901 
Samuel .lohnson, (loldsinilh ; his- 
torians, (.'ihhon, lliirke, Wal- 


pole, .Adam Smith 20.5:3 

Study of style, Chestcrtleld, letter 
writers, other VM’iters and 

scholars .. .. 2139 

Nineteenth century prc's**, «‘ssay- 
ists, I.ainl), Ha/.htt, DeCDnneey 2:50.8 
Cobbett, Lamlor, Leigh Hunt, 

Carlyle 21.50 

Ma(‘aiilay, Fronde, Ruskin, 
Arnold, Rater, Steven.so)i ; 

bi(»gra])liy and histm-y .. .. 2615 

Living prose writers, modern 

conditions 2085 2785 

Knijiish fiction: tlieiK'vd; early 

writers 2961 

Richardson, Fi»'l(ling, Sterm‘, 
Smollett, (loldfinltl'. ; minor 
and womai. nov l‘list^ .. ., 3129 

Scott ’.I’ll 4 

Aietorian novelists: Diekmis, 

riiaekeray. Reade, Stevenson :5!38 
[.iviiig novelists : .Meredith, 

Hardy, etc .'5555 

Compar.-itive literal lire .. .. 3780 

Journall.sni 

The power of the jonrnali''t . . .. :3810 

.loiirnahstie o])enings 3974 

'Pile reporter 4190 

riif* >^nb-editor 42:Vi 

rile editor 44*29 

How to write 1577 

4'he free-laiiee .. 4671 

•Fuiirnali'-t's sy.steiu 1815 

Printliiff 

’I'he trade, type, fo'ints .. .. 5()2(> 

(!'om|>osi1ion .. .. 515 ”) 

l.inotype, monotvqie, furniture . . .52-19 

Dictionary of printing 525;} 

l.oeking-iip; imposition, reading. . 5 457 

Konndry, stereotyping, eleetro- 

tyfie. Dal/iers process .. .. 5550 

Printing i)resses 5744 

M.u'hine printing 5745,5867 

I’yjiefoimding 6073 

Eon rue inn : Etching, aquatint, 

line 6111 

Mezzotint, wood 6289 

IMujto-engraving 1648 

I.ithography . , * * 6635 


Books 

Rookhinding, puhllshing .. ..66 

Libraries 

G897 



GROUP 20 

Materials and Structures 


PAGE 

Churartpristics of timbers .. .. 51 

Iron jiml steel 231 

Metah 356 


aNiitural stones, artilleial stones.. 528 
ttcoloKieal synopsis of stones .. 535 

ilrieks and other building ma- 
terials, terra-eotta, tiles, pipes, 
sand, lime, eements, putty, 

mortar, eonerete 643 

K libber, giitta-perelia, gums, glue, 
horn, ivory, eam])iior, mica, 
asbestos, glass, emery . . . . 808 

Oils, waxes, resins, nlcohol, lacs, 
varnishes, j)aints, size, laimice, 
cojjper and iron suli)liates, inks 1032 
liituminous substances, leather, 

paper, fibres 1163 

Stress's, xtrentjtha and feats : of 

timber 1250 

Of iron and st eel 1391 

Of stones, bricks, cements, con- 
crete 1517 

Of ropes, ciiains, tibres, glass, 
rubber, bolts, spring*^, itipes . . 1699 
Structural mechanics, forces . . JH33 
StahUity oj strnrtun’s : beams, sale 

loads 1984 

Load diagrams, girders, stan- 
chions 2197 

Steel-frametl structures, canti- 
levers, girders 2116 

Koof trusses 2416 

Walls, buttresses, retaining walls 2570 
Arclies, suspension chains . . 2760 
Hooks on materials and structures 2761 
Leather 

History of h‘ather manufacture, 
raw materials, jircparing lor 

tanning 2851,3010 

Tanning 3012,3162 

1-eather dressing 3217, 3455 

llelting 3531,3712 

Hoots and shoes . . 3873, 4015, 4137 

Machine bootmaldng 1237, 1 132, 4540 
yaddlory and harness 4783, 4885, 5057 
5191, 5339 


(ilove mamifaetiire 5179 

Kecijies for leather-workers. . . . 5646 

HIctionary of leatluT trade terms 5617 

Wood-working 

Sawmill 5666 

Log-sawing 5899 

Uccipr<K*ating and band saws . . 5994 

(.’ircular sawM 6113 

Hand saws, cross-cut saws, 

benches 0357 

Saw teeth, tension, guards . . ,. 6449 

Planing and moulding inachines 

6152,6651 

Mortising, tenoning, boring, dove- 
tailing machines, lathes .. .. 0751 

Turning, tools ami lathes .. .. 6853 


GROUP 21 

Mathematics 

Arithwetic . Simple arithmetic 89 


Compound uuantities. , .. 226 

Metric system, fact ('rs .. 337 

Fractions and decimals .. 516,' 

lleciirring decimals, practice .. 884 

Ratio, jiroportion, prolll and loss 996 

Interest, discount 1127 

Stocks and shares 1262 

Sipiare and cube roots . . 1264 , 1 439 

Problems 1547,1713 

Alqebra : Elementary . . . . ISlM, 1993 

Multipliealion and diMMoii 2148, 2281 

Equations 2381, 2577 

Factors 2717, 2890 

Fractions 3026. 3198 

Qinolratie eeinatious . . ..31 99, 3290 

Evolution, indices 3111 

Surds 3521 

Ratio, proportion 3695 

Progressions 3913 

Permutations, combinations . . 4045 

Plane geometry 4207, 4330 

Triangles 4330 

Parallel lines 4477, 4623 

Parallelograiijs, ioi*i . . . .4723, 4905 


Areas, r-i I'jh-s 4905, 504 3, 5 1 97, 533 7 

6898 


I»A0B 

Hatio and proportion 5337, 5472, 5635 

f Ionic sections 5783 

Parabola, central conii’s . . . . 5943 

Trigonometry 6085 

Patios .. .. 6231,6373,6499 

J.ogarithnis .6500, 6627 

Solution of triangles . . . . 6628, 6789 

GROUP 22 

Music 

Theory of music . . 37, 270, 363, 565 

Hictionary of musical terms . . 42 

Tonic-sol-fa 805, 021 

Transposition 1057 

Pianoforte . . 1 210, 1 41 5, 1 506, J 757, 

1888, 2023 

Violin .. 2121,2311,2410,2508,2711 

Viola 2823 

Violoncello 2968 

Double-bass 3167 

Harp 3341,3396, 3524 

(luitar, zither 3760 

Organ . . . . 3857 

llarinoiiiuin, American Organ 

3950, 4179 

Mandoline, banjo, autohari», 

dulcimer 4308 

Accfirdion, tlageoh't, <‘oncertma . . 1484 

Fife, piccolo, tint c, ocarina . . .. 4567 

Flarioiiet 4 785 

01)o<‘, <*or anglais, bassoon . . . . 4891 

Hagpipcs 5059 

.Sarrusopboncs, saxhorns .. .. .512t) 

Saxophones, trombones . . . . 5265 

'rrumpet, eorind, born 5137 

Percussion instruments, bell- 
ringing 5.565 

Orehestratnjn 5726 

Orchestras, eondneting, choir- 

training 5885 

Singing 6047 

Singing practice 6182 

Phrasing, articulation, style .. 6336 

Piano-tuning 6442 

Musical instnunent making : 

Hrass instruments, wood-wind 6621 

Stringed instruments, violin, 

pianoforte, organ 6705 

Business side of amusement . . .. 6863 

GROUP 23 
Natural History 

Scope and aim of natural history 131 
Botany : Division of vi'getablc 
king<loiii, plant structure . . 165 

Heproduction, seed plants classi- 

tication 346, 503 

The struggle lor existence (food 

and light) 503 

Parasites, water ah'<orplif)n and 
traii.spirafion .. 505, 506, 5(»8, 727 
Pollination by water, wiml, and 

iiiseets 720, 908 

Seed dispersal 909 

Wlieat 913 

Plant protection 1114 

Ferns, tern-like plants .. .. 116 

Horsetails, mosses, liverworts 1310 
1368 

Alternation of generations. . .. 1311 

The hiwest plants ; thallophyles 1368 
ZouUtyy : Prinei pies, elassillca don 1490 
Mammals : omnivorous, herbi- 
vorous, ami carnivorous . . 1 761 
Means of progressi<ni .. 1869,2037 

Wi'apons, coloration 2155 

Hirds, classitication 2269 

FomI, movement 2193 

C'lotliing, colours, courtship, 

nests 2595 

Keptiles 2677, 2798 

Amjdiibia 2799 

Fishes 3065 

I’riinitive baek-boiied aninmla . . 3070 
Invertebra, shellfish.. 3113,3284 
Artliropoda, air-breathers, centi- 
pedes, insects 3361 

licet h*s, moths, butt ertties. . .. 3510 

Flies, bees, wasps, ants . . . . 3721 

Hpiders and scorpions 3803 

(fill-bearers, crabs, crustaceans 3806 

Worms 395 

Sea animals, zoophytes, sponges, 
animalcules 4081 


PAi.p 

437;; 

4602 

467C, 

492:. 

501.-, 

5199 


Apylied Botany : Tobacco 4270, 
Forestry, the industry 

Sylviculture 

Forest pests, forestry training. . 

Jluhber, cultivation 

H libber manufacture 

Substitutes, uses and chemistry 

of rubber 5309 

(fiitta-perchaandbaluta .. .. 531:; 

Basket -making .. .. 5488, 5561 

Fane and bamboo 5723 

Harks, cork 5897 

Tanning and medicinal barks . . 606.5 

Hriishmaking 6106 

Taxidermy 6326 

BaeierioUtgy 6437 

Immunity, bacterial treatment 

of disease 6510 

Dictionary of bacteriology . . . . 6545 

Evolution against bacteria . . 6781 
Highest aim of man, pliysical 
and moral 0783 

GROUP 24 

Physics 

Hi.story and liitiirc of jthysics . . 3;: 

Mat 1 er, force , energy 312 

Laws of motion 422, 5 19 

Etpiilibrium 553,6i;i 

(Jravilalion 662,797 

Spccifk* gravity 797 

E«iuilibriiini 799 

The etluT : naliire of gra vital ion 035 
Fluids, pressiir(‘ laws, Hoyle’s 

law, hydrokiiH'ties 1134 

Properties (>f matter 1144, 1265. 1374 
7/c«f .• IJ(|Uidsandgases, 1563,17.38, 1899 
Radiation, ahsorittion, eondue- 
tion, thermodynaniies . . . . 2060 

^ound 2064,2101,231.5 

Liyht : riicones, speed .. .. 2431 

Relieetion, imagi's .. 2436, 2599 

H(*fra<*tion, dispiTsion, rainbows 

2732, 2899 

Jauisis 2901 

Telese(t]>e, ((ptieal instrunnMits 2949 
The eye, sight .. 2952, 3178,3226 

'I'lie mieroseopt* 3227 

Colour, polarisation .. 3728, 3849 

Thet)ries of light .. .. 3851,3943 

Kinds ot ra<liation : N-rays, 
Rdiitgeii rays, cathodi' rays, 
theory and laws of radiation 3943, 1090 

Magnetism 4213 

Animal magnetism, hypnotism, 
human radio-activity . . ..II 19 

Crystalli.saf ion 4560 

.Astroph.Nsies 1561 

Ib'oblems (jf solution, osmosis, 
ionic theory .. .. 4502, 469 

.Summary 48.''2 

Rooks on modern physics .. .. 48sl 

Power 

Sources 5olo 

Power-] trod 11 eers 5127 

Power-iransinis^^ion 5:{5:i 

Prime Movers 

Steam-engine ])rineii)Ies, history . „ 5413 

(’yliiiders, valves 5611 

Ream, verlieal, Rcllis engines 5748, 5909 
Horizontal engines .. 5910, 6069 

Inclined, oscillating, three-cylinder 
and Rrotherhood engines. . .. (>071 

Valve gears 613'> 

Corliss and marine engines .. .. (►-('- 

The railway locomotive . . . . 651 1 

Steam turbines 6645 

(jlas, oil and jadrol engines .. .. 67.'^5 

Boilers 6874 

GROUP 25 
Physiology 

Life, its idicnomena 

Plan of the human body .. .. 

Dictionary of physiology .. .. H'- 

Construct ion ; systems, organs, 
cells, tissues, bones, me1.aboli.sm C'' 
Chemical composition, body heat 43.. 

Digestion 576, iw . 

Food, assimilation .. .. 677, 80 j 

Blood, circulation, red and white 
corpuscleH, vessels, lieart . . . • 



GROUP INDEX 


Blood-circulation, vascular plands, 

lymphatic system 

Tlespiratlon 

The skin, functions 

Kidneys 

l.oeoinotive mechanism : bones, 
arms, legs, muscles . . . . 160:i, 

Orders of body levers : motion, 

locomotion 

Nervous system 

Spinal cord, brain . . Iil43, 

Kye 

Hearing, taste, smell, speech 

Health 

Tfealth : conditions of long life . . 
IlMiealth, health linance .. 
Production and exiumditure of 
vital force ami strength . . 

(iood food, foodstuffs 

Foo(ls, cooking 

Beverages 33 U, 

l)i(‘ts 3380, 

Meals 

Food adulteration 

(;oodair 3718, 

Wntilation 

Water, water-supply 

Cleanliness, clothing 

Fxercise, rest, sleep 

The normal man 

Feeding and clothing children . . 

t are of children, schools 

I'he healthy house, sanitation . . 

lighting, heating 

Soils, climates 

Causes of disease 

Ill-health 

Symptoms of disease, treatment 

systems 

Natural remedies, ill-licaltli, teni- 

lieraments 

|).\si)epda, hiliousn'‘SS, stomaeh 

•ami liver diseases 

Artery diseases, vein diseases, 
blood diseases, heart diseases . . 

1 hseases of respiratory organs . . 
li){e<'ti()us ill-health, nerve 
diseases, diseases of sjiecial 

senses 

Accidents, first-aid 


GROUP 26 

Shopkeeping 

'Pile business, and its hoginning . . 13 

< hoiee of careers -Id 

Bii.v ing, sfoelving, selling .. .. 175 

Mu*}) fronts 3i).5 

Miop windows .500 

Starting in business 7(12 

Cyclopnedla of Shopkeeping 
Agricultural implement dealers, 
animal and bird dealers, art 
d(*alers, artists* material de-ileis 880 
P.al)y -carriage dealers, babv-liiieii 
oiittitters,' bag and IninU 
dealers, bakers and coiilee- 

t loners O-Jld 

Berlin wool shops, booksellers .. 1005 
lioot and shoe retailers, bnildi'Cs' 

nuTehants J32(* 

I'litchers -1127 

l-nttermen, carpet mereliaiits .. 1021 
Chemists and druggists .. .. 1051 

China and glass deahTS, chiropo- 
dists, clot Hiers 1803 

Coal dealers, corn-chandlers 1080 

t'utlery and tool dealers, cycle 

dealers 2091 

riairymen, domestic engineers, 

drapers 2215 

Dressmakers, electric dealers .. 2137 
Fishing tackle dealers, tlsh- 
mongers, florists, fi uiterers . . 2524 
Fnr merchants, gentlemen’s out- 
fitters 2720 


Ironmongers 3572 

Jewellers, licensed victuallers, 
manieiirists, massage specialists, 

milliners 3732 

Motor-ear dealers, musical instru- 
ment dealers 3878 

Xaturalists, newsagents, oil ami 

eolourmen 1055 

Opticians, painters and decorators till 
Pawnbrokers, perfumers .. .. 4310 

Photograpliers, photographic 

dealers It 17 

J’ieture framers, picture {)Oslcard 
dealers, plumbers, pr*.^tage- 
stamp <lea!Vrs, post-ollicc sub- 
agents 4000 

Poiiltt'rers and game <lealers, 
provision merehaiits .. .. 1711 

Saddlers 4888 

Seicntille instrnment tlculers, 
seedsmen, sewing-machine 

dealers 1003 

Ship chandlers, silk mereers, 

silver and eleetro-plaf e dealers 5220 
Sporting goods dealers, stationers 5313 
Surgical instrument dealers, 
sweet sellers "^oi 

Tailors, telephone oftiee. toha*-co- 
nists, toy merehants, umbrella 

merchants 5507 

Vndertakers, vvatehmakers, wine 

and spirit merehants .. .. 5785 

detailing enterprise 5025 

System in retail shops 005 1 

Wholesale tnule 0207 

Business Manngement 
Business correspondence . . . . 0350 

Factory and oltice system .. .. 0518 

Factory organisation 0030 

l.imited company torma(u)M .. osoo 
Ad\ertising 0857 

GROUP 27 
Shorthand 

Advantages of shorthand ami the 

Pitman system ; eoiisonants.. 48 
Vow(‘ls, <lipht hongs .. 250 

Circles, loops, gramma li*gues .. 127 

Initial hooks 5S0 

Final hooks, grammalogues .. (WO 
I)onl)le consonants, npwar<l and 

downward /and r S30 

Halving, double-length .. 1038 

1 Vocalising pi ami />/*, ?/ and // 

diphthongs, suflix*‘s 1101 

> (Jrammahigues, w riting ill |»!*>iti(in 12 51 
I Contraetions, phraseogr.tphy 1103 


Carpet weavings and design 

Weaving 

Automatic looms 

J*ractieal weaving 3084, t 

Carpet weaving 1 

Wool linisliing 4 

Carpet and cotton llni.shing. . . . 4 

'I’l'xtile printing 4 

Hosiery 4610,4 

Face-making 1877,4 

Floorcloth and linolimm . . . . 5 

Twine and rope mamifaeture .. 5 
Textile caleulalions and design . . r 

Dyeing 

Textile dyeing 5 

Mordants 5 

Natural dyestnlfs 5781,5 

Art ilieial dyest nils a 

Coal-tar dyes. . .. 5 

Insoluble eolours, water, preparing 

fabrics t 

Dyeing machinery < 

' Dyeing mixtures ( 

Non-textile dyeing .. ..0010,( 


GROUP 29 
Travel 

Tlie national imi>ortaiiei; of educa- 
tional travel 

Personal value of travel 
'I’he atmosphere of a country, 
guides, climatic conditions 

Modes of tnvel 

Touring Belgium, France 
Ccrmnny, Norway, lloPand 

Switzerland, Italy 

S|>ain, Portugal j 

Anstria-Hiingary 1 

Sweden, Denmark 

Russia, Crei'ce 

I lilted States, Caiimla 

Organised travel 

One Inimlrt'd phrases for travellers 


Typewriting 

Choice, fingering 

r\|)ewTitiiig i*raetiee, e-iibons, 

maiiitolding 

Typewrit iiig as a bu-im'^- . . 


Transit 

Methods of transit ..2152, 

Vehicle ronstraefiun : N'arieties of 

\ (‘hides 

Design of vehicles 

Dielionary of vehide (runstriie- 

tion 

Vehicle drawing ottice 

Body-making 

Body fittings 

Cnder-earriiiges 

Vehide metal-work 

rainliiig v(‘hides 

Carriage trimming and lining . . 

I’lie hieyde 

Au(*auobiI«‘s 

Balloon eonsl ruction, i>aradiutes, 

airslui)s 

J)n\ing, omnibus) s, cabs, tram- 
wavM - 


020 

GROUP 23 
Textiles 


ItaUuan m image me id : A)lmini-,- 

tra live si a If 

'I'he nmd) rn locomotive . . 

4227 

4220 

1005 

'I’l'xtile indii-frii’s, wi))*l 

0.8, 220 

Kailwa\ stalf 

4370 


I)icli)*iiarv ol textile t rules. . 

73 

'I'rark ami running slalfs . . 

4501 

1320 

C)>ltoii 


Signals, brakes 

4(i85 

.1 127 

Silk 

5.S 1 

Passenger traltic 

4803 

1 02 1 

I’exiile flbri's, cnltivali)>n .. 

710, SI7 

tbtoils trallie 

5008 

1051 

Microscopic structure )*t libn-s 

>20 

Clearing House and sii’ulry di;- 



Flax, hemp, jute 

.. 1025 

})artmeiits 

5101 


Wool-sorting and treatment 

Cott(*n |>n*i)ar:iti<>ii 

Silk i»reparali(*n 

Flax, hemp, jut)', ami ramie maiiu- 
fa)'t lire ami )lressing 

Carding proci'ss 

Wool-combing, silk ami ramie 

slivers 

Tow and Jiito (‘ardiiig 

Making felt 

Yarn manufacture 


Dhjvers and hosiers, greengrocers 2808 Spinnitig 2280, 

Drocers 3011 Keeling, winding, spoiling, silk- 

Dnn and ammimition dealers, wimiing and thritwiiig 

haberdashers 3151 Sewing-thread manufacture 

Hairdressers 3205 Count.s of yarns 

Hatters, herbalists, Itoiise fur- Waste utilisation . . 

nishers 3443 rriueiples of textile design . .2939, 


Shifihtn'ldinff : 'I'lie profession, 

varieties )>l shi|*s 5255 

'ry[)es )>f iiDolem sailers and 

steamers 530,8 

Sliipyanl drawing 5008 

Bliijiyard arrangement and W')>rk, 

keel, frame 5735 

Outside plating, riveting, caulk- 
ing, launching 5017 

Strength, speed, propellers, steer- 
ing 0221 

Ship manngement : Commercial 


2502 

cantile mariiu!, K.N.R 

6301 

2707 

Seamaiislup 

04)10 

2805 

Dictionary of nautical terms . . 

6413 

2897 

Navigation 

005 . 

3153 

Mercantile marine, ships'. staffs. . 

(>80.1 
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This Index is entirely alphabetical and Dynamo/' For general surveys of the 
unclassified, so that reference to it is a simple subjects treated in the Self-Educator, sec 

matter. Any item of information in any the Group Index, beginning on page 6893. 

subject should be looked for as if the Index Page references in italics Indicate illustra= 

were an index to that subject alone, French tions. Chemical compounds are indexed under 

adjectives, for example, under Adjective," their exact names -e.g.. Sulphate of Copper 

not under French"; dynamo brushes under under Copper Sulphate," with a cross 
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tion in regard to the French language or been separately indexed. They will be 

dynamos is indexed under ** French " or found by reference to the particular subjects. 


A: 8CC Ali)liabt*t 

A (—on) in Knj'lish wortl'^, 7.')G ; in 
un-})or»ilions, 

-IP (Frcncli prcposilioii), witli miincrals, 
177:3, G118U 

A (Italian i>rep(»siti»)n), use, r»:308 
A Ilf luacliino, in 4r,:il 

A.C. F., aiuusthetiu mixture, us*', :{l:5U 
A.l.C’., 78(> 

Allecket : Tle<'k«‘t 

A poRleriori reasoning in lojiio, liuU-J, 
59110 

A priori, louieal proet.*ss, 2(M34 ; de- 
fined, 5000; iii'^tanre of .Inpiter’s 
moons, (JU02 

Aalami Isles, touring directions, 1425 
Aardvark, ant-eater, 1705 
Aardwolf, hyjena variety, 1705 
Abaca., Manilla lieniii plant, 7JS, 719 
Abandonment, in clerkship, 405 

— in marine insurance, 48'>4 
Abassi cotton, 5’A'J, :3H4, :180 
Abatis, in military engiin-ering, (5272 
Abb, variety of wool, 1120 
Abbassi<les, dynasty of, history, 2;{5:i 
AbbrevialioiLS, c<unm<*rcial (list). 408, 

(1:1 5:1 

— in geometry, 4207 

— longhaml, in journalism, 4105 

— in music, mm-nolatimial, 271 

— shipping jnsuraiiee, 

Abdomen, human, ■>(), /s^ ; bip*'d ami 
qiiadiTipeii (•ontrasteil, 00 ; muscles, 
1712; respiratory function, 1:300, 
l;i01, hVhi 

Abductor, Iniman muscle, I'ioO, :35J 1 
Aberdeen, 1005; fish market, 15:30; 
harbour, 0:3:10 

— granite, 520, 1005, 1518 
Aberdeen-Angus bull, /.'hj 

— --- eat tie, 22 : 10 , 2210 
Aberration, in eye, :3180 

— spherical, in light, 27:35 

— in telescopes, 2050 

Abli's and varleti*'s: s<’i' I'irs, Spruce, 
and Jllack, Hemlock, and Xonvay 
Spruce 

Abiogeiiesis, in biology, 28 
Ablaliv*! abs*>lute (I.atin grammar), 001 
Ablative ease (l.atiu idhnns), 754 
Able seaman, pay, 4200 ; serviee con- 
dithms, 4207, 080:3 
Abnormality, detlnition, 485 
-Xborigines, American, 1780 

— Australian anthropology, 1785, 

1787, 17S8; condition, .‘3700 
' Jnclian, 1780 

Aborthm in cattle, treatment, 22:39, 

202 : 3 , :3071 

Abou-13ekr, calipbat*' of, 2:35:3 
Abrmling, wood-working, 5067 
Abraham, Jews trace origin to, OO'i 

— Plains, Qu('b*'e, 1650 

Abrasion, in t(*ol work, deJinition, 4140 
Ab-mxus grufinularUita : sie Magpie 
moth 

6900 


Abroim*, distribution, tibre, 818 
Abscissa of parabola (geometry), 1412 
Absinthe, dietetic value, :3:il5 
Absolute (iMuperntiire, I 80 O 
Abstract, in clerkshii*, 405 

- nouns, 122 

Abstracting, in quantity surveying, 
0505 

Abstraction, in psychology, 2Mi:{ 

.Abt .sjstcm, railway const ruction, :3804, 
:iSN 

Al)utilo»i, culture, 05:31 
Abutnu'iit of bri*lg*>, stahility, 2707, 
1*7 (if! 

■ — pieces, in staging, 1171 
A b.sssiuia, ethnology, 1700; g*.*ography 
of, :3452 

Acaci.'i. plant, 0880 ; elassilh'ation, :35:5 ; 
cuteh from, 500(3; tanning barks 
from, 0005; gr (tfxo Wattles 

- - bull’s h<*ni, use by ants, .*3720 

- F(jnnosa : ^ cSabieii 

- timber, eliarac((*iistics, 1200 

- fr<.‘e, gum-pro*iuciiig. 810; desert, 

:i270 ; Aigcrmn, :3 154 
Academic school of pliilosophy, Plato's 
teachings, 070 

Academy chalk, shading medium, 15:34 
Aea lit lute, characteristics, 07:31 
Accad ( habyloiiiaii history), 17 
Acceleration, in physics, 42:3 
Accelerando, ])ianoforte renclering, 1801 
Acc*‘iidere (Italian verb), conjugation, 
4702 

Ac*'(:nt, in grammar, 122; in music, 
40, 807 ; in singing, 0:340 
vl creator : sre llcdge-sjiarrow 
Ai-ccnts, French, 124, 440 
-- (in'ck, 5:375 
~ Italian, 2044 

- pianoforte, 1800, 1802 

■ — S])aiiisb, 2040 ; use. :37t>2 
Acciaccatura, in music, ilcliiied, 271 

- on’liestra scoring, 5885, 

- ill violin playing, 2o0!) 

Accichujcc, detinitiou, sciqic, 115, 700 
Accidi'iif insurance, 4.S51, 4852 
Aci’idfMital'^ in miisie, ligured bass, 

0:11 ; traiisiiosition, 1058, 514:3 

- violin playing, 2:31:3 
Accidents, llisl aid, 0471 
Aceommpdation of eye, 2401, 2054, :31 78 

- bills, in clerkship, explained, 1000 
AecompaninnMit, pianoforte playing, 

1801 ; practice, 2024 
Acconlatura of guitar, method, :370() 
Ai'cordioii, coiistructiun, playing, 4484 
Accorgere (Italian verb), conjugation, 
5081 

Account sales, in bookkeeiiing, :3079 
Accountancy, dictionary of, 405; see 
also Abbreviations 

- ■ jirofessional training and praetice, 

101, :391 9, 3920 

Accountant, bunk, duties, 4580 ; 
borough couucil, salary, 320 ; in 


business Jiouse, 000, 078; muni- 
cipal work, 1007, 1000; proiV^- 
sioiial, examinations and work, 
148, 3020 ; railway company, 4227 ; 
War Ollice salaries, 3195 ; w'omcii, 
:321 (’barteri'd accoiintjini., 

Accounts, consignment, foreign triulc, 
:3070 

— real ami nominal distinguished, 24 1. s 

— shopkeejiers’, rendering and paynieiit 

re*iucsts, 5027, 0200 
Accroir*' (French verh), conjugation, 
40:30 

Accumulator, (‘icctric, books on, 120s ; 
cost, 4004; FaurO's. :3080, :3 om 7. 
modern, :3087, :3088 ; Plauti'-’s. 

:)080 ; principles, :3()80 ; tclegra|>liic 
use, 55:{5 

— b.\ (Iraiilic, doscrijition, 1080 , 1082 , 

in pnisses, 122:3 

Accusativi? case', Kspcraiito grammar, 
5:37:3; (.ireck, 0238; J^atln, syntax, 
444; in reported speech, 1048 
Acer: St'e Maple 
Ai'ctabuliim, lii]> socket, 1708 
Acetamide, :353C 

Acetanilide, conqiosition, uses, 5400 
Acetic acid, glacial, 5-100, 5407; pio- 
perties and usi-s, 13 1:38 

— ether: see Ethyl aeetat*' 

Acc'tone, properties and uses, :3:'7u 

5407; manufaeture, 5107 
Acetylene,'^ 6820 ; discovery, 77; a^; 
iUiiininant, 0025; lueparatioii, 
2711, 3707, 5401, 5758; iiroperti* '*, 
:3707 ; synthesis, 2711; vehi* !*- 
lighting, defects, 3025 

— gas tit tings, 0025, 08:30 
Aebaians, Dorian invasion, 2858 
Aehaunenides, art, 2659 
Acbermos, sculptor, work of, 2929 
ArhUlva miile/ofium : s./<; Millefod 
Achilles tendon, 171 1 
A**lirematiti', clmracters, 67:31 
Achroite (tourmaline), 5853, 5850, 07:31 
Aclitaragdite, 0731 

Acid, in chemistry, 240, 830 

— salt, in chemistry, detlnition, 844 
Acids, books on, 0680; elect roly^i'^. 

5753 ; as electrolytes, 3*260 ; fat I \ , 
chemistry of, 3485 ; hydroxy, loi- 
mat ion, 3534 ; mineral and organ '* 
uses, 5781 ; iu ore extraction, :i8:u» . 
organic sources and inaimfactiii' . 
.*3704, 4781 ; reagents ami tc.'ii'. 
4410. 441 1 ; in solution, 4407, 4408 

— see also speeille and group namcf’ - 

e.f/., llenzoie, or J'’;itty Acids 
Acipensrr sturis : sffc Sturgeon, 
mon 

Ackermanii axle, 3327, 3328 
Acmite, characters, 6731 
Acouine, preparation, 4012 
Aconite, 0880; effect on body t<u^' 
perature, 440; alkaloids, 4012 
Aconitine, 6880 ; poisonous nature, 401- 
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Aeon— Aigrr 

jiconitnm * 9ee Monkshood 
Acordar (Spanish verb), conjugation, 
4366 

Acorn, value as livestock food, 2000 
Acorn-barnacle, descrii)tion, 3800 
Acoustics, study of, 2064 
Acquired characters, biological defini- 
tion, 485 ; Jiamarckian theory; 
653 ; problem of transmission, 825, 
Mendel’s experiments, 1481 ; deve- 
lopment by exercise, 148 4 ; niuti- 
latioiis not transmissible, 1586 ; in 
mental evolution, 3110 
Acquirements of society transmitted by 
social heredity, 5:186 
Acre, Irish, 1147 : in square measure, 
226, 1147 ; Scotch, 1147 
Aerediilacawlata: see Tit 
Acridine, source of dye, 5468 
Acrobats, noted, 6866 ; salaries, <»S6S 
Acrogens (botany), definition, 51 
Acrolein, formation, 4820 
Acromion process of scapula, UlS, 1340 
Acropolis, Athens, arcliiteclure, 2f<.jS, 
2Sf)U\ description, 1525 ; marble 
of, 3245 ; Idicidias’ inllueuee, 2020 
Act of Settlement (17ol), 4050 
Actias selene, food distribution, 583 
Actinium, element, 1017 ; radio-activ- 
ity, 2020 

Acting, profession, 686:3, 6808 
Action, elFcct of olcoliol, 58l:J 
-- ill sculpture, 1345 
Actium, battle of, 1672 
Active voice, in English, 608 
Acton, Lord, his hundred best books, 
3783 

Acts of Parliament; see under titles of 
Acta 

Actuarial tables, construction. 4728 
Actuaries’ textbooks, 4730 
Actuary, duties, examinations, 4720 
Acute accenJ, French, 124; special 
rules, 440 

Acu(e-angl(Ml triangle, 285, 2S7 
Adam and Fve, Florentiau s<’ulpture, 
3517 

Adam’s apple, in physiology, 107 
Adamant, derivation of word, 1375 

— - fiags for footpaths, 2430 
- slabs, composition, 2428 

Adamite, characters, 0731 
Adams, John, President U.S. A., 5073 
Adams, Professor H., invention of 
locomotive funnel, 520 
Adamson tianged seam, 3107 

— fine, attachment to end-plate, 

:n06 

— seam in boiler furnaces, :u)!)7, 

3102, :il07 

Adaptation of animals to environment, 
1402 

Adder, description, 2080, 2681 
Adder’s tongue, 1117, 1118 
Addington, Henry, politician, 5685 
Addison, .loseph, poems, 003 ; plays, 
1150; works, im])ortanee, por- 
trait, Hmz, 1004; (’ourtbope’s 
monograph, 2.587 
Addition, algebra, 1810, 1820 
'-arithmetic 00; comiaiund, 228; 
of decimals, 0:i, S8.» ; of fractions, 
547 ; “ tots,” 2473 
Address book, curkship, use, 776 
-- correspondence forms, 6353 
Adductor longus and inagnus, human 
muscles, 1350, 1:35 1 
Adilurrc (Italian verb), conjugiition, 
5081 

Adelaide, S. Australia, 3800 
Aden, British possession, 2817 
Adenoids, treatment, 6132 
Adhesion, compareil with cf»hesion, 
1374 

Adhesives, manufacture, 5357, 6558 
Adiabatic line in gas-pressure diagram, 
exidained, 1806 
Adige (Ktsch), course, 1838 
Adipose tissue, 106, 4:37 
Adits, in mining, use, 3102 
Adjective (linglisli), 110; adverbial 
formation, 1184; participial, 756; 
quality, quantity, position, 445 

— (Ksperanto), 4656,5231 ; participial, 

6237,6380 ; position, use, 4700, 5516 


Adjective (French), position, agree- 
ment, and comp.*irison, 1330, 5651, 
5652; complement, .5653 ; demon- 
strative and possessive, 1475 ; 
gender rules, 1052; indefinite, 
1870; numeral, 1610 

— {liennan), agreement, rule, 1055; 

attributive, 1774; case govern- 
ment, 3031 ; comparison, 3062, 
:3213 

— (Creek), comparison, 5051; dccl(‘n- 

sion, 5518, 5656 

— (Italian), 2631,2770; comparison, 

3058, :n)50; numerical, 2010 ; modi- 
ficatitm, 3200 

— (liUtin), comparison, 443; dccltu- 

sion, 110, 242, 442, 601 

— (Spanish). 2481; comparison, 2628 ; 

p»)ssessive, 3056 

Adjusters (marine insurance), 485 4 
Adjiistiinmt aecouiit, 2082 
Ailjutant : see Stork 
Admiral, promotion and pay, 4102 
Admiralty appointments, 3105 
“ Adoration of the I.ainb” (If. and J. 

Van Kyek), :{t)48 

Ad(|uirir (Sp.aiiish verb). <‘<»njnRation, 
4367 

Adrian l.(Pope) and Charlemagne, 2015 
Adrianople, 2167; 'I’reaty of, 6148 
A<lulaiia, cliaractcrs, 07:11 
Adulteration, of <‘ondiinents, 4720 

— of foods and beverages, :i71G 
-- public analyst’s duties, 82 
Adventitia of arteries ami veins, .953, 

055 

Adverbial numerals, Latin, 601 

— ])hrases. Spanish, 4012 
Advcriw, English, 116, 1184, 1218 

— Ksperaiito, 4700, 5510, 5805. 0:381 ; 

French, 134o, 5082, 0088 ; lierman, 
3213, 1470; Creek, 5051 ; Italian, 
40.3.8, .5080; L.itiii comparison, 

443; Spanish, 4040, comparison, 
4041 

Adv<‘rt Isenients, qualities, writing, 

6800, (5802 

Advertising, (5857 -OHOI ; importnncf' <>f, 
15, 27.55; jobbing compositor’s 
Work, 5.871 ; by shopKc'cpcrs, 5030, 
6801 ; wholesalers’, 0200 

— agency, working, 0857 

Adze, form and use, .3.380, 4150, lir>l 
.Kcidiosporc wheat, germination, 1660 
.Fd(‘lforsit«*, characters. 6731 
..Kgcan islands, Plnenician colonics, 
501 ; Actiican invasion, 2858 
.Kgyritc, characters, 0731 
“ .Kneid,” of Vergil, 755 ; Caxtun’s 
version, 3005 ; first Fnglish trans- 
lation, 328 ; Surrey’s version, :52S 
.Fi)\ornithl«l;e. eggs, 2214 
Aerated waters, dietetic value, 3.370 ; 
nianulacture, preparation, 6-;9/- 
CiiJi 

.\erial cableways, 6260 

— ])crspee1 ivi*, 000 

Acrol)es (bacteria), 4742, 04:i8, 0410 
Aeroplanes, in Barton’s airship, 2270; 

experiments with, 2280 
.F.s<'bylns, Creek dramatist, 774 ; 

killed by vulture, 2103 
.Fi.^chyrite, ebaracters, 0731 
.Fsophagiis, human, Jilt 
Aestlietics. art ami biiman pr.ogHss, 
180; importance of training in, 
1045 

Atfcrent nerves, human, 1013; in 
siiinal eord, 2lli\ see also 
Sensory nerves 

Allinity, chemical, theory, 59; anti- 
quated, 23.8 

— in natural history, 1:16 
Allixe.s, Fsperanto, 4656 

Afiligere (Italian verb), conjugation, 
5081 

A fi'( irest at ion ; see Forestry 

Afghan wars, 6000 ; Kaye’s history, 2618 

Afglianistan, etymology, 1700 

— geography, 2715, 2617 

Africa, coalfields, .5305 ; eotton manu» 
facture, JS.’L craniology, 

1786; etymology, 1780; fauna, 
628, 3277; forest, trees, 626 ; geo- 
graphy, 3275, 3270 ; islands, 3587 ; 


petroleum deposits, 5305 ; size, 
4(30, 850; vegetation, 627 
Africa, Cciitr.al geography, 3582 

— - Xorth, ge(>grai)hy, .34.50 

— South: South Africa 

— Soutlicrii, geography, 3584; see 

also South Atrica 

— West, geography, 3452 
Africans, as labourers, 6630 
.Aft<T-<lamp, defined, 1158 
After-image, in physics, :’»227 
Aftrr-mi/.zeii-masl , tif shij), 5:’>00 
.If/aprujoK .• see Love-bird 
Aiianras utelleus ■ see Tinder fungu.s 
Agassiz, .lean L. IL, author, 3781 
Agate, 707, 5.852, 07:51 

— glass, mamifaeture, I'Au) 

— - \var(‘, exampl(‘, 5 ! 

.\galharch(is. Creek artist, art, 203! 
Agatseh, measure, 110 

Ag(', ill-beaith ot, 5700; mortality, 
eoniparative statistics, 270 4 

— ('liiuese periods, 5700 

Agelaiiles. Cr<‘i‘k sculptor ami teacher, 
2020 

.Agencies, district, 020.S 
Agency, law nf, 0814 

aeraaint. Iiank hooklvCeping, 14:t8 

— < (uniiiisNion ami order books, use, 776 
•Vgtait, mannfaetiirers’, o;>0 . poivi'r.s, 

0.8 44 

— in telejiathy. di'finition. :*.002 

Ages, of human life, dangerous peruvls, 
45:u) ; tin* >-eveii peiiods. 57(,‘0 
Agesamlros. baoeoon group, 2‘.)30 
“ Aggregate.” in eonerete, :5;52 

— mortar, jireparation, qualitu's, 1052 
.Agineoiirt, battle of, 3 t03 . liatthOield, 

1 682 

Aglaite, eliaraeters, 6731 
Agiiesite, characters, 67:51 
.AgnostieUin, a form of seeptb’i^in, 0257 
Agra and Ondli J’ro\inees, pnalnets, 
5:580 

Agrarian Ians, Koman. e.arly reform 
attempts, 1138 ; Spnnns Cassius, 
1202 ; Craeehi. i:5S2 
Agri'ement in business, defined, 058 
Agrieola. .hiliiis, in Britain, 1040; in- 
vasion of Caledonia, 2007 ; reeal!c-d 
to Borne, 2008 
Agricolile, eliaraeters. 07:51 
Agrieiiltiiral (‘lass, statistics, 2700) 

iinpleinents (ploiigliing and harrow- 
ing). 12J0, 12il, J2i2. d*‘aliiig, 
880 ; renewal leirts, .8,80 

— mai'liimay, 21, I'^l'i 
• - manures, i:5:5, 5.80 

products of tlu' worhl. 487:5 
Agrienitme, anenMit. 21 ; in Auslndia, 
:;2 55; Belgian, 18.7:5, ljil)liogr;ipliy, 
:U 70 ; ill Can.ola, :i2o:5 ; cereal eiil- 
tnation, l:J2!l- -I2 ’> i \ in ( liiiia, 
2071; enltiN.aliMn ot the soil. i;!0, 
.'•8'.); dairy-iarniiiig ; see Dairy- 
tanning; (‘diieal Hui. 24; ensiljigi', 
1070, 1071 ; Kuropean citimIs and 
fruits, s:,:, ; ill cMdiition ot man, 
4.515; tertili.s»‘rs: s’e I'erl ilisers ; 
lonige crops, 1107 ; I'rench, 1081 ; 
grain ero]>s, Si2, ; grasses. S7 1 , 
6'\l\ baiNcstiiig tl.'c eri'l's, IhUl 
h;iy, 1028 ; Imlian, 2820 ; Italian, 
22:50; .liipaiu'se, :;150; meadow 
land, l;578; .M(‘\iean nu'tbods, 
417(5 ; niodt'rn problems ('economic) 


.3, (eotninen i. 

il) 760 

motor 

t rathe, 

etb‘ct. 

1155; 

\ew 

Zealand 

3466, 

:;0(i2 ; 

]>esls 

tmig( 

)Us and 

Inseet , 

1666, 

UiCu, 

1068, 

Mn‘etle), 


:1'>12 ; 

root 

crops. 

.9/2, .97 

.;, 944, 

94 5 ; 

Bussia, 

, 2408 ; 

Poland 

, 2408 ; 


seeds and sowing, (3:55; in Sweden, 
1561, 1562; in Switzerland, 1830; 
Ta.sniania, 346.8, 3460; United 

Kingdom, 0.86; weeds, 882, 883; 
(eratlieation), 1:577 
Agrigentnm, Creek remains, 2,850 
Agrimony, seed-dispersal, 911, 012 
Agripi)ina, wife of Kmperor Claudius, 
career, 1037 

Ague, becoming extinct in Fnglatnl, 
5440 

Aguilariie, characters, 6731 
Aigrette, in millinery, anause, 55' )a ; 
cleaning, 6040 
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Aigucs mortes (post), change of 
position, 4518 
Alkinite, characters, C731 
Ailanthus, silk, 1247 
Ailments; see Jlisease 
Ainos (Japan), etymology, 1789 
Air, agent in changing cartli’s surface, 
1499, 1501, 3718 ; analysis of Lon- 
don, 3801 ; chemistry of early, 60 ; 
* arbonic acid in, 1159 ; compressed 
(in mechanical engineering), 1806*, 
(in factory power) 5590 ; (other 
uses) 5356 ; comiiression, 5355 ; 
<onstituents, 3718; dielectric 
lapacity, 3580; diseases carried 
hy, 5410; filtration, 4019 ; friction 
ill i)liysicfl, 425 ; in (freek pliysics, 
34; furnace heating, 4126; 
ground, impurity and movement, 
5273; hot, pov{f^r use, 5414; 
humidity, \ hygiene of, 3718 ; 
impure, effects, 3801 ; impurities 
(inorganic), 3708 ; (organic), 3720 ; 
liquid, power transmission by, 5356; 
in mechanical engineering, 1801: 
see also ITydrost at ics ; mine supply, 
3310; ozonisation, 5760; medium 
of soinni, 2101 ; imcumatic power 
transmission, 5355 ; pressure, laws 
of, 1801, 1806, 5356; see also 
Air, compressed; properties, 3718, 
3719; purifying agenta, 3799; 
jiurity, standard and test, 3801 ; 
radio-activity, 2029 ; in respiration, 
1801; speci lie gravity, 799, 3718; 
temperature and pressure, meteoro- 
l<*gical effects, 294 i in ther- 
muinetcrs, 1 566 ; transit of, general 
survey and maximum speed, 2279 : 
see also Hal loons, Aeroplane ; 
water-vapour measurement, 6131 
Air-bag in drains, 782, 783 
Air-hreath(‘rs, tracheato, 3361 
Air-brush, photographic, 4419 
Air-cell, of lungs, anatomy, 1299, 1300 
Air-compressor, 1823, 1824 
Air-cuidiion, of air-hoist, 1805, 1808 
— manufacture, 809 
Air-furnace, in smithy, 3107 
Air-furnaces, use of term, 2864 
Air-gas, 6818, 6821 : asillnminant, 6J53 
Air-goods, manufacture, 809 
Air-licator, in brickmukiiig, 1282, 1283 
Air-hoist, 1805, 1807 
Air-inlet, in drainage, 780 
Air-motors, construction, 5012 
Air-plant; see Epipliyte 
Air-iMimp, 1081, 1143; in drainage 
toting, 783 ; engine, drawing, 4201, 
4202, 4203 ; lever, 828 ; mercurial, 
invention, 2612; rod, 208 
Air-ships, hinds, 3981, 3984 
Air-space, allowance, 3802 
Air-test for drain pipes, 783 
Air-tubes, of insects, 3362 
Air-vessel, of pump, 1082, 6061, 6062 
Air-way, in mining, 3560 
Aire, river, 984, 1272 
Aix-la-(.3)apellc, cathnlral, 3233 
Akassa (port), bar at, 3l5;i 
Akkas (African tribe), craniology, 1786 ; 
.stature, 1786 

Alabama (state), geograpliy, 4172, 
4174 

Alabama (steamer), dispute, 5976 
Alabandite, characters, 6731 
Alabaster, varieties, colours, uses, 1160, 
1721, 6731 ; see also ('alcium sul- 
phate 

— glass, 4533 ; munufacture, 4930 
Alarcon P. A. de (extract from bis 
“ Diario ”), 3208 • biography, 3209 
Alaric invades (jI recce, 2948 
Alarm system, telephonic, 6080 
Alaska, N. America, 1175 
Alaskaite, characters, 6731 
.lUbnny, town (\V. Australia), 3899, 
3900 

.41batross, clussilicatiou, 2214 ; food, 
2493 

Albeit, derivation, 1337 
Albert, Prince (’onsorl, 6690, 6692 
Albert Edward Nyanza, lake, 3275, 
3460 

Albert Nile, course, 3450 
Albert Nyanza, lake, 3275, 3450 
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Alberta (province, Tanada), agricul- 
ture, 3206 ; geography, 3203, 4066 
Alberti, architect, 3675 
Albino, colour of iris of eye, 2401 
Albite (mineral), 768, 6731 
Albumin, chemistry of, 4134 ; clarifying 
gelatin, 5359 ; in cocoa and coffee, 
3378; milk (influence in cheese), 
4492 ; precipitation, 4035 ; of seeds 
(plants), 350 ; in standard diet, 
3380; tannic acid precipitation, 
3823; in tea, 3378; in textile 
printing, 4501 ; in wliey, 4573 
Albuininuid, ratio in bw»d, 2703 
Albuminoids, animal cells, 276; in 
human bodies, 438; in livestock 
feeding, 2703, 2705, 2706 ; relation 
to protoplasm, 135 
Albuminous seeds of plants, 350 
Alcanzar (Spanish verb), conjugation, 
4078 

Alreiliniihp : sec Kinglisber 
Alchemists, views <m metal, 240 
Alchemy, compared with modern 
scienee, 487; and fill ure and present 
science, 1148 ; history of, 59 ; the 
new, 1448 
Alruhv : see Auk 

Alcohol, abolition, effect of, 5815; 
abuse, 2796; absolute, gravity, 
nianufaetur(‘, uses, 1034, Wio, 2880 ; 
action on living tissue, 3017 ; action 
on pliysi<iue, 5674; aflinily for 
nervous tissue, 3019; antiseptic, 
3016 ; chemical nature, 3111, 5671 ; 
cost to stale, rrencli estimate, 
5673; dietetic Naluc, 3019, 3311, 
3377; di'-casc causation, 5813 ; dis- 
tilling, 1034 ; cause of dropsy. 5842 ; 
(‘Ifeci on body temperature, 110, 
1423,3018; cfb'ct on blood, 5671 ; 
elfect on brain (physiol.), 2300 ; 
etti et of < \cess in Ininmn body, 
867; ellecl (»n germ-plasm, 3017, 
5674 ; ellecl on nerves, 1943. 3019 ; 
€tt'(‘ct on voice, 25:>9 ; effect on will 
and action, 5813; ellecl on work, 
6814 ; in essential oils, detection, 
4972 ; evaporation, 1742 ; as fever 
reined v, 3019; as food t>reser\a- 
tive, 3820 ; food value, 3019, 33 1 4, 
3377 ; liquor trade and revenue, 
5673 ; irom maize, 4871 ; manu- 
facture, 1034-1035 ; medical mani- 
festo, 5816 ; medicine, 3016 ; 
mortality, 5673; native races, 
destruction, 5672; «*onipared with 
opium, 5672; oxidation, 3018; 
in perfumes, 4972 ; pbannucoiogy 
of, 3018; idiysical aspects, 5671, 
5812; a poison, 3019; as power 
producer, 5128; as jireservative, 
3016, :t820: problems: see Aleu- 
bolisin and l)rink i>rol>h‘ms ; pro- 
ducts, 3270; properties, 2877 ; pro- 
toplasm i>oison, 3017 ; reactions, 
3020; scientilic \ lews, 3018, 5671 ; 
.social organism, effect on, 5670 ; 
specifle gravity, 799, 1078 ; as 
stinmlaiit, 4009, 5671 ; synthesis, 
Herthelot, 2711; tests, 3019; in 
thermometers, 1566; and tnher- 
culosis. 5673; u.se, reasons for, 5672; 
volatility, 1741 ; water dilution, 
2880 ; women’s use, 5673 ; see also 
Sjiirits and Methylated spirit 
Alcoholism, books on, 5671, 5672, 5674 

— chronic, effects, 5813 ; and social 

disease.s, 5814 ; causes, 5814 ; 
cause of erime, 5815 

— destructive effects, 5812 

— heredity problem, 651, 1588, 2662 

— immunity from, 6784 

— psychological account, 2993 
Alcoholometer, form of hydrometer, 799 
Alcohols, cheinieui characters, 2877 ; 

distillation, 1034; formula?, 3020; 
lircparallon, 2877 

— dihydric, 3142 

— monohydric, 3142 

— tetrahydric, graphic formula, 3487 

— trihydric, 3271, 3273 

Aldehyde, formula, 3020 ; properties 
and preparation, 3021 ; relation to 
aketone, 3270 

Aldehydiol.s, dihydric alcohols, 3142 


Aiifu -Alko 

Alder, 6880 ; classification, 355 ; soil re- 
quired, 4604 ; a.s timber, 1260-1261 
Alderney, Channel Islands, 1367 ; 
history, 2611 

“ Aldobrandiiii Marriage,” fresco, 293 i 
Ale, alcohol percentage, 1035 
— water for, composition, 6059 
Alcetmdes : see Hustard 
Alernanni, tribe, distribution, 2242 
Alen, Danish measure, 409 
Ales, ” fining ” by publican, 3737 
” Alexandro del Horro,” picture by 
Velasquez, 182 

Alothes (Greek adjective), 5519 
Aletscborn glacier, 401 
Aleutian Islands, oceanography, 554 
Alexander the (treat, invasion of India, 
417 ; conquest of Egypt, 421 ; 
battle of Chicronea, 775 ; life, 072 ; 
Lysippus' statues, 2929 
Alexander and 111., of llussiu, 

reigns, 6301 

Alexander III. of Scotland, Isle of Man 
ceded to, 2610; pays homage to 
Edward 1., 3074 

Alex.indcr Sev(*rus, Homan emperor, 
rule, 2071 

" Alexander's Feast,” (Dryden), 993 
Alexandria, Alexander founds, 972 ; 
Ciesar campaigns, 15J5 ; Arabian 
siege, 2353 ; bombardment, 6893 
Alexandrine metre, 538 
Alexandrite, 585:1, 585r>, 0731 
Alfalfa, forage crop, 881. 882, 1197, 1629, 
290t; climatic conditions and 
cultivation, 4962 

Alfon.so Henriqnez, King of Portugal, 
defeats Arabs, 2916 
Alfred the Great, 2355 ; and wool 
trade, 69 ; creation of Hritish 
navy, 146; as a writer, 1008; 
and Oxford University, 3073 
Al{f(r, group.s and characteristics, 165, 
1368 

Algarobilia, in leather tanning, 5780 
Algebra, binomial theorem, 4016; 
books on, 6790; brackets, 1903; 
combinations, 4015; expressions, 
2149; factors, 2747, 2890; frac- 
tions, 3026, 3198; indices, 3412, 
remainder theorem, 2890; substi- 
tutions, 1818; surds, 3521 ; varia- 
tion, 3696 

Algeria, geograpliy of, 3279; trade, 
5822, 5824 

Algerite, characters, 6731 
Alhambra, Granada, 1133, 2234 ; toiiii- 
dation, 2946 ; architecture, 3091 
Ali, stepson of Mahomet, caliphate, 2353 
Alidade, surveying in.stnnnent, 71 o 
Aliens, naturalised, admission to ('i\il 
yerviee (U.K.), 2249 
Alignment, of shaft.s, etc., testing, 3964 
Alimentary canal, structure, 750 
Alione layette set, 3745, 3746 
Aliphatii; compounds, in essential oil;!, 
4968 

Aliquot parts, defined, 886 
Alisina : see Water plantain. 

Alizarin, artificial dye, 5953 ; in clotb, 
test, 5599; dyes, 5468, 5953,5956. 
as madder substitute, 5906; syn- 
thesis, 5908; in textile printing, 
4502; yellow’, pigment, 871 
Alkali, in digestive process, 675 ; re- 
fined, manufacture, 4771 ; in ricc- 
stareli manufaidure, 5364 ; in soap, 
3485 ; waste, siilplmr recovery, 
4625 

Alkali Works Act, hydrochloric acid 
in air, 4634 

Alkalies, effect on nerves, 1943; a;; 
electrolytes, 3260; manufacture, 
4770-4782 

Alkaline earths, in chemistry, 84.3 
Alkalinity of blood and katabolism, 
3016 

Alkaloidal salt.s, formation, 382.* ; 

antagonistic isomers, 4013 
Alkaloids, animal, 3826 ; in beverages 
3378 ; chemistry of, 1600, 382 1 , 
poisoning by, 3826 ; spelling rule, 
3825 ; vegetable, properties, uj>e, 
abuse, 4006; see also partienlii'' 
alkaloids — e.g.. Atropine 
Alkoran: seeMomw 
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Alkyls, preparation of ethers, 3138 
Allaetitc, characters, 6731 
Allah, in Mohammedan creed, 2243 
AlleKories, early English, 2962, 2963 
Allegory of Spring," picture by Eotti- 
celli, 3793, 3794 
“ Allegro ” (Milton), 991, 995 
Allcrnontite, chariclers, 6731 
Aller (French verb), conjugation and 
idiomatic uses, 4507 

— river, Germany, 1976 
Allier, river, France, 1684 
Alligator, description, 2798 

— leather, grain, plate fn ino 3217 
Allinghani, William, Irish poet, 143S 
Allium, garden culture, 6490 
Allotment of shares, 3186 
Allotments and small hohlings, agri- 
cultural, English and (’out incut al, 
24, 25 

Allotropy, in chemistry, 1046 
Alloying, eifecta on ni-tals, 3939 
Alloys, metallic, 3939, 5523 ; com- 

pounds or mixtures, 1722; electric 
resistance, 672 ; formation by com- 
pression, 3837 ; fusible, 360 : aee 
also Fusible 7netals; furnaces lf)r 
melting, 2862-7 ; licpiid state, 3939 ; 
inoiild-makiiig precaiitions, 2698; 
preparation, 3930, 5523 ; pro- 
perties, 3939; remelting, purjiose 
of, 2547 ; strengths, 1396 
Allspice : see Fimento 
Alludere (Italian verb), conjugation, 
4792 

Alluvial deposits, formation, 844; in 
mining, 2665, 2666; table of, 535 

— soil, deposited by rivers, 1631 
-- — in foundation, 332 
Alluvium, formation, 255 
Allyl, in turpentine, 5466 

Allyl isothtocyaiuite, formation and 
preparation, 4721 

Almandino (garnet), 5853, 5855, 6731 
Almanditc. characters, 6731 
Almond oil, in sculpture, bronze (•olf)nr- 
ing, 1675; source, proj)crties, 4831 

— rock, in mining : see Banket 
Almonds, 6880 

bitter, oil of, formula, 3710: pro- 
duction and substitutes, 5468 
Alnus: Alder 

Aloes, 6880; medicinal use, 4013 
Aloin, principle of aloes, 3825, 4013 
Alopemrxts pratensis * see Meadow tox- 
tail 

Alpaca goat, source of wotjl, 220 

— wool, 70, 72 ; warp of, 2594 
Alpha particles of radium, 1916, 1017, 

2028 ; size, 2029 ; heat produc- 
tion, 2303 

Alphabet, Babylonian, 17 ; Fnglisli, 
121 ; Esperanto, 4511; French, 
123; German, 240; Greek, 5374; 
Italian, 2043; Latin, 118; Pho-ni- 
cians and. 501; shorthand, 48; 
Spanish, 2040 

Alps, European, 1836; bird’s-eye v iew 
from, 1835; Hannibal crosses, 
1204; lirnestono formation, 1815; 
strata inverted, 1923 
Alsace, German province, relation to 
llhine and annexalion, 1975 

— and Lorraine, tours in, 393 

Alsike, grass, 941 : seed statistics, 
877, 940 

Aising cylinder in pottery manufacture, 
5236, 5336 

Alstonite, cnaractcrs, 6731 
Altai mountains, Mongolia, 2562. 2977 
Alterations in tailoring, 3014, 3015 
Alteniaiithera, culture, 632t), 6491 
Alternating current: see Current, 
alternating 

Alternation of generations (hioL), 
382; in ferns, mosses, etc., 1311 ; 
in jelly-fish, 4086 

Alternator, electric, sizes and types, 
1357, I35S; phase coils, 1363; 
power- factor, 1363 ; windings, 
three - phase connections and 
groupings, 1907, 1908 
iee Hollyhock 

Altitude, balloon observations, 3982; 
determination, 6245; lufiiicnce on 
temperature, 4494; of the sun, 1016 


Alto clarionet ; see Basset horn 

— clef, in musical notation, 10.")9, 

1060 

— part, in harmony, 364 

— in singing, characteristics and com- 

pass, 6050, 6051 

Altruism, ethical and sociological value, 
4278 ; in nature, 4i:33 
Alum, definition, properties, and uses, 
1721, 4780, 4781, 5993, 6880; in 
washing, 2912; natural sources, 
4780 ; use by dyer, 5779 

— chrome : see Chrome alum 

— potash, composition, 1780, 5989 

— tannage, 3163, 3164 

A lumen, ancient use, source and kiiwls, 
4780 

Alumina, chemistry, occurrence, etc., 
1013, 3041; in cement manufac- 
ture, 1857; in clays, 3942; ex- 
traction processes, 4780 ; in 6re- 
hricks, 1285; for metallurgical 

furnaces, 232, 359, 3941, 3942 
Aluminium, 3.59, 1012, 4306, 57:i6, 

5938 ; alloys, Cowles* process, 
5989 ; alloys, production, 5992 : 
antiealing and welding, 591M : 
hooks on, 5993 ; cast, showing 
dendrites, 3939 ; plate precidimt 
3937: casting, 2609, 3091; cast- 

ing, shrinkage, 2342 : clicinistry ot, 
517, 1042; tor cmking utensils, 
1013; cost compjircd with otlier 
metals, ,5990; crucible furnaci*, 
28t52 ; electric c uiducfivity, 3H:to ; 
tlcclrlc resi.stancc, 672; electricity 
in production, 30:t2, 5756, 5989 ; 
extraction, 4306, 5756, 5989; 

impurities, 5990; in earth’s crust, 
239, 624; in machinery, 209; 
metallurgical uses, 5992; occur- 
rcuee, 4306, 5308, 5988, 5990; 

i)roperties, 3837, 3838, 4300, 5990 ; 
reagent and tost, 1409 ; rcductutn, 
electrolytic, 5989; salts, n.ses, 
5993; soldering, 5991, 6460; 

specific gravity, 799, 3M39, .599lt; 
in steel manufacture, 4748, 5015, 
5992 ; sources, 5308, 5'.t.S8 : 

strength, 1396; strength, coin- 
pari, son with other metals, 5991 ; 
.symbol and atomic vveiglit, 517 ; 
uses, 5993: weight compared with 
other metals, 5990: acetate, uses, 
4781; brass, eoinjiosition, 394t>, 
5992, 0310; bronze, properties ami 
uses, 360, 1013, .5992,6309; hy- 
droxide, precipitate, 4105 ; oxide, 
768; salts, use by dyer, 5779; 
silicate. In clay, 1279; sulphate, 
nmiiufaeture, 1780, 4781; pro- 
perties and uses, 4781, 5993; 

]MirilieatioM, 4781 

Ahiminoferrie, use.s, 4781, 5704, 5766 
A luminograpliy (lithourapli.v ), 663.5, 66:18 
Aluniinoihcriny, 6 L56 
Alun.iimm ; see Aluminium 
Alunistoue: see Alunite 
Aluiidum wlieel in glass-cutting, 4932 
Alunite in alum manufacture, 4780; 
eharaelers, 6731 

Alva, Duke of, share in French religious 
civil war, 4102; rule in Nether- 
lands, 4393 

Alva, iiphol.stcrer’.s imilerial, 6716, 671 8 
Alveoli, air-eclls, anatomy, 1299, J jOl 
Alytes : see To,a<l 

Ainalekiles, under Hebrew rule, 666 
Amalgam, contrasted with alloy, 1722; 
defined, 3939; filtering hag, .5847, 
5849; retorts, 5847, ; to(»t!i- 

filling material, 5553 
Amalgamation in gold and silver ex- 
tract ion, 4303, 4301, .5847, 5819 
Amanuen.sis, duties, 6480 
AmaryUidaece : see Snowdrop order 
Amazon, river, course, products ami 
towns on, 4282, 428 4 
Amha.ssador, British, salary, 2935 
Amber, 1034, 5856, 6731, 6880 ; density, 
1704,5856; hardness, 5856; sourco.’i, 
1034, 5147, 5856; u.se in varnish, 
1034, .5147, 58:i5 
Ambergris, 4971, 5121, 6880 
Ambidexterity, effect on physique, 
4387 
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Ambition, social conditions fostering, 
4370 

Amblygonite, characters, 6731 
Amenfales : see Gatkin-bearing group 
America, aborigines (etbiiologyi, 17894; 
colonisalion by Europeans, 3606, 
5844; cotton industry statistics, 
225, 3.83, 381, 390; cranlological 
measurements, 1786; discovery by 
(’oluinhus, :{606 ; electricity de- 
velopment, 131 ; engineering pro- 
gre-i^i, .5.591; fo.‘<sil horses, 1177; 
literature, 37.80 ; Nortli : sec North 
Ameriea; railway const nietinn, 
3131; South : see South Ameriea : 
touring dirtrtions, 1618; tramway 
enterprise, 2271 

— see also Central America, Mexico, 

North^ America, South America, 
and r'li'led States 

Aini’iiean ash in vehicle construel ion, 
2.827 

— cedar : s>'e Bed cedar 

— cloth, manufacture, 1166; u.sc, 6716 

— Indians : see Indians, American 

— oak, use in vehicle construction, 2827 
Amethyst, [irccious stone, 767 ; charac- 

t eristics, 5H52, 5853, 6731 

— imitation. .5852 

— Oriental (violet sappliire), 5855 ; 

see also Sapphiri3 
Amia : see Bow-fin 
Aniianthiis. mineral, 812 
Amides, ammonia comp(»unds, 1721, 
3536 

Amido acids, characters, 3536,4134 
Amiiio-azo l)enzem', composition, 5168 
Amidol, formula tor, 668.3 
Amiens (’athedral, 3371 

— treaty of, 52:58 
Amine, formula, 1721 

— conqioumls, 3141, 1721 

Amines, primary produets of coal-tar, 
5953 

AmmetcT, 291; ealibrulion, 790; 

use in testing, 3967 
Ammonia, amount in air, 3720; 
chemistry of, 1599, 16U0; com- 
pounds, place in economy of 
Nature, 277; derivatives, 1721: In 
dyeing, 5781: gaseous, 60, 1599; 
gaseous in refrigerating niachim's, 
5404, 5406; laundry use. 2477; 
li(|iiefied, in shaft sinking, :i460; 
liipiclled, iiseaiid preparation, 4775; 
as plant-food, 276 ; jilant produc- 
tifju, 1599; preparation, 1599; 
properties, 1509 : reaction on living 
matter, 1600; ri'covery in Solvay 
process, 4772; relation to alkaloi«l.s,. 
1600; solution, 1599; .sonrecs, 
1599, 4774; stimulative uses,15i)9 

— muriate of : see Ammonium eliloride 
Ammonia-soda process, In alkali mann- 

faetiire, 4771, 4772, 4773 
AnunoMiles.coniifarcfl .structurally with 
.sea-iirehins, 1179 

Ammonium, ehetnistry of, 1599, 1722 

— amalgam properties, 1599 

— carbonate, in dyeing, 5781 ; forma- 

tion, 1599, 4770; yielding urea 
after healing, 3703 

— cldoride, bronze <‘olonring, 1675; 

inannfaeture, 10.37, 1770 

— cyanide, synthe.sis, .3538 

— Iluoride, etching glas.s, 49.32 

— salts, nitrogen estimation, 5588 

— sulphate, as mamir*’, .589 ; use and 

nmnnfael me, 4775, 4776, 6150 
Ammunition manufacture, 0616, 675?- 
H765 

Anueba, 278, 49.87, 4088 ; assimilat’'»n, 
199; movement, 200, 954 
Amorphous, in chemistry, definition, 
1016 

Amoy tea and coolies, 2976 
Amptlopsis VeVchii, 3.53, 505, 63iu, 
6317 ; see also Virginia (’reeper 
Ampere, electrical unit, 291, 670 ; 

British standard, 789 
Amperemeter : see Ammeter 
Amphibia, charaeteristic.s, 29, 30, 2155, 
2799, 2800, 2801, 2802 ; economic 
uses, 2802 ; extinct end living, 2': 99; 
tailed and tailless, 2799 
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Amphiotyonic council, 775 
A mphloxus : ^ee Lancelet 
AmphiproKtyle, temple style, 2859 
Amplitude, in naviK.'itJon, 666J, 66'6‘.5 
Ampulla : spe Starfish 
Amrad, H'no from. 810 
Amsterdam, canal, end-lock type, 
5480; diamond cuttinj?, 18:16 ; 
nittnufactures, 1830 ; touring, 858 
Amusement for children, problems, 641 
Amusements, business side of, 0800 
Arnygdulin, decomposition, 3818 ; source 
oi oil of bitter almonds, 5468 
Amyl acetate, pear essence, 5109 

— alcohol, prejiaration and proi>ertics, 

2877, 3020 

— nitrite, properties, 1719 

— salicylate, in perfumery, 4071 

— valerate, apple oil, 5400 
Ai«ylot)sin, pancreas fd’inent, action, 

675 ; action on starcb, 3700 
Amyntas II., King of Macedonia, 774 
“ Anabasis,” Xenoydnurs, 774, 6384 
Anabolism in linman body, 2661 ; of 
Jiving fissile, 137 ; in women, 4827 ; 
of vegetable kingdom, 3J10 
Ana'iiiia, eaii.se, 806, 380f) ; red 

eorimscles present in, 953 : causes, 
symptoms, and remedy, 6037 
Anaerobes, baeteri-i, 4742, 0438, 0140 
Anaglypta wall <*overing, 5828, 5830 
Analiiiac plateau, Mexico, 4175, 4170 
Analogy, in animal stnietnres, 379, 1492 

— argument fnuii, value in science, 3230 

— in biology, 379 

Analysis, in bookkficping, 2209; in 
petty cash, 2202; of expenses, 2755 

— chemical : ('licmical analysis 

— Knglisb grammar, 760 ; complex sen- 

tences, 1018 

— in pianoforte study, 202-jf 2020 

— ill psychology, 2803 

Analy.st, public, duties, etc, 82, 320, 
780; ojicnings in colonics, 3743 
Analytic languages explained, 117 
Analytical chemistry, detined, 237 ; s^e 
also ClKMuical analysis 
Ananas, sugar cane pest, 3054 
Anapaest, definition, 305, 328 ; prijscjdy, 
1706 

Ananassa Hutirii : see Pineapjile 
Anapliora, grammar, 1616 
Anarchy, the social nieal, 52 15 

— of Tnited States, 5ri31 
Anastaaea hiemr It initial : see Hoses of 

.Jericho 

Anatida* : see Ducks 

Anatomy, definition and sc<>p<‘, 138 

— of man, 97 ; bones, 1708-l?<;.'y ; book 

on, 5422; joints, 1709, 1710 ; loco- 
motor system, 1797 ; iniiscle.s, 
It 10 ■, nervous system, 19tl ; 
spinal cord and brain, 
skeleton for modelling, 1347, 
J34S ; skeleton, JdO.'i ; the skin, 
1419 ; tissues, 196, 435 
“ Anatomy of Mehanelioly ” (lJurton), 
1042 

Anbury ; nee Tiiiger and toe disease 
Aneaster stone, 533, 1518 
Ancestor worship, 210, 0772 ; etfert on 
family lib*, 4005; in Kgypt, 419 
Anchor jilate, in structural ir«»iiwork, 
5791, 5793 

Anchor smiths, emplovmcnt conditions, 
2044 

Anchors, fitting apparatus, 5921; in 
launching ships, 5921 
Anchovy, fishing grounds, 5121 ; shoal 
movements, 5188 

— sauce, r(!cii>e, 2iH)4 

“Ancient Mariner” (Coleridge), 1307 
Ancona fowl, 509(.) 

Anconeus, human muscle, 1330, 1351 
Andalusia, Spanish province, 2232, 
2234 ; map of products, 2234 
Andalusians (fowls), points of breed, 
4955 

Andalusite, characters, 0732 
Andaman islands, craiiiology, 1785, 
1786 

Andaman redwood, 0880 
Andes, mountains, 4282; influence of 
slope on rivers, 4495 
Andesite, mineral, 1009, 0732 
Andraditc, cliaractei's, 6732 


Andr^, Major-General J., trial and 
banging, 5846 

Anpinomctcrs, const met ion, (i131 
Anemone, sea, 4083 ; plate jae wi 4081 

— in woods, 504; garden culture, 

6190 

Aneraat^s : Ant. 

Aneroid barometer, b92 ; use in sur- 
veying, 1 59, 5.92 : see also Baro- 
meter 

Aneurism, detection by Bontgen rays, 
4093 

— disease, cause and symjitoms. 6036 
Angel, in Assyrian architecture, 2658 
Angelico, Fra: see Fra Angelico 
Angelo, Michael (works in Kome), 948; 

statue of David, 1343 
Angina pectoris, psychological symp- 
toms, 2096 ; seat of spasm, 057 ; 
symptoms. 60:t0 

Angiosperms (definition), 165 ; sub- 
divisions, 350 

— geological pi^riod, 1110 

Angle, ingeometry, bisection, tri.scct ion, 
and other problems, 472, 4331 ; 
complement, 28.5, 2Hfi, 00(55; de- 
finitions, 285, 2K0, 4207, 4208 ; 

alternate, exterior, .and interior, 
4477 ; formed by imrallel lines, 
4477 ; in a segment, 5043; siii)- 
]>lement, 285, 2.SY;, 66(55 

— of eirele, 5044 

— eritieul, in light, 2731 

— ■ of erystals, mea.siiring, 766 

— triction, 959, :J813 

— of ineidence in light, 2734 

— of interseetion, in railway surveying, 

801 

— in navigation, 0003 

— of ri‘pose ; see Angle ot Friction 

— of rotation, defined, 1554 

— in traversing, 307; positive and 

negative, 711; surveying by ver- 
tical angles, 711 ; measured by 
sextant, 1016 ; in marine survey- 
ing, 1018 

— in trigonometry, compound, (5400; 

measurement, 0085; ratios, 6231, 
6373, 6499 ; terminology, 6086 
Anglc-bevcIlIng machine, 3107 
Angle-board ijsc, 3386 
y\ngle-bracc of liipiicd roof in carpentry, 
1233, 4254 

Anglc-bricks (mitred), 1918, 1019 
Angle-irons in buihiing, 3107 ; in 
chimney con.striictioii, 2388, 2389 ; 
furnace and shears, 3107 

— smith.s, function, 3090, 3097 
Angle-plate, iu cutting processes, 3322 
Anirle-scction, in plating shop, 3090 
Anglcr-lish, its lure, 30(59, 30 71 
Angles eoiKpiest of England, 146; in- 
vasion of Britain, 1769; in Xortli- 
umhcrland, 2242 

— in girders, 544 

— plastering, 5500 

— in walls of huilding, 3033, 3033 

— in workshop practice (test pieces and 

faults), 3961, 3962 
Anglc.scy, island, geography, 1277 
Aiigl(‘site, mineral, 5985, 6732 
Anglo-Saxon language (cases), 246; iu 
Fnglaiid, 1709, 1770; past par- 
ticiple in ge, 7.57; pro.se, 1608; re- 
lation to English, 117 
Anglo-Saxons, effect on British trade, 
146 ; .sanguine temperament, 5701 
Angola, geography of, 3584 
Angora goat, wool, 220, 6426 
Angostura bark : see (’usparia 
Anguilla cotton manufacture, 386 
An^nis fragiliH : see Blindworm 
Anhydride. in clicrnistry, 8 10, 1158 
Anhydrite, mineral, 768. 6732 
Aniline, cliaraetcrs and manufacture, 
3710; preparation, 5953; a.s rub- 
b<*r solvent, 5309; benzene pro- 
duct, 5463 

— black, discovery, 5908 

— dyes (Perkin’s discovery), 641, 

5908; manufacture, 3710, 5145, 
5908 ; preparation, nomenclature, 
5953 ; see also Coal-tar colours 

— oil, production and properties, 5468 
Animal and bird dealing, 890 
Animal alkaloids : see Alkaloids, animal 
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Animal diet, chemical compositirn and 
functions, 3110 

— foods, dietetic value and preserva- 

tion, 3112 

— heads, mounting, 6328, 6329 

— kingdom, compared with vegetable, 

275, 1491 

— labour, 6631 

— life, definition, food, distinguished 

from vegetable, 96 

— magnetism, Mesmer’s theory, 4449 

— products, list and sources, 5119 

— psychology : absence of self-con- 

sciousness, 2373 ; homogeneity of 
h II man and animal instincts, 2694 ; 
evidence of consciousness in lowest 
forms, 3117 

Aniiualcuhr, characters and classifica- 
tion, 4087, 4089 

Animals in Assyrian art, 2657, 2059 ; 
backboned, orders, 1493 ; breeding, 
451.5 : purpose and countries of 
breeding, 5119; classification, bio- 
logical, 29, 1492 : see also Zoology ; 
distribution, 628; evolution, 1491 ; 
food, chemistry of, 4133; function 
change, 1491; fur-bearing, 6426; 
grological agency, 1814, 1817; 

nmrriiige, 4538 ; morality in, 6773 ; 
pastoral, products and uses, 5119, 
and plant reproduction, seed dis- 
persal, 912; plants, relation to, 
1491 ; prehistoric footprints, 1817 ; 
primitive backboned, 3070, 3072 ; 
stulling and dressing, 4056, 0320- 
0329 ; synthetic chemical pro- 
cesses, 2712, 401 4, 4133 ; trade in : 
see Animal and bird dealing; 
weapons .and colours, 2155 
Aiiiims varni.sh resin, 5147 
Anion, in chictricLty, definition, 3200 ; 

direction in electrolysis, 4022 
Aniseed, 6880 
Ankle, human, bones, 1709 
\nkylo.stomiasis : dec Miner'.s worm 
Anna (Indian coin), value, 410 
Annatto, 6880; in margarine manufac- 
ture, 4833 ; source of colour, 5145 , 
use in dyeing, 5907 
Anno of (.'l(‘V(‘s, marriage and divorce, 
3651 

Anne, Queen of lingland, descent, 
4842 ; accession, 4843 ; life and 
reign, 4950 

Anne of Austria, regency of France, 
5110 

Annealing, in hand flanging, 3102 

— of glass, iwoccss, 4531, 4534 

— furnace, 3107 

— metals, process, 38:18, 3938, 5524 

— ill smithy work, 3107 

— steel, 1045, 3938 
Annelids : see Binged worms 
Aimiial rings of plants, 108, 109 
of trees, 51 

Annuities, relation to insurance, 3224 ; 

— see also bife assurance 

Annular tread, in easting, 2337, 2339 
•Annular ligament, position, 1350 
Annulus of s])ore-case, 1116 
Anobiiim : see Death-W'ateli 
Anode, definition, 466, 3200 
Anodonta : see Mussel 
Auogeon, declension in Greek, 5376 
Anonialopferyx parva: see Moa 
Anomrna: see Ant 
Anortbite, mineral, 768, 6732 
Anortliic system, in crystallography, 
766 

Anselm, Anbbp. of Canterbury, 2675 
A user cine feus : see Lag, grey 
Anseres ; see Duck, Goose, Jf'lamingo 
Anconas, fotvls, points of breed, 4956 
Answ'ering jack, of telephone, 5C8:>, 
5084 

Ant, classification, description aii<l 
habits, 3722, 3725', intliienoe in 
seed dispersal, 912 

— red, parasite of, 3727 

— white: «ce Termite 
Ant-eater, description, 1765, 

2155 

— great, 1493 
Ant-guards, habits, 3726 

Ant-hill, emmiu'ial type of society, 
5248 
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Ant-lion, 3365, 3366 ; larva, 3366 
Ant-plant, Kast Indian, ant nest, 3727 
Antananarivo, Madagascar, 3587 
Antarctic Ocean, direction of, 400 
Antarctica, theory of, 460 
Antecedent, grammar, rules, 606 

— in mathematics, 996 

A ntelope,''* structure of horns, 811; 
even-toed foot, 1870; markings, 
2157 ; stuffing, 6327 
Antenme of crayfish, 3807 

— of iiiBccts, 3362 
Antcnnaria, carpet bedding, 6491 
Anthemion, in design, 581$, 5820, 5821 
Anther, of flower, 346, 347 
Anth<Tea, worm food, distribution, 583 
Anthers of foxglove, plate faring 728 
Anthomigia betve : see IJeet fly 
Anthozoa : see Sea-anemone 
Anthracene, basis of dyes, 5468, 5953 

— dyes, 5956 

— oil, dye products, purification and 

yield, 5464, 5953 

Anthracite, chemical composition, 1157, 
6732 ; geological classification, 
1073; properties, 5302; T.S. de- 
posits, 5305 ; W’Cight, 1704 
Anthrax, l bacillus, 6540, 6781 ; in 

cattle, symptoms and tr(*atinent, 
2622; Pasteur’s cure, 203, 3274; 
in sheep, 2624 

Anthropoid ape, com})arative anatomy, 
1603, 1601 

Anthropology, relation to biology, 137 ; 
scope, skull measurements and 
stature, 1785 

Anthropometric tables, 1785 
A nth us pratensis : see Pipit 
AiUhyUis riUnemria : Arf? Kidney vetch 
Anticipation, in liarinony, 567 
Anticipations, in logic, Hacon’s argu- 
ment, 0000 

Anticliiic, in geology, definition, 1923 
Anticyclone, forecasts, 986 
Anti-friction metals, 5988, 6162 
Antilles, (treater and Lesser, 4178 
Antimony, chemistry of, 240, 517, 1162 ; 
analysis, 4408, 4414; distribution, 
3772; extraction, 4307 ; metallurgy 
of, 3837, 4307 ; occurrence, 839 ; 
physical projicrtics, 1306, 3837, 
4307, 6732 ; in pottery colouring, 
5382 ; a protoplasmic poison, 3017 ; 
reaction and test, 4408; symbol 
and atomic weight, 517 ; uses, 360, 
4307 

— potassium oxalate, in dyeing, 5781 

— potassium tartrate : sec Tartar 

emetic 

-- vermilion, composition and manu- 
facture, 5144 ; use, 5832 
Antipyretics, 6469 

Antipyrine, uses and production, 5469 
Antirrhinum : see Snap-dragon 
Antisepsin, comiwsition, 5469 
Antiseptic treatment, origin and im- 
portance, 202 

Antiseptics: see Disinfectants and 
specific substances — c.g., Doracie 
acid 

Antitoxin, 6544, 6781 ; diphtheria, 5411 
Antlctrs as weapons, 2155 

— deer's, 2156 ; evolution of, 825 
Antoinette, Marie, marriage, 5111; 

guillotined, 5112 

Antoninus, wall of, building, 2607 
Antoninus, Pius, Koniaii emperor, 
reign, 2070 

Antony, Mark, and Cleopatra, 1672; 
and death of Cfcsar, second trium- 
virate, 1671, 1672 
Aim, Assyrian god, 501 
Anvil, described, 2983 , 2985 ; in smiths’ 
work, 3107 

*— block, of mechanical hammer, 
2019, 2022 

— bone, of ear, 2533, 2534 
chi.jel8, 4151, 4152 

— fuller, 2983, 2985, 2986, 2897 
-- swages, described, 2983, 2985 
Antwerp, Belgian port. 1835 ; cathedral, 

3374 ; trade, 4520 
Antwerp blue, 871 
Anxiety, effect on health, 2664 
Aorlst tense, Greek, 6809 
Aorta, structure, 953, 955 


Apaches, ethnology, 1789 
Apartments, seaside, catering, 5720 
Apatite, 768, 1041, 6732; in phos- 
phate manufacture, 4779 ; as 
inauurc, 5586 

Ape, brain, size, 2145 ; characters of, 
1493 

— anthropoid, cranial capacity, 1785 
Apelles, Greek painter, 2931 
Apennines, Italian, 2230 
Aphalostachyum : see Bamboo 
Aphelion, defined, 6405 

Aphides, larcli ami spruce, forest pests, 
destruction, 4296, 4297, 4298 

— see also Plant-lice and Green- fly 
Aphis, Chinese, cause of galls, 5366 
Apliis-lion, description, 3366 
Aphonia, cause, 6133 
Aphrodite, temple at Corinth, 1526 
Aphrodite ; see, 8ea- mouse 
Apiary, arrangement, 5958 
Apiculture, 5»57-5y6M 

Apis, bull, ill Egyptian worship, 410 
Apis 7iiellifera: see Bee 
Apnaia, in respiration, 1303 
Apoda : see Ocilians 
Ai)olar, nerve cell, in anatomy, 1042 
Apollo, Greek god, 668 

— Belvedere, statue, 2930, 2931 
Apollodorus, Greek artist, 2931 
“Apologia,” Justin Martyr’s, 2070 
Apomorphine, use, preparation, 3825 ; 

in opium poisoning, 4006 
Apoplexy, causes, treatiiienl, 6261 
Aposiopesis, in grammar, 1616 
Apostrophe, in correspondence, 6352; 
ill t'rcncli, rules, 449; in Italian, 
2044 

Aptdhecaries’ weight, tabic (jf, 226 
Ap|)alacliian Higlilands, 4061, 4064 

— oil-fields, 6007, 6014 

Apparire (Italian verb), conjugation, 
5946 

Apparitions and imagination 3625; 
instances in psyehica* research, 
3025 ; see also Visions and (Jliosts 
Appendicitis, curative symptoms, 5539 ; 

cause, Treves on, 5843 
Appendix, in physiology, 576, 579 

— ill zoology, origin, 2157 
Appenzel railway, conslniction, 3804 
Aiipian way, lengtli, 1977 

Appius( iaudius, story of Virginia, 1201 
Apple, choosing, 1228 ; amber, recipe, 
2002 : Australian, 323G ; cider 
manufacture, 0356; culture, 6676, 
6677 \ esseiiec, source, 5469; 
European cultivation, 855 ; frit tors, 
recipe, 2001; fruit, sources, 4875; 
in season, 1531 ; marki't prices, 
2530, 2532 ; paring niacliiiie, 4845, 
4848 ; preserving, 4846 ; rings, 
preparation, 4815; storing, 6678; 
tree, use of timber, 57, (varieties) 
6676; Tasmanian cultivation. 
3469, 3900 

Aiiplied botany ; see particular 
branches — e.g.. Forestry, KubUer, 
etc. 

Applied ehemistry, books on, 6389 ; 
dictionary of, 4310; see also 
specific stilt jeets — e.g.. Alkalies, etc. 
Applied education : see Education 
Applied mechanics, 85 
Appliqu6 wood-carving, 6136 
Appoggiatiira, in music, 271 

— in violin playing, 2508, 2509, 2510 
Ai)position, in grammar (English), 247 
Aiiprentices, dressmakers’, 2438 
Apprcnticesliip, in various trades, 

wages, etc., 46, 47 ; decay of, 2641 ; 
engineering, 5591 ; railway, 4380; 
see also separate trades 
Apricot, 6880 ; caniiiiig, 4846 ; cream, 
recipe, 2001 ; dried, preparation, 
4845; fritters, recipe, 2001; jam 
manufacture, 4845 ; pulp, use, 
source, and preparation, 4840 ; 
free, culture, 6677 
April, origin of name, 1182 
Aprons, of vehicles, use, 3623 
Aptera, wingless insects, 3362 
Apteryx : see Kiwi 
Apus, in zoology, description, 3809 
Aqua regia, 5528 ; gold solvent, 1448 


Aiiua-tliruster pump, Bailey’s, 1825 
Aquamarine, 5853, 6855, 6732 
Aquatint efcliiiig, 6113 
Aqueous humour of eye, 2953 
Aquilegia : see (.’olumbine 
Aquinas, Thomas, place in p.sychology, 
2013: oil life, 2032; Aristotelian 
pliilosophy, 4883 ; logic, 5999 
Arabi Dasha, Egyptian affairs, 6692 
Arabia, geography of, 2817 
-- history, rise of Moliummed, 2243, 
2353 ; Siianisli settlements, 2946 
Arabic, Englisli importations, 1770 
Arabin, in gum arable, 5363 
Arabinose, production, 5363 
Arabs, art, 3092; ethnology, 1790; in 
J’ortugal, 2946 ; keen vision, 2103 
Aracliis nut, 1658 
• (Jil, 4830, 4831, 4833 
Araelinida ; see Scorpion and Sjiider 
Araclinoid membrane, anatomy, 2145 
Arago, piagiietism experiments, 562; 

sciciitilic discoveries, 3850 
Aragon, joined with ( astile, 2940 
.■\ragonite, 768, 843, plate facing 13 45 
Araucaria : see Monkey tree 
Arbela, battle of, 972 
Arbitration, international, project of 
Henry of Navarn*, 4320 
Arbor, use lor, clock collets, 5883 ; 
\erge watch, 6082 

— barrel, of watcb, 6083 

— vit.i', in cerebellum, 2144 
Arboring, boring muehiiie, 8317, 3319 
Arbors of clocks. American, 5711 ; 

pendulum, 5714 ; repairing and 
making, 5718 

Arbaces, revolts against SardaiiaT)ahiK, 
502 

Are, of circle, 28.5, 287, 4208 ; eoiilide- 
inent and supplement, 6665 

— cb'ctric. (liseovery, varieties, 2414, 

2415, 2416 ; in lamps, 2683, 2684 
Are-lamps, electric, control, 24 15, 2417 : 

current supifly systems, 2245, 2417 
Arc-light, Davy’s discovery, 129 
Arcade, Gothic, horizontal line in, 2283 
Areii, in arcliitecturc, shoring method, 
920; designs, 2131, 2134, 2567, 
2569, 3092 ; in Etruscan and 

Jlroman architecture, 2931; in 
Saracenic art, 3092 

— brickwork, 1850, 2385, 2387 

— in building, brick, 2385, 2387 ; ma- 

lerials, iorms, strength, vonssoii-s, 
and keystones, 3143 ; stability, 
2760, 2761, 2762, 2763, 2764 ; 

trimmer, 2388, 2389 

— in geology, stratified rocks, 1923 

— Gothic order, 3144 

— hearthstone coiistructum, 4446, 4467 

— l>ointed, 3373 

— - K(mianes(|ne i)eriod, 3231 

— in \ebiele construction, 2559 
Areli-panel of brougham, 2829, 2831 
Aieli-ring, miniiiiuin depth, 2760, 2761 
Arch-stone, forces acting on, 2760 
.4rch:eiin rocks, 2067, 2253 
Arcliicoptcryx, extinct bird, 2214 
Arched roof, in carpentry, 4253, 4254 
Arehidere, Italian verb (eonjugatlon), 

4792 

Archil, 6880 

Archimedean spiral, drawing. 1413 
Archimedes, discoveries, 34 ; specific 
gravity law, 798 ; law of immersion, 
1078; svsl cm of levers, 1797 
Architect, duties, 140, 141, 1010-1912; 
charges, 1911 ; examinations, 
schedule, 161, 1912 ; control over 
work, 307 ; cciuipmcnt, 1910, 5419, 
5420, .5421 ; municipal service, 785; 
office experience, 2036 ; study, 
pupilage, 2034, 2036 

— as.sistant, 2036 

“ Architect of Teilo,” statue, 2i)b7,2658 
Arcliitectural design, 2128, 2283 

— drawings, scale, 1910 
Architecture, the profession, 1910, 

2033 ; the art, 2128, 2283 ; Assy- 
rian, 2657, 2658, 2659 ; books on, 
2033, 2034, 2287 ; Byzantine, 3089 ; 
(’lialdeail, 2657,2658, 2659, 2660 \ 
(ffiristiaii, 3089-3092 ; day schools 
in London, 2036; design, 2133, 
2283 ; dictionary of : see Building 

0905 
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Architertfire — (%nHmed 

Kgyptittij, 420, 2133, 2!i20 ; Eliza* 
bethjin, 3946; five orders, 20:i(), 
2135 ; Gothic period, 3373, 3374, 
3375; (books Ott), 2034; Greek, 
2133 2H57 ; Jacobean, 3946 ; 
Moorish, 2133 ; Rfiiaissanco, style, 
2134, 3520; (masters), 3675; 

Northern Europe, 3046 ; Roman 
orders, 2133, 2035, 2i)31 ; Roman* 
esipie period, 3231 
Arcliitrave ot door, 5JSI, 5182 
Arco, violin music, 5727 
Arctic circle and the sun's allitudc, 2!)3 

— Ocean, direction, 460; arm of, 853 
Arcturus, movement, 202H, 6698 
Anfndiv: ifcc Heron 

Ar<icnnc8, Helgium, 1835 
Ardcre (Italian verb), conjugation, 
4792, 6378 

Are, unit ot surface, 537, 1118 
Area, arithmelicul problems, 1111 

— of plane llgiires, 285, 1251 

— of rectangular surface, 1518 
Areas, geometrical ratio of similar 

Itgurcs, 5635 ; proportional divi- 
sion, 1251 ; proj)crties, 1443 ; 
definitions, propositions, 4005 ; in 
surveying, 1147 

Areca, <’880; liombay cutiJi from, 5900 
Arenaceous roeks, geology of, 1072 
Areopagus, Atiiens, 1525 
A rgand burner, eonstrnetion, 6020 
Argentina, coins, weights, and measures, 
,109; eoinmereial opportunities, 
6212 ; geography, 4282, 4288, 1239, 
5660; economic conditions, 5660; 
population, 628 ; trade, .5824, 
5825 : wheat export, 3282 ; wools, 
70, 72, 3990 

-•'rgentite, characters, 6732 
Argillaceous iron ore, 231 
--rocks, composition, varieties, 1072 
Argol, manufacture, 3701, 1782,0355; 
in dyeing, 5781 

Argon, element. 401, 517, 1296 ; in 
periodic system, 1446 
Argonaut, care of eggs, 3116 
Arguing in a circle (htgic), 6100 
Arguir (Spanish verb), conjugation, 
4509 

Argument, fallacioua, and a fallacy, 
6099 

Ariadne, in Chaucer, 326 
Aridreus, succcs^um dispute alter Alex- 
ander the tircat, 975 
Aries, Zodiac sign, 6251, 6605 
Arilliis ; w Mace 
Ariosto, Italian poet, 538, 678 
Aristo)fhaiies, dramatist, 774 
Aristotle, life, 976; animal classifica- 
tion, 29; his clciiKMits,’* 516; 
preceptor of Alt*\aiuicr, 972; 
anthropology, 1788; air-theory, 
1801 ; on habit, its ethical value, 
2860; eomi>arison will) Spencer, 
3986 ; founder of logic, .5998 
Arithmetic; ace Croup Iiitfcr, and 
separatf heading'i—e.g., Addition 
Arithmetical progression, 3913 
Arizona, surface and climate, 1171 
Arkwright, Sir Uiehard, and cotton 
industry, 223, 1398 ; t-arding en- 
gine, 1512; spinning frame, 2141 ; 
Arm, human, plivsiology of. Os, 1195, 
1106; hones, 1708, 1709, 1710, 
1797, 17 9S 

— of pulleys, 3423 

— in sculpture, 1351 ; easting, 509 
Armada, Spanish, defeat of. 3999 
Armadillo, digging claws, 1871 ; pro- 
tective bony plates, 2156, 2J57 

Armature of converter, 2218 
-dynamo, 1105, 7/06'; (books on), 
4298; core, 1106; winding, llOV, 
1323; alternator. 13.58. 1301, 2248 

— of electromagnet, dellnition, 564 

— electromotor, 1.590, 159,1-, wind- 

ings, 1593, 1905 

— in sculpture, tigure modelling, 1346 ; 

for head, 1510 ; making, 1675 
Armchair, wicket, 5503, 5564 
Armenia, ethnolcgy, 1790; geography, 
2719 : highlands, 2504 
Armlet, goldamithing, ,5667 
Armorican language, classiflcatioii, 1771 


Armour, prot^nttive, of mammals, 2156 
Armour-plate, grinding, 5456; manu- 
facturing processes, 4750; nickel 
steel, 5984 : planing, 5002 
Armoured concrete : see Reinforced 
concrete 

Armourer, Army, 3840 ; service, 3841 ; 

— Navy, service, 4265, 4269 
Armourer-sergeant, promotion, 4031 
Arms, rnanufactiire, 6610,6615, 6757- 

0765 

Arms, of spur wheel, drawing, 3658 

— moulding proces.s, 2544 
Armstrong hydraulic accumulator, 1080 
Armstrong works, Klswick, gim-monnt- 

ing siiop, 833 

Army, Accounts Departments, appoint- 
ments, 3195 ; as a career, I6i, 3840, 
4032 ; Civil Service posts, 2575 ; 
Commissioners, 4197 ; discharge, 
cost, 4032; Medical Service, ap- 
I)ointmcnts, .5427; non-commis- 
sioned ollicer.s, 4030; Ordnance 
Corps, service in, 3840, 4031 ; and 
Rost Office berths, 2809, 2811 ; ser- 
vice in, 384 1 ; Service Corps, service 
in, 3840, 4199 ; technical branches, 
4030; Veterinary Department, 
service in, 5432 ; War Ollice clcricril 
appointments, 3195 

— nee aim Navy 

Arnold, Matthew, poetry, 1437 ; on true 
education, 2138; works, 2616; 
monographs on, 2618; portrait, 
2619 

Aromatic ctiemical products, kinds and 
uses, 4969, 4971 

Arpeggio, term in music, 270, 3399 ; 
harp music, 3529, 3530 ; in piano- 
forte playing, 1507. 17,53, 1888 ; 
violin bowing, 2743, 2744 ; vio- 
loncello playing, 2909, 2970; or- 
chestra scoring, 5885, 5S90, 5891 
Arrack, where obtained, 2879, I 875 
Arrhenius, Prof., on osmotic pre.ssnre 
in solutions, 4562 
Arrises, in boiler-work, 3100 
Arroba, Chilian measure, 409 ; Philip- 
pine measure, 410 
Arrowhead classiflealion, 355 
Arrowroot, 6881 ; classification, 355, 
6881 ; sources, 4959 ; adulteration, 
3717 : dietetic value, 3312 

— Jamaican, 4178 

Arrowroot starch, micrograph, 5365 
Ars(!hinc, measure, 410 
Arsenic, element, 517, 1162, 6732; oc- 
currence, 839 ; ])rotoplasmic poi.son, 
3017; pliysieal properties, 3837; 
analysis, 4414; reagent and test, 
4108 ; Mar.sh test, 4630 ; in steid, 
4747 ; in wallpaper, 5051 

— nietul, wcurrenee, .362; propertie.^, 

ores, and extraction, 4307 ; in shot 
manufacture, 5988 
Arsenious acid, t(»t, 4410 
Arsi'iioiite, characters, 6732 
Afsenurettod hydrogen, production, 
4630 

Arson, and fire insurance, 1849 
Art, place and influence in life, 180; 
ancient, study by designer, 5818 ; 
Christian and Ryzantine, 3089; 
composition, 722 ; Eastern, an- 
cient. 2657: Egyptian, 120, 2519 ; 
compared with early J^nropean, 
2480; Flemish and Dutch paint- 
ing scliools, 3947 ; French, 4 1 18, 
4394 ] fresco work, 1024; Ger- 
man, 4117; Gothic architecture, 
3373, 3517 ] Greek, 2857, 2929, 
2931] Italian masters, 3793; 
primitive, of lower races, 17SS; 
renaissance, 3517, 3674, 3946 ; 
Roman, 2069, 2931 ; Romanesque 
period, 3231; Spanish, 4119] 
study of, in metal-work, 5521, 
5687 : symbolism of colours, 725 ; 
see also Architecture, Design, 
Drawing, Painting, and Hcnlpture 
Art-dealing, in shopkeeping, 892 
Art- needlework, trading, 1095; train- 
ing, 323 

Art schools, London and abroad, 161 ; 

English, 868 ; French, R70 
Art-teaching, Germany, 870 


Artery, human, 102, 952, 953: con- 
. tractibiilty and blood circulation, 
1192; diseases, 6036 
Arterioles. 955 

Arthropoda, characters, 1492, 3361 
Arthur, Gen., President, U.S.A., 5976 
Arlhiir, King, legends of, 1609, 2355 
Artichoke, S la cr/imc, recipe, 2127; 
culture, 6673; as livestock food, 
2909 ; market garden returns, 
6836; soup, recipe, 1735 
Artiele, in grammar, English, 446 ; 
Esperanto, 4512 ; French, 750, 
5370, 5372, 5512; German, 74.5, 
749; Greek, 5376, 5657; Italian, 
2044 ; Spanish, 2041, 2189, 3792 

— in journalism, preparing, 4580 

— in literature, representative of older 

essay, 2685 

— newsiiaper, disposal, 4672 ; rejec- 

tion reasons, 4674 
Articled clerks (law), 6750 
Articles of as.sociation, contents, 3185, 
6800 

Articles of partnership, contents, 2978 
Arliculation, of joint, 102, 1709, 1710 

— in speech, procc.sses, 2539 

— in singing, 6338 
Articulator, dentists', 6031 
Artificer engineers, in Navy, 4266 
Artillery, artillcers, 3840 

— Field, service and pay, 3840, 4198 

— Royal and Garrison, service and 

pay, 3840, 3841, 4198 

— waggon.s, wheels, 3127 

Artist, education, 180, 341,722, 888: 
see also Art schools 

— length of life, 4528 

Artists’ bruslies, manufacture, 6106, 
6108 

— m.atcrials, dealing in, 891, 4609 
Arum lily, classification and description, 

355 ; insect trap, plate faci-ig 
728 ; insect-pollination, 908 ; pro- 
tection against snails, 1114 
Artiiri nmciilatum 355 : see also Cuckoo 
fruit 

Arum order, 351, 35.5 
Aryan : see Indo-European 
Arytenoid cartilage, human, 2537 
As, Roman coin, fractions, 1333 
Asbestos, mineral, distribution, varieties, 
use, 812, 1012, 6732; as electrical 
in.sulator, 672; in rubber manu- 
facture, 5203 

Ascaris, round-worm, 3958, ,1959 
Ascending handle, strap, of van, 2828 
Asceticism, ethical value, 1277 
Ascldian (Tunicata), classification, 3072 
Aseei fowl, 5039 ; points of breed, 
4954 ; useless breed, 5624 
Asexual reproduction in unicellular 
organisms, 381, 382 
Ash, timber, 50 ; strength, 1260 

— tree, classillcat ion, ...)4; deseription 

and culture, 4678, (’881 ; seed- 
di.sporsal, 911, 912 

— woo<l, in cabinet-making, 657!); in 

carpentry, 3542; for carving, 
5809; use for slicks, 5603; in 
vchielc construction, 2827 
Ashantec, ethnology, 1790; geography, 
3451 

A.shburtfin treaty, Canadian boundary, 
5975 

Ashes, weight, 1704 
Ashlar, in masonry, 1452, 2178 ; in 
walling, 30,15-:}0:i9 
Ashley pump, types, 6062, 6064 
Ashinouni cotton, described, 384, 3H6 
Ash-pan of loeomotive flre-box, 3101, 
3103 

Ash-pit of boiler, 3102, 3097 
Asia, coalfields, 5304 ; craniology, 1786 , 
1787 ] fauna, 628; forest land and 
vegetation, 626; Indo-European 
races. 1790 ; inland drainage. 2.564 ; 
isotherms, 2564; geography 
460, 850, 2560, 2561, 2715, 2710 , 
Mongoloid races (q.v.), 
petroleum deposits, 5305 ; phy.sicai 
ieature.s, compared with Europe, 
851 ; rainfall, 2565 

Asia Minor, economic decay, 5822 ; 
geography, 2719; Greek imnu 
grattoi), ^58 
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Aspa--Aux 

jisparagiis, classification; 355 ; culture, 
6673 ; market garden returns, 
0830 ; with vinaigrette sauce, 
recipe, 2127 

Asplialt, for concrete roofs, 4758 ; 
deposits and use, 1106, 5306 ; for 
footpaths, 1164, 2430, 2516; 

geological classification, 1074 ; iron 
coating, 6571 ; manufacture, pave- 
ment laying, 2425 ; in road con- 
struction, 1980, 2179; iise of 

tar-pitch, 5464; Trinidad, 1164, 
4178 ; weight, 1704 
Asphalte stone, occurrence, uses, 1164 
Asphyxia, cause, symptoms, 1303, 2794 
Anpidium Filix-maH ; nee Male ftjrn 
Aspirate, in (ireck, 5375 ; in shorthand, 
836 ; in speech production, 2539 
Ass, dentition, 1761; milk, dietetic 
value, 3311 

Assaillir (French verb), conjugation, 
4362 

Assalire (Italian verb), conjugation, 
6233 

Assam, geography of, 2972, 5380 ; lac 
imported from, 1035 ; petroleum 
deposits, 6009 
Assay-toil (A. T.), use, 5849 
Assaying precious metals, 5849, 5850 ; 
books, 5860 

— weiglits, 5849 

Assembling, in workshop practice, 3687, 
3694 

— shops, engineering, 2109 

Assets, in bankruptcy, 3570; branch 
and head office, 3418 ; dejirocia- 
tion of, 2758; at partnership 
dissolution, 2980 ; ranking, in 
balance-sheet, 2757 ; relation to bad 
debts, 2887 ; relation of reserve 
fund, 2883 

— bank, forms, 4430 

— fixed and floating, of parliamentary 

companies, 3333 

— of limited company, bookkeeping, 

3189 

Assimilation, in biology, 275 

— in pliysiology, 865 

Assistant clerks, tlovernment offices, 
appointments, 2252, 2t74 

— engineer, duties and salaries, 455 

— surveyor, duties and salary, 455 
Association, articles and memorandum : 

see under Articles and Memorandum 

— areas, in biology, 2804 

— of ideas, 2804, 2805 ; origin of the 

idea, 2013 ; in philosophy 2141 ; 
psychology of, Mill, 2259, 2804 ; 
cause of distraction, 2306 ; in edu- 
cational theory, 2372 
Assuan, dam, 1402, 5-181 
“ Assumption,” Titian’s picture, 181 
Assur, Assyrian divinity, 500 
Assurance, application of term, 4849 

— industrial life, principles, 4728 

— see also Life Assurance and Insurance 
Assyria, ancient art and arciiitccture, 

2657, 265^^; influence on (Ireek, 2929 

— ethnology 1790 

— history, 421, 500; conquests, Israel, 

667 ; Alexander's conquest, 972 
Astatic governors, defects, 2020 
Aster, classification, 351 
Asteroids, 656S ; position in solar 
system, J1 ; nebular hypothesis, 
620 

Asthma, nitrites for, 1719 ; symptoms, 
6134 

Astigmatism, 3180, 6123, 6127; testing 
for, 4143 

Astragal bead moulding, in joinery, 
5297, 5299 ; design, 5821 
A8trag,alus, anatomy of, 3876 

— in modelling, proportion, 1348, 1349 
Astragalus, gum, 810 

Astrakhan fur, imitation, 3156 

— sheep, wool, 72, 221 
Astralite glass, defined, 4930 
Astronomical chemistry, 4135, 4130 

— globe, 6244 

Astronomy, 6115; ancient, 6118; in 
Assyria, 501 ; books on, 6247, 6702 ; 
dictionary of, 6703 ; early Greek, 
. 34 ; and physics, 549 

Astrophysics; scope, 4561, 6249 
Astu (Greek noun), declension, 5655 


Asylums, colonial lunatic, appoint- 
ments, 3742, 3743 

— London, management, 320 

— municipal, officials, 1496 

— poor law, staff, etc., 1929, 1030 
Asyiumelric molecule, lactic acid, 3534 
Atacama desert, (’hile, 4282, 4287 
Atacamitc, 6307, 6732 

Atavism, in horses, 1179 
Athara, river, 3450 
Athelstan, King, commercial policy, 146 
Athenodoros, sculptor, 2930 
Athens, history, 668, 772 ; philosophic 
schools, 976 ; sculpture school, 
2929; temples 14U 2858, 2859 ; 
tourist description, and directions, 
391, 1525, 1526 

At-homes, catering charges. 5582 
Atheroma, causes, symptom-^, 6036 
Athletic, g(K)ds, sale, 5344 
Athletics, abuse and value, 4387 ; effect 
on women, 4828 ; training system, 
4389 

Atlantic Ocean, climatic influence, 
I’. K., 853, 984 ; effect on coastline, 
980; currents, 567; grcaicst 
depths, 555 ; continental shelf, 
299; size, 460 ; temperature, 555 
Atlas mountains, 3275 
Atlas moth, 583, 3516 
Atlas vertebra, human, 1605, 1606 
Atmosphere, chemistry, 239, 1296 ; 

composition, 239, 621 ; compensat- 
ing actions, 1298 ; geological work, 
1499; height, and weight, 621 ; hi.s- 
tory and future, 1297; humidity, 
1899; pressure, 293, 1741 ; (dimi- 
nution and anticyclones), 086, 
1801 : (influence on weather), 1899 ; 
sulphuric acid in, 4632 ; tenqxTa- 
ture, 293, 294 

Atmosphere, English standard, 1140; 

as pressure unit, 24 
Atmospheric pressure, general account, 
293, 1140, 1141, 1741 

— pump, 1081 
Atoll, coral, 558 

Atom, ancient and modern views, 
487, 2081, 2082, 6259; chemical 
properties, 2296 ; complexity, 2081, 
4131 ; corpuscular theory^ 2297 ; 
Darwin on, 239, 487; disintegra- 
tion, 2391, 2394, 2554; duration 
of, 2083, 2295 ; electronic theories, 
2294, 2297, 2554 ; evolution of, 
239, 1916, 2030 ; Kelvin on, 4131 ; 
ill heavenly bodies, 4135; insta- 
bilify, 2391, 2551; inter-atomic 
and intra-atomic iirocesses, 2083, 
2393 ; molecule, 134, 692 ; relation 
to solar system, 2028 ; to universe', 
2552 ; size, 2U28 ; spectroscopic in- 
vestigation, 3370; stcreo-clicniical 
representation, 2714 ; unity ami 
divisibility of, 1596 ; valency, 2296 

— see also Electron and Element 
Atomic theory, in chemistry, 692 ; 

discovery, 61 ; in physics, 312 
Atomic weights, in chemistry, 401, 517 ; 

and molecular weight, 694 
Atomism, history of doctrine, 34 
Atupite, characters, 6732 
Atrium, in arciiitccture, 2932 
Atropa belladouua : see Nightshade, 
deadly 

Atropliy, in tlicory of heredity, 1484 
Atropine, chemistry of, 4009 ; effect on 
eye, 2401, 3179; physiological 

effect, 4010; prussic acid antidote, 
3537 

AttacluS appointment and salary, 29;}4 
Attainder Hill, 3832 
Attenant (French jireposition), 6089 
Attention, importance of, 1883 ; psy- 
chological explanation, 2258 ; edu- 
cational importance, 2306 ; see 
also Observation, Concentration 
Alteratives, chemical action, 1445 
Attic, classic, form of Greek, 5374 
Attila, the Hun, invasions, 22 11 
Attle, in mining, definition, 3194 
Attolens auris, muscle, J350, 1351 
Attrabens auris, muscle, 1330, 1351 
Aub^pine, in perfumery, 4971 
Auction bill, drawing up, 4984 

— expenses account, 4986 


Auctioneer, duties at .sole, 4985; earn- 
ings, 1912; licence, 5284 
Auctioneering, training, salaries and 
duties, 4983 ; as a career, 161, 5155 
Audit office, appoiiitnieuts, 3195, 3382 
Auditing, practice of, 3919, 8920 ; 

profit falsification, detection, 2421 
Auditors, examination, 149 

— local councils, appointment., 316 
Auditory canal, of ear, 2333 

— nerve, complex function, 2118 ; and 

sound interpretation, 2534 

— ossicles, function, 2316 
Augers, varieties, 4479, 1481, 6756 

— clay boring tool, 2666, 2669, 4480 
Auger-stem, in rope boring, 2845, 2846 
Augite, mineral, 768, 1009, 6732 
Augmented chord, in music, 364 

— intervals, in music, 274, 567 
August, origin of name, 1182 
Augustan age, history, 1829 
Augustin silver recovery jirocess, 4304 
Augustus Cnesar, emperor, life and reign, 

1670, 1829 ; statue, 2932 
Augustus II., of Foland, dethroned, 
5397 

Auk, description, 2212 
Aukcr, measure, Danish, 400; llns- 
sian, 410 

Auramiiic, dye, 5955 ; u.sc, 6766 
Auraiitia, dye, manufacture, 5953 
Anreliaii, Homan emperor, career, 2071 
Aureolin, pigment, 871, 5144 
Auricle of heart, 102, 955, 956 
Aiiriciilaria larva of sea-cucumb<*r, 4082 
Auriga ronstellatioii, 6116, 6117 
Aurora borealis, possible cause, 2027 ; 

Arrhcniu.s* explanation, 4700 
Austen, .lane, novelist, definition of 
novel, 2961 ; works, 3132 
Austcrlitz, battle of, 5238 
Austin, Alfred, 1438; essays, 2785 
Australasia, coalfields and coal ports, 
5304, 5305 ; medical profession, 
5428 ; size, 850 

Australia, aboriginal skulls, measure- 
ment, 1785 1787; aborigines, 

ethnology or, 1788 ; commercial 
o]>portuuitiea,6552 ; farming, 3235 ; 
fauna, 628, 3698 ; forest tree.s and 
vegetation, 626, 627 ; geography 
of, 3697-3702 ; history, 6;>r)2 ; 
isotherms, 3698; labour supply, 
6629 : mineral production, 5307, 
5308 ; police forces, 3550 ; railway 
employees, 3549 ; sea fishing, 5318 ; 
size, 460; wool industry, 70, 72, 
221, 224 

Australian Alps, 3697, 3702 
vlustria, craniology, 1786 

— - geography of, 2162, 216.5 5710 

— history, medijeval, 4398 ; at time 

of Spanish succession, 4951 ; Napo- 
leon’s victories, 5238 ; modern, 
6445 

— medical profession, 5429 

— touring directions, 394, 1218 
Austria-Hungary, coalfields, 5302, 5301 

— coins, weiglits and ineasun's, 409 

— geography, 628, 2162, 2163, 2165, 

5381, 5710, 5825 

Austrian Gate, Danube valley, 2162 
Aut(H'lavc, in caudle manufacture, 
4836 ; in hardening bricks, 6767 
Autocracy, Russian, nature, 4370; 

democratic aspect, 5534 
Autogenous soldering : see Soldering 
.Autifiuirp, musical instrument, 4312 
Automatism, of Descartes, 2012 ; evolu- 
tion of reflex action, 2118 ; relation 
to habit, 2860 

Automobile, etc. : see Motor vciiich'S 
Autoplate printing, 5558, 6559 
Autose})sis, cause and elfects, 5842 
Auto-suggestion, lii relation to will, 
2519 ; psychic remedies, 5699 
Autumn, astronomical cause, 16 ; Jail of 
leaf, 728 

Auxiliary verba, Eiiglisb, (auupured 
witli ” notional,” 902 ; use r.nd 
conjugation, 758, 903 

— French, 751, 2022, 5498 

— German, 745, 1342, 2026 ; ol moi*d, 

3355 

— Italian, indicative mood, 2193 

— Spaiiish, conjugation, 3348 

G9Dy 
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Avi 


Avalanches, cause, 10.30 

Avebury, Lord, in literature, 2785 ; 

hundred best books, 3783 
Avens (bot.), sced-dlspersal, 911, 912 
Aventurine glass, recipe. 4930 
Avcsta, Persian sacred book, 501 
Avignon, cathedral, architecture, 3232 
A vogadro’s law in chemistry, 090, 1914 ; 

application to solutions, 4502 
Avoir, French auxiliary verb, 5948 
Avoirdupois weight, table, 220 
Avon, river, course, 1270 
Awl, in basket -making, 54S0 

— in harness inanut'ucture, 4784 

— shoemaker’s, S!i75, 3fi70 
Awn, of grass, 875 ; of wheat, 913 
Axe, mason’s tool, 1337, 1838 

— in quarrying, 532 

— tor timber, 4149, 4150, 413U 

— scutch, in building, 19.50, J9.>1 
Axe-head, cave-dweller’s stone, 247R 
Axed work, in building, 19.50, 1951 
Axinito, characters, 0732 

Axioms, in gconuMry, 4207 
Axis of a conic, 5783 ; cylinder, of nerve 
fibres, 1942 , 1943 ; in drawing, 490, 
1747, 1749 \ of ellipse, 1411; of 
flotation, in liydrostaties, 1080; 
of parabola, 1412 
Axis vertebra, Jiuinan, 1606 
Axle, of under-carriage, 3123, 3124; 
railway, drawing, 3135 ; steel, 
4747 ; tests, 3902 ; of vehicles, 
3325-332S 

Axle-bed, of van, 2829 ; of liglit 
waggon, 2829, 2830 ; of under- 
carriage, 3123; of elliptic spring 
fore-carriage, 3125 

Axle-box, railway, 209, 3205, 3266: 

cap, etc., of wheel, brougham, 2830 
Axle-llap, of brougham, 2830, 2831 
Axminster, industry, 1270 ; carpet 
manufacture, 33,58 

— carpet, weft of, 3157 ; principles of 

design, 3357, 3358 
Axode, in mechanics, 88 
Axolotl, description, 2800, 2801 
Aylesbury duck, points, 5704, 

Aylmer, Hose, and Laiidor, 1307 
Ayola, Pedro Lopez de, Spanish poet 
and historian, 2042 
Ayrshire cattle, 2230, 2237, 3007 

— coaltleld, 1000 

Azalea, classification, 354 ; eiillure, 
6530, (i53 L 

Azimuth, defined, 709, 0245, 0661, 6605 

— compass, 0058 

Azimuthal arc, in surveying, 709 
Azo blue, dyebath, 5955 
-- colours, 0194, 0195 
Azores Islands, discovery, 2947 
Azurite, composition, 4127, 0732 

BAAL, Phcenician god, 501 
Babbitt metal, 2545 ; use, 3200, 3268 
Babcock a ml Wilcox boiler, 0879 
habingtouite, characters, 07.32 
Baboons, courtship coloration, 21.57 
Baby, brain weight and size, 2144 ; 
care and feeding, 4081 ; clothing, 
3744-3716, 4083 ; diet, 3381 

— bonnets, 5939 

— carriages, liiring, 027 ; suspension, 

3120, 3127: trading in, 920; 

see also Perambulators 

— foods, dietetic value, .3312 

— linen, trade and profits, 027, 928 
Babylon, Babylonia, art, 2657, 2658; 

bricks on walls, 1278; captivity 
of Jews, 007 ; ethnology, 1790 ; 
history of, 16; woollen manu- 
facture, 08 

“ Babylonian Marriage Market,” 19 
Bach, John Sebastian, fugues, 034 ; 
use of pedal, part plsiying, 1891 ; 
study of, 2023 ; " Preludes and 
Fugues,” 3800, 3800 
Bacliofeu, theory of matriarchy, 4825 
Bacillus, 64.37, 6439 ; reproduction by 
fission, 3SJ, 0437, 643!) ; cholera, 
5410 

— entcritidis, 3820 

— erodiens in pu cling le4ither, 3011 
— - influenza, 5412 

— lactls, Lister’s discovery, 3534 

— malleus, 2620 


Bacillus subtilis, in glue, 5360; culture, 
6640 

— tubercle, 5409, 6134 
Back, brewing, 6057 
Back, in slating, 4806, 4867 
Backhand, of harnc!^, 4886, 4890 
Bickboird, in taxidermy, 6328, 6329 
Backbone : see Spine 

Back-flow, in drains, discussed, 572 
Backing deals, in mine slmfts, 3193 

— photo, use, 0084 

— sheet, in typewriting, 1697 
Backlash, in spur-wheel driving, 3639 
Baek-plate, in foundry w'ork, 2545 

— of locomotive fire-box, 3101, 3103 

— of roof iron work, 5792 

Back-pressure, in steam engine, 5643 
Backs, in cabinet-making, ('»58vk 0587 
Back-shaft, of lathe, 4913, 4920 
Back-sight, in levelling, 374 
Bu'kstay, pier, tensi<»n on, 2763, 2704 
Back-stitch, milliner's, 4505, 4560; 

needlework, 150; in tailoring, 

mo. lUl 

Backward hearing, in surveying, 267 
Bacon, Francis, Lord Venilain, physi- 
cal sciciu-e, 36; on reading, 10 1 ; 
as essayist, 1041 ; as logician, 
5999, 0001 

Bacon, Boger, c.arly chemistry, 59 
Bacon, choice, 1228, 3717; curing, 
2370 ; .slicing machine, 3042 
Bacon beetle, classification, 3511 
Baconcr, feeding, 2309 
Bacteria, 0437, 6139; in butter and 
cheese-making, 3553 ; and cell 
life; ill cheose-m.nking, 4492; 
classiftcatiou and main cha- 
racteristics, 160, 6437 ; cultures, 
6438, 0439; Davis’s diagram of, 
277 ; disMise-cnisiiig, 04.39, 0540 
0543, 0780 ; evidenci? of conscious- 
ness, 3U7; evolutioii'iry agent, 
6781; ill food, 3820, 3823, 5103; 
immunity from, 0542; inocula 
tions 0139 ; Metsclinikolf’s theory, 
953; in milk, 35.34. 3821, 0141; 
nitrifying, 238, 250; reproduction, 
381, 0437. 0439 ; sewage purifica- 
tion, 4742, 4744, 6541 ; water con- 
tamination, 4159,0410; in surface 
soil, 5273; .see a/.‘0 Bacillus 
Bacteriology, dictionary of, ii.)4.">; and 
racial evolution. 0782; investiga- 
tion, 6438 ; terminology, 04.37 
Bacterium, defined, 0437 
Bud debts, in bookkeeping, 1.508 ; 
account, in balance-sheet, 2881 ; 
ledger, 3569 

Badger, 1704; skins, 0423, 0430; 

warning coloration, 21. '>7 
Badger-softener, painters’, 5829, 5831 
Badger, in drain laying, 734 
Badges, dic-sinking, 5529 
Baedeker guides, value of, 1812 
Bag and trunk dealing, 928 
Bagasse, u.se as p.owcr fuel, 5127 

— in sugar maniifaeliire, 3827, 1104 
Bagdad, city, 23.53 ; trade, 2719 
Bagging machine, hoot-making, 4434, 

4430 

Baggage, tniiring : see Luggage 
Bagpipes, Highland, 3400, 5059, 5060 

— Irish, .5003, 5004 

Bags, coal-dealer’s, cost, 1989, 1990 

— saddler’s side line, 4890 
Bahamas, islands, geography, 4178 
Bahr (lluizal, confluence with Nile, 3450 
Bahr Zeraf, branch of Nile, 3451 
Bailitr, farm, duties, 5287 

Bailing, extracting oil, 3191 

Bain, A., psychological theory, 2014 ; 

w'ork on emotions, 2094 
Bain-marie, ccKikliig utensil, 1225 
Bakehouse : see Baker 
Baker, in ancient times, 3281 
Baker and confectioner, wages and 
capital, 46 ; trade of, 9.30 ; 
technical education, 931 ; barrow, 
2463 ; refreshment catering, 5582 
Baker heater.s in trains, 3025 
Bilker’s blower, principle, 1686, 1687 
Baker’s oil-separator, wat«r, 5764, 5765 
Bakers, employment conditions, 2655 
Bakery, model, 3394 
Baking, in cookery, 1487, 3314 


Baking-powder, preparation, 4774 ; 

tartaric acid in, 4782 
Baku, Caucasia, oil region, 1164, 2719, 
5306; oil wells, 0009, 6011, 6014 
Bala, lake. N. W^alcs, 1277 
Balance, American clock, 5712, 5714 

— in architectural design, 2283, 2284 

— hanking, commission, 3482 

— in bookkeeping, 2501 ; ledger, 

1807 ; see also Trial balance 

— chemical, description, 61, 312 

— ill design. 5819 

— petty cash book, 404 
Balance-sheet, relation to trial balance, 

2502 ; rent, rates and taxc-;, 
allowance for, 2882 ; of profit and 
loss account, analysis, 2755; doubt- 
ful debts, 2881 ; final form, 2757 ; 
bu.si nesses with branches, 3418 ; 
single entry, profit, and loss, 3917 

bank, 4438, 4443 

company, 3189 

contractors’ business, 3420 

ill partnership concerns, 2979 

Balance spring, watch, 6084 

— verge watch, 0081 

— wheel, verge watch, 6081 
Balancer, in three-wire electric supply 

system, 2240, 2247 
lia^animis glandium : see Nut- weevil 
Balanoqlossus : see Worm 
BaJas ruby : see Sjiinel 
Balata, sources, manufacture, 5313 
IkilMyensp, in dressmaking, 187 
Baldness, causes, 4255 
liale : see Basle 
Bale, of tobacco, 4274 
Bale-breaker, cotton, 1241 
Bnleu, of crayfish, use, 3807, 3808 
Balfour, A. .1., on matter and ether, 
935 ; philosophic works, 2780 
Baling, in cotton, 388 
Baling press, 1223; for cotton, 300; 

liydranlic ram, 1220 
Baliol, .John, Scottish Bretender, 307 1 
Balkan IVninsula, 2105, 2106, 2167 
Balks, for sea barriers, 4644, 4645 

— timber, 3542,3544; joints lor, 41 15 , 

4110; test, 6200 ; transport, 40 10 ; 
in trestles, 1173 
Ball-bearing, 904, 3328 

hub, eonsiruution, 4327 

worm-gear, 3925 

hall-mills, eement maniifiicture, 158:: 
Ball-and-socket joint, human, 1709, 
1710 

Ball trap, in drainage, 571, 572 
Ball-valve, pump, 1081 ; in cisterns, 
5029, 5032 ; water-waste pre- 

venter, 5631, 5034 
Ballad, Irish, poetry of, 2610 
Ballast, in building, 643, 047 

— in foundations of buildings, 332 

— in railway construction, 3429, 3430 ; 

— of ships and steamers, 1089, 5402 
Ballast- bags, of balloon, 3979, 3981 
Bailistite, manufaeturO, 0703 
Balloons, as means of transit, 2270, 

3979, 3981; military use, 0271, 
scientific observations, 3982 

— caiitive, uses, 3983 

— dirigibfi*, history and problems, 227!> 

— hot-air, construction and use, 398:i 
Balls, Holfmann, in thrust bearings, 

4325, 4327 

Balsam, elassifleation, 353 ; pollen pro- 
tection, 1114; seed vessel, 910. 
VI I 

— Canada ; sec Canada balsam 
Balsam fir-tree, resin, 1034 

Balsam of (Blead, oleo-resln, use, 4009 

— Peru ; see Peru balsam 

— of tolu : see Tolu balsam 
Balsams, 1034 

Baltic fir and pine : see Scotch fir 

— Provinces, ceded to Russia, 6201 

— Sea, current, 558 ; gulfs, 583 ; 11 im- 

Sian ports, 2400 

Baluchistan, British, 2818; ethnology. 
1790 

Baluster, forms, 3241, 3247 ; coxi- 
struction, 5301 

Balustrade, iron, 3242, 3247, 6795, 5797 
Balzac, works, 3783 
Bamboo, cultivation and uses, 5721, 
5725, 6881 ; varieties, 865, 5724 



Ban-Ba«« 

Banana, 6881 ; African flora, 3276 ; 
bottling, 4846 ; classification, 355 ; 
cultivation. 4493, 4876 ; market 
iwrice, 2532 ; sale, 4844 ; in season, 
1531; staple food, 4870; West 
Indies, 2532, 4178 
Banana trifle, recipe, 2002 
Ban oclira, plant, use of fibre, 818 
Ban rhea, plant, uses of fibre, 817 
Bances, buttresses of gutta-percha 
trees, 809 

Band brakes, mechanism, 3128 

— military, pitch of instruments, 1058 
Bandeau stitch, milliners’, 4.565, 4506 
Bandeaux, in millinery, 5.332, 5505 
Band-nipper, bookbinding, 0770 
Bandsaws, woodworking, horizontal, 

.5.9.94, 6997, 0357, 0449, 6450 ; feed- 
ing devices, 5996 ; loading aj^pli- 
anees, 5997; vertical log, 5996, 5997 
Baiidsinen, navy, 4269 
lland-whocl, use in mining, 2S45 
Banjo, construction and playing, 4 3 JO 
Hank accounts, bookkeeping, 1866, 
1966 

Bank Act, objects and provisions, 4168 

— bookkeeping, 4438 

— cash book, use, 779, 977, 1 168 ; 

entry of partner’s drawings, 1570 

— clerks, 4.587 ; wages, 44, 16] 

— credit without ie(!ourse, issue, 4291 

— draft.s, foreign, 3683 

Bank of England, 4167 ; clearing 
accounts, 3972 
' - otticials, 4587 

— pas.s book, 778 

— rate, fliiet nations, 4170 

— river and sea, proleetion from ero- 

sion, 5578, 5579, 5580 
Hanka, island, tin supply, 5308 
Hanker, comiiiereial functions, 3973 

— examinations, 4589 

Hanker’s di.scount (explained), 1319 
Hanket, in mining, 3770 
Hanking, 3960, 4167, 4291, 4438, 4587 ; 
baiik rate and discount rate, 4170 ; 
books, 4590 ; branch banks, 4171 ; 
clearing bouse transactions, 3971 ; 
commercial functions, 3973 ; con- 
tinental branclUNS, 4590 ; eorre- 
gpondence and inquiries, 4293 ; 
credit, 3970 ; deposits, 4167 ; dis- 
count, 4292 ; documentary bills, 
4295 ; examinations, 4590 ; future, 
4590 ; head ofilce work, 429.5, 
4438 ; Institutes of Bankers, 4.589 ; 
interest, 4292; ledger loans, 4292 ; 
lending at interest, 4167 ; loan and 
remittance, 4167 ; note issues, 
3970 ; overdrafts, 4292 ; pass- 
books and paying-in books, 1966 ; 
remittance business, 4293 ; securi- 
ties and periodical payments, 
4293 ; Scottish sysleiii, 1466,4291 ; 
valuables, custody, 4167; advice 
to depositors, 3482 
Banking, in drain laying, 733 
Hanking up, forge fire, 3107 
Banknotes, Bank of England, 4169; 
forgery precautions and rc-issne, 
4138 

— Scottish, 4291 

Bankrupt, aljudieation, 3750; ])nblic 
examination and discharge, 3571 
Bankruptcy Acts, 1883, 1890, 3569 

— law of, 3509-3.571 

Banks, arrangement of premises, 4589 

— branch, balance W'ork, 4443 ; func- 

tion of, 4171 

— continental British branches, 4590 

— country, issue regulations, 4168 

— joint-stock, 4171 

— liabilities and assets, 4438, 4444 

— private, decadence, 4171 

— Scottish, 4291 

Bann, river, watershed, 984 
Bannockburn, battle of, 3075 
Bantam, fowls, 4660 ; breeding, 4859 ; 
varieties, 4958. 6625 

— booted, points of breed, 4958 

— Pekin, points of breed, 4958 

Bant ry Bay, comparison wi th N orwegian 
, fiord, 9«0 

* Baptism of Christ,” picture by 
Francesca, 3794 

Baptist Church, ministry, 162, 6602 


Baptistery, architecture of, 3089, .3090 
Bar, the (law), study and call to, 6740, 
6747 

Bar, use in mining shaft, 3457 

— bulkhead bending, 5739 

— of metal, bending process, 2987, 2988 

— reversed, of ships, bevelling and 

bending, 5738 

— sjdinter, leather trimming, 3622 

— test, limitations of u.se, 3961 
Bar-boy, of railway locomotive, duties, 

4. 5.9.1, 4595 

Bar-stays, in vertical boilers, 3099, 3105 
Bar-straight ener, use, 5214 
Bar-tack, in finishing poeketi^, 1551 
Barbados, cotton industry, 225, 383,385 ; 

golden syrup manufacture, 3831 
Barbary Stales, geography of, 3279 
Barber, trade, 46, 1095, 3295, .3297 ; 

side lines, 3296 ; see also Hairdresser 
Barbcr-.snrgeon.s, ancient practice, 1895, 
3295 

Barberry, classification, 352 
Barberry bark, .source and use, 6068 
Barberry blight, 1372, 1373 
Harbet, description, 2210 
Barcelona, Spain, capture by Earl of 
Peterborough, 4951 ; manufacture 
and trade, 2234, .5823; touring, 1133 
Barcrump (tool), u,se, 33SS 
Bar/fing (iron coating), 6577 
Hargains, law of, 6752 
Barge builders, employment conditions, 
2645 

Barges, dredging, 5336 
Barilla, form of soda, 842 
Baritone voice, characteristics, 6050, 
0 /.S2 

Barium, chemistry of, 517, 1011, 4409; 
])roportioii in earth's crust, 239 

— carbonate, in hardening stonework, 

3244 

— oxide, chemistry, 1041 ; u.se in glaas 

mamitacture, 813 

— sulphate, formation, 4632; precipi- 

tates, 4405, 4.1X2 : see w/ao Barytes 
Bark, dyeing, 5907 ; economic i)roducts, 
4658; medicinal, 0007, 600S ; 

tanning, 1165, 0005 

Bark -beetle, wood destroyer, 3512, 3513 
Bark-mill, use, 3012, 3013 
Burk<‘r’s mill, prototype of rt^action 
turbine, 1692 

Barley, cultivation and yield, 873, 1229; 
climatic limitation, 4493 ; dige-sfi- 
bility of, 3314 ; English growing 
counties, 874 ; European cultiva- 
tion, 855 ; fermenting, 3085 ; fung- 
ous pests, 1669; gcrminulion, 635; 
har\c.sting, 1663; as livestock 
food, 2704, 2908; ns poultry food, 
5435 ; Scottish yield, 874 ; world’s 
cultivation, 4874 ; dietetic value, 
3312 

— ('licvalier, 873 

— mcad(»w, weed, 883 

Barh'y -.starch, micrograph, 5365 
Harley-straw, as livestock f(K)d, 2909 
Harley -sugar, i>roduction, 3652 
Barley-water, as infants’ ^ood, 4683 ; 
recipe, ‘2334 

Barlock typcwritcu, 1528 
Barm ; see Y east 
Barmecides, history, 2353 
Barn, in farming, construction, 2998 
Barnacles, 3806, 3809; attaclinicnt to 
vessels, 5260 
Barnet, battle of, 360;{ 

Barnsley, industry, 1272 
Barographs, 6131 

Baroiiu’tcr, aucroid, 1139, 1140, 6129, 
0 130 ; in ballooning, 3980, 3982 ; 
in surveying, 159; cistern, 6129, 
0130 \ manufacture, 6129; mer- 
curial, in determining heights, 592 ; 
Torricelli’s and modern forms, 
J 7.1?/, 6129; prices, 4995; rclati:jn 
to lidal height, 6219 
Barons’ Wars, 3073 : William JUifiKs, 
26?4 ; Uciiry 1., 2675 ; Bichard II., 
3250 

Baro-therino-hygrometer, in balloon- 
ing, 3982 

Barouches, described, 2465 
Barque, type of rig, .5.399, 5400 
Barqueiitine, type of rig, 5.399, 5400 
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Barrancas, description, 4175 
Barra(pie, used in shaft sinking, 3460 
Barratry, in marine insurance, 4854 
Barr^, in banjo music, 4312 

— in guitar playing, 5761 
Barrel, boiler, 3098, 6514. 6515 

— piers of boat bridgtis, 6266 

— of verge wutcli, 6081, 6082 
Barrcner, in agriculture, 2238 
Barrett, Elizabeth ; see llrowniug, E. B. 
Barretter, electric, Ecssenden’s, 3898 
Barrie, .1. M.. novelist, etc., 2686, 3558 
Barrier Beefs, general account, 558, 3700 
Barristers, average income, 163 ; study 

and career, 6746, 6747 
Barrow, band, construction, 25.>8 ; 
spring, 3328 

--in mineral extraction, 2847 
Barrow’, river, Ireland, course, 1366 ; 
watershed, 984 

Bars, of boring niacliincs, action, 5008 

— of brougham. 2830, 2831 

— engine cylinder connecting rod, 6641 

— geological formation, 1816 

— iron, rolled, shapes, 4638 

— lace hxmi, 4880, 4978, 4979 
■ - moulding, 5298, 0299 

— in music, cxpUiuation, 40 

Barter, early system of trade, 145, 3969 
Bartolommeo, Era, painter, 3796 
Barton, Dr., air-ship, 2279 ; aeroplane, 
2280 

Barw'ood, in dyeing, 5906 
Barylitc, characters, 6732 
Baryta ; see Barium oxide 

— glass, recipe, 4533, 4736 

Barytes, chemislry of, 1041, 0732; in 
rubber mamifacturQ, 5203; Shrop- 
shire dcpo.sits, 2379 

— paint, manufacture and use, 5143 
Basalt, classification, compo.sition, 

occurrence, 528, 535, 1008, 1009 ; 
jointing, 1925 

Basaltine 8t()?ic, cojrtcIc, 534 
Bascule bridges, 828, 2886, 288/ 

Base, in chemistry, 59, 240, 839 ; stale 
in solution, 4 407 

— in logarithms, 0.')00 

— Of triangle, 285, 4330 

— l»igincnt, kinds and uses, 5832 
Basebed, (piarry bed, 2836 ; stone, 533 
ilaseboard, in diii)licating, 1608 
Base-line, in surveying, 159, 594, 1018 ; 

in mine surveying, 801 ; of Drd- 
nance Survey, 1115 

Ba.se-platc, of columns and stanchions, 
area, 5791 

— — of crane, casting, 2111, 2113 
Bast'l ; see. Hasle 

Ba.sic slag as manure, 590 

— steel ; see Steel 
Hasil, classification, 354 

Basiliar membrane of car, 2534, 2535 
Ba.silcus ((I’reek noun), declension, 5655 
Basilica, in architecture, Komau, 2932 ; 
in Christian worslii}), 3089 ; in- 
fluence on Bonijincsque architec- 
turo, 3231 

Basket-makers, employment cundi- 
tions, 2656 

Basket-making, 5488, 5489, 5501 
Basket -w’orrn, larva*, 3515 
Baskets, 5188, .5501 \ cuiie, .5563 ; 

dress baskets, 929 ; double-lid, 
manufacture, 5563 ; fancy sFjaj)es, 
5564 \ flat fruit, 5.563; grccii- 
grocer’s, cost, 2S70 ; oval, 5.56.3 ; 
Barker'.s patent, 5563 ; round, 
5489, 5190 \ S«puire, 5561-5561 
Basle (Bitsel), trade, silk manufacture, 
1837, 1839; touring, 946, 1811 
Basques, ethnology, 1790 ; nasal index, 
1786 

Bass, brush fibre, 6106, 0107 
Bass, musical instrument, 2745 
~~ figured, in music, 631 
Bass-bar, violin, 2122, 2123 
Bass clef, explained, 38 ; use in trans- 
po.sing, 1060 

Bass clarionet, structure, use, aiui 
score, 4785, 4790, 5730 
Bass-dr«iin, 5567 

Basset horn, structure, use, 4790, 5730 
Bassinette, Imsket work, 5.564 ; le.od 
oonstruetlon, .3623 ; trade in, 926 
Basso, in singing, 6050, 6182 
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Bassoon, construction, use and playing, 
4896, 4S98, 5887, dS9:i ; manufac- 
ture, 6624 

— double, compass, 5730, 5731 

Bast, description and functions, 189, 170 
Bdst-Hbrcs, flax, use, 353 
Baste, in tailoring, 3014 
Jbistian, Br. Charlton, experiments on 
sulphur and living mutter, 1444 ; 
on origin of life, 2030 
Basting, in dressmaking, mctliod, 101 ; 

stitch, milliner’s, 150, 4585, 4566 
Bat, plate ptcitift 1491, 1763; flying 
apparatus, 2037, 203H, 2155 ; as 
pollen carrier, 730 
Bat -engine, structure, 1998, 1090 
Batching, in cotton manufacture, 1242 ; 
of jute fibres, 1389 

Bateson, biologist, on “ Discontimious 
Variations,” 1181, 1484 ; on here- 
dity, 1760 

Bath, in teehnieal drawing, 5185, 5349 
Bath-coating, flannel, use, 3094 
Bath-metal, ()roperties, 3940 
Bathstone, distribution, varieties, 533 
Mathlng-gowm, child’s, 4476 
Batbrnlc theory of evolution, 652 
Baths, children’s, 4864, 6288 

— medu'ated, 0283 

— outlet and overflow, 563 4 

-- plunge, swimming, and shower, 4256 

— Turkish, 1896 ; use, 4255 

— varieties and uses, 6287 

— zinc, in laundry work, 2476 
Bating, in leather manufaetnre, 2856, 

3010 

Baton, in mnsie, condnct(n‘’s, 5802 
Butt frame, in felt niauufueture, 1998, 
1909 

Batten, of brougham door, 2829 

— drawing aiiparatiis, in ship drawing, 

5010 ; see also (’urves 

— “ frames, in seasoning linoleum, 5125 

— of hand loom, 3 492 

— in holding hoards together, 384 f, 

3H45, 3847 

— in joinery, 5296, 5299 

— timber, size, 3544 

Batter, implement, use, 3255, 3258 
Balters, in cookery, making, 1530; 
for fried llsh, 1873 

” Battersea Bridge,” Whistler’s picture, 
4302 

Battery, electric, 462, 464 ; energy, 
467; discoveries, 129, 130: see 
also Cell 

— storage : see Aecnmiilator 

— telegraphic, 5.535 

— - telephone, 5082 

Batting, m cotton manul'acture, 1:{86 

— maeliine, hi pottery manufacture, 

52:53, 5234 

Baudot type-printing in telegraphy, 
5:;94, 5395 

Bauxite, 5989, 6733 ; aluminium ore, 
359, 5756, 5989 ; for glass-cutting 
wheels, 4932; refractory material, 
3941 ; source of alum, 4780 
Bavaria, political condition, 1974 ; beer 
consumption, 3377 
Bay oak, timber, 58 
Bay rbum, recipe, 4072 
Bay salt, source, 1600 
Bayoux tapestry, 715, 323 1 
Bayonet engine : see Semi-girder engine 
Be, to : sec Auxiliary verb 
Beach, tidal forTtiation, 1813 ; marine 
deposit, 1814 

Beacons, construction and use, 6198 
Bcaconsfleld, Lord, novels, 3440, 3441 
Bead, in joinery, 5179, 51S1 ; in mould- 
ing of panelled door, 5180, 5181 ; 
stop mitred, 5183, 5180 
Bead tools, 2457, 2458 
Beading, in boiler work, 3101, 3107 
Beads, gl.ass, manufacture, 4931 
Beak, ot bug, 3364 

— of flsh-eating bird, 2493 
•— of smith’s anvil, 2983, 2985 
Beak-Iron of anvil, 3107, 5321 ; see also 

Mandrel 

Beaker, goldsmithing, 5687, 5890 
Beakers, chemical, 4407, 4412, 4003 
Beam, carrying capacity, 1987, 1988: 
stability, 1984, 19S7 ; strength of, 
2197, 2199, 2200 
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Beam, of barque, 5400 

— braced : see Braced structures 

— in carpentry, flit«hing and trussing, 

4639, 4841 

— deck, erection, 5742 

— of engine frames, load caiculation, 

4206 

— engine, 828, 5748 

— in leather manufacture, 2854 

— in reinforced concrete construction, 

1643, 1645 

— roof, 4247, 4249 

■— of siiip, 5741, 8223, 6673 

— of steamer, 5102 

— in weaving cloth, 3686 
Beam-bar, of ship, 5741 
Beam-bending machine, of ship, 5741 
Beam-compass, in plotting surveys, 370 
Beaming, in textile weaving, 3491 
Beam-knees, of ship, 5741, 5742 
Bean, common, varieties; uses, culti- 
vation, 874, 1230, 4962 ; as cattle 
food, 874, 2908 ; culture, 667.3 ; 
dietetic value, 3312 ; digestibility, 
3314 ; as livestock food, 2704, 
2908 ; Knglish cultivation, statis- 
tics, 874 ; harvesting crops, 1663 ; 
market garden returns, 6836 ; nutri- 
tive value, 3381, 3599 

Bean-meal, cattle food, 2908, 3892 ; 
poultry food, 5436 

Boar, plate facing 1491, 1764 ; aggres- 
sive coloration, 2157; skins, 6426, 
64:f0 

Be.ard, Dr., evolution theory. 1180; 

on real facta of heredity, 1315, 
Beards, evolved for courtship, 2157 
Beard.smore armour plate, 47.30 
Bearers, in printing. 5867 
Jfearing, in arehiteetiire, definition, 1984 

— engine, 4425, 4427 

— in surveying, calculation, 368; 

with cToss-statf, 263 ; finding, 
265 ; with prismatic compass, 266 ; 
reduced, 309 ; in tacheometry, 711 ; 
by theodolite, 267 ; in traversing, 
367 

Bearing-metal, eompo.siti(m, 3941, 6162 
B»‘a ring-plate, railway, 3432 
Beu ring-rein, of harness, dimensions, 
4886 

Bearings, of nmehinery, principles, 208 
Bearings, ball, 96 tl, i327 

— bronze alloy in, 360; centring, 3889, 

3692; cycle, types and adjust- 
ment, 3778; eeeentrie, conatriie- 
tioii and action, 4328, 4328 ; 

engine, in dr.awiiig, 4201, 4203, 
4205; plain f(K>tstep, 4325; roiliT, 
con.striictioii, 961, 4327; shaft, 
various types, 3283 ; swivel roller, 
construction .and u.sc, ; wag- 
gon, roller, 4328 
Bearnaise sauce, recipe, 2004 
Beat, in music, 40 
Beaters, in churning, 4279 
' in paper-inakim;, 8282 
Beattock, height, 1066 
Beaufort phaetons, 2484, 2166 
Beaumont, Francis, dramatist, 846, 
847, 849 

Beauty, place and influence in life, 180 
Beaver, 1762; diversion of water 
chanm-ls, 1814; skins, 6 126, 6 130 
Because, eonjunction, derivation, 1337 
Bcchuanaland, ctlinulogy, 1790; geo- 
graphy, 5660 

Becker’s electric fiurnace, 4533 
Becket, Thomas ii, shrine at Canter- 
bury, 326 ; influence on wars be- 
tween Stephen and Matilda, 2676 ; 
fiuarrel with Henry II., 2913 
Becquerel rays, discovery, 4104 
]ied, ill geology, 2378 ; detecting, 528 

— invalid’s, 6174, 6176 

— of lathe, types, 4912, 4914 

— of machinery, general account, 205 

— in slating, 4866, 4867 

— of steam engine, with self-contained 

bearings, 5911 ; semi-girder, 5912 
Bed-bath, description, 5491 
Bed-charge, in cupola furnace, 2862 
Bedding, in building, slate, 530 ; of 
building stone, 1838 

— in geology : see Stratification 
— • manufacture, 6720 


BaM— -Bolg 

Bedding-in, moulding process, 2458 ; 

moulding box used, 2697 
Bede, the Venerable, 1608 ; Alfred the 
Great translates w'orks, 2356 
Bedeguar, cause, 3722 
Bedfordshire, geography, 1273 
Bedmaking, method, 1 004 
Bedplate, engine, in drawing, 4201 ; 
marine, 6295 

Bed-room, air analysis, 3801 ; cleaning, 
and maid’s duties, 1004 ; ventila- 
tion, 4390 

Beds, in mining, proving deposits, 
2666, 3307, 3310 

— under-carriage, construction, 3126 
Bedsores, eaiises, treatment, 6175 
Bedstead makers, employment condi- 
tions, 2646 

Bee, varieties, 3723, 5957 ; devices to 
obtain nectar, 1114, 1115; eggs, 
5957 ; larvjp, 3723, 5957, 5963 ; ns 
pollen carriers, 731 

— gregarious, liabits, 3723 

— honey, 3723, 3724, 5957 ; diseases, 

5063 ; wax : see Beeswax 

— liumble, vlute facing 3361 
Bee-catcr, classification, 2211 
Bee-kccpIng, 5957-5963 
Bee-house, habits, 3512 
Bee-pest, symptoms, treatment, 5963 
Beech, tree, classification, 355 ; ciiltiire, 

4678 ; di.stillation products, 5466 ; 
rate of growth, 4676 ; husk, 
function, 1110 ; pests, 4920, 4927 ; 
timber, 56, 1260 

— w'O'xl, originated by natural regen- 

eration, 4679, 4680 

Beef, carving, 5935, 5936 ; choice, 1228, 
3717; cutting up, 1429, 1432; 
digestibility, 3314 ; dnjssirig and 
canning, 5119; nutritive value, 
3599; roasting, 1487, 1737 

— miroton of, recipe, 2336 

— salad, recipe, 2004 

Beef-tea, food value, 3381 ; how to 
make, 331 

Bcegcrite, characters, 6733 
Boe-liive, 5960 ; as sociological type, 
5248 ; ventilation, 4020 
Beer, adulteration, 3718 ; alcohol in, 
1035, 2880; brewing, 6057; coii- 
Hiimption, 3377 ; Jlning, 0230; 
licences, 5790 ; water for, 6059 
Beerhouse, trade, :i735 
Beesling, remedy, 5958 
Beeswax, 1033, 4834; manufacture, 
483 1; use, 5120, .5860 
Beet, 942 ; classification, 354 ; sugar 
manufacture, 3627, 4160 

— sugar; see Sugar, beet, and Sugar- 

beet 

Beet -fly, in beetroot, 4048 
Biiothoven, L. van, study of, 2023 
B(a*tles, 3:{62, plate faring 3361 ; pests, 
1066, 1667, 3512, 1926; metii- 

iiiorpliosis, 3510 
Beetling, linen, 4345 
Beetroot culture, 6073 ; market garden 
returns, 6836 

Begging the question, in logic, 0100 
Begonia, 353 ; culture, 6489, 6492, 6531 
Behn, Mrs. Aphra, fletion u'orks, 290.3 ; 

• Southerne’s plays, 1150 
Behring’s Straits, ethnology, 1789 ; 

width, 4061 
Bel, Assyrian god, 501 
Belemnite, fossil, 620, 621, 897 
Belfast, industries, 1025, 1365, 1366; 

trade, 6006 ; water supply, 4027 
Bclgie, and .liilius Crosar, 2948 
Belgian granite, plate facing 481 
Belginni, archileeture, 3374 ; beer con- 
sumption, 3377 ; coalfields, 1835, 
2378, 5302, 5304 ; coins, weights, 
and nieasiires, 409 ; Dutch trade. 
5826 ; forestry, 4603 ; French 
trade, 5824 ; geography, 1835 ; 
history (to 1385), 2948, 4398; 
Indian trade, 5381 : industries and 
manufactures, 18S6, 5825 ; iron 
manufactures, f835 ; meat con- 
sumption, 3381 ; population, 3. 
628 ; Spanish trade, 5823 ; trade. 
5825 ; travel In, 394, 713, 714 
Belgrade, history, 6447; touring, I2 di, 
2167 
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Bell— Bird 

Belief, contrasted with knowled«c, 28 
Bell, (Jraliam, telephone, 5680, 5081 
Bell animalcule, 4089 

— church, imitation in orchestral 

music, 5734; rin«ing, 5571 

- crank, in bell-hanging, 5795, 5799 

— lever, forging, 29 H7, 2988 

— electric, cell, 464, <jft>5 

— - hanging, system, fittings, 5799 

— ^ metal, 3940, 0309 ; physical data, 

1390 ; strength, 1396 

— iiiusica! instrument : see Bell-ringing 

- notes, ill guitar playing, 3705 

— • pull, forms, 5799 

— ringing, hand and steeple, 5571 
-- skht, 801, ii02 

— wire, fixing, 5799 

Belladonna, 0881 ; standardisation, 
4009; poisoning by, 4010 ; see also 
Atropine 

Belle Isle route, for Canadian tourists, 
1649 

Belles-lettres, defined, 2139 
Bellied jibs, in cranes, 542 
Bellini, (Seiitile, and (iiovanni, painters, 
3795 

Beilis compound engine, 575^) 

Jlellows, foot, in chemistry, 1415, 4416 
ill foundry work, 2545 
organ, function, 3857 
Belshazzar, son of Nahonidos, 20, 502 
Belt, chain, drawing, 4002 

- conveyer, in cement manufacture, 

1854 

— drive, pulley, calculations, 3424, 3426 

— driving, matiTials, size, speed, jiowcr, 

tension, 3208 

tluimel, use in dress, 4529 

— leather driving, 3531, 3532, 3533 ; 

leathers used for, 57i2: manufac- 
ture, 3713-3715 ; relation to pulley, 
3533 ; sliiiping, 3533 ; strengths, 
1701, 3532 ; transmitting power, 
3532, 3533 ; velocities, 3532 

— link, power transmission, 5354 

— maehiiie, open and er(»ssed, 3427 

— inanufaeture, 3162, 3713', scope of 

trade. 3531, 3712 
■ - shaft, 5353, 5354 

— substitute for trusses, 5493 
Belting, in dressmaking, 185 

-in machinery, 962, 3208 

— manufacture, 3712-3715 

— - power transmission by, 5353 
Beluehistaii : see Baluebistan 

" Belvedere Apollo ” statue, realism, 
2930, 2931 

Benares, India, industries, 2821 
lieiich, carpenter’s, 3385, 3367 

- litters’, use and kinds, 3668, 3690 
Bench-hook, use, 3380 

- marks, iii surveying, 158, 372, 1146 ; 

trustworthiness, 375 

- rammer, use, 2457, 2458 

r>eud, in eoppersnutliiiig, 3884, 3886, 
3867 

Bending-block, in coppersmithing, 
3884, 3885 

Beiuling, in forging, 2967, 2988 

- machines, hydraulic, 1223 

- moment, in beams, 1984, 1987 ; 
beams and girders, 2197, 2199 

- in plating slu p, 3096, 3097 
--rolls, in boiler- making, 3099, 3100 

in sheet-metal work, 4521 
Bengal, province, India, 2822 ; cotton 
statistics, 384 ; products and 
trade, 5380, 5381 
Beuguela cotton, strength, 1701 
Benjamin : see (Uim benzoin 
Benson, A. L'., “ From a College 
Window,” criticism, 2686 
Beiizaldehydc, manufacture, 3818, 
5486 ; use in perfumery, 4971 
Benzene, chemistry, 1164, 3708 ; colour 
material, 5953 ; derivatives. 3709, 
6765; Faraday's discovery, 949, 
9824; preparation, 2711, 5461, 
6147 ; rectifying, 5462. 5463 ; uses, 
6148, .5463 

~ ring, graphic formula, 3708 ; alka- 
loids substitution products, 3824 
Benzine : eee Benzoline 
Benzoic acid, chemistry of, 3709 
3818 ; reagent and test, 4411 


Benzoin, gum benjamin, 810, 4969, 
6881 

Benzol : see Benzene 
Benzoline, production and uses, 1164, 
6148, 6329 ; sale, 4059 
Benzopurpurine dyes, 59.54 
Benzyl alcohol, tormula, 3818 

— acetal c, use in perfumery, 4971 
Berbers, efhnology, 1790; in Morocco 

and Algeria, 3279, 3280 
Bergainiol : see Bergamot oil 
Br*rgamot, oil exjiression, 4969 
Bergamot oil, source, 5409 
Bergen, fishing port, 161 
Berkefeld filters, advantages, 3380 
Berk(‘ley, (J., philosophy of, 2054, 6468 
Berkowitz, meusiin', 410 
Berkshire pig, 2365, 2368 
Berlin, communication and indiistrii^s, 
1976 ; toiirisls’ description, 857 
Berlin black, preparation, 1163 

— wool shops, trading, 1095 
Berm, in railway construction, 3130 
Berri, measure, 410 

Berry jiome.roy marble, 533 
Bertiiclot, Marcelin, fixul-tublcts. 203 ; 
founder of synthetic clieniisiry, 
2711 ; petroleum formation hypo- 
thesis, 5915; syntheses, alcohol 
and acetic and formic acids, 2711 ^ 
Berwick-tm-1'wccd, “ county rights,'* 
316 ; Edward I. captures, 3074 ; 
situation, 1066 
Beryl, precious, 5855, 0733 
Berzelius, dual theory of ehemical 
eoiistitutioii, 4407 ; on synthesis 
of organic products, 271 1 
Besant, Walter, novelist, 3442 
Bessemer, Sir Henry, inventor of 
llcssemer process, 1045, 4907 
Bessemer eonvi^rler, eonstruction and 
working, 233, 234, 1045, 2804, 

4908 ; use in cupper reduction, 4127 

— pig-iron, 232 

— steel, production and use, 234, 1045, 

4907, 4908, 1909 ; iiiHueiice on 
niHeliiiiery design, 200 
Beta-naphthol, use in dyeing, 59,55 

— solution for bees, 5961, 5962 
Beta-rays of radium, size, 2028, 2029 ; 

ultimate units of matter, 2395 
BetheU's process of preventing disease 
in timber, 52 

BCdon concrete, in coustriictioii, 1450 
Betula : see Birch 
Between-maid, duties, 1005 
Bevel, ill joinery, 4115 ; mason’s tool, 
2637 ; use, 3386, 3367 ; measuring 
tool, 4701, 4703, 4706; in techni- 
cal drawing, 3922, 3933 

— gears, foundry ladles, 2665 

— wheel, casting. 2337, 2339 ; mould- 

ing machine process, 2543 
Bevellcrs, saildlery, 4784 
Bevelling machine, in stereotype foun- 
dry, 5556, 5557 

Beverages, adnlferution, 3718 ; dietetic 
value, 3314, 3377 ; recipes, 2333, 
2334 ; temperance, 3379 ; see also 
specific names — e.g., Alcohol, Cocoa, 
Tea, etc. 

Bewick, wood-engraver, 6291 
Bhang (Hashish), narcotic, 718 
Bhutan, state, government ami rai-c, 
2822 

Bias, political, social, ainl theological, 
Spencer’s views, 4121 
Bib-cock, use with service pipes, 5629, 
5 33 


dible, ancient poetry, 304 ; Eastern 
inrtuence, 667 ; I6th century 
iuiiiience on England, 1640; En- 
glish versions, 1639; predomin- 
ance of Anglo-Sa.von words, 1771 
[Beeps, 1350, 1351 ; of arm, 1712 
IBchir, fish, classification, 30(t6, 3067 
IBchromate of potash : see Botassium 
bichromate 

Bicuspid, human, . 

Bicycle, types, construction, 2095, 3773 , 
accessories, 2095, 3'779 ; books and 
periodicals, 3908; brakes, 3128; 
driving gear, 5354, 5082 ; 

2095 ; as means of transit, 21o;5 ; 
plating, repairing, 2095 ; trade in, 
2093 ; tyres, waste, 5309 


Bicycle dealers, business of, 2093 

— moTor : see Motor-bicycle 
Biennial plants, defined, 728 
Bigotry, in religion, 5532 

Bile, action on food, 675 ; cause ol 
jinmdice, 5842 ; formation, 580 
Bile-duct, dertiiitioii, 102 ; uses, posi- 
tion, .576', 579, 560 
Bilge, of vessel, form, 5609 
Bilge-bloeks, in shipbuilding, 5736 
Bilgrum, bevel-gear cutter, 3631 
Hilionsfiess, cause, remedy, 580, 5842 
Bill of Attainder, practice and etfeet, 
3832 

— book, in bookkeeping, function, 

778, 1319, 1320 loose-leaf, 6521 

— brokers, bills of excliaiige, 1318 ; de- 

posits and illtere^t, 4590 ; foreign, 
36.S2 

' (b'leoimtiiig, 4292 

— of (“xebange : see Exi'hauge, bill of, 

— oJ holing, 6362, 6806 

— ■ posting, 6860 

— of (jnantilies, archileet’s and 

builder’s, 1910, 1911, 6505, 6342 
- n*gisters, bunk bookkeeping, 4442 
Billet, harness, dimensions, 4886 

— in tiilie maniilaelure, 5322, 5323, 

5321 

— in wire iiiamifacturc, 5167 
Billiard players, professional, 6870 
Billingsgate, lish-sale, 5316 
Billion, »*\iilained, 89 

“ Billot,” in feeding chickinis, 5093 
Bills, private, before I’arliamcnt, regu- 
lations, 1237 

— ueeeidance by banker, 4293 

— discounted, hank hookkiM’pIng, 1440 

— returns, liank bookkeeping, 4444 
Bills of Exchange Act (1882), provi- 
sions, 1317 

— sec also under Exchange, etc. 

Bin, in cement mauufaetnre, 1853 
Binder, baby’s, 3744, 3745, 4083 

— in Moor eonstnietion, 4 4 45, 4447 
Binding of books : see Bookbinding 

— ot brick walls 2108-2178 

— in carpet manufacture, 4341 

— in dressmaking, materials for, 185; 

for skirt. 656 

— in textile industries, 3154 
Bindweed, perennial weed, 501, 683, 

1378 

Binomial, in algebra, 1818 ; cube of, 
2150 

— nomenclature ill botany, 136 
Binoxalate of potash : see Antimony 

potassium oxalate 

Bio-chemistry, meaning and scope, 2712; 
I)rineiples of, 4132 

Biogen theory of molecular catalysis, 
413.5 

Biogenesis, in liiology, exiilaiiied, 28 
Biography, hihliograpliy of 19lh een- 
tiiry, 2617 ; iniiiortanre in 19th 
century literature, 2309 
Biology, definition, scope, subdivisions, 
27, 95, 134, 357; aciiuired charac- 
ters, 485 ; animal and^ vegetable* 
kingiloins (rornpared, 275 ; hooks 
on, 1785, 5422, 5817 ; dictionary of, 
32 ; evolution . see Evolution ; 
forms of living matter, 275 ; 
glossary, 32 ; homology and 
analogy, 379; condllions of plant 
life, 503 ; reproduction, 381, 484 ; 
vegetable kingdom, 275 

— see also specific subjects — e.g., Aii- 

tlirojjology. Evolution, (Seology, 
Heredity, *’tc. 

Biotite, mineral, 768, 6733 
Bionomics, meaning of term, 138 
Bipinnai'ia larva, of starfish, 4062 
Birch tree, 355, 6881 ; acetic acid yield, 
5465 ; bark as tanning agent, 3013 ; 
timber, 56 ; in scaftoldiiift, 1170; 
atreugtb, 1260; in vehicle con- 
st ruction, 2827 

Birch-weevil, egg-laying, 3513 
Bird of paradise, 2210 ; plate facing 
2200 

Bird cherry wood, use, 57 
Bird's-eye maple, timber, 57 
Bird’s-eye tobacco, maiMifaclure, 43 /.i 
Bird’s-fooi trefoil, cross pollination, 
732 ; flowers, seed statistics, 940 

filUl 
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Bird-spider, SSOH 

Birds, general characteristics, 29, 30, 
2209 ; blood corpuscle, V53 ; 
blood lemperature, metabolisTn. 
439 ; bones, construction, 43ti ; 
-brilliant plumage, Talale facinu 
2209 ; circulation and respiration, 
2155; classification, 2209; cloth- 
ing, colour, courtship, 2505 ; diges- 
tive process, 578, 2493 ; eggs, plates 
betiveen 2591 and 2595 ; leal hers, 
24V5, 2496; food, 2493; in hat 
trimming, 5506 ; movement and 
adaptation to flight, 2t94 ; nesting 
liabits, 2506 * nests, plates betweni 
2504 and 2595 ; orders, 2155, 
2209 ; ornaments in dress. 0608 ; 
as pollen carriers, 729 ; protection 
against cold, 2505 ; as seed carriers, 
9i2 ; stulfing, 6.326, f:327 ; trade 
in : see Animal and Bird Dealing ; 
toothed, 2214 

Birdsnioutli joint, of lean-to roof, 4217, 
4249 

Birmingham, aiforcstation, 4603 ; in- 
dustry, 1274 ; sewage purification, 
4742; toy trade pos.sihilities, 6-U 

— U.S.A., steel inanufactiire, 4174 
Birrell, Augustine, as literary critic, 

2785 ; advice on reading, 4577 
Birth, physiological definition, 96 
Birth-rate, decay, 4667 ; i)sychologieal 
Importance, 3120 
Bis bigliaincnto, harp, 3329, 3530 
Biscuit cutters, 3596, 3697 

— factory, plan, 359S 

— firing, in pottery manufacture, 5233 ; 

application of colour, 5383 ; 
English china, 5606 

— forcer, continuous, 359<: 

Biscuits, English trade (future), 1155 ; 

hand made, 1155, 3597 ; niamifac- 
turc, processes and machinery, 
3592, 3593 ; recipes, 2333 ; packing, 
3598 

- in rubber industry, preparation, 5047 
Bisection, in geometry, definition, 4208 
Bismarck, Prince (Derman history), 
6445 

Bismarck brown, dye, 5953, 5054 
Bismuth, 1162, 4307, 6773; alh)>a 
(tame), 360,3911; extraction and 
refining, 4307 ; a metalloid, 2H) ; 
ocenrrenee and use. 362, 839 ; pro- 
perties, 1396, 1397, 3837, 3839, 
4244, 4307 ; reagent and test, 
4408 ; strength, 1396 ; symbol and 
atomic weight, 517 
Bison, distribution, 628 
Bit, harncssinaker’rt, varieties, 4885 

— see also Cliiscl 

— soldering iron : see Soldering iron 
Bitter almonds : see Almonds 
Bittern, classification, 2213 
Bitterspar, 708, 6733 

Bits, tools, varieties and forms, 3380, 
3387, 4203, 4479, 4481 
Bituiiieii, ocoirrence and use, 1103, 
5916, 6009, 6733 ; as electrical in- 
.sulator, 672, 6795 ; as cement, 
1952; pigment, 871 ;,^weight, 1704 
Bituminous coal, 1103 
Bituniinoiis substiinces, Hatchett’s 
classification, 6010 

Bivalves, 3284; classification, 3113; 
larva*, 3285 

JUxa orellann, source of annatlo. 5907 
Black, .1., .services to eheniisiry, 60; 

carbon dioxide experiment, 1159 
Black country, geography, 1274 

— ash. lixlviution process, 4770 
■ -dyes, 5905 

— Hole of Calcutta, 6549 

— lead : see flraphite 

— pigment, kinds and preparation, 

5145; syinbollsin in art, T25 ; 
water-colour painting, 1021 

— pottery colour, preparation, 5382 

— quarter, in cattle, 2622 

— Sea, Kussia, 558, 2406 

— .spruce, timber, 55 

— wash, in laundry work, 2545 ; in 

moulding pipes, 5319 
Blackband, iron ore, 1044 ; composition, 
4466 ; distribution, 231 
Blaekbeetle, description, 3363 

6912 


Blackberries, for jam, 4847 ; for pre- 
serving, 4846 ; in season, 1532 
Blackberry, growth, 504 
Blackbird, classification, 2210; nest, 
2506, plate following 2496 
Black-currant pulp, source, 4846 
Black earth, formation, 1815, 2408 
Black-faced sheep, 2362, 2363 ; wool, 
72, 221 

Blackgame, in season, 1531 ; shooting 
neriod, 4712 

Blacking, boot, constituents and recipes, 
5150 ; charcoal in, 1157 

— in bootmaking, 4545 
Blacklcading, in foundry work, 2545 

— in electrotyping, 5559 
Blacksmith, employment conditions, 

2045 

— navy, service, 4265, 4269 
Blackstone, Sir Wm., lawyer. 2141 
Blackwall tunnel, driving, 3462 
Blackwater, river, watershed, 984 ; 

course, 1367 
Bladder, human, 1602 
Bladder campion, defence against bees, 
1114, 1115 

Bladder-worfii, description, 3000 
Bladder-worts, carnivorous, 507, 508 
Bladder- wrack, description, 1368, 13G9 
I Made, of leaves, structure, 109, 170 

— penknife, manufacture, 6474, 5475 

— table knife, manufacture, 5476 

— scissors, smithing, r>478 
Blades, in brickmaking, 1284 

— of centrifugal pninp.s, 1687, 1688 
Blake sewing machine, in boot making, 

1328, 1.542, 4544 
Blandito, artificial rubber, 5309 
Blank verse, English, 306, 328 
Blankets, washing, 2688 
Blast, of furnace, 4468 ; action, 4470 

— furnace, 231, 232, 1011 4125; Cleve- 

land and Pitt.sburg types, 4470 ; 
cupola. 4909 ; hoist ways, 209 ; 
lead smelting, 430.3, 5086 ; modern 
and old English types, 4467, 4169, 
4470 ; use of slag from, 639 
gas, 6818, 6820 

— lupe, trunk, in brickmaking, 1283 
Blasting, for brick clay, 1282 

— gelatin, making, 6762 

— in fuining, proces.s and implements, 

2,584 ; explosives, 2587 ; quarry 
work, 2955 ; special, 2957 

— pipe, locomotive, 6514, 0515 

— in railway construction, 3175 

— in w«‘ll sinking, 4028 

Bleachers, employment conditions, 2651 
Bleaching, in dyeing, 6197, 0198 

— in laundry work, 2912 

— licinor, eloctrolytir, 3262 

— powder, 1041 ; in glue mamifacfnre, 

5359 ; manufacture, 4777, 5759 
Blende, 1012, 5754, 6733; lead 

extraction, 5755 

Blended inheritance, explained, 6.52 
Blending, in wool inannfnctviro, 1125 
JMenheiin, battle, 4951 
Bleniiy, fish, egg capsule, 3008 , 3069 
Blight : see Plant lice and Aplndes 
Blind arch, in architecture, 3231, 3232 

— spot, of the eye, 2402, 2403, 2951 

— M’orni, elassilication, 2678 
Blindness, infant’s, cause, 4681 
Blinds of brougham, 2829, 2831 
Blister beetle, dc.scriptioii, 3512 

— steel, prodiiefiou and use, 234 
Bloaters, preserving, 5316 
Block chain, drawing, 4000, 4001 

— in, in drawing, method, 342 

— lines, in drawing, explained, 109 

— in inaswmry, working cylindrical, 

3037, 3040 

— printing, textile, 4499, 4500, 0724, 

6725 

— plumnier, fitted to bracket, 3268, 

3269 

— of pulley, 684, 088 

— silk hat, 6154 

— stone, in sculpture, roughed out, 

1076 

— tin, long account, 368 

— iu-course work, in masonry, de- 

fined, 1452, 3035, 3036 
Blockers, in mining, work of, 2066 


Bird— Boar 

Blockhouse, military construction, 6721, 
6722 

Blocking press, in bootmaking, 4542 
Blocks, half-tone, making, 6482, 0485 

— line, 6482, 0484 

— linoleum printing, 5125 

— packing, in timber bridges, 4642, 

4643 

— in ship launching, 5923 

— wood engraving, 6291 

— terra-cotta, in building, 2780, 

2782, 2783 ; strength, weight, 1520 
Blondlot, Prof., »i-rays, 2433, 3181, 
3943 ; p olarisability of llontgen 
rays, 4092 

Blood, alkalinity and katabolisin, 3016 ; 
composition, 95.5 ; coagulation of, 
954 ; corpuscles, 952, 954, 6037 ; 
corpuscles, wliite, 953, 6037 ; 

potential clieniical energy in, 401 3 ; 
diseases of. 6037 ; heat in birds, 
reptiles, fi.shes, and mammals, 30 ; 
heat, 952 ; respiration changes. 
1302; nutritive agency, 865; 
poisoning, function of lymphatic 
glands, 1196 ; caused by impure 
air. 3800 

— circulation, 952, 1192; in brain, 2147; 

and the kidneys, 1602; liver 
action, 680; physiolt>gical neces- 
sity, 96 ; in vertebrates, 29 

— vessels, human, disease.-*, 6036 ; 

structure, 955 ; changes accom- 
panying psychic phenomena, 2694 

— rain, phenomenon, 1500 

Bloom, iron, in, puddling process, 232, 
4467, 4635 

Blotting paper, manufacture, 1167, 6100 
JMouse, in dressmaking, 478 ; cutting, 
479, 863 ; ironing, 2911 ; making, 
522 ; quantities of material, 186 ; 
yoke blouses, 477 

— American, 477, 479, 522; girl’s, 

cutting oiir, 4473 

— boy’s, 4190 

Blower, shaft bearings, 962 ; pnenniatie, 
1808 

Blow-fly, Calliphora, 3721 

— holes, iti metal c*asti]»gs, 208, 2515; 

cause and detection, 3902 

— whale and porpoise, 2039 

— pipe, of bagpipes, 5059, 5062 
in chemical analysis, 4406, 4415 ; 

dentist’s, 6028, 6029 

metal-workers’, 5521 

oxy-aeetyleiie and oxy-hydrogen, 

6153 

sohlering, 5503, 5525 

— up pan, in sugar refining, 4151 
Blubber, physiological value, 3480 

“ Blue Boy,” Uainsborough’s picture, 
4393 

Blue lias formation, lime from, 617 

— alizarine, source, 5168 

— cobalt eoinpounds, 5985 

— rolotir, kinds and manufacture, 5144 

— laundry, 2177 

— light, dyeing, 5905 

— mould : see Penicilliiiin glanciim 
Blue Mountains, 3697, 4178 

— pennant: see Bristol pennant, 

— pigments for palette, 871 ; symbol' 

isnq 725 

— pottery colouring, preparation, 5382 

— Prussian, use in dyeing, 5781 

— royal, pigment, 871; in bronzing 

plaster casts, 1673 

— atone : see Copper sulphate 

— turquoise, prej)aratioii for glaze, 5384 

— vitriol : see Copper sulphate 

— bricks, 644 ; for foot-paths, 2430 , 

safe load on, in cement, 1519 
Bluing, in laundry work, 2689 
Blues, In agriculture, 2909 
Boa, climbing, 2679, 2081 ; crushing 
power, 2680 

Boadicea, Queen, rising against Roiikhh 
1938 

Boar, in farming, 2367 

— wild, tuak.s as weapons, 2155 
Board of Agriculture, aiforcstation. 

4603 ; fish destruction regulations^. 
5314 ; statisticB collertion, 

Board schools, Acta of 1902 and 1903. 
1677 



Board--Boot 

Board of Trade, electrical standards, 
789 ; llahennen’s certillcates, 5316 ; 
insurance companies control, 3223 ; 
nautical examinations, 0365 ; 
weights and measures inspection, 
788 

Board of Trade unit (B.T.U.) of elec- 
tric energy, 291, 2812, 2815 ; 

rate of charge, 2816 

Board w'ages, domestic servants’, 615 
Board-cutters, horizontal, woodwork- 
ing, 5994, r>9ySy rmc, 
Bf)ardihg-houses, nianageineiit, 5720 
Boarding-school, life and education, 
arUflciallty, 4666 

Boarding, in leatiier manufacture, 
3220, 3221 

Boards, battening, 3344, 3845 
~ cutting, 3754, 3755 ; from log, 5900 
--llooring, joints, 3845, 38 18 

— jointing and laying, 4 445, 4117 

— in laundry work, 2/75’ 

— stacking, 3542, 3644 

— storage, 3541, 3545 

Jloart, detlned, use, 5854, 6733 
Ooaster, mason’s tool, 532, 2839 
Itoats, lisliing, 4989, 4991, 4992 

— pier of, 6266, 8257 

-sailing and rowing, as means of 
transport, 2277 

Boatswain, navy, pay and service, 4266 
Jiobhin, (*f lace loom, 4978, 1979 

— of net loom, 4880 

— ill pipe bending, 5529, 5630, 5632 
- plumber’s, 5029, 5030 

in textile manufacture, 2289 
Bobbin-drive, mechanism, 2200 
Jb)bbin-nel, principle of w'caving and 
ornament, 3157 

Jtohrovka garnet : see Bemantoid 
Uoccaccio, inlluenee on Chaucer, 325 ; 

inllueiice on English fiction, 2962 
Bodice, American, 3588, 3589 ; boning, 
476 ; cambric with veined seams, 
3588, 3589 \ child’s stay, 4050, 
4052 ; drain'd, 909 ; fitting and 
making, 474, 475 ; girl’s, drafting, 
443 2, 4473 ; infant’s, drafting, 
3853, 3854 ; linings for, 18G, 188, 
190 ; measurements, 180, 187 ; 
for stout figures, 522, 523 ; tailor- 
made, 2329', 2330 
Bodkin, basket-making, 5489 

— compositor’s, 6156, 5158 
Body, of brougham, 2829, 2831 

" human, anatomy, 98-101 ; composi- 
tion of, 438 ; growth limit, 4862 ; 
heat, 439 ; rest periods, 4391 ; 
systems and organs, 30, 106 ; 

temperature, 96 

-- relation to spirit and soul, 4527 

— of vehicles, construction, 2827 ; 

fittings, 3022, 3023, 3024 ; free- 
hand designs, 2729 ; patterns and 
inachincrv, 2833 

— violin, 2121, 2122 

- viola, 2823 

I’ody-gear, of liarness, 4886 
r»o(ly-Unen, ironing and folding, 2910 
Body -loop of dress landau, 3122, 3123 
l’»ocr wars, history, 6693 
boethius, Alfred’s translation, 1608, 
2356 ; and Thcodoric, King of 
Ostrogoths 2945 
ibig-slide, cause, 1505 
Ibigie, railw’ay ctirriage, use, 2555 

- in vehicle coni.tructioii, 3121 ; springs 

used, 2726 

bohemia, kingdom, eonlflelds, 2739 ; 
eraniology, 1 780 ; electoral choice 
of Emperor of Germany, 2947 ; 
geography, 2162, 2165 
Boiled oil, use of term, 1032 
boiler, caulking t<x)l work, 5455, 5456 

— deposits in, 4096 

— fittings, ILst, 3105, 3107 

— domestic, 6016, 6017 

— egg-end, drawing, 5041, 5042 

— leed condensation, advantages, 6070 

— aundry, care and heating, 2475 
“-locomotive, 3101, 6516-6517, (SS77 ; 

washing out,” 6103 

— marine 6874 ; drilling, 3098, 3104, 

3106 

— prover, explained, 3107 

— rail motor-car, 4801, 4811 


Boiler scaling, described, 1307 ; and 
waste of fuel, 5761 

— shin, fitting, 5924 

— * stefin, 3099, fi«74-6879 ; books on, 
5595 ; evolution, 5418 ; mnlti- 
tubular, 6418, 6875 0876; safety 
factor and working load, 211 ; 
test pump, 1082 

— steamer, position and types, 5401 

— tubes, 0514, 6515, 0878 

Boiler- making, 3097, 3098 ; conditions 
of employment, 2645 ; Hanging 
press, 1223 

Boiler-shop, general doseription, 2109 
Boiling, connection with evaporation, 
1741 ; under high pressure, 1742 

— in cooking, 1485, 3313 

— in laundry work, 2689 

— jioiiit, use ill chemistry, 696, 1566, 

1741 

Bo!a, distribution, uses of fibre, 818 
Bolingbroke, H. St. J., iihilosophy of, 
2054 ; Burke’s attack, 2055 ; 
opposition to Walpole, 5551; 
politics, 4950, 4952 

Bolivia, cotton industry, 383 ; geo- 
graphy of, 4282, 1290 ; rubber 
industry, 1154 

Boll, cotton-seed vessel, 388 
llollards, fitting to ship ileck, 5924 
Ibilobolo, distribution, use of fibre, 818 
Bologna, silk industry, 582 ; iiniversitv, 
2230 

Bolometer, invention of, 21.33 
Bolsover moor stone, strength and 
weight, 1520; use, colour, 531 
Bolster, of anvil, form and function, 
2991 

— in building, definition, 1950, 1951 

— penknife, manufacture, 5471, 5475 

— in ])late punching, 3095, 3097, 3107 

— springs, of bogie frames, 3121 

— table knife. 5476, 5477 

— of van, 2828, 2829 
Bolt, cotter in, 834 

— forcer, 1222 

— in ironw’ork construction, 1454, 

5791, 5793; machine, 3107 

— Mauser pistol, 0417, 6118 

— plumlier’s, 5029, 5030, 5630 

— in staging eonstrueting, 1174, 1176 
Boltlu'-ads, Whitworth, in technical 

drawing, 3004, 3005, 3006 
Bolts, cariientcrs’, 1703, 1701, 3513, 
3546, 4249, 425/ : mctluMl of 

cutting, 3628 ; door framing, 5181, 
5182; drawing, 3003, :um, 3007, 
4203, 4204 ; forging, 2991 ; strcngtli 
testing, 1703, 1701 ; timber crane 
W'ork, 4614, 1015 ; timber uniting, 
4042, 4043 

Bomb, volcanic, 1071, 1207 
Bombardier beetle, 3.'>10, 3511 
Hombardon, musical instrument, 5130, 
5131, 5140; compass, 5732, 5733 
Bombast cs, bombastic, explanation, 59 
Bombay, province, 2818, 2822 ; immIciI 
to England, 6549 ; trade, 2822, 
5381 

Bombus ; see Humble-bee 
Bomhyx mori : see 8ilk-iiioth 
Bonaparte, .io.-eph. King of Spain, 5238 
flonaparte, ^'apoleon : see Napoleon 
Bonanza, in mining, definition, 2378 
Bond, electric framw'ay rails, 1935 

— in masonry, 1521, 3633 
Bonding, in brick making, 128*2 
Bonding blocks, in arch construction, 

2386, 2387 

Bonds, brick-wall,- 2170, 2171, 2173, 
2177, 2261, 2205 
Bone, human, jointing, 1709 

— carving, 6299, 0300 : dyeing, 6299, 

6768 ; physiological uceoniit, 435 ; 
thermal conductivity, 2061 ; uses, 
811 ; ser a/«o Bones 

— ash, for phosphatie manure, 5.587 ; 

source of phosphorus, 4779 

— black, 1157, 1167, 5145; use in 

glucose refining, 45.57 

— fat, source, uses, 4832 

— form, in sculptiure, 1511 ^ 

— glue : see Glue 

— manure, composition, uses, 589, 811 

— turiiuoise (odontolite), charaeters, 

5853, 5856, 6733 
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Bonebreccia, geological classifleatiou, 
1073 

Bonellia, siphon-worm, 3958 
Bones, ammonia from, 4775 

— glue manufacture, 5357-5359 

— human, list and measurementa, 

1348, 1349 

— musical instrument : see Castanet. 
Boning, in dressmaking, bodice, 476 

— in tailoring, 2205 

Bonnet acid, origin of name, 3704 
Bonnet, cockade rosettes, 5500 ; linings, 
5329, 5330 ; patterns, 4766, 4707, 
1769, 4860, 4801, 5037 

— ehild’s, copying, 4707 ; Dutch, 

5939 ; styles, 4054 ; Veroniipie, 5942 

— drawn silk, 5219 

— of motor vehicles, 2729 

— nurse’s, 5504 

— Straw, 5218, 52 19 

— velvet strings, 5331, 5332 

— widow's, 5774 

Bonus system, in insurance, 2727, 
3223 

Jbmy tissue : see Bone 
book, Babylonian, 17 

— catalogues, in bookselling, 1100 

— textile, definition, 1247 ’ 
Bookbinders, employment conditions, 

2655 

Bookbinding, 0775-0778; booksellers 
and, 1100; leather tanning for, 
3163 : modern, defects, 377. 6775; 
as women’s employment, 321 
Hook-case, making, 0581, 6589 
Bookkcejfing, analysis, 2269 ; audit- 
ing, 918 ; bank account entries, 
1966; compensating errors, 2503; 
dead rents, 3918 ; departmental 
accounts, 3416 ; double entry, 
488-491, 3917 ; diversity, 777 ; 
eomp.arisoii of ledger and journal, 
1750, 1751 ; foreign trade, 3679 ; 
goods aceoiiiit, defects, 2270 ; 
ledger classification, balancing sys- 
tem, 2980; loose leaf, 6522; 
petty cash accounts, 2201 ; post- 
ing problem, 488-491 ; post- 
ing precautions against confusion, 
2503; prime cost accounts, 2419; 
imficsslonal accountancy, 3918 ; 
profit, standard rate, for testing 
purposes, 2420; returns inward 
and outward, 1571, 1572; single 
entry, 3910 ; trading account, 2500 ; 
transactions and transfers, 1567; 
trial balance, 2501 

— American card system, 2225 

— bank system, 4438 

— grocer’s system, 3044 

— hire-purchase, 3917 

— bouse furnisher’s, 3148 

— 11 alia n medheval, Vemitiun, 1407 

— laundry business, 2967 

— limited companies, tl86 

— lo()s«*-leaf system, 6.')21 

— - ])artncrsliip aeeoiints, 2756, 2978 

— lor small firm business, 403 

— in small shops, 45 

— tabular system. 3567 

— see also Glerksliip, Double entry, 

.lournal, Ledger, etr. 

Book publisliing, business of, 6779 
Books, general account and classifica- 
tion of, 105 ; first printed in Eng- 
land, 3605 ; journalist's choice 
in reading, 4577 ; how to select, 
2937 ; see also Heading ; library 
systems, 6871 ; necessary and iiii- 
ncre.Nsary, 3782, 3783 ; produc- 
tion. cfiect of newspapers and 
magazines, *2686 ; ])ii>>llshing, 0779 ; 
trade : see Bookselling ; weight 
of, 1704 ; see ttlse Literature 
Bookselling, the business, 46, 1096 
Booking offices, railway, arrangement 
and staff, 4813 
Boom, bridge, reriew'al, 4642 

— girder, general account, 540 

— load, girder, defined, 540 

— sailing ship, adjustment, 5308 
Boom.s, electric traveller, drawing, 4205, 

4206 

Booster, electric, description, 2246 ; 

use with storage battery, 3088 
Boot manufacture : see bootmakiiig 

ms 
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Boot and shop oporativos, employment 
conditions, 2G4U 

— retailing, the business, l:J27 

B(X)t boiler, domestic, material and 
eonstnietion, 0017 
Boot-cream, recipes, 5150 
Hoot factory, oganisation of work, 
4239 ; specialisation, 4241 
Hoiites, constellation, 61 IS 
Hoot-locker, of van, 2828, 2S2f) 
Bootmaker, wages, capital, 46 
Hootmaking, 1274, 3873, 4015, 4137. 

4237, 4432, 4540 ; button boots, 

4018; elastic-side boots, 4018; 
tit and measurement, 4015,4016 ; 
lining, 4018; method of cutting, 
4015, 4016, 4017 ; mountings, 

4018 ; technical school teaching, 
4546 ; tongue attachment, 4018 

— by machine, 4237, 4432, 4540; bot- 

toming and heeling, 4540-4546 ; 
use of bristles, 4017 ; lining, 4018 ; 
making up parts, 4540 ; packing, 
tilling process, 4541 ; preparation 
of thread, 4017 ; sewing, 4017 ; 
skiving, 4017 ; stiffening, 4017 

— niaclunes, 4257, 4432, 4456, 4457 
Boot-rails and side, of brougham, 

2820, 2S51 

Hoots, American machine made, 4257, 
4238 ; British machine made, 

4238, 4239 ; evolution, 3873 ; 
hand and machine made com- 
pared, 3874, 4239 ; hygienic, 4257 ; 
jack-boots, 3874 ; manufacture : 
nee Hootniaking ; modern defects, 
378 ; preserving from damp. 
2851 ; retailing: nee Boot and 
shoe retailing ; sizes, 1326 ; top- 
boots, 3874, 4137, 4138, 4150 ; 
Wellingtons, 3874 

•— tops, hand and m.acliinc cut, 4432 ; 
making, 4239 ; scam nwking, 
4434 

— waterproofing, 3219 

Horaeie acid, chemistry of, 7042 ; use 
in deliming liidcs, 2856 ; food 
preservative, 3819 ; in leather 
tanning, 31 62 ; use as preserva- 
tive, 5408 ; reagent and test, 
4410 

Boracite, definition, 1042, 6733 
Borax, 6881 ; chemistry of, 842, 1042, 
6773 ; as flux in welding, 3107 ; in 
niello work, 5520 ; laundry uses, 
2477 ; in pottery glazing, 5236 ; 
use as preservative, 5408 ; use 
ill soldering, 3884, 3886, 6459; 
in making starch, 2591 
Borax beads, colour test in chemical 
analysis, 4406 

Bord, in mining, definition, 3561 
Borda’s inetfual of weighing, 62 
Borders, in drawing, geometrical 
design, 2320-2522, 2397, 2598 
Boro, cylinder, lining out and tooling, 
3317, 3318, 3324, 5641 

— key -seating, 3403, 3404 

— river, cause, 5333 

Bored guides, use in horizontal steam 
engines, 5910, 5911 

Borehole, mining, 2662 ; lining and 
working, 2846, 2847 

— oil, 3190 ; pump, 6062, 6064 
Borers, workshop tests, 3965 

Borgia family, Alfonso de, Bodrlgo, 
Cjesar, and Lucrezia, 4322 
Boric acid : see Horaeie acid. 

Boring, in mining, 2606, 2667, 3460 ; 
percussive, 2666, 2667, 2845, 2846 ; 
in prospecting, 2.582; rotary, 
2066, 2667, 2845, 2846 

— bars, forms of cutters, 4265 

— head, use, construction, 4263, 4264 

— machines, cla.sses and construction, 

5008, 6754, 6755 ; cylinder type, 
5007,5009, 5285 \ Harker‘s hand- 
power, 2668, 2669 ; vertical, 3317, 
3319 

— mills, function, 3517, 3319 

— rod, in shaft sinking, 5460, 3461 

— tools, mechanical eiigineering, 4470, 

4481 ; pattern making, 2453 ; min- 
ing, 2584, 2666-2671, 3386, 3387 
Borings, dock construction, 6406 

C914 


Borneo, Island, description, 3161 ; 

petroleum deposits, 60i)9 
Bornite, properties, 6305, 6733 
Boron, chemistry of, 517, 1042 

— carbide, use and production, 5758 
Borough constabulary, organisation, 

pay, etc., 1406, 1408 
Borough councils, architect, 785 ; edu- 
cation authority, 1677 ; education 
scholarships, 482 ; engineer and sur- 
veyor, 452; financial officers, 1067 ; 
inspectors of weights and measures, 
787 ; junior clerks, 1213 ; libra- 
rian’s salary, 1495; medical 
otliccr’s salary, 698 ; town clerk, 
989 

London, creation, 318 ; functions 

and analysis of departments, 319 
public servants and duties, 81, 82 

— surveyor, duties, 454 

Boroughs, town and county councils, 
316 

Boshes, of blast furnace, angle, 4470 
Bosnia, state, geography, 2162, 2165 
Boss, in geology, definition, 2065, 2067 

— in masonry, 3145, 3147 
Boss-plate, function, 3125, 3126 
Boss-tool, use, 2457, 24.58 

Bosses, in casting, process, 2337-23.1.9 ; 
distinguished from cores, 2:112 

— drawing, 4203, 4294, 4205 
Bossing, boring machine, 3317, 3319 
Boston, Lincoln, industries, 1273 
Boston, r.S.A., tca-cargo destruction, 

.5845 ; a commercial centre, 4172 
Boswell, .1., .lohnson’s biographer, 2053 
Bot fly, classification, 3722 ; in horse, 
svmptoms and treatment, 2626. 
2V>27 

Botany, classification, 105 ; dictionary 
of: see Biology; fertilisation, 
348 ; relation to biology and 
zoology, 135 ; relation of water, 
wind, animals, insects, to plant life, 
727-732 ; reproduction, 346-355 ; 
struggle for existence, .50,3 

— applieii : see specific subjects — e.g.. 

Basket-making, Brusb-makiug, 
Cork 

hotaurus Stella ns : see Bittern 
Botlnvell, J., Bari of, tried for murder 
of Darnley, marriage with Mary, 
Queen of Scot.s, 3998 
Botticelli, painter, A‘6'.9, 3021 ; character 
of work, :1793, 3794 
Bottle brushes, manufacture, 0110 

— float, in marine surveying, 1017 

— glass, recipe, 4533 

— makers, employment conditions, 

2653 

Bottles, drift, use, 5188 

— feeding, kinds, 4682 

— glass, niainifactiire, 4735, 4736 

— wash, chemical apparatus, prices, 

4903 

Bottling wine, method of, 762 
Bottom hack, vehicle design, 3624 
Bottom-boards, in moulding, 2540 
Bottom, of steamer, 5401, 5402 
Bottoming, b(H)t machinery, 4240-4242 
Bottomry, in marine insurance, defini- 
tion, 4854 

Boucher, Kranvois, painter, 4118 
Bougiiereau, jiaintcr, his art, H<t8 
Bought ledger, function, 778, 2981, 
2982 

Bouillir (^'^ench verb), conjugation, 
4362 

Bouillon, action of radium on, 2031 
Boiilder-clay, geological classification 
and formation, 107:i ; glacial pro- 
duction, 2007, 2255 

Boulder, striated, in boulder clay, 1636 
Boundary walls, safe proportions, 
2670, 2572 

Bounty system, international, 4558 
Bourbons, restoration of, 5239 
Bourgeois, type, 5028 
Bourges, cathedral, 3374 
Bouvler, M., dam profile I’orimila, 4335 
Bow, viola, 2824 

— violin, 2123, 2124, 2314; balance 

of, 2742 

Bowel : see Intestines 
Bowels, inflammation In cuttle, treat- 
ment, 2624 ; in horses, 2620 
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Bow-tin, fish, classification, 3066, .196/ ; 

respiration, 3«70 
Bowing, double-bass, 3167, 3169 

— viola, 2824-2826 

— violin, 2124, 2741, 2742-2744 

— violoncello, 2970 

Bow'-lines, of ship.s, 5609, 5610, 5614 
Bowl, silver, W’orking, 5524, 5525 
Bowl-feed, principle of, 962 
Bowling hoop, of boiler furnace, 3101, 
3102, 3107 

Bow’s notation, in mechanical con- 
struction, 415 

Bows, in millinery, 5503, 5504 ; straw, 
5504, 5505; velvet, 5531, 5504, 
5505 ; wiring, 5503, 5504 
Bowsprit, of ships, ii.se, adjustment, 
5398 

Bowstring hemp, 718 
Box, bell, boring tool, 2666 

— calf, boots, 1320 

— filling, in founding, 2110 
framing of machinery, 206 

— heading, in printing, 4236 

— joints, in carpentry, 4111— iii4 

— pleat, in dressmaking, 968 ; quantity 

of material allowed, 187 

— sextant : see Sextant 

— (limber) strength, 1260 ; use of wood. 

57, 4658 ; for carving, 5809 
Boxer movement (1898), 6693 
Boxes, hat and bonnet, trade in, 920 

— for moulding, 2697, 2700 

— niatcli, 5471 

Boxing-ill, in railway coustrnction, 3431 
Boxiiig-np, putt<‘rnmaking, 2454, 2155 
Boxwood, 57, 1260, 4658, 5809, OHHl ; 

in engraving, 6291 
Boy, height and weight, 4529 

— cliTks, in (lovernment offices, ex- 

amination, pay, 2252, 2174, 2575 

— messenger in Government ollics, 

pay. 2252. 2576 

Boyer long stroke hammer, construction 
and use, 1803, 1807 
Boyle, Bobert, heat di.scovcries, 50 : 
definition and classification nt 
elements, 516 ; experiments with 
fluids, 1142 ; law', in physios, 1142, 
1802; Bankine’s statement, 180.5 
Boys, admission to Army, 4032 

— career as clerks, 192 

— garments for small, 4195, 4196 

— hygienic clothing, 4803 

~ little, .shirts and suits, 1355-4357 

— man-of-war liat, making, 5940 

— in Navy, entrance, training, 4265 

— tailoring, 1113, 1289 
Brabazon .system, workhouse, 1852 
Brace, t(M)l, use, 3386, 3587 

Braced structures, calculations, and 
design, 540 

Bracehead, in mining, description, 2660 
Bracelets, jewellery, making, 5859 
Braces, in carjientry, tools, 4586 ; of 
beam, use, 4640, 4641 ; field gate, 
4655, 4656 

— in vehicle construction, C-^priog. 

3623 ; perch suspension, 3122, 5I!-i 
Brachial plexus, human, 1941 
Brachialis aniicus, muscle, positicii, 
1550 

Jiraf'hiopod'i : see Lamp-sliells 
Brachycephalic races, 1 786 
Bracing, lattice : see Lattice bracing 
Bracings, in smiths’ work, 3107 
Bracken, description, 1116 
Bracket of br«)ugbani, 2829, 2831 

— casting, described, 2111, 2114 

— crank, of bicycle frame, 3773 

— for line shafting, 3268 

— pattern, jointing, 2456, 2457 

— piece, of light waggon, 2829, 2830 

— of shaft bearing, 3264, 3265 

— tread, of brougham, 2829, 2831 
Bracket, under various condition^ of 

load, 2226, 2227 ^ 

Brackets, in algebra, use, 705, 

1993 ; removal of, 1993 

— for cornice work, 5501 

— in punctuation, use, 1471 

— roof gutter, 6793, 5795 

Bract, in botany, defined, 340 ; ot 
grasses, 355, 875 ; of wheat, 91 h 
915 ; “ winged ” seeds, 911, 912 
Brad, use in carpentry*, 3546 
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IJrudawl, use, o386. zm 
lirahma, deity, 417, 418 
Urahina fowls, breeding, 4659, 4661, 
4S56, 5622 ; comb, 4857, 4858 ; 
points, 4955 ; table qualities, 5624 
Brahmanism, Buddhism contrasted 
with, 417 ; distribution, 629 
Brahmans, imvilcges and caste, 417 
Brahmaputra, river, course, 2563, 2972 
Brain, in animals, evolution of, 2155 

— liiinian, activity, economising, 2672 ; 

anatomy, 2144; artery, 2147; 
complementary colour sensation, 
3730 ; development, 4862 ; divi- 
sions and functions, 4527 ; material- 
ist conception, 3664 ; nervous 
system, 197, 2147, 2400 \ optic 
nerve, 2400, 2402, 2408 ; and per- 
ception of sound, 2315 ; philoso- 
phical theories, 6536 ; position 
defined, 08 : T)syehology, 2290, 
6466, 6536 ; psychological account 
of, 2804 ; psychological proi)lejn, 
2014 ; relation to mind, 6536 ; 
in relation to skuil capacity, 1785 ; 
rest periods, 1391; shock preven- 
tion, 1799 ; spontaneity of inspira- 
tion, 318 4 

Brain-cell, 2147 ; appearance and age, 
2200, 2800 ; cause of knee-jerk, 
209 1 

— child’s, size and weight, 4862 
Brain-coral, 40SI 

ilrairc (French verb), conjugation, 4039 
braising, in cookery, 1486, 33i:t 
brake machine, used in bisciiit-nuikiug, 
8508, 8504 

Brakc-hlock and treadle, van, 2820 
brake-cylinder, railway, 4004, 1605 
brake-dynamometer, use, 96 4 
brake-vans, railway, 2462 
brakes, 3127, 3128 

— cycle, back-pedalling, 3775 

— foot lever, 83 1 

— friction, principle, 959 

-- motor-carriage, 8128, 8124 

— railway automatic, 4699, 4004, 

4007 ; dual system, evils, 4697 ; 
goods W’aggons, either-sido type, 
5070; locomotive, testing, 5105; 
vacuum, action, 4805 

— slipi)cr, 960 

— Strub, on .Fungfraii railway, 3S17 
- traincar, 1934 

brainah press : nee Hydraulic press 
bramble, growth, 5<I4 
bramwell, Dr. Milne, method of hyp- 
notising, 3663 

Bran, cow’s food, 3802, 8808 ; ii\ 
dyeing vat, 5782 ; as livestock 
food, 2908 ; poultry food, 54;Ui ; 
in washing linen and canvas, 2912 ; 
in wheat, 913, 3078, 3079, 3082 
Branch, in engineer’s coppersmithing, 
use, 3886, 3887 

branch accounts, luKjkkeepiug, 3417 
liraiicli pipes, use in hnilding, 6018 
Branch sliops, expansion of retail 
business, 5926 ; manager’s salary, 
5928 ; management systems, 5929 
Branehiata : nee (Bll bearers 
Itranehiug coral, 4084 
Itranchiopoda, i*lassifieation, 8800 
brandenburg, Alargrave of, as imiierial 
Klector, 2947 

brandering, llrrii g, in carpentry, 44 18 
~“in lath w'ork, defined, 5498 
brandes, Dr. <U‘org, on Byron, 1308 ; 
history of nineteenth centiir.\ 
literature, 2787 
Brands, in smith’s work, 3107 
Brandy, adulteration, 3718 ; alcohol 
percentage, 1035 ; composition, 
2879 ; dietetic value, 3314 ; as 
medicine, 3377 ; prussic acid anti- 
dote, 3537 ; soiurce, 4876 
Brandywine, Battle of, 5846 
Braiigwyn, 1’., pointer, style, 1021 ; 
*' Modern Comimirce,” frontiapiece- 
faHng 4657 

Branly’s coherer, 8805, 3890 
Brard’s durabli.ity test for building 
stones, 1517 

Brass, alloys, 360, 3940, 5523, 6310; 
easting, 1404, 6312 ; electro- 

plating, 3422 ; friction data. 950 ; 


j^astiiig shrinkage, 2342, 2699 ; 

comp4tsition, 1942 ; conductivity 
of, 1397 ; cooling contraction, 
1397 ; manufacture, 6311 ; melting 
furnace, 2545 ; use in pattern- 
making, 2456 ; physical data, 
1506 ; solder for, 5523, 6469 ; 
spinning, 6314 

— band, instruments, 5890 

— workers, employment comlitions, 

2648 

— in drawing, how indicated, 2702 ; 

bearings, 8204-8200 

— founding, furnaces, 2802-2801 ; 

moulding-box used, 2008, 2700 

— moulding, defined, 2545 

— plating, process, 3422 

rule cases, printer’s, .5252, 5867 

— solder, composition, 3910 

— wire, manufacture, 3949,5171,0313 
brasses, <*ngraviiig inscriptions, 5520 
JirasKtm cunipeittriit : see ItajMi 
lirassira campestris raha : see Turnip 
limssica olerarea : see Cabbage 
lirassiea oleraeea caulornpa : see. Kohl- 
rabi 

lirassim sinapisirnm ; see Charlock 
Brawn, recipe, 1433, 2331 ; presc, 
but oiler’s. 143 1 

— ill farming, application of term, 

2367 

Braxy, sheep disease, 2625 
Itrayiug, in elotb-iiiakiug, 4196 
Brazil, coins, weights and measures 
199; cotton industry, 8S8, 38t ; 
diamonds, 1157; discovery, 2917, 
5397 ; economic conditions, 5669 ; 
geography, 4282, 4286, 5:^89 ; 

pciroleiim deposits, 6<»90 ; popula- 
tion. 62H ; products, 5389 ; traiie, 
5389, 5664 

— nut, 6H81 : elassifieatiou, 353 

— wooils (dyes), sources, kimls, and 

uses, 5996 

Brazing, metals, 3839, 3SSt. 6311, 
6458 ; materials, 8885, 5525 
bread, adulterants, 5.581 ; a<lullera- 
tiou, 3717 ; aneieiit torms, 3281 ; 
alcohol produced in making, 2878 ; 
British law coneeruing, 3281 ; 
brown, recipe. 3395 ; dietetic 
value, 2796, ;}311; digestibility, 
866, 3314 ; glazing, 3395 ; home- 
made, making, 3281 ; kinds, 3091 ; 
making, 3312; nutritive value, 
3381, 3691 : from patent, low 
grade and straight gra<le tlour, 
3282 ; special kinds, 933 ; stale, 
in cookery, 2335 
bread Act, provisions, 3281 
breiderumiis, cliieken ration. 513,5 
llread-tTuit, 5046; elassifieatiou, 355 ; 
sour<*e, 4873 

Breadmakiiig, 3281, 3312 ; <oin- 

mercial inelluxls, 3392 ; niaeliiuery 
and ovens, 3395 
Bread sauce, reeiiie. 2994 
breaker card of cotton spinner, 1511 ; 

of jute sninner, 1886 
Breakfast dishes, recipes, 2331 
Breakfasts, Knglisli and French, 3i;0l ; 

menu suggestions, 5581 
breaking liorses, 2979 
breakvvalers, elfect in erosive action 
of sea. 1814; types and eoiistruc- 
tion, 6334, 6494 
Bream, place for fishery, 2527 
Breast Imne: see Sternum 
jlreast -wheels, principle, 1690 
Breathing of animals and plants com- 
pared, 173, 277, 1 191; changes 
accompanying psyeliie plieiiomena, 
2694 ; essential to life, 96 ; of 
fishes, amphibians, etc., 30 ; nose, 
necessity', 25:58; pliy siologieal uc- 
eouiit, 1299 ; rate ol, 96 

— in singing, correct, 6017, 0048, 6052 

— see al^o Bespiration 
Breathings, <»reek, 5375 
Breccia, rock, 1072, 1078 

Breche d’Ore marble, frontispiece next 
481 

Brecknockshire, geography' of, 1277 
Breech-bloek.s, gun, 0011, 0012, 0018 
Breeclies, boys’, making, 1752, 1753 

— straps, harness, 4886 ; making, 5191 
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Brcciling cattle, 2238 ; best conditions, 
;i071 ; books on, 3470 

— horse, 2078 

— of plants and animals, in agreement 

with Darwinian theory, 827 
Bremen, trade, manufactures, 1975, 
1976 

Brenner Bass, value in intercommuni- 
cation, 4496 ; touring, 1249 
Urephos nut ha : see Owlet -mot li 
breslau, woollen manufactures, 1976 
Br(‘sse fowls, points of hrce«l, 1957 ; 
egg weight, 5873 

Brest. Fraiiee, exiieditlon against, 4M43; 
naval port, 1084 ; swing bridge at, 
2888 

Brett drop hammer, 2001 
“ Brett” stamping system, 2989, 2992 
Breughel, “velvet.” painter, 4299 
Breve, in music, 38 
Brevier type, 5028 
brewery jdant, 0957 
brewing, 3315, 0057, 0228 ; hooks, 
6230 ; cleaning plant, 6059 ; Bar.- 
teiir and, 3271; waters, 0059; 
refrigeration in, 5495 
Brewster, Sir D.. invention of kalei- 
doscope, 2093 ; eoloiir-hlludiiess 
3731 ; polarisation discovery, law, 
3859 

Briar root, tobacco pi]‘o maniifacti'ic. 
4378 

Brick clay, dell tied, 1972 

— earth, in hriekuiaking, 013 ; see also 

briekmakiiig 

— tea, defined, 3378 

- burning, 1284 

- wall, air permeability, 0929 
Brieked-iip fire, description, 3107 
brickfields, Knglisli, 1278 
bricklayers, einiiloymeiit conditions, 

2043 ; railway “ works,” 1592 

— scalfold, in iuiilding, 1170, 1171 
Bricklaying, 1152, 1959; dictionary of, 

1954- see also Building and 
Masonry 

Brickmaking, general account, 084, 
oil, 1278; A BC and progresi-ive 
working, 1279; clays, 127.‘< ; 
double chamber, 4282 ; fireclays 
ami firebricks, 1285 ; liau I 
making, 1281 ; liistory, 1278 
machinery, 1278-1281, 1282 ; 

moulding processes, 1048, 1949 ; 
jiress, 1282 

Bricks, general account, 048 ; air, 2208, 
2206 ; hhie, 1279, 2515 ; Ixjiiding, 
1451, 1 152; cement maunfaetiin', 
1583, 1728; colour, 1279; dwel- 
ling houses, materij.ls, 5059 ; 
turiiace, 2803, 2804 ; glazed, use 
ill drains, 73 1 ; green, 1281; kiinis, 
1947, 1050, 2108, 2100, 2174 ; 

machine moulded, 1282, 1917, 1918 , 
for paving, 217(',2426, 2427, 2439, 
2515: (piality variation, 1947 ; 
red, 1279; in sewer construction, 
4 409 ; Statroidsliiro blue, for 
paving, 2515, 2510; strength, 

1519 ; use in swoei»iug-up mould- 
ing, 2101; ventilating, Kllisons’, 
1929 ; from waste i-roducts, 5767 ; 
weatiier elfect, 1281 ; wire-eiit 
bricks, 12H1 ; yellow, 1270 
Brickwork, altering old, 2515 ; books 
oti. 0349 : otlier trades than brlek- 
hiyers, 2514 ; biiilding-in iron and 
timber, 2513 ; carved mortar for, 
1953; chases. 2388.2385, 28S0 
2513; fireproof, 4752; heat and 
frost, efteet. on, 2268 ; joinery, 
fixing, 2514, 2510 ; of mining 
shaft, 3398, 3457 ; paving, 2515, 
2510 ; perforations, 2513 ; pinning 
up and underpinuiiig, 2514 ; 
ipiantity surveying, 6505; sand 
course.^, 2513 ; wall dressings, 
3035, 3036 

Brickw’orks, cost sheet, function, 3410 
Bridge of boiler, 8007-8000, 3102, 3107 

— of viola, 2828 

— violin, 2121 

Bridge, arch and abutment, Htability, 
2760, 2701, 2762, 2763 : bascules, 
Tower Bridge, 828 ; loads upon, 
210 2760, 276/; military const ric- 

esas 
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Bridge — contin ued 

lion, OHfiS-fi'JfJ.S ; of piers, width, 
5114; timbers, riftidity, 4640, 
4841 ; weiKht reduction, 208 
BridKC-eonstruction, hooks on, 2764, 
5506 ; eroctiiiK stagimr, 1172, 
1173, 1175; by “floating out 
and" building out,” 1175; modern, 
2736*, 273/t, 273.9, 2740; modern 
problems, 520 ; reinforced eon- 
erctc, 1557, JoJ.O, 1643 ; timber, 
74-5.1, 1454 ; trestles, 4640, 4641 

— mining shaft, 3308 

— steamer, use, 5401 

Tlridge-tone, term in sol-fa notation, 023 
Bridges, general description of varieties, 
2407, 2408, 24.9.9 

— brick and stone arched, 2407 

— cane suspension, crmstruction, 5723 

— in carpentry, 4640, 464/. 4642 

— dental, construction, 6033 

— girder, iron, 2408 

— movable, 2886, 2<SS7 

— Parliamentary i-owers for, 1238 

— punching and reamering, 3095 

— swing, hydraulic, 1224 

— suspension, 2408 

— timber, 4642, 464.1 

— trussed, 2497 

Bridgwater Canal, description, 5487 
Bridle, in dress, deflnition, 2874 
Bridle, saddlery, varieties and mann- 
faetnre, 50.57, 50.58 ; dimensions, 
4886 

Bridle joint, in roof wf)rk, 4248, 4249 
Bridle-path, ohstriicti(ui of right-of- 
way, 1070 

Brhlles, of beam trawl net, 4.9.99 
Brie «*heese, composition, 4400, 4492 ; 

inanufacture, 4575 
Breeze-fly, montb, 3721 
Brig, type of rig, use, -53.99, 5400 
Brigands, in modern Europe, 392 
Brigantine, type of rig, -539.9, 5400 
Bright, ,Iohn, composition of his 
spee<'hes, 77 ; polities, 6691 
Brill, boiling, 1874; in season. 1531 
Brilliant-cnt, precious stoiu's, o028 
Brimstone : ffee Sulphur 
Brine, in glue manufacture, 5360; in 
Pasteurising milk, 5406 ; in refri- 
geration, 5403 ; in shaft sinking by 
freezing, 3460 

Brine saturator, in amnjonia soda 
process, 4772 

Brin’s oxygen process (hscribed, 1294 
Bri<inettes, cement, 1861, 1802; mould 
for, IS58 ; in cement tester, 4A.j.9 

— coal-tar as binder, 5462 
Bri.sbane, climate, ;1466 ; rainfall, 3237 
llristle-worms, dc.seri])tion, 3956, 39.37 
Bristles, in b(»otmaking, 4017 

— for brushes, sources, dressing and 

bleaeliing, 61 (».’»; wasljing, 6107, 
6 793 ; tests, 6110 
Bristol, trade, 1276, 6005, 6006 
Bristol boards, for ]>en drawing, 113 
Bristol Cathedral, skewbaeks in chapel, 
3145, :UJ7 

Bristol Bocks, bri<lgcs, 2886 
Bristol pennant stone, u,se, 532 
Britain, history, Homan eonfiuest, 
effect on trade, 146 ; government 
of Agricola, 1040 ; Hadrian’s wall, 
2060 ; and JOmperor Severus, 
2071 ; to end of Heptarchy, 
2213; Saxon invasion, 2355 

— IMitenician commerce, plate facing 

145 

— see also ( treat Britain 

Britannia bridge, structure, 2498, 
249.9; cylinder accident, 1405 
Britannia metal, composition, 1160, 
1162, 3941, 6162; electroplating, 
3422; mannfaetnre, 6162 
Britannia Seeunda, 'deftnition, 2609 
Britch, wool, 1120 

British Bee-keepers’ Assoeiati<ui frame, 
5958 ; ecrtilh-ates, 5962 
British Central Africa, administrative 
posts, S548 ; cotton industry, 
386 ; geography, 3584 
British Coluiiihia, agrieiiltnre and 
farming, 3206 ; area, population, 
3203 ; geography, 4065, 4066 
British commerce, early lustory, 146 

()016 


British East Africa, administrative 
jxjsts, 3548 ; cotton manufacture, 
386 ; geography, 3452 ; govern- 
ment, 3278 

British Empire, 2787 ; cotton supply, 
384, 385, 386, ; government, 630 ; 
population, 628 
British Honduras, area, 4176 
British isles ; see tlreat Britain and 
Ireland. 

British Museum, appointments, salary, 
2252, 3302; foundation, 6871 
British South Africa, race suijrcmacy, 
bacteria and, 6782 

Britisl) So!ith Africa Company, adminis- 
trative post.s, 3548 

British Thoin.s<m-Houston Co., plan of 
works, 5.502, .5593 

British trade returns, exports and 
imports, 6003, 6004, 6005 
British Westinghouse Electric and Mfg. 

Co., plan of works, 5501, 5502 
Brittany, acquired by Erance, 4102; 
cycling tour, 715; j)roduct.s, 1681, 
1684 

Brittle-star, description, 4082, 4083 
Broach, variety of cotton, 383, 384 
Broaeli .stick, in textiles, 4343 

— tool : see B earners 

Broad bean, classification, 353 ; cross- 
pollination, 732; germination, 635 
Broad tool, mason’s, 2837, 2830, 2842 
Hroads, the, physical geography, 1274 
Brocade, design, 6508 
Brocatelle, design, 0507, 6508 
Broccoli, culture, 6673, 8836 
Brock, C. E., pre.ss illustration, 0105 
Brocken, in Harz Mountains, legendary 
fame, 1970 

Broiling, in <H)okery, 1487, 3314 
Broken Hill, N.S.W., silver and silver 
lead mines, 3701 

Broken knee, in horses, treatment, 2621 
Hroken twill, design, 2911, 2044, 3153 
Broker, legal powers, 6844 
Hrokerage, normal amount, 1262 
Brokes, wool, 1120 
Bromc-gru.sses, cows’ ftxxi, 3800 
Bromine, chemical properties, 1445, 
1601 

Bromoform, formula and use, 3271 
Bronchi, human, anatomy, 1200 
Bronchitis, forms, sym])tonis, 6133 ; 

increased by damp .soil, 5400 
Bronchus, human, 1071, 2144 
Brontes, the, novelists, 3441 
Bronze alloys, 360, 3940, 5523, 6308 ; 
casting in, 1674, 2342, 6312, 6313 ; 
coinage, British, 360, 5851 ; 

colouring, 1674 ; conipo.sition. 1042, 
1674, 6308; variation in proper- 
ties, 3940 

— pow'der, use, 3673, 6310, 6576 
Bronze Age, art of, 2479 ; in Mycenjcan 

Age, 2857, 2858 

Bronzing, applied to plaster casts, 1673 

— book on, 4610 

— in printing, 5872 
-- size, 6576 

Brooch, design, 5978 ; making, 5859 
Brooder, chickens, 5093 ; poultry, with 
runs, 5263, 5264 

Broom, plant, 353 ; cross-pollination, 
730, 732 ; exploding pods, 999, 010 
Broom coriij 4354, 6106, 6881 
Broom-making, pan-work, 0108 
BriKunrapes, 506, 507 : farm w'eed, 1378 
Brooms, plasterers’, 5496 
’’Brotherhood ” engine, 1685,9977, 0072 
Brougham, Lord, defence of Queen 
Caroline, 5685; attack on W'ave 
theory of light, 2432 ; in literature, 
230!) 

Brougham, horse, 2403, 2405, 2407, 
2829, 2831 ; axle dimensions, 3326 ; 
cant board, 2727 ; dimen.'iions and 
weight, 2726 ; door width, 2558 ; 
leather roof covering, tttting, 3479 ; 
morocco lining, 3624 ; .strength of 
pillar, 2725 ; ventilation, 3025 

— carriage, motor, 2464 

Brown, I<\>rd Madox, glass designs, 
4945 

Brow n, John, defeats Southerners ; 

defeated, tried, and hanged, 5975 
Brtmii coal, eJassi Heat ion, 1073 


Bri— Buc 

Brown colour, Bismarck and phenylene. 
5468 ; encct of dyeing cloth, 2939 ; 
for pottery, preparation, 5382 

— drawing, wool, 1120 

— Inematite, distribution, 231, 6733 

— How', geological section, 1354 

— paper, manufacture, 1168 

— pigment, in painting glass, 4945 

composition, 4946 

— sauce, recipe, 2004 

— spa, marble, frontispiece, next 481 
Browne, Sir Thomas, author, 1640 
Browne, Tom, press illustration, 0105 
Browning, Elizabeth Barrett, poet, 

1309; letters, 2787; on unjust, 
foreign policy, 5100 

Browning, Itobert, poet, 1430, 1437; 
bibliography, 1438 ; on harmony 
ainl discord, 2319 ; letters, edition, 
2787 ; plays, 1 152 

Brows, modelling, in senlptnre, 1511 
Bruce, Michael, British pocst, 995 
Brnee, Bobert, struggles with Edward 
IJ., 3075 

Bruckner ealciner, description, 4120 
Bruiser, use in lens grinding, tool, 6124 
Bruises, treatment, 6471 
Brunei, M. I., engineer of 'J'haincs 
tunnel, 76 ; sole-riveting machine, 
4237 ; circular hosiery frame, 4764; 
designer of the Ureal Eastern, 5261 
Brnnig railway, construction, 3814 
Brunswick green, 6607 
Brush, in drawing, 113; medimn Jbr 
shading, 2188 ; oil painting, 1020 ; 
water-colour painting, 1021, 179.6 

— tlrawing, advantages, materials, 

studies, 2000 -2003 
Brush-drawing machine, 6107, 0100 
” Brush-turkey, ’’ nest habits, 2506 

— wheat, in njilling, 3080, 3082 
Brushes, kinds, 6107 ; machine-made, 

6110; materials, 6106; test of 
adulterated, 6110 

— dynamos 1105, 1107, 1108 ; rocking, 

1323 

— glass ])aintjng, iiU^~4048 

— juotor, eonfiniions current, 1590 

— paint, artists’, to clean, 871 

— j)ainters’, jjriee, 4148; kind.s and 

uses, 5820, 5831 ; care of, 5831 ; 
making, 6109 

— l)apcrhangers’, 5827, 5829 

— plasterers’, 5496, 5407 

— washing, HI 4 

Brushing, in carpet manufacture, 4341 

— in cloth making, 4106, 4100 

— machine, in leather mannlactiiic, 

3218, 3210 

— and steaming, in cloth-making, 410(i, 

1108, 4109, 4110 

Brushmaking, materials and proce.s.scs, 
0 100-01 10 

Brussels, cathedral, 3374 ; lace inann- 
factiirc, 1835; tourist directions, 
713; town hall, 3376 
Brussels carpet, design, 3357, 3358 
Brussels sprouts, 352 ; culture, 6673, 
6836 

Brnting diamonds, 5854 
Briitns, Marcii.s .liiniu.s, war wiili 
Octavius, 1672 ; conspiracy again‘it 
Julius t’lesar, 1670 
Bryony, white, 505, 506 
Bryopliytes, 165, 1311, 1312; see aho 
Mosses, Liverw’orts 
Bn, measure, 410 
Buccinum undatum : see Whelk 
Bucerotidoi: see Hornbill 
Biickbean, nectar, protection, 1115 
Bucket, in mining, torni nsed,/527, 3457 

— dredger, 1826, 1827 

— sljops system explained, 3483 

— valve, of pump, 1081 
Buckets, ventilating, turbine, 1602 

— of water- wheels, 1690 
Buckingham, George Villiors, Duke of, 

favourite of James I., 4.551 ; 

assassination, 4552 
Bueking-plate, assaying, 5849, 58.50 
Buckle, Henry Thomas, historian, on 
religious persecution, 5099 ; on 
war as second greatest evil, 5099 ; 
on destruction of military spifO, 
6100 ; his “ History of CiviJlsatio.'i 
in England,” 3089 



GENERAL INDEX 


Buck— -Butt 

]jiicklc, Celtic, flllKroe, 5528,’ 552.9 
Buckles, haberdasher’s stock, 8152 

— harness-maker’s, kinds, 488.^ 

— hat trimminK, 5506 

BuckliiiR, of materials and structures, 
1258 

Biickwlieat, 4874 ; as livestock food, 
2704, 5436 

— black climbing, S80 
Bud, leaves in winter, 728 
Buda Pest, 2164 ; louring, 1250 
r.uddha, life-history, 417 
Buddhism, in China, 216, 218; the 

doctrine, 417 ; educational 
methods, 2306 ; geographical dis- 
tribution, 620 

Budding, of hydra, 382 ; reproduction 
by, 381 

Buddies, use in tin extraction, 6162; 

in zinc recovery, 6166 
Buenos Aires, description, 4283, 1288 
UutfuU>, Atriean fauna, 3277 ; N. 
American, extermination, 406,> ; 
skins, 6426 

Buffalo, U.S.A., industries, 4172; 
touring, 1648 

Buffer, dumb, railway abolition, 5070 
Bulling, in bootmaking, 4140, 4575 

— in carving knife manufactnre, 5477 
Buffon, naturalist, evolution theory, 

658 ; theory of life, 28 
Bug, insect, description, 8862, 
Bulil-work, in cabinet nuiking, modern, 
6841 

Builder, compared with contractor, 
141 

Builders' liiiishing terms, dictionary, 
6215 

— incrchant, business of, 1831 
Building, 139, 307, 829, 569, 916, 

117(), 6841 ; additions and altera- 
tions, 809 ; arcliitcct’s supervision, 
1911 ; books on, 2764, 6849 ; brick 
work : Brickwork ; contract 

drawings, 5542, 55‘/;j-5547, 5548 ; 
dictionaries of, 310, .8.86, 6215 : .vcc 
also Brickwork, Masonry, and Slat- 
ing : estimating, 6842 ; lighting, 
6024 ; masonry, 3033-3040 ; 
quantity surveying, 0842, 6505 ; 
rcgidations, 6213 ; regulations and 
materials of the future, the 
problems, 519 ; scaffolding, staging, 
1170; snoring and underpinning, 
916; slate and tile moiK, 4865; 
steel construct i<m, 2226, 2227 ; 
stones and masonry, 2835-2S42, 
3241 ; structural iron work, 5791, 
5793 ; lenders, 6342 ; timbers u.sed 
in, 51 57 • 

— constrnetion, books on, 2033, 3118 

— line, regulations, 6214 

— materials, books on, 2033 : colour 

representation, in drawing, 5421 ; 
defective, 6345 ; scheduling, 1910 ; 
strength, 1256 

— out, in bridge construction, 1175 

— repairs, scaffolding for, 1172 

— societies, general advice as to, 3225 

— Stones, classitlcaton, 528; strengtli 

and weight, 1517 ; quarrying, 2955 

— trades, home and abroH<l, described, 

6341; list, of, 144; eiiiployinent 
conditions, 2642 

Vuiikliiigs exein U troni by-laws, 6213 

— lire resisting, cost. 4751 

— now, supervision, 6214 

— old, shoring, 920 

— public, defined, dimensions, 6213; 

foundations, 831 

— protection froni tire, 4751 
--steel-frame, 6848 
Bukovina, Austria, 2162, 2165 
Bulawayo, Cane to Cairo railway, 3587 
Bulb, electric lamp, niaiiufaeturc, 2612, 

26 73, 2614 

Bulbs, culture and varieties. 6489 
as winter food, storage, 728 
Bulb-tee : nee To© section 
Bulgaria, ethnology, 1789 ; geography, 
2165, 2167 ; trade, 5709 ; travel 
in. 394 

Bulkhead of steamer, position, 5401, 
S401 ; stiffeners, 5739 
^ watertight, 5401, 5619, 5739 
Bull, in Assyrian arcliitecture, 2658 


Bull, lirceding, 2239; prize, 431, 432 

— constellntion : itee Taurus 

— Kgyptiaii worship, 419 

“ Bull-fight,” Manet’s picture, 4395 
Bullttcps, in season, 1532 
Bulldog, iKse in puddling furnaces, 
4687 

Bulldozer, in smith's work, function, 
3107 

Bullet-making. 6617 
Bullfinch, claHsilleatioii, 2209 
Bidihead, fish. Ibriii of head, 3069 
Bidlhcad rail, wear, 3436, 8487 
Bullion, assay, 58.50 ; Bank of Bngland 
reserve, 4168; banks’ reserve, 
4488 ; sampling, 5850 

— in crown glass manufacture. 4534 
Bullnose bricks, form. J94S, 1949 
Bullock, application of term, 2288 

— carts, for transport, 2158 
Jinll’s metal, cast, strength, 1896 
Bull-wlieel, of ])laning maebine, fnne- 

fion. 5000 ; in mining, in rope- 
boring derrick, 2845 
Biilwer l.ytton : l.ytton 

Bunch, in mining, definition, 2878 
Ibmcliing maeliine, cigar, 4874 
Bunker’s Hill, Hattie of, :»8l."i 
Blinkers, steamer, position, 5401 
Huns, Hath, reeijie. 2882 

— rice, recipe, 2888 

Hu nsen. scientist, grease-siiot. plioto- 
meler. 2186 

— Iiurner, use in clieinical analysis, 
4lnj, 44o:>. H12 

Hunt, fungous disease, 1667, 1669 
Itiiniiiigs ( Kringillidie), description, 
2209 

Hnntons, use in mine sbaftinu, 8198 
Hiinyan, .lobu, author, 1640 ; his 
“ Bdgrim’s Prctgress,” 2968 ; pre- 
doininanoe of Anglo-Saxon words, 
1771 

Biioninscgiia, V>neci<»cli, painter, H.MO 
Buoy, globular, drawing, 5011, 5042 
Huoyam-y, in bydrosiaties, 1078: see 
aho Metu<*entn‘ 

Buoys, use and eiuisl ruction, 6497 
Buphaga : rpp Ox-iiecker 
Huprestids, beetle, lieeorative use, 3512 
Burdock, plant, seed <lispersal, 911, 912 
Hiireaii, construction, 6588, 65S9 
Bureau Veritas, ship’s ettirieney. 6221 
Burette, chemical, deseribeii, 62, 63 
Burglary insurance, risks, 48.52 
Burgoync, (ieneral, American War of 
Independence, 5845, 5846 
Burgundy ('anal, France, course, 1(584 

— est.iblishnieiit of kingdom, 291.5; 

Saracen invasion, 2916; alliance 
with Ilenry V. of Knglaiul, 8408 ; 
wars for po'isessi«»u, 4:V.M> 

Bnrham bricks, size and w right, 1,520 
Burin, engraving tool, 611 J, 6114 
Burke, Butler, investigation concerning 
origin of life, 2080 ; book, " riie 
Origin of I.ife,” 255 4 
Burke, Edmund, author and statesman, 
works, 2051. 2055 

Hurling, ill cloth-making, 4106, 4110 
Burlap, use for wall covering, .5828 
Burma, cotton indu'^try, 8.s6 ; rth- 
iiologv, 1789; geography, 2818, 
2972. 2973 ; oil-fields, 5805 : pelro- 
leum «lepusits, 6009 ; prtroleum 
traasport, 6014 ; products, 5881 ; 
skull measurement, 1785; trade, 
.5:{8l 

Burne-Jones, Sir K., stained glass, 4945 
Burners, gas, aeet>lene,kind.s and .sizi's, 
6025 ; arcaiul, 6152 ; duplex flat- 
wiek, 61.52; fish-tail, 6I5:i; gas, 
kinds, 6026 : Holden, construction 
and use for liquid fuel, 6153 
Burnet, cows' f«x>d, .3890 
Burnet moth, protective colour, 8516 
Burning, in elieuiistry : eee (’alcination 

— metals, 5032. 6154 
Burnisher, agate, 6776, 6778 

— boot factory, use, 4241 

— saddlery, 4784 

Burnishing, in .art metal-work, 5528 
Burnley, industry, 1272 
” Burnley ” loom, 3036. 8687 
Burns, John, on glorilleatiou of motlier- 
hood, 4067 


Burns, Boberf, poet, 993, 995, 3788 
Burns, treatment, 6472 
Burnt .sienna, pigment, 871 
Burr, of deer's antler, 2156 

— in plate-piineliiiig, 8095, 3097. 3107 

— of punching tool, defined, 4584 
Burr-stones, found by probing, 2582 
Hiirrcil spring governcr, 2019, 2020 
Burring machine, wool, 1125 

Burrs (tiricks), de.ser pi ion and use, 1947 
Hurslem, Staffs, industries. 1272, 189,5 
Jbirster, mining tool, ii.se, 2956 
Burton, Wlllinin, modern pottery, 
5885 ; facing .528.3 

r*urtoii-oii-Trent, brewing, 1278 
Jbiry, Jauie.s, industry. 1272 
Burying beetle, habits. 8511 
Bus : (Imnibus 

Itiisli, eccentric, of < h)ek, making, 5888 

— grinding proee-ss, 3i04. 8408 

— key-soaling. 3163, 3101 

— roller ebain, drawing, 4000, 4001 
Bushel, 226 : values, 872, 6676 
Bnshmen, average stature, 178,8; eth- 
nology, 1789; skull inoasiireiiient, 
17S.5, 17S7 : South African, 029, 
8278, 3279, 8586 

lb|v,iiu‘.s.s agreemeiils, law of, 6752 

— books, 77(k 977 

— eorrespondi iu c, 6:550 

— expansion, examples and metboils, 

5926, 5927 

— management : .see 

brads- r {/., Adver. isi'ig, Factor,,, 
rtc. 

— preii.isi's, account in bookkeeping, 

288.3 

Bustard, order of birds, 2212, 2218 
Hiist.s, eleetrotypiiiL', 8422 
Blit, preposituui. rules lor use, 18:56 
Buteber, business of, 1 427 ; outfit and 
premises, 1427, 1428, 1429 ■, cart, 
2163\ wages, capital, etc., 46; 
use ot waste iiroiluct.^. 640 

— pork, cooking and shop outfit, 14.32 
ButeluT bird : m* SliriKe 

Butler, Joseph, i>lnlos<ipher and flieo- 
logiaii, 205 4 

Butler, Samuel, author, 992 
Butler, manservant, dutio.s, 761 
liufomus : srr l•'low•ering rush 
Butt, in leather inamifaetiire, 8013 

— hinge, :5022, ;5r.47, 5 1 S3, 5184 

— j(»ints, 5351, 58.52; in \ehiele eon- 

struetion, 2.8:58 

— straps, ill boiler-making. 3099, 3100 

— slii|) plating, fitting, 5922 

— weld, described, 233, 286, 29S7,2\)f<H 
Blitter, adnlt(‘raiit, .5:581 ; ailiilterafion, 

.3.55:5, 8716, 4715 ; anchovy, roeifie, 
2oo:5 ; aroma, 4211; books on, 
4884 ; brands, 1 8551 ; clmrning, 
4279, 42SO ; colour and llavour, 
4210, 1211; eonstitueiits, 4084, 
4210; (•onntrie*])rodneing, 5119; 
cows, yn*lds, 8666 ; dietetic value 
ot. 8109, 8811 ; digestibility, 8(56 ; 
leriiieiits in. 4086 ; green, recipe, 
200:5; imi)orled compared with 
lionie-made, 85.52; iiniuirts (1905), 
8:551 ; judgment of, 4281 ; kinds, 
4714; making: srr Butter-making, 
hrUar ; margarine a subsliliite or 
adulterant, 1032 ; milk yield, 4211 : 
nutritive value, 8881 ; nu'lting 
Ijoint. 8486; jireservatioii, 8819; 
8820, J2S1 ; rancidity, cause, 4()8() ; 
refrigerating maelnne, 5404 ; watiT, 
percentage, 162.5, 471 4; watered, 
4210 

— fat, source, eonstitntion. 4882, 4888 
Butterlmr, underground stems, 999 
Biitlereiip, elassilleation, 852; fruit, 

848, 319 ; nectar, 730, 731 ; 

farm w'eed, eradication, 1378 ; 
species, 136 ; spiral leaves, 350 
Butterllies, plaie lacing 8505 ; classifi- 
cation, 3862 ; courtship colour, 
8516; eggs, 3513, 8514 ; mota- 
morphosis, 3362 ; as polle.ii-earriers. 
781, 782 ; structure. 3512 
Butterfly, sea. muscular fins, 3113, 3114 
Butter-making, 4210, 4212, 4279; 

bacteria, influence, 355;j 
Butter-milk, composition, 4034, 4088 
Buttcrine, defined, 4882 

6917 
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Butt--Caiviel 


Butferwort, description, 507, 508 
Buttoek-lines, of ship, forms, 5009^ 
5010, 5614, 59 IH 

Buttonholes, Jo3, 475 ; inacJiine for, 
6796 

— in tailoring, ?7//, 1113 

— in iniderelothin}?, 5537, 3338 
BiittonholiuK, in hoot making, 4459 

— gloves, 5482 

Buttonhooks, haberdasher's stock, 3152 
Jhittons, haberdasher’s stock, 3152; 
liow to sew on, 153, 1400 

— boot, faxstening maciiine, 4436, 

4437 ; machines tor making, 
4240^4242 

— cabinet work, 0591 

— glass, manufacture, 4736 

— glove, varieties, 5480 

— in joinery, 5293, 5295 

— plain needlework, 3003 

— on underclothing, 5557, 3339 
Buttress, in building, stability, 2577, 

2572 ; in (iothic architecture, 
3373 ; in masonry, use, 3145, 5717 

— flying, of Lincoln Cathedral, 3144, 

57-77 

Butts, of round basket, use, 5400 

— ship plating, 5977-59/9, 5021 

— water, drainage, 780 
Butylic ether, definition, 2870 
Butyric acid, formula, production, 

3273 ; formation in milk, 4036, 4037 
Butyrin, constituent of milk fat, 4035 
Buying, in shopkeeping, general prinei- 
ph‘.s, 175 ; errors, 175 : overdue 
payments, 177 ; si»eeiilative, 5020 
Buzzard, pursuit of prey, 2192, 2103 
By, in Knglish plaee*names, 17<»9 
Byre, in farming, construction, 2907 ; 
management, 3672 

Byron, L(jrd, poet, 1308, 7595 ; editions, 
1438 ; Hebrew melodies, 500, 502, 
and tireeee, 6448 

Byssus, of edible mussel, 52<S'5 ; of 
gloehidium, 5286 

By ‘tones, harmonic, in music, 5 oh 
B yzantium, architect nre and art, 3080, 
3000 ; Boman seat of empire, 2072 ; 
PJiilip II of Hacedon’s attack on, 
775 ; use Of v<‘inod marble in 
building, 3245, 52/7 

C SPRING, of carriages, description, 
2725, 3320 ; freehand model, 2729 ,* 
in nnder-carriages, 3122, 5/25 
C-T bate, in leather nuinnfticture, 3010 
('ii d’Oro Palazzo, 5576 
(-abal Ministry, constitution and policy, 
4762 

('ahhagp, classillcation, 352 ; varieties, 
cultivation and seed, 1107 ; boiling, 
recipe, 2126; cows’ food, 3890; 
digestibility, 3314 ; as livestock 
food, 2704, 2004, 2005; seed of, 
638, 1 198 

Cabinet-makers, employment condi- 
tions, 2652 

Cabinet -making, 6579-01 ; dictionary of, 
3389; joints, 4111, 47/2, 47/5 ; 
woods, 65 79; use of hard wood, 
3542 

Cabinets, construction, 9589 
Cable, 6546-6548 ; conduits, 67.94 ; insu- 
lation, 6705 ; joining, 6702; laving, 
9794 ; electric testing, 3088 ; three- 
phase, 1007, 7998 ; urban supply, 
2249, 2247 ; varieties, 6797, 9792 

— joints, 6795 

— rope, materials, making, 5288, 5291 

— submarine, and eartlniuakes, 1209; 

invention, 128 

— telephonic, 6170 ; colour code, 6078 ; 

distributing frames, 9078, 0079 

— traction : nfp. Tramways, cable 

— wire, manufacture, uses, 5173, 5174 
Cable-w’ays, principle of inclined plane, 

834 ; use in quarrying, 20.56 
Cabling frame, construction, 5280 
Cabmen, regulations and conditions, 
4187, 4183 

Cabriolet, carriage, structure, 2467 
Cabs, tiimensions and weight, 2726 ; 
fares, 4188 ; hansoms, 2466, 
4189; line by cabmen, 4188; 
London, imnibcr of, 2153 ; motor, 
regulations, 4180 


Ca-bul, British retrcf4.t from, 6691 
Cacao butter, soxirci, 4832 
Cachelot, source of sperm oil, 4833 
Cacti, Mexican, de.scription, 4175 
Cactus, absorption of moisture, 727; 

spines, 909, 1114 
Cactus group, c1as.silication, 353 
Caddis-tly, description, 5565, 5566 
Cade, Jack, revolt, 3465 
Cadence, in harmony, 365 ; in music, 
inversions used, 505 
Cadets, army, training, 4197; mercan- 
tile in-xrine, 6365 ; naval, training, 
ami pay, 4401 

(Cadetships, state, examinatirms, 2251 
Cadmium, in art w’ork, 5523 ; eharac- 
tehsties, 3837, 3838, 3839 

— amalgam, in mercury lamp, 2684 

— orange, manufacture, 5144 

— yellow, manufaetnre, 5144 ; in oil 

painting, 871 

Ciecillans, description, 2700 
Oenni, valve of, 579, 570 
CiTdmon, father of I-iUglisii poetry, 304 
Cicsar Augustus : .see Angnstns CiTsar 

— Cains Jnlitis, and the Belgfc, 

2tl48 ; calendar, 226 ; career and 
character, 1513; Catiline conspir- 
acy, 1513, 1514 ; coiupiers (bull, 
2015; in Egypt, 1515; and Poni- 
pey, 1514 ; visit to Britain, 55 «.o., 
68 ; his fall, 1670 

Csesnra, in Knglish verso, 306 ; in 
Latin verse, 1767 
(Uiffea nrnbira: xee (’otfee plant 
CanVine, in coffee, 3:178,3823, 6554 ; 
illefetic value, 3378 ; properties, 
use, formula, source, 4007 

— citrate, prejuiration and use, 4000 
Caffeol, properties, 4007 

Cage, mining, 3305, 5308, 3 462 
('ainozoic rocks : nee Tertiary rocks 
Cairngorm, precious stone, 5855 
Cairo, captured by Napoleon, 5238; 

geography, 3450, 3451 
(■aissons, in bridge building, 1405, 
2737 : dock, 2880, 6497 
Caithness, industries and towns, 1064 
Cains Ca*sar, Kniperor of Jtoine : see 
Caligula 

Cake, chocolate, recipe, 2332; jdain 
soda, recipe, 2333 ; plum, rc<Mpc, 
2331 ; recipes, 2331 ; making, 
1.530, 1532; stale, using, 2336 ; 

veal, cooking, 1872 
Calabria, made a state, 2045 
Calais, France, harbour, 6332 ; re- 
captured by France, 3834 
t'atalysor, dclinition, 4135 
Calamary, squid, ])en of, 5114, 3115 
Calamine, zinc ore, 35.S, 1042, 4306, 
6166 

Cainmns, gemi.s ; see Cane 
Calanthes, culture, 6534 
Calc sinter : see Travertine 
Calcareous rocks, 1073 
Calceolaria, culture, 6192, 6532 
Calcimeter, lime tester, use, 1856 ; 

chemical analysis, 4419 
Calcination, in ehemistry, process, 4316 
Calcining, ores, 356, 3836: see also 
Boasting 

Calcite (calc-spar), compo.sition, 843 ; 
crystalline forms, 766, 797 ; double 
refraction, 3840 ; formula, 76.8 
Calcium, chemistry of. 843 ; proportion 
in earth’s crust, 239, 624 ; per cent, 
in linmaii body, 438 ; plant food, 
167 ; oeciirrence, 5757 ; salts, 1041 

— acetate, in acetic acid manufacture, 

5466 ; acetone from, 5497 ; in 
dyeing, 5781 ; production, 5499 ; 
wf)od distillation product, 6465 

— carbide, electric formation, 3032 ; 

manufacture, 5588, 5758 ; prepara- 
tion and properties, 3707, 6829 

— carbonate, clieiiiistry of, 843 ; lime 

making, 1455 

— carbonates, 768 

— ebloride, use in dyeing, 5781 

— fluoride use in Hame-arc lamp, 

2684 ; formula, 768 

— hydrate, production and use, 5781 

— hypocixloritc : see Lime, chloride of 

— nitrate, 3032, 5888 ; in soil, 1509 

— oxalate, product of rhubarb, 3704 


Calcium, phosphate, from bones, 5350 ; 
chemi.stry of, 1041, 3162; in 
phosphatic manures, 5586, 5587 

— salt.s, in dyeing, 5781 ; from ortho- 

phosphoric acid, 5586 

— sniptiate, in cement, 1859 ; in earth’s 

crust, 768 ; precipitate, 4405 ; 
removal from hard water, 5762 ; 
presence in wines, 2879 

— siilphi^de, 1041 
Caic-spar : see Calcite 
Calculagraph, 6519, 6644; tclcidioiie, 

6181 

Calculus, differential and integral, 6790 
Calcutta, exports. 5:i81 ; liistory, 6549 
Caldecott, Bandolph, his art, 343, 
1022 ; press illustration, 9102 
(‘uledonia, history of, 2607 
Caledonian brown, pigment, 871 
f'aledoiiian Canal, 9S2, 1095, 5486 
Caledonians, invade. Britain, 2241 ; 
Boman struggles with, 2069, 2071 ; 
invaded by the ScottI, 2607 
Calendar, history of, 226 ; .Tulins 
Cspsar’s reform, 1510 ; reformed, 
(1751), .5554 ; Boman, 1182 
Gnlendcr, rubber slicot and belting, 
5201) ; spreading niaehine, 5201 
Calendering, carpet, 4341 

— in cloth inaniifaetiire, 4542, 4343 

— in liosiery mannfaeture, 4765 

— in j)aper-making, 9599, 6399 
Calends, Boman, 1182 

Calf, feeding, 2238, 2907 ; rearing, 2238 
Calf-skin, dronelnng, 3011 ; grain, i)Utte 
jneing 3217 ; tawing process, 3164 
“ (’alichc,” composition, 5587 
Calico, in dressmaking, preparation, 
3340; for nnderelothing, 3093 

— mordants, citric acid, 47.S2 ; potas- 

sinni chlorate, 4778 ; tragaeantb, 
810 


— printing, block, 4499 ; machine, 

1502 ; design, fitness, 5980 
Calicoes, tinisliing processc's, 4341-4342 
('ulifornla, admitted to ll.S.A., 5975; 
economic conditions, 5662 ; in- 
dustries, 4175 ; irrigation, 54.84 ; 
petroleum d(‘i)Osits, 6007 ; ])ro- 

(liict.s, 5062 ; rainfall, and irrigated 
land, 5660 

('aliguln, reign, 1832 

Calipers, use, 3319, 3386; varieties, 47 08 

— adjustable, types, 4705, 4707 

— beam, forms, 4705, 4705, 4708 

— compa.ss, use, 4705, 4707 

— micrometer, use, construction, 4702, 

4707 ; borseslioc type, 4705, 4709 

— plasterers’, 5196, 5497 

— vernier, construction, 4705, 4708 
Caliiier rule, form and use, 1705, 4707 
Caliph, meaning and creation of, 2353 
Called-up capital, term explained, 31.s.5 
Calling lamps, telojihonic, 5880 
Callosities, treatment by chiropody, 1806 
Calniar, Fnion of, 2948 ; re.snlt, 5306 
Calorie, beat unit, 4630 
Calorimeter, ice block, structure ami 

use, 1759, 1740 
Caltrop, defined, 012 
Calvin, rule over Geneva, 4399 
Calving, 2238 ; care of cow, 3671 ; 
.sea.soii for, 3672 

Calvinists, persecution in France, 4102 
Calyptra, of mosses, 1312 
Calyx, of flower, defined, 346, 347 
Calyx system, in rotary boring, 284.5, 
2840 


Cam, general account, 828, 832 ; heart- 
shaped, drawing, 4323; single act- 
ing, 4323, 4324 

— plate, of lathe, 828, 4919, 4920 
Cambium, in plant stem, 199 , 170 
Cambrian system, in geology, 2067 ; 
rocks, 2253 

Cambric, for nndcrclotbing, 3093 
Cambridge University, 1273 ; engineering 
course, 483 ; origin. 3073 ; scluilar* 
ships and cost of living, 4823 
(Cambridge Gulf, Australia, 3697 
Cambridgeshire, geography of, 1273 
Camel, African fauna, 3277 ; blood 
corpuscles, 952 ; distribution, 62-*' . 
foot, modifleation for des<jL 
1 870 ; as means of transport, 215-- . 
transport in Australia, 3701 



Oameir— Carb 

Camel - hair brush, in water colour 
paintiuB, 1021 

Camel’s hair, uses, 5120, 6882 
Camellia, culture, 0532 
Camellia thea : see I’ea ])lant 
Cainembert cheese, composition, 4490, 
4492 ; manufacture, 4575, 457fi 
Cameo, 0300 ; use of helmet shell for, 
3113 

Cameoid, wall covering, 5828 
Camera, photographic, construction, 
0079 ; cost, 4417, 4420 ; eniurgiim, 
0083; equipment of studio, 1118; 
lenses of, 2032 ; repairs and hire, 
4422; second-hand, 0070 
Camera obscura, ])rinciple of, 2902, 2952 
(.'ameron, bacterial sewage system, 1742 
Camcroons, mountains, 3582 
Carnes, use in glazing, 5840 
Camisoles, various patterns, 3588, 3589 
Campagna, Roman, 2231 
“ Campania,” liner, engines, 5118 
Campanile, at Florence, architecture, 
3370 ; relief panels, 3517 

— Romanesque, in architecture, 3232 

— at Venice, 3090 
Campanology : see Boll-ringing 
CnmpamUaria : «(*« Hy droid zoophytes 
(-ampbell, Thomas, on Beaiinnjnt and 

Fletcher, 840; poetry, 13U7 
Campbell’s Act, liability of railway 
companies, 5107 

Camphor, 0882; distillation and uses, 
812 ; Formosan, 5059 ; formula aiwl 
synthesis, 3487 ; obtaining, s(uiree, 
4909, 4873 ; properties, 4071 ; uses, 
4873, 4971 ; weight, 1704 

— compounds, essential oils, 4908 

— emulsion, 1033 

-laurel, Formosan, 3161 ; Japan, 3159 

— tree, distribution, production (if cam- 

phor from, 8 1 2 

Campines, fowls, points of, 4957, 5090 
(■ampions, classification, 35 1 
Campos, Brazil, 027, 4280 
Camwood, use in dyeing, 5000 
Can, milk or cream, 4210 
Can, tapering, drawing, 4522, 4523 
Can (verb), conjugation, 91 
Canaan, division into the 12 tribes, 
600 

Cnnaanites, ethnology, 1700 
(hinada, area, population, 3203 ; British 
emigrants to, 3203 ; clerical ser- 
vice, restrictions, 3548 ; climate, 
flora, 1049 ; coaHlelds; 5305 ; (Mnn- 
mereial opportunities, 6212 ; elce- 
tricity development, 131 ; exports 
(1903-5), 5002; farming in, 3203 ; 
fisheries, sea, encouragement of, 
5318 ; geography, 4005, 1007 ; his- 
tory, 5111, 5845, 5974, 0090; im- 
ports, 5003 ; labour Hiipi)!y, 0029; 
land grants, 0032; medical pro- 
fession in, 5428 ; police, 3850 ; 
power sources, 5011 ; sugar pro- 
duction, 4351 ; touring, 1049; 
trade with l^S.A., 5001 ; trained 
teachers, salaries, 3741 ; C.S.A. 
boundary, 5975 ; wheat export to 
England, 3282 ; wheat supply, 914 ; 
wood-pulp industry, 1050 

— Arctic, ge'^'graphy, 4000 

Canada balsam, 1034, 3849, 5385, 0125 
Canadian hemp, character, uses, 718 
Canadian Pacific Railway, construction, 
3051, 003(1, 0032 ; route. 1008 
Canal, auditory, structure, 2310 

— boats, electric tractor, 2275 ; as 

means of transport, 2277 
lifts, hydraulic, 1224 
t^analieulus, in bone, 435, 430 
Canals, Babylonian system, 10, 17; 
Canadian, 4008; classes of, 5183, 
5485; commercial use, 4518; en- 
gineering construction, 5483, 5484, 
; excavation, 5330 ; French, 
1081, /6’52, 1084 ; gauge, want of 
uniform, 5485 ; (lerman Rhine, 
6826; great, list, 4515; inlaiul 
construction, 6483, 5485 ; inunda- 
tion type, 5484; lockless, 5487; 
Russian, 2406, 2409 ; ship, con- 
struction and uses, 5480 
^analisation, canals, definition, 457 
vanary, classification, description, 2209 


C'an<*cll(cria Palace, Rome, Bramante’s 
architecture, 3676 
Cancellous tissue, physiology, 135 
Cancer, lymphatic vessels' in, 1190; 
Rdritgcn rays cure, 4093 ; ultra- 
violet rays, effect, 3017 
Cancer, tropic of, equinox, 293 
Cancir, Zodiac sign, 0251 
Candle-power, of incandescent lamp, 
2013, 2014 

Candle-wick, manufacture, 4838 
Candles, advantage as illuniinant, 
4835 ; antiquity, 4835 ; buoks 
on, 4834 ; burning power, 5193 ; 
dipping, 4838, 4839 ; forms, 4810 ; 
illuminating value, 4840, 0024 ; 
in lighting mines, 3709 ; materials. 
10;t2, 48.35, 4838; iiiaiiufacti»r(‘, 
4835 ; moulding, 4839 ; sizes. 4830 
Candy, for bees, recipe, 5001 
Candying, process, 4848 
Cane, description 5723 ; in basket- 
work. 5488 ; bending, 5723, 572 1 ; 
seating. 5723 ; skeins, 5723 ; split- 
ting, 5723 ; uses, 3583 

— W'hangee, use, 5724 

(’ane sugar, formation of dextrose an:i 
lievulos(‘, 3700 

Camdla bark, source and uses, 0008 
Canld:e, K]>ecics, 1494 
Canine teeth, 1005 ; eiitting, age, 577, 
57<S’ 

Caning blade, use, 5724 
CanHter top, deseribing patterns, 53 47, 
5419 

Cannabis saHea: see Hemp 
Canning, foodstuffs, pr(»cess, 5107 ; 
danger of ptomaine p( omng. 
5407 ; preservatives, 5408 

— fruits for, 4875 
Caunoii-bone, in hoof of deer, 1870 
Cannon Street station, roof truss, 2448 
(’aiiou-beetle, disease in beetroot. 4048 
Canons, barriers to eommunieati(»n, 

4 190 : North America, 4002, 4009 
(\ariopy, iu motor voliicles, 3023 
Canopus, magnitude, 0097 
Canova, sculptor, 4119 
Cant board, described, 2727, 2730, 2731 

— rail (»f brougham, 2829, 28'{j ; 

of carriage, 272 

Canterbury bell, p(*llen, protection. 1111 
Canterbury Cathedral, chapel \aiilt, 
3140, 3147 

*' (’anterbury Talo.s,” Chaucer’s, .325. 
3783 

Cautbarides, source of, 3512 
(’antilever, relative earrying eai»acity, 
1987, 1988; under various l(»ads, 
2220, 2227 

— bridges, 2737 ; military, 0209 
(’anting fence, of saw bench, 01 10 
Catitlc, of riding saddle, form, 5339 
Canto fenno, in music, 032 
Canton, (Jiina, commerce, 2977. 0090 
Cantoous, cloths, tlnisbing, 4313 

” Cantoria,” Lucca de'la Robbia’s relief 
from, 307?, 3078 

Canute, King of Britain, reign, 2357 
('anvas, Admiralty test, 1701 

— jute, preparation for tloor cloth 

manufactun', 5122 

— painting, background, 1020 

— sails, for painting, 1108 

— upholsterers’, 0715 
Caontcliouc: see Indiarubbor 

— plant, flower, 3.583 

Cap, boy’s polo, making, 5930, 5040 

— cloth, making, 0159, 0100; elderly 

lady’s, 5775 ; (Rcngarry, manu- 
facture, 0159, 0100; golf, making, 
0159: batter’s stock, 3443; 

millinery, 5775 ; WMx>llcn cloth, 
early manufacture, 4019 
Cap, biiliel, 0015 

— driving, mining boring tool, 20oo 
Cap spinning frame, mechanism, 24 41 
Capacity, electric, of condenser, 3580 ; 

dielectric, 3580 

Cape cart, voke attachment, 3120; 
hood, 2559, 3623 

Cape Colony, economic conditions, 
6060 ; geography, 3580 ; medical 
profession, 5428 ; sea fishery, 
6318 ; teachers, opening for, 3741 ; 
wool trade, 72, 220, 221, 224 
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Cape-to-Cairo railway, 3587 
Cape of (lood Hope, discovery, 2947 
Cape chisel, 4151 
Capella, star, description, 0117 
Caper-plant, classification, 352 
Cap-front, of baby's bonnet, 5939 
Capillaries, in blwd system, 954, 955, 
1193; digestive system, 077 ; 
food assimilation, 805 ; in hing 
air-cells, 1299, 1301 
Capillarity, explanation, 1371 
Cai)illary, circu'uliou, 1193 
Capital account, bookkeeping, 400; 
doul)Ie account system, 3332 ; in 
parliKTsliip concerns, 2750, 2978 
Capital, in architeetnre, Lgyptiui(,252(> : 
Cothie, 3517 ; (Jreek orders, 2858 ; 
Persian, 2059 ; proportion, 5977 ; 
Romanesfpie, 3231 

— in tinanee, defined, 1202 
“letters, rules in l•'^encb, 4t8 

— of limited eompanv, 3185, 3180, 

3331 

Capitoline Hill, Rome, 2933 
Cap-making, men's, 0158, 0159 
Capon, (piality indej)endent of bioed, 
5023 ; resiilfs of feeding, 5094 
Cipolastn, in banjo mnsie, 4312 

— in guitar jdaying, 1058, 3701, 3702 
Capping, itk mining, methods, 3700 
C.aiu ieorniis, Z sliae sign, 0251 
Capneorn, troi)[e of, sun’s po-itlon, 293 
Caprifoliales, elassillcation, 353 
Capsicum, proiierties, 4721 

( apstan, bydranlie, 5070. 5077 

— lathe, expanding clnteh, 902; fric- 

tion-geared head. 4913, 4917; 

l.vpes. 49l'<, 1919, 4922, 4923 
Capstans. 1085, oUhs 
Capsule, of kidneys, 1092, 1003 
Captain. Army. 4199 ; marine, 0895 

— M.avy, promotion and jiay, 4192 
Cainia. Italy, Hannibal at, 1381 ; 

lirincipality, 2945 

Capybaras, elassifieation, 1702 ; swim- 
ming ai)paratus, 2938 
Car, halloon, eonstrudion and use. 

3070, 3980, 3982, 3984 
Car, observation, use in C.S.,A., 4593 
Caraealla, Roman EnqxTor, 2971 
Caramel, characters and uses, 4105; 
prices, 5494 ; prodnetion, 3052 ; 
in tinting glucose, 4558 
Carapaia*. of crustaceans, 3897 
--ot tortoise, 2790 
Carat, of gold, 301 

Caraway, cla'-sitlcation, 353 ; soeds, 1722 
Carbamide ; see Crea 
Carbide-., production. 5758 
Carbonyl nickel process, 4300 
Carln)h.\ (Irates, Cdiistitnents, 439, 030, 
3111; contrasted with liydro- 
carbiins, 2713 ; in dietetics, 3111 ; 
«li'-ciis,sion of term, 3700 ; digcstl- 
bdiiy of, in .stiSTh foods, 800 ; 
digestion, 073 ; efiect of excess in 
human body. 807 ; in livestta U 
feeding, 2793 ; parallin derivatives. 
3795; s«uirees, 3111; in standard 
diet, 3389 ; starch, 5304 
Carbolates, scpuralion from carbolic 
oil and decomposition, 5463 
Carbolic mid, antidote, 3710; as 
antiseptic, 3799 ; from coal-tar 
distillate, 5403 ; use as disin- 
feet.int, 2599, 5955 ; forniiila, 

preparation and properties, 1103, 
3799 ; protoplasmic poison, 3917. 
3799 ; solution for beehives, 5902 

— cloth, for quieting bees, 5059 

— oil, uselessne>s in surgery, 3799; 

from <‘oaMar distillate, 5402, 5053 
CarbiMi, a<’tioii on otlicr elements, 819 ; 
in Bessemer pig iron, 4907, 4910 ; 
in east iron and steel, 1045; 
chemistry of, 1910, 1157 ; cor- 
Iinsele emission, 4700 ; Dewar’s 
experiments, 11.58; dietetic value, 
3199; in di.stilled coal-tar, 5402; 
distribution, 239 ; dynamo brush, 
1107 ; In electric batteries, 404, 
407; elements allied to, 1169; 
graphitic, 232, 2540 ; graphitic 
are lamp ])encils, 2414, 2410; 
graphitised, use, 6753 ; heat units, 
5194 ; in human bod.v, 438 ; in 

C91B 
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Carbon — co nt in tied 

iron, 10 U, 4746 ; percentage 
and effect in iron and steel, 2:n, 
233 ; in living things, 275 ; ocenr- 
reneo, 239, 830; in plants, 170; 
l)rop()rtion in earth’s crust, 239, 
624 ; in rolled steeled bars, 3938, 
plate following 30:} 6 ; percentage 
in steel, table, 234, 235 ; in steel 
manufacture, 5015; universal 
presence of, 2713 ; use in electric 
lamps, 2612; varieties, 362, 1157 

— bisulphide, formation, properties, 

products and uses, 1718, 4025, 
4626; oil, solvent, 1830 ; sulphur 
solvent, 4625 

— compounds, 402, 516, 2713 ; chemis- 

try of : Organic chemistry : 

synthesis, 4128 

— dioxide, absorption by plants, 22; 

aeration with, 6391 , 6393 ; analysis, 
44J4 ; animal exhalation, 22. 
6019 ; atmospheric constitu- 
ents, 3719, 3798, 6019; atmo- 

spheric, measuring apparatus,'// /-f ; 
from chalk, 60; chemistry of, 1046, 
1158, 3487; combustion product, 
232 ; decomposition, 1598; graphic 
formula, 2714; in human body, 
438 ; in mines, 1158, 3768 ; mortar, 
penetration througli, 1459; jdani 
food, 170, 276; j)roperties, 362; 
relation to carbonyl chloride, 3703 ; 
in refrigerating machines, 5404 ; 
ill respiration, 1302 ; waste pro- 
duct of living organisms, 1 191 ; 
see also Carbonic acid 

— monoxide, in air, 3720 ; chemistry 

of, 362, U58 ; combustion, 232; 
in mines, 3768 

— jioneil, for shading, 2188 

-- tetrachloride, properties, 1601 

— work, in typewriting, 1698, 1020 
Carbonaceous rocks, 1073 
Carbonatation, sugar, 3828, 4161 
Carbonates, gas test for, 4404 ; in 

earth’s crust, 768 ; varieties and 
distribution, 231 ; in water, 5761 
Carbonating tower, in ammonia soda 
process, 4772, 4773 

Carbonic acid, discussion of term, 1158 ; 

see also C^arbon dioxide 
(’arbonic oxide : see Carbon monoxide 
Carboniferous rocks, formation, 1921 ; 

system, 2007 ; strata, 2253 
(’arbonyl chloride, formula, 2714, 3703 
Carhoriindum, as abrasive, 813 ; forma- 
tion in electric furnace, 3032 ; in 
lens grinding, 6121; use, proper- 
ties, and production, 5758 
(■arburetted water-gas, 6818, 0829 

— wliecls, for tei^th of cutters, 3408 
Carcase, in building, 307 ; in cabinet- 

making, 0581 
Card index system, 6520 
Cardamoms, 4721, 4722 
Cardboard boxes and rolls, 6560, 0302 
Carder, textile machine, function, 75//- 
1540; in felt manufacture, 1998; 
jute, 1 886, 1887 ; silk waste and 
ramie, 1725 ; tow, 1883 
Cardinal numbers, French, 1619 ; Ger- 
man, 2050; Italian, 2919; Latin, 
601 ; Spanish, 2768 ; see also 
Numerals 

Carding, cotton, process and machinery, 
1341; felt, 1998; jute, 1886; 
tow, 1885 ; wool, 222, 1544 

— engine, 1542, 1543, 1544, 1885 

— flats, detinitioii and use, 1543, 1514 
Careers, choosing, 3 ; see also Profession, 

and und^’r separate headings, Clerk- 
ship, Civil Service, etc. 

Cargo, of ship, dead-weight oa parity, 
5964 ; weight distribution, 6222 
Caribou, habits, 4065 
Carillon : see Glockenspiel 
Carinaria, shell-flsh, inodifleation of 
foot, 3113, 3114 
Carinatas flying birds, 2209 
Carlyle, Jane Welsh, work, 2015 
Carlyle, Thomas, author, 2451.2025; 
compared Mith Maeaulay, 2615 ; 
contempt for Spencer, 5390 ; con- 
tempt of novels, 3980 ; instance 
!if " great-man ” theory of history, 

()920 


3087 ; on man as a fighter, 5245 ; 
on poetry, 304 ; on struggle 
between right and wrong, 5389 ; 
on war, 5098 

Carman, coal-dealer’s, wages, 1990 
— railway gcaids staff, duties, 5072 
Carmarthenshire, geography, 1277 
Carmen, runditions of work, 4189 
Carnallite, 1042; Stassfurt deposit, 
55 H5 ; extraction of potassium 
salts, >585 ; magnesium extraction, 
5756 

(’arnarvon, county, geography, 1277 
Carnations, classification, 354 ; culture 
and varieties, 6488, 6/.9 /, 6532 

(^anijiuba wax, production, uses, 1033, 
4835 ; characteristics, 4834 
Carnegie, Andrew, assistance to Scotch 
education, 483 ; early life, 195 
Carnivora, characters, 1494, 1763 ; 

classification, 380; development, 
of claw’s for climbing, 1871 ; evolu- 
tion of, 1761 ; swimming apparatus, 
2038 ; teeth, 577, 578 
Carnivorous plants, 277. 507, 508 
Carpaccio, Vittore, painter, style, 3795 
Carpal bones, anatomy, 1708, 1709 
Carpathian Mountains, in Anslria, 
1973 ; in Hungary, 2164 
Carpel, of flower, defined, 346, 347 ; 

variation in number, 352 
Carpenters, employment condifious, 
2643 ; Marine, 6803 ; Navy, 4265, 
4260 ; railway “ works," 4592 ; 
ship, ax>pointmeiits to Coastguard 
service, 3197 ; stocking tools for, 
2091 ; as undertaker, 5785 
Carpentry, arebitects’ detail drawings, 
56’.%', 5698 ; dictionary of, 3389 ; 
see also Building ; h<*avy car- 
pentry, 4639; joints, J8/.:i, 4111 : 
see also Joinery ; materials, 3539 ; 
metal accessories, 3543, 3546 ; 

railway shops, 4646 ; roof work, 
4247, 4249, 4250, 4251, 4252. 

4233, 425 1; staithes, 4644, 4043 \ 
timber joints, 4039, 4044 ; timber 
used jn, 54 ; timber work, 3733-9 ; 
fools and appliances, 3385, 3387, 
3388, 4044 ; trestles, 4640, 4041 
Carpet-bedding, plate facing 6329, 6491 
Carpet merchants, the business of, 1625 

— weaving, 3990-3990 

Carpeting, problems in aridimetic, 1547 
Carpets, use in carriage trimming, 3621 ; 
Chciiillc weft, 3157; design. 3337- 
3300, 5980, 6386, 038f», 6390; 

fluishiiig processes, 4341 ; manu- 
facture, 3390 ; manufactured in 
Asia Minor, 2719 ; mixed pile warp, 
3300 ; planning and laying 6722 ; 

— Axminster, design, 3357, 3358, 0383, 

6387 ; mannfaciuro, 3993, 3996 

— Brussels, contrasted with Wilton, 

3993 ; designs, 3337, 3358, 0388 ; 
manufacture, 3991, 3992 

— felt, niaiuifactiirp,1995 ; milling, 4108 

— Kidderniin.ster, design, 3360 

— Oriental, manufacture, 3993 

— Persian, nianufucture, 2817 

— tapestry, design, 3;t58, 3359 \ nianu- 

tacture, 3990 ; velvet pile, :i996 

— Wilton, design, 3:457, 6385-0390; 

manufacture, 3993 
Carpus, human anatomy 1708, 1709 
Carrageen nios.s, use*, 1369 
Carriage, axle box, drawing, 3265, 3200 

— builders, cmjiloyment conditions, 

2653 

release, of typewriter, 1529 

— way, cniistruction across footpatli, 

2423 

Carriages, brakes, 3128 ; cleaning, 
1001 ; design, 2555 ; funeral charge, 
5786 ; horse, 2404, 2405, 2460, 
2477 ’, construction and dimensions, 
2557 ; metal work, 3325 ; motor : 
see Motor vehicles, cars, etc. ; 
l)aii)f ing, cfc., 3479-81 ; triininings, 
3621 ; under carriages, 3/2/ ; ventj- 
latioi), 3025 

— of lathe : see Saddle 

— loom lace, 4978 ; net, 4880 

— railway, demurrage flues, 5102 

“ of staircases, in joinery, 5298 ; con- 
struction, 5300, 5301 


Oar-~CiU 

Carrier beams, used in linen loom, 3912 
Carriers, animal, used in transport, 4517 

— human, use in transport, 4516 
Carrion bottles, description, 3811 
Carrion crow, elassification, 2210 
Carrot, 349 ; classification, 353 ; culti- 
vation, 944, 945 ; harveKtiiig, 1666 ; 
insect pollination, 731 ; as live- 
stock food, 2704, 2905, 3802 

Cjirs, American railroad, trimmings, 
3621 ; railway Pullman, 4801 
Carr's furnace, explained, 2863, 2804 
Cart-horse, sliire, 2073, 2075 
Carthage, foundation, 1204 ; Roman 
invasion, 1381 ; Spanisii colonies, 
2946; wars with Pyrrhus, 1203 
Cartilage, histology, 435 
Cartilaginous tissue, liiiman, 196, 435 
Cartoon, stained glass, 4945, 4947 
Cartridge case.s, inannfaetiire, 0615-00 J7 

— paper, manufacture, 6400 
(Cartridges, manufacture, 0013 

(‘arts, agricultural, 1846 ; pleasure, 467, 
2403 ; two-w'heeled, side framing, 
2727 

Cartwright power loom, 224, 1398, 3492 
Canincle, violet, and pansy, 911, 912 
Carver’s bench, 5809, 5810 ; knife, 
5809, 5810; punch, 0044, 6043 \ 
screw, 5810 ; tools, 4150, 5809, 5810 
Carving, Roman relief, 2933 ; llonian- 
esnue, 3231 ; in cabinet -making 
6584 

— food, 3314; requisites, principles, 

and methods, 5933, 5934 

— ivory, 3517, 6299, 0300 

— stone, Gothic variety of subjects, 

3517 ; polychromatic, 3517 

— wood, 5809, 0043, 0135 

Caryatid, architectural order, 2858 
Cas(*ara sagrada bark, source, 6068 
Cas(‘uriUa bark, source, uses, 0068 
Case, in grammar, 110; rules, 2t6 
--- packing, joints, 41 1 1 
Case-hardened inc'tal, grinding, 3408 
Case-hardening, 210, 3107; axles, 

3328 ; iron, 234 

Ca.sein of milk, composition, precipita- 
tion, 4033 ; dKsolving, 5362 ; 
influence in cheese production, 
4492, 4573 ; uses, 5149, 5362 
Cases, type, kinds, 5156, 5157 
Cash account, hank bookkeeping, 4440 ; 
explained, 489 ; old and new 
methods eompured, 1864 
Cash book, bank aecount entries, 1968 ; 
bank bookkeeping, 4441 ; debit and 
credit sides, 1865 ; defiiiitiun, 
778; discount transactions, 979; 
of limited eoiniiany, 3187; loose- 
leaf, 6522; modern entries of bank 
lodgments, 1968 ; old and new 
metiiods compared, 1864 ; relation 
to old-fashioned journal, 1468; 
relation to bought ledger, 2982 ; 
in single entry, 3910 ; small .shops 
45 ; tubular system, 3567 ; see also 
Petty cash 

Cash-oii-delivery system, 5930 
Cash -railway system in shops, 46 
Cash sales, explained, 979 ; book- 
keeping entries, 1969 
Cash trade, contrast with credit, 5927 
Cashiers, bank, classes, 4441 ; duties, 
4588 

— in business liouse, 660 ; function in 

departmental sy.stem, 3416 
Cashmere, arrangement of thread.^;, 
3909 ; warp, 2594 ; vridth, 186 

— shawls, 220 

Casing boards of brougham, 2829, 2831 

u.se in mine shafting, 3193 

Ciislon letter foundry, 6073 , 0074 
Caspian sea, 2406 ; salt in, 1600 
Cassia, source, 4722 

— oil, composition, 5469 

Cassiopeia, constellation, 0110, 0117 
Casslterite, tin ore, 6161, 6734 
Cas.sow'ary, 2213 ; classification, 2214 
Cast iron : see Iron, cast , 

Castanets, mii.sicai instrument, 

5570 

Castelli, coherer, wireless telegraphy^ 
359.5,3807 

Casting, dictionary of terms in, . 
“head” and artificial pressuio 



Cast-^Oere 


GENERAL INDEX 


Casting — contin ued 

methodH, 1404 ; in machino ctm- 
Htruction, 207 ; methods, materials 
and processes, 2109^ 2337 ; pattern 
rons.truction and mouldimr, 2433- 
2461 ; siirinkaKe precautions, 2««8, 
2699; tooliiiK allowance, 3316; 
weight estimation, 2699 

— ill art metal -work, r);V26 
^ in bronze, art, 1674 

— calf, treatment, 2623 

— in iron working, 235 

— in pottery manufacture, 5234 

— in sculpture, 1217 ; ilgure, 1509 
Casting-box, stereotype, 353G, 5557 
Castings, steel, test pieces, 3901 ; faults 

(draws, blowholes, etc.), 3962 
Castor oil, source and uses, 10.32, 4658, 
4831 ; use in dyeing, 5780 

plant, seeds, 1032 

Castration, of calves, 2230 ; of horses, 
20i^9 ; of pigs, 2360 ; of rams, 2364 
Casts, drawing, suggested groups, 1510; 

study in sepia from, 1704, 1795 
— ' plaster work, 5502 

— wood-carving, 6137 

Cat family, description, 1765 ; weapons 
of defence, 2155 ; papilhe of 
tongue, 2535 ; skins and furs, 6426 
Catalogues, auctioneer’s desk, 4985 ; 
ironmonger’s, 3574 ; retail busi- 
ness, classes and treatment, 6056 ; 
seedsmen’s, cost, 4907 ; vehicle 
trade, 2730 ; wholesalers’, 6209 
Cataloguing, library systeriKs, 6872 
Catalysis, 4135, 4630 
Catapult fruits, seeds, 010, 911 
Cataract, eye disease, 1951 ; opcrutions, 
6264 

Catarrh, causes, symptoms, and treat- 
ment, 6133; in cattle, 2622; in 
liorses, 2620 ; in sheep, 2624 
Catcli-croi), detlnition, cultivation, 1233 
Catch-flies, plant, protection against 
insects, 1115 

Catch-pit, in drainage, 781 
Catch-stitch, milliners’, 450o, 4566 
*' Catcher ” apparatus, electric train 
staff, 4692, 4693 

Catenary curve, suspension bridge, 2498 
Catering, principles of, household and 
public, 5581, 558^, 5720; inn- 
keeper’s profits, 3737 ; railway 
stations, 4810; yachts, 5721 
Caterpillar, characters, 3313; exter- 
mination of, in agriculture, 1666, 
1667, 1668 ; food of birds, 2193 
(’atgut, 6882 

Cathedrals, in building, domes, but- 
tresses, and vaults, 3147 
-'Knglisb, architecture, 3233; Cothie 
period, 3373, 3373 ; Cothie stone 
carving, 3517 

Catherine 1., of Uussia, reign, 6201 
Catherine II., JOmpress of Jlu.ssia, life 
and reign, 6201 ; travels of, 212 
Cathode ; sec Katho<le 
Catholics, >higlish, Devon.shire rising, 

3833 ; favoured by Queen Mary, 

3834 ; Catholic Emancipation Bill, 
.5685 ; persecution by Elizabeth, 
3997 

— in France, struggle with Protestants, 

4102 

— - Irish, persecution by Elizabeth, 3999 

Cation: Knthion 

Catkin-bearing group, 351, 355 
Catkins, hazel, plate facing 728 

Cato the Censor, “ Delenda est Car- 
thago,” 

Cato the younger, his death, 1515 
Cats, trade in, 891 

Catseye, precious stone, 767, 5855, 6734 
Cattle, 2.56, 257, 258, 431, 432 ; abor- 
tion in, 1669 ; age indications, 
22;i9 ; bm)ks on, 3471; breed- 
ing and farming, 986, 2235, 2237 ; 
breeding, ScoCand, 2236 ; British, 
2235, 2237 ; buying, 2701 ; dairy, 
breeding, 3666-367 3 \ diseases of, 
2622-2624 ; Dutch dairy, 1836 ; 
fattening, 2238 ; feeding, 433, 2702, 
2704, 2904; housing of, 22, 2997; 
oils as food, 1032; parasites, 2626; 
rearing, countries engaged in, 
5119; selling, 2701 ; stock foods 


for, 2904; (eetli, 2239 \ tuber- 
culosis among, 5409 
Caucasia, geography of, 2718 
Caucasian race, distribution, 627, 620 
Caucasus mountains, 2406 
Cauda etpiinia, human, 1941, 2143 
Cauliflower, classiflcation, :j52 ; rulti- 
vatioii, 1197; au gratin, recipe, 
2126 

Caulking, importance in hoilcr-inakiiig, 
3098, 3100, 3107; of Lancashire 
boiler, 3104, 3106 ; of jdates, 

metal, 3096, 31(»7 ; pncMiinatie 

tools, 1807, 5455, 51.56; of wafer 
tanks, 1404 

(Causation, ami the new chemistry, 2553 ; 
ill relation to free will, 2995 ; in 
science, nature of, 4124 
Causeway, second pyramid, 2320 
(’ausey iMke, geologi<‘al section, 1334 
(’austic alkali, effect on cotton, 5638 ; 
ill manufacturing oxalic acid, 4781 

— potash, 842; formation, 5757 

— .soda, 'dfect on cotton, .5638; in 

dyeing, 5780 ; electrolytic produc- 
tion, 3262, 5759 \ industrial uses, 
4774 ; I.cblanc and JiOewig luo- 
cesses, 4773 ; maiiiifactiirc, 1771, 
4774 ; properties, 841, 4774 ; in 
soap manukctiire, 4964 
Cavalry corps, commissions, pay, 4198 

— Household, service and pay, 3840 

— Line, service and pay, 38 1 1 
Cave-dwellers, weapons, 2478 
Caverns, limestone, cause, 1502; under- 
ground, cause, 1505 

Cavetto, form of moulding, 5297, 5299 
Caxton Monument, 2286, 22SS 
Caxton, William, lirst printer of 
Chaucer’s works, 327 ; first English 
printer, 1608, 1609 ; life, 3604 
Ce (French pronoun), pleonastic use, 
5800 ; agreement of eire, 5947 
(’cara cotton, description, 384 
Cedar, 0882; classiflcation, 503; age, 
504; strength of timber, 1260; 
timber, 55 ; wood, use for carving, 
5809 ; w'ood in veliielc construc- 
tion, 2827 

Cedar of Lebanon, timber, 55 ; strength 
of timber, 1260, 1261 
Ceilings, panelled, 4755 ; onianientatlon, 
2321 ; panelled plaster, 5502 
(’clery, classiflcation, 3.53; /ritt€*rs, re- 
cipe, 2126 ; sauce, 1874 
(Vlcsfa, mu.sical instniinenl, 3368, 5754 
Celestial altitudes, 6241, 6245 

— sphere, imaginary, 6243, 6244 
Cell, auditory, function, 2316 

— in biology, 200, 276 ; animal and 

vegetable distinction, 276 ; chemi- 
cal power of, 1 5t)8 ; convcrsit)u of 
inorganic into organic substances, 
29 ; division, 381, 2032 ; dormant 
life, 277 ; ” germ ” and ” organic,” 
etc., 485 ; heredity : see (.ierm-c(*ll ; 
osmotic pressure, 4562; protozoiin 
amt metazoan, classiflcation, 380 ; 
reproduction by IWsion, 381, 2032 ; 
see also ((crm-cell. 

— in botany, 168, 169 ; of wheat, 194, 

195 

— electric, 462 ; energy, 467 ; standard 

cell, 790 ; storage : nee Accumu- 
lator, electric ; telegraphic, kinds, 
4904, 5067; testing, 406; t>pcs, 
465 

— l»hy.siological, description, 199 ; food 

assimilation, 865 ; motor nerve, 
1710, 1711 ; muscles, 1712 

— sa]), in plant-cells, 168, 169 

— theory, Schwann, 199; physiology, 

.577' 

— wall, motion, 200; of plant -cells, 

108, 169 

Cellar, grocer’s wine and beer, 3046 ; 

licensed victualler’s, 5737 
Cellini, Benvenuto, style of seiilpture, 
3678 

Cellular tissue, of plants, function and 
description, 170 ; oi trees, 51 
Celluloid, coloured, 5470 ; dyeing, 6770 ; 
eliKdrical insulator, 672 ; niamifac- 
tiire and uses, 5470; for artificial 
teeth, 60;i3 ; for large type, 6076 ; 
ship hnll coating, 6572 


Celluloid, paper manufacture, 64oo 
CeJJulose, formula and properties, 52, 
5637, 6562 ; importance in distin- 
guishing plants and animals, 276 ; 
in plant-cells, 168 ; of jmtato, 3706 ; 
ill starch grains, 673 
Celtic language, 1768, 1771 
Celts, art, 3092 ; early history in 
Ireland, 2608; early history in 
Scotland. 2607 ; ethnological sur- 
vey, 1790; footwear, 3873 
Cement, adulterants, 1860; analysis, 
1856, 4 415 ; in briekmaking, 1282; 
colour, 1859; density and quality, 
I860; in drain laying, 733, 734, 
736; fineness, 1860 ; kinds, 1578 ; 
in linoleum inaimfaeture, 5124 ; 
manufacture, 1578, 1853-1863; in 
paving, 2516; setting. 1860 ; test- 
ing, 1521, 1522, 1523, 1858-1863 

— mediiia, 1579 

— mortar, manufacture, 649 

— natural, 1.579, 1585 

— Portland : see Portland cement 

— Homan, 1578; matrix, 1952 

— tooth-filling material, 5553 

— for water-tanks, itOl 
Cementatit)!! process, In iron-W’orklng, 

234, 1045, 4749 

Ccmmiting, in bootmaking, 45 42 
Cementite, component of iron, :t938 
Cements, varieties, 648, 13ii2 
‘ennini, painter, 1023 
'eiitigrade thcrmometric scale, 6128 
•cntiiiede, sea, 3956, 3957 
'eritipcdcs, descriiition, 3361, 3302 
’ciilral America, ancient roads, 1977 ; 
geography, H76, 4177, 4178 ; (tor- 
man tradi‘, 5826 

Central conics, iiroblems, 5783. 5044 
Central Provinces, India, 2818, 2822 
Central London Jtailway, mileage 
receipts, 2274 
Central-seeded group, 354 
Ccnfrul stations, cledric, 4298 
Centre bar, of light waggon, 2829, 2830 

— hit, use, 3386, 3387 

— line, in mine shafting, 3310 

— of buoyancy, defined, 1077, 1080; of 

floating V(‘ss(‘l, 799, 800, 5969 ; 
calculation, 5970, 5971 

— of circle, deflnition. 4208 

— of effort, in sailing vessels, 6225 

— of gravity, 799, 800, 1834; of 

areas, vertical and horizontal, 
3969, 5970; of luKlies at rest, 
floating, 3968, 3969 ; in hydro- 
statics, 1077, 1080; of ships, 
calculation, 5972 

— of lateral rcMstancc, sailing vessels, 

6223 

— of pressure ; see Cent re of buoyancy 

— - pin : see King bolt 

— pops, in lining out, 3318 

— punch, .5000 ; in’*shiphiiilding, 5921 
Centres, gear wiieel, hearings, marking 

out, 3690, 3692 ; measuremenl 
by, 3692 

Centre-weighted governor, described, 
2019, 2020 

Centrifugal forces, iiendulums and 
governors, 2017, 2019 ; in dynamo 
armature windings, 2021 

— pump : see Pump, centr'fugal 
Centring, in budding, mctlmds, 2385, 

2387; ill vehicle decoration, 1348 
Centring machines, use, 5214 
Centrobaric bodies, in jdiysics, 799 
Centrode, in niechnnlcs, 88 
( 'entrolincad, 39 S-600 
(’cphalic index, explained, 1786 
Cercaria, liver fluke, 3959, 3900 
Cere, of pigeon, 2211 
Cereals, classification, 355 ; cultivation 
of, 1229 - 1233 ; cultivation in 
Europe, 855 ; dietetic value, 3111 ; 
extermination of jiests, 1667; 
fertilisers, 1199 ; germination, sow’- 
ingseed, ; harvesting, 1662 ; as 
livestock food, 2704; as poultry 
food, 54:33 ; rotation of crops, 
1199; of temperate lands, 4873; 
tropical and sub-tropical lands, 
4875; United Kingdom, 986; 
varieties, 872-874 ; wheat: see 
Wheat 
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Cerebellum, human, anatomy, 107, 
2144-2147 ; function, 2:t0l ; iier- 
\oua system, 1941 
Cerebral circulation, 1194, 119.'i 

— hemispheres, anatomy, <?/•/« ; physi- 

ological psy etiology, 2299, 2300 
Cerebro-spinal fluid, 2145 

— system, human, function and struc- 

ture, 1941, 1942, 1943 
Cerebrum, anatomy, 197, 2141 ; 

nerves, 1941 ; physiology, 2299, 
2:i01 ; psychology, 2804 
Ceresin, 4835 ; hardening stonework, 
3244 

(.'erin, constituent of wax, 1033 
(’erusite, lead ore, 4303, 5985, 0734 
Cervantes, Miguel de, Spanish author, 
2482 ; influence on English fiction, 
2902 

Cervical nerves, human, 1941 

— vertebra?, structure, 1905, 1900,2144 
Cess, in railway construction, 3430 
Cesspool, in drainage, 780 ; detection of 

disused, 329; lead gutter, 1)0.11, 
5052 ; sewerage, 4457 
Cctaeea, charact(*rs of, 1494, 1703 ; 

swimming apparatus, 2039 
Ceylon, Civil Service, 3477 ; geography 
of, 2818, 2972 ; rubber industry, 
1154 ; U*a, dietetic value, 3378 
Chaeun (French pronoun), syntax, 5802 
Chad, Lake*, description, 3582 : iiduud 
drainage, 3454 

Chafer, insect pest, 4925 ; classifleation, 
5510, 5511 

( hatr-cutter, construction, use, 1850 
Chatlinch, classification, 2209 ; nest, 
2507, plate preceding 2497 
Chain, <lefliution, 88, 1147 

— bicycle, 3774, 5774 

— of crane, 5 42, 5 45 

— design, 2522 ; engine frames, 42oo 

— driving gear, 4000 ‘4005. 5354 ; 

Henold“ silent ” type, 5355 

— jewellery, manufacture, 5859 

— kinematic, 087, 832 

— linear, in table, 220 

— rule, explained, 997 

— stitcli, in underclothing, 5557, 3339 

— straining, use iii piling, 1174 

— strengths, 1700 

— survey, general account, 202 ; in 

railway surveying, 80 1 

— suspension bridg(‘, 2498 ; stresses, 

2704 

— warp, 54R9 

— verge watch, 9081, 0082 

— watch, mending, 0083 
Chain-angles, in surveying, 204 
Chain-feed bench, sawmill, 0145 
Chain-leg, of derrick stagings, 1 170 
Chair, American barber’s, 5297 

— caiio-seating, 5723 
Chairs, forest industry, 4928 

— railways, conatructiou, 5150 

— upholstering, 9719, 9717 

— wfX)den, making, <5588, 9589 
Chakaze copal, 1034 

Clialcedony, ]>rccious stone, 767, 5855 
Chaleocite, 0305, 0734, 

Chalcopyrites, nickel ore, 5981, 5982, 
673 4 

Chalk, in agriculture, 255 ; in Hays, 
1270; chemistry of, 8 43 ; deposit 
of Britisli, 1817; in cement manu- 
facture, 1579; formation of, 
558 ; in foundations, 332 ; gc(j- 
logieal classifleation, 1073, 1071 ; 
gecdogical formation, 1815 ; effect 
of heat, 00 ; in pastel work, 1001 ; 
photomicrograph of, 1074 ; quarry- 
ing, 3191 ; in rubber manufacture, 
5203 ; shading medliiin in draw- 
ing, 1555, 2188 ; in soldering, 
5029 ; w'cathering, 2835 

— French, in gelatin inmdding, 1073 

— white, in cement manufacture, l'^55 ; 

dejmsits ill vSouth England, 1155 
Chalk-stones, formation, 00:48 
Chamber of Commerce, Jiondon, ex- 
aminations, 148 

— in drainage, 734, 735 

— gears, use, construction, 1686, 1987 

— kilns, 1729, 17 ;W) 

Chamberland porous filter, 5765, 5767 
Chameleons, description, 2678 

6922 


CUamfer, in building, 5179, 5181 
Chamois, Alpine, even-toed foot, 1870 

— leather, manufacture, 1106, 3165; 

dyeing. 66 49 

Champlev^* euamelling, 3234, 5680, 5990 
Chance's artificial stone, 534 
(‘ha nee, laws of, discussed, 050 
Change niiecls, in lathe, 835 
(Miannel, drainage, description, 570, 736 

— in drain-pipe, use, 733 

— in girder, 544 

Channel Islands, cattle, 986 ; geo- 
graphy, 980, 1367 ; history, 2611 

— paved, in building. 2516 

— section, in plating shop, 3096, 3107 
Channelling, in biKitinaking, 4139, 4542 ; 

in mining, 2957 ; in road drainage, 
2320 

CJia lifer, of bagpipes, description, 
.5059, .5060 ; of Irish bagpipes, 
compass and keys, 5063 
(‘hantcrclle, of banjo, 431(», 4511 
“ ( haotism," in philosophy, 625:1 
Chapes, bridle, 5057 ; of liarncss, 4886 
(’haiunan, (Jeorge, dramatist, 846, 847 ; 
editions, 819 

Chara, description, 1599, 1373 
Character, importance in life, 174 4; 
factor in jounialisni, :i811 ; im- 
luirtancc of in practical affairs, 
1286 ; influence of government on, 
4371 ; relation to education, 2860 ; 
rHatifui to reason, 280:5 ; relation 
to will, 2093 

■ servant’s, law concerning, 010, 611 
( harai'tcristic, of logarithm, 6627 
Cliarcoal, characteristics, preparation, 
1167, 0882; chemistry of, 1040, 
11:57; as disinfectant, 1157; as 
drawing medium, 1020,1534,2188; 
inters, 1107 ; manufacture, 0758; 
W(K)d distillation product, 5464, 5405 

— animal, manufacture of, 1107; 

weigiit, 1704 

Churcoal-block filter, 3380 
Charge, electromagnetic, relation to 
muss, :if)18 

— in static electricity, positive and 

negative, 5.579, 3580; relation to 
capacity, 3580 

Charing (’ross Station, roof truss, 2448, 
2449 

Charlemagne, King of the Franks. 
2915, 2916; Emperor of tlie 

West, 2947 

Charles’s law, in physics, 1560, 1805 
Charles's Wain, constellation : sre (treat 
Bear 

Charles L of England, at Carisbrojike 
('astl«‘, 2611 ; ** Progress to Cnild- 
hall," plate facing 4309 ; reign, 
trial and execution, 4552, 4:553, 4702 
Charles If. of England, biograpliy, 
reign, 4762 ; miniature of, 1092 
Ciiarles IV. of France quarrels witli 
Edwanl If. of England, 3076 
Charles V. of (iermaiiy, contest for 
power in Italy, 4322 ; political 
jK)wer, 3650 ; possessions, tiio- 
graiihy and wars, 1306 
Charles Yl. of France, latter years of 
reign, 3251 ; Henry V. of England 
bccouu's regent during reign, .3403 ; 
Hundred Years VVar, 340 4, .3405 ; 
institution of paid army, 4102 
Charles YJII. of France, acquisition of 
Brittany, 4102 

Charles IX. of France, civil war, 
massacre of St. Bartholomew, 4102 
Charles X. of France, reign, abdication 
and death, 5239 

Charles X. of Sweden, wars, 5396 
Charles XII. of Sweden, reign and 
wars, 5396, 5397 ; war with Peter 
the (Ireat, 6201 
Charles XIV. of Sweden, 6446 
diaries, Archduke of Austria, candidate 
for hand of Mary Queen of Scols, 
3997 

(Charles, Duke of Burgundy, wars with 
Louis XI., 4102 ; defeated by 
Swiss, 4399 

Charles, Robert, of Hungary, improve- 
ment of country, 4399 
Charlock, weed, denned, 352 ; eradica- 
tion of, 1378 ; seed of, 636 


C^ro— Oheiti 

Charlton white, pigment, 1036, 5143 
Chartered accountants, (Examination 
for, 148 ; Institute of, value of 
diploma, 1068, 1069; 8cotti.s!i 
examination, 149 

Chartered Institute of Secretaries, 
examination, fees, age, etc., 148 
Chartres, France, cathedral, 3374, .1375 
Charts, calculating, use in tccliuical 
drawing, 4329 

— nautical, 6662 
Charwoman, duties, wages, 1094 
Chasers, of dies, form and u.se, 4481 
Chases, formation in brickw'ork, 2513 ; 

ii.sed in electrotyping, 5559 

— compositor’s, in printing. 5252 
(biasing, in art metal-work, 5526 
Ch^asis, motor-car, 2557, 3903 ; three- 

quarter elliptic springs, 3328 
(fliatean of Blois, newel of stone stair- 
case, .3242, 5244, .1245 
Chatham, geograjdiy of, 1275 ; Royal 
Marine station, 4269 ; harbour 
regulations, 6220 
(Jhatterton, Thomas, poet, 995 
(Jhaucer, (leoffrcy, life, w'orks, criticism, 
324, 3077 ; influence on Englisli 
grammar, 324; influence on Eng- 
lish fiction, 2063 ; language used 
by, 1608 

ChaiiTciir, of motor-car, seat, .3906 
(Micck springs, of van, 2829 
Check till, use in branch .shop, 5929 
Checkers, in harness and saddlery 
manufacture, 4784 

Cheddar clicesc, acidity, 4492 ; com- 
position, 4490; dietetic value, 
3311 ; manufacture, 4571 ; ripening 
process, 4573 

Cheek hone, hiinmn, 1604, 1905 
Cheeks, bridle, fuanufactiirc, 5057, 
5058 ; ot harness, dimensions, 
4886 

Cheese, aeidit 5 % 4492 ; adulteration, 
3710, 4715; hlue-veincd, manu- 
facture, 4571; ('Imddar : »ee 
Cheddar chci‘s(! ; (’heshire, types, 
manufacture, 4.574 ; in cookery, 
2335; coimtries producing, 5119; 
ilietetic value, 3311 ; fat, quantity 
of, 4573 ; ferments in, 40:56 ; 
imports, 1905, 3551 ; kinds, 3551, 
3552 ; lactic acid bacteria, jier- 
centage, 35:16 ; with macaroni, 
value as food, 3601 ; nianiifac- 
ture, 4489, 4574 ; nutritive value, 
3509 ; press, 4575 ; production of 
good, 4489 ; ripening, cause of, 
4036 ; varieties, 4480, 4490 

— aigrette'^, recipe, 2003 

— custard, recipe, 2003 

— dairy, equipment, 4489 
•• skim, constituents, 4034 

Checsemakiiig, 4489, 4491, 4492, 4.571 ; 
bacteria, influence, :5553 ; quality 
of water, 4489 

Cheose-mite, classifleation, 3805 
Chef, wages in restaurant, 5584 
Chelicera*, of scorpion, 5805 ; of spider, 
;5H03, :mi 

(5h(imicfil action, ge(Aogical effects, 1355 

— analysis, 4403, 4406, 4407, 4416; 

qualitative, 4404, 4405 ; quantita- 
tive, 4411; sampling, 4416; 
spectroscope test, 4406 ; systema- 
tic exanun.ftioii, 4408 ; books, 4tO*5 

— forces, 238; electrical nature, 

Thomson on, 2297 

— Synthesis of vital products, 237 

— trades, fiinploymenUconditlons, 2656 

— union, ex])lanation of, 2297 
Chemicals, photographic, prices and 

uses, 4421 

— trade returns, British, 6004 
Chemicking, in dyeing, bleaching, 6197 
Chemise, girl’s, 4473 ; in laundry worK. 

folding, 2910 ; shapes, cutting oiif 
and making, 3472, 3473 ] young 
child’s, drafting, 4050, 4051 
Chemist, “ as creator,” 4129 ; exaniin i- 
tions for, 1 01 ; length of life, 4528 ; 
openingH in colonial municipalities, 
3743 ; pharmaceutical, business ot, 
1652, 1656 ; railway, 5102, 510 5 : 
railway engineers, 6103 ; trading 
and practising as, 1651 



GENERAL INDEX 


Cherh — Chon 

Chemiatrjr, analytical, books on, 6680; 
apparatus, 240, 4993 ; atomic dis- 
integration, 2391 ; atomic theoiy, 
692, 2080 : see edso Atom ; a ml 
biology, 134 ; books on, 6680 ; 
branches of, filG ; of carbon 
compounds: see Organic Chemis- 
try ; compounds : see und^r name 
of elmmiU, etc. — e.q., Jiulphatc 
of potassium under Potassium 
sulphate ; of consciousness, 3140 ; 
division into organic and in- 
organic, 2710 ; of drugs, 4006 ; 
employment in commerce, 237 ; 
equations, 694 ; e(iuivalents, law 
of, 695 ; fixed proportions, law, 694 ; 
of f(H)ds, 238 ; formula;, 696 ; 
future of, 238, 4136 ; and geology, 
844 ; history, 58 ; of living 
matter, 516; laboratories aiul 
instruments, 61 ; n)ixtures and 
compounds, 692 ; molecules, 692 ; 
notation, suffixes and j)refixes, 
1045 ; public oflices, 786 ; relation 
to electricity, 238 ; relation to 
physics, 402, 1144, 2080, 2391 ; 
scope of, in modern industry, 58, 
642 

— applied in commerce, 4316 ; dic- 

tionary of terms, 4317 : see also 
speifie subjects — e.g.. Alkalies, 
Soaps, etc. 

— astronomical, atomic evolution, 4135 

— celestial, 3371 

— imitative, defined, limitations, 4130 

— metallurgical, scope, 3835 

— the new, theoretical importance, 2552 

- physical, .scope, 2080 ; books on, 6689 
• - physiological, 438 

ilhemists and druggists, business of, 
46. 165 

Clienille, de.‘igning for, 6596; weaving 
3157 ; in Axmin.ster carpets, :i994 
('hecpic, really bill of exchange, 1089 ; 
form, precautions against fraud, 
3482 ; not cleared, in l)ookk<!eping, 
1868 ; paying process in English 
and Scottish hanks, 1966 

— book, definition and functitms, 778 ; 

use by curretit depositor, 4291 
Cherbourg, breakwater, construction, 
76 ; naval station, 1 684 
Cherries, season, 1531 ; preserving, 4846 
Cherry pulp, preparation, 4846 

— tree, culture, 6677, 6082 

('heshire cheese, composition, 4491 ; 
acidity, 4492 

Clu'st, human, bones of, 1605, tOOd ; 
and respiration, 1300, 1301 

— of drawers, making, 6,')86, 03S7 
Chester, antiquity of, 1277 ; bridge, 

deserihed, 2497, 2499 ; derivation 
of name, 1 769 

(3u*sterfleld, Earl of, “ Letters to His 
Son,” 2139 

Chesterton, (L K., critic, 2785 
Che.stiuit, 6682; classification, 355 ; 
husks, iise in dyeing, 5780 ; 
timber, 56 ; used for carving, 5839 
Clipstiiut oak, bark as tunning agent, 
3012, 6066 

t'heve system of notation in music, 
805 

Cheviot Hill?, hciglifs, 1271 ; situation 
of, 984 , v olcanic rocks, 2253 
f’heviot sheep, 2363, 2306 

wool, nuiuber of fleeces in bale, 
1120; production, 71, 72, 221 
Chiaroscuro, in art, 725, 21ff4-2tSS; 
drawing in monochrome, 1793 ; 
principles of, 1534 

Cliiasiiuis, ill grammar, defined, 1616 
Chicago, meat industry, 5119; teach- 
ing of sociology, 4123 ; tinned 
food products, 3820 ; niamifac- 
tiires, 4174 ; touring, 1649 
Chicory, in coffee, 3379, 5581 
( hieken-pox, incubation, 5412; symp- 
toms, 6260 

Chicken, boiled, cooking, 1874 ; eliaiid- 
. tfoid of, cooking, 1875 
thicken - houses, types, 6092, 6093 : 

see also Poultry-houses 
thickens, breeding, 4662 ; cages and 
baskets, 5093 ; care of, 5092 ; 
batching early, 5626 ; hatching in 


incubator, 5263 ; hatching pro- 
cess, 5092 ; Palmer’s rations for, 
5435 ; purchase and transport, 
5003 ; ration for, 5094, 5435 : see 
also J*oultry 

Chiekweed, annual weed, SS2, 1378 ; 

cla.ssifieatioii, 354; fertilisation, 909 
Chiffon, in millinery, cleaning, 6042 ; 

joining, 6021 ; washing, 2911 
Cliigger : see Sand-flea 
(fiiih, (!hinese measure. 409 
Child, psy el udogy, development of sclf- 
conscionsness, 2373 ; growth of 
perception, 2803 ; mental di;- 
vclopmeiit, recapitulation theory, 
3117 ; origin of study, 3117 ; 
variability of attention, 2258 
“ Childc Harold,” Ityron, 1308 
Children, ailments, 4684 ; air used in re- 
])oseaiKl at work, 3801 ; alcoholism 
inborn, 5674 ; alcoboUsm in parents, 
effect, 5812 ; the amusement, 
problem, 641 ; batlis, 4861 
boraeised milk, effects on liealth, 
3821 ; brain, weight ami size, 
2145, 4862 ; care of eyes, ears, 
teetli and hair, 4863 ; elotliing, 
.1744-3740, 4060: see also under 
Boy, ttirl, Infant; comparison of 
(ientile and .lewish, 4665; dan- 
gers of seiimd life. 4862 ; dentistry, 
5553 ; diseases of, book on, 5 427 ; 
diseases at seliool, 4862 ; dress, 
hygiene, 4863 ; exercise, 4683 ; 
feeding of, 674, 4861, 6(>37 ; help- 
lessness compared with young of 
animals, 4539 : hygienic clothing, 
4683 ; millinery, materials, 5939 ; 
and monogamy, determining factor 
in Its domiimnee, 4537 ; mortality, 
comparative, 279 1 ; iialionalisation 
of, reasons against, 4538 ; nurs- 
ing, 6288; observation, value of 
training in, 1881 ; over-pres.sure in 
school life, 4862 ; parental control, 
6850 ; pauper, Poor Law provisions, 
1030 ; ])tiysicul culture, 4387 ; 
respiration, 1361 ; seliool law 
affecting disease, 5056 ; sleeping, 
4391, 4684 ; standard diet, 3381 ; 
teeth, regulafioii, 6035; teeth, 
cutting, 576 ; use of Saturday’s 
holiday, 4391 ; vertebiw of, 1605 
Chile, economic conditions, 5661 ; 
geography of, 4282, 4289 ; poi)ula- 
lioii, 628 ; prcxincts, 5661 
Chile saltpetre, 842, 6734 
Chilled iron, process, 235 
Chilling, metals, described, 210 
tfiiimb, violin, 2121, 2122 
(’hiinney, of boiler smoke-box, 3105 ; 
in mining, definition, 2378 ; a 
mean.s of ventilation, 4019 

— bars, bond, smoky, stack, 23H7 \ 

use ill building, 5797 

— breast, in building, 23S7, 2,‘lSfi ; 

iinderpiiiiiiiig, 918 

— piece, marble, 3246 

— stack, finishing, in building, 2208 
Chimpanzee, plate faring 1491 ; .skull, 

17 S7 

Chill, in sculpt lire, position, 1511 
(3ilii-rest, violinist’s, 2123 
Cliiii-sfrap, cart-horse bridle, inanii- 
faeture, 5057 ; of harne.s.s, dimen- 
sions, 4886 

China, art of, 2660 ; t area, of coalfields, 
5302 ; coal and iron deposits, 5304 ; 
coins, weights and measures, 409, 
5658 ; cotton industry, 3H3, 3S4 ; 
economic conditions, 5380 ; econo- 
mic resources, 5660 ; ethnology, 
1789; geography, 2974, 2976, 

5658 ; hereditary succession, 215 ; 
liistory, 215, 6693 ; Indian exports 
and imports, 5,381 ; industrial con- 
ditions, 5658 ; .JaTKinc.se war, 6694 ; 
jute industry, 719; opium war, 
6690; population, 628 ; products, 
.5658 ; ramie cultivation, 720 ; 
rice-growing, 10 ; silkworm cultiva- 
tion. 582 ; tea consumption, 3378 ; 
trade, character of, 5379 ; trade 
with .fapan, .5659; trade witii 
Hussia, 5708 ; trade with 17,8. A., 
(1904-5), 5664 


China and glass, business, JS93 
China Sea, Continental slielf, 298 
(fiiina, English bone, features, 5606 ; 
manufacture, 5606, 6007 

— clay, composition, preparation for 

earthenware, 5160 ; in firebricks, 
1285 ; see also Kaolin 

— dealing in, 46, 893 
Cbincliilla, .skins and fur, 6426, 6430 
Chinese, ns lalioiirers, 6630 ; skull 

measurement, 1785, 1787 
Chinese Empire : see China 
Cliinese insect wax, 1033, 4835 

— language, English importations 

1770 

— nettle : .see Huinie, plant 

— veriniiioii, pigment, 871 
(fiiinook winds, effi'cl on agriculture, 

4495 

Cliip-earving, designs, 6S10, 5811, 

5980: sec also Carving 
Chipping, pneiimatle tools, 1807 

— in sculpture, melliod, 1510 

— in workshop practice, 3687 
Chipping chisel, function, 3107 
Chii‘ 0 ]) 0 (lists, business, 1895 
Cliiroptera, bat.s, characters of, 1493 ; 

Hying apparatn.s, 2037, 203S 
Chisel, action of, 4259, 4201 ; in en- 
graving, 5529; functions and quali- 
ties, 4149, 4131: grinding, 4l.5t); 
used in metal-Avork, .)622, 5524 ; 
temper, 4746, 4749 ; varieties of, 
4151, 4152 

— boring tool, in mining, 2000, 2668; 

in rope boring, 2845, 2S40 

— e<fid, used in eliipping, 3687 

— ma-sem’s, description, 2837, 2839 

— plasterer’s, 5497 
•—well-sinker’s, 4479. 4181 

— wood-i-iitting, picture framer’s tools, 

4611 

Chladni’s vibrating plates and sand 
” figures,” 2106 
Clilitlema carpets, 1626 
Chloral, action of, 3J 42 ; decomposition 
by alkalies, 3270 ; Introducticu 
into medicine, 3270 
Chlorates, mannfueture, .6700 
Chloride, defined, 839 
Chlorine and aluminium, 359 ; atom* 
elect ro-negatiV(*, 2297 ; chemical 
properties, n.ses, 1444 ; Heaeon’s 
jiroce.ss, 4777 ; discovery, 61 ; elec- 
trolytic preparation, 3262, 5753, 
6739 : from eliloroform, 3270 ; 
in gold extraction, 4305 ; liiiue- 
faction, 949 ; mamifaetiire, 4770, 
5759; properties, 1444, 4770; 

liroportion in earth’s crust, 239 ; 
uses, 1444, 4776 
Chlorite, iiilneral, 768, 6734 
(3il()roforin, diseov*Ty as aiaesthetic, 
3140; discovm', uses, charac- 
teristics and preparation, 3270; 
effect on nerves, 1913 ; formation, 
1601 ; a iirotoplasmlc poison, 
3017 

Chloropliyll of algse, 166 ; action in 
forming coal, 1157 ; decomposition 
agent, 1598 ; function, 172, 3110 ; 
iron in, 1016 ; in leaves, 636 ; 
necessity for light, 504 ; in dis- 
tingnisliing animals and plants, 
276 

— grannies, ex])lajned, 170, 171 
Chocolate, couiilries using, 4962 ; how 

iiiaile, 3379 ; inaniifacture, 0536 ; 
refrigeration, 5405 

— beverage, recipe, 2334 

— cake, recipe, 2332 

— fingers, manufacture, 3595 
Choeohites, kinds and prices, 5494 
("hocks, in mining, use, 3.600, 3562 
Choir, arrangement of voices, 6895 ; 

jiitch of voices, 1058 ; teaching by 
tonic sol-fa, 806 

— training, IxMik.s on, 3866; methods, 

58t)5, 5890, 5896 
Choirmaster, duties, 5895 
Clioke-damp, defined, 232, 362, 1158 
Choking, treatment, 6473 
Cholera bacillus, 0540, 6541 ; causes, 
stages, and treatment, 5410 
Cholestriiie, in wool, 5767 
("boiidrin, in gliiO; 36t>0 
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Ctioi>in, iim8i(*lan, method nf liiiKeriiig, 
1889 ; nocturnes, 1890^ 2023 ; 

study of, influence on technique, 
2023, 2024 ; technique of, 1507 
Chops, of pendulum clock, 5714 
(3iord, of circle, 285, 287, 5043 

— in music, 363 ; arpeggio, 271 : con- 

nection of, 364 ; fingering in 
pianoforte playing, 1888; fundu- 
menial, in guitar playing, 

3705 ; harp music, 3527, 

3590 ; inversions, 505 

— common, ratio of notes, 2103 

— scale of, in geometry, 492 

— scoring for orchestra, 5885, 5889 

— in tonic sol-fa notation, 925 

— violin playing, broken, 23 Jt ; four- 

string, 2411, 2413 
f-horea, symptoms, treatment, 6201 
Choroid, of eye, 2402 
Chrlsmatory, early (Jerman silver- 
smithing, 5087, 5088 
Christian Church: ajcc (Imrch 
Christian Science, healing caused by 
auto-suggestion, 3063 ; psycholog- 
ical basis, 2550 

Christianity, in Africa, 3279 ; in Asia, 
2710 ; attitude towards women, 
4820 ; compared with Hinduism, 
418 ; g(‘()graphical distribution, 
029 ; earli(‘st days in Ireland, 2609 ; 
in the Middle Ages in Europe, 
2241; Mcro’s persecutions, 1938; 
philological importance in England, 
1769 ; in Home, 1830, 2069, 2070 
Christmas rose, nectar cups, 2 >late 
hieing 728, 731 

Chroism, of precious stones, 5853 
Chromatic aberration, in lenses, 6123 
-- scale, in mnsie, 272, 273 ; in tonic 
sol-fa notation, 924 
Chrome, distribution, 3772 , manu- 
facture and composition, 5144; 
use in bronzing casts, 1673 

— alum, 1043, 4780 ; in tanning, 3162 

— brown, dye, fixing, 5056 

— green, origin of name, 5954 

— iron ore, refractoriness, 3912 

— leather, finishing process, 3456 

— steel, 234 

— tanning, 3162, 3456 

— yellow, in i»il painting, 871, 673! 
Chromic acid, reagent and test, 1410; 

test for alcohol, 3020 
Chroming process, in tanning, 3162 
Chromium, chemistry of, 1043; in 
pottery, colouring, 5382 ; pro- 
portion in earth’s crust , 239 ; 
reagent and test, 4409; in steel, 
4748 ; symbol and atomic weight, 
517 ; as tanning agent, 3162 

— oxide, in magnetite lamp, 2684 ; 

in oil painting, 87J 
(3iroinocyanine, mordant dye, 5956 
C3iromo-lithogra’phy, in decorating 
pottery, 5384 ; woimm workers, 321 
Chromo-proteins, chemical classitica- 
tion, 4134 

Chromosidiere, of sun, 6252 
Chromotropes, dyes, fixing, 5!J56 
(fiironograph, shot-velocity test, 6613 
Chronometer, marine, 5787, 6658 
Chronometer'^, making, 0084 
Chronopher, telegraphic, 5530, 5537 
Chrysalis, coloration of exposed, 3515 ; 
hawk-moth and puss-moth, 3513 ; 
methods of protection, 3515 
Chrysanthemum, 354; culture, 6487, 
6532 

Chrysobtjryl, precious stone, charac- 
teristics, 5853, 5855 6734 
Chrysochrea, plate faring 3361 
Chrysolite, oriental, 5853, 5855 
Chuck, drill, use, 5007 

— in fixing mechanism, use in grinding, 

3404, 3408 ; typos, 3317, 3320, 3:i22 

— lathe, types, 4918, 4923, 4924, 3854 
Chuffs, bricks, description, 643, 1947 
Chump pieces, of brougham, 29,20-2831 
Church, architecture, Byzantine, 3090, 

3091; early Christian, 3089; 
Gothic period, 3373, 3374, 3375 ; 
Ilcnaissance, 3675 ; Homanesque 
period, 3231 ; study by designer, 
5818 ; village, architectural design, 
2284, 2285 


Church, the Christian, attitude towards 
marriage, 4535 ; early architec- 
ture. 3089, 3090 ; Henry 11. and 
judicial authority of, 2913 ; and 
Henry IV., 3251 ; mediieval dog- 
mas and logic, 5999 ; women 
pastors, 321 

Church of England as a career, 162, 6599 
Chunrhes, ministers of, 6599 
Churka, in cotton indiwtry, 387, 389 
Churn, in dairy farming, care of, 4213 ; 
cleaning, 4280 ; systems, 4279 ; 
use, 4279 ; varieties, 4279, 4281 
Churning, in dairy farming, 4279, 428i) ; 

prcrwiratioii of cream for, 4213 
Cibber, Colley, dramatist, 1 1 50 
Cicada, insect, 3364 ; plate faring 3361 
Cicero, the Orator, and Catalinc Con- 
spiracy, 1513 ; life and death, 1671 
Cider, composition, 3315, 6356 ; manu- 
facture, 0350 

Cigar, description, manufacture, ma- 
chiiuis, 4374, 4370 : quality, 5601 ; 
storage and conditioning, 5601 

— Havana, 5601; from Cuba, 5380 
Cigarettes, effect on voice, 2539 ; origin, 

manufacture, and machines, 4375, 
4377, 4378; mouthpieces. 4377; 
shape, 4376 ; smoking, physio- 
, logical effects, 4011 
Cilia, of bacilln.s, 6437, 64:i9 ; of cells, 
200 ; of eiliates, 4088 ; of tube- 
worm, 3956 

Ciliary imiscle of eye, use, 3179. 2954 
Ciliated epithelium, motion, 200 
CiliaG's, dtiscription, 4088, 4089 
Cimabue, not the father of modern 
painting, 3518 

Cinchona, classitteafion and use, 354 ; 
grown on Andes slopes, 4286 ; 
I’eru, 4290 ; Venezuela, 4287 
Cinchona bark, 4873, 6067 ; cultivation, 
6067 ; Hahnemann’s experiment, 
5430; marketing, 6067 ; medicinal 
value, 4873 ; moss covered, 6067, 
0008 \ .sources, 4873, 6067 ; species, 
0007 ; source of (juininc, 4012, 6067 
Cincinnati, U.S.A., meat industry, 
cominerce, 4174 ; touring, 1649 
Cincinnati grinding machine, 3407, 3108 
Cinder-bed, in moulding, 2458 
(’incniatograph, principle and use, 
2951 ; use of collodion, 517U 
Cinnabar, mercury ore. 361, 4307 6731 
Cinnabar-moth, larvir, 3514 ; colour of 
adult, 3516 

Cinuamic aldehyde, defined, 4971 
Cinnamon bark, 4873 ; preparatioji, 
and uses, 6068 ; source, 472 1, 6068 

— oil, composition, 5469 
Cinnainon-stone, 5853, 5855, 6734 
Cinquefoil, iicetnr, 731 

Cione, Andrea del, work of, 3518, 3510 
Circle, area problems, J251 

— oil circle work, in building, 1951 

— in drawing, origin, 2321 eiicloseil 

ornament for, 2398, 2399 ; treat- 
ment in perspective, 590, 597 

— generating, deUiiitioii, 1414; in 

drawing spur-wheel teeth, 36:!9 

— geometry of, 792, 1012, 1411, 5043 ; 

contact of circles, 5198; cireiim- 
scribed and inscribed, 744 ; con- 
centric, 285, 287 ; definitions. 285, 
287, 4208, 5043 ; iiroblems, 2005, 
2007 ; propositions on, 5043, 5197 ; 
rectangles connected with, 5337 ; 
tangent propt^rties 5197 

— great and .small, vertex, 0005 

— letters in shorthand, 427, 587, 689 

— of perpetual apparition, 6117 

— of Willis, anatomy, function, 2147 
Circuit in electrieity, 463, 669 ; leaking 

and breaking, 464 ; open, 466 

— telegraphic, d ^.cription, 4605 

— telephonic, testing, 6080 
Circular measure of angle, 6085 

— notes, issue by bankers, 4294 ; 

account, bank bookkeeping. 4441 

— saw, 0449 

— skirt, cutting, 524, 525 
Circulating decimals : see Ilecurring 

decimals 

Circulation of the blood, 675, 952, 
1192 ; ill brain, 2147 ; itifluenco of 
will, 6841 ; see also Blood 


Oho— Ola 

Circulation, pipe, domestic watci 
lieating, 0018 

— telegraphic, defined, 4605 
Circulatory organs, 102, 955; use, 196 

— system, diseases, 6036 ; nutrition 

agent, 865 

Circumference of circle, definition, 4208 
Circumfereuter, in surveying, 159 ; in 
underground surveying, 803 
Circumflex accent, 124 ; special rules, 
449 

Circumscribed circle, in geometry, 744 
Cireiimvallate papillw, of tongue, 
structure and function, 2536 
Cire perdue, bronze casting, 1674 ; 
easting, 5526 

Cisterns, lumse, materials for, 4159, 
5632 ; flushing, failure of trap, 781 ; 
for rain-water, 781 ; sanitary, 5054 ; 
slate, 3248 ; water-waste prevent- 
ing, 5631, 5634 

Citric acid, preparation, 4782 ; proper- 
ties and uses, 3704, 3705, 4782 ; 
reagent and test, 4411 ; reduction 
of body M'eight, 3016 ; source, 
3112, 4782 

City Corporation, London, general 
account, 318, 320 ; auditor’s 

salary, 1008 ; clerks’ salaries, 1213 ; 
finance dept, salaries, 1067 ; gas 
exa miner’s .salary, 787 ; medical 
officer’s .salary, 698 ; rate collector’s 
salary, 1069 ; reli(*viug officers’ 
salaries, 1927 ; solicitor’s salary, 
1410 ; surveyor’s salary, 455 ; 
town clerk’s salary, 989 ; weights 
and measures insneetor, salary, 788 
City and (iuilds of London Institute, 
millinery exa mi naf ions, 6402 ; 
plumbing examinations, 4613 ; 
textile examinations, 5.') 1 1 ; vehicle 
construction examinations, 3908 
City of London police, 1406 ; surgeon’s 
salarv, 699 
Civet eat, 1705 
Civet, perfume, source, 4971 
Civil engineer, railway, duties, 4231 

— engineering, as a profession, 155 ; 

books on, 2764 ; conditions abroad, 
6629; dictionary of, 310, 1981; 
nee also Building ; examina- 
tions, tables, 160; varieties of 
ronsiruction, 1410, 1451, 1453, 

1454 ; see also under specific head- 
ings — e.g., Bridges, Hydraulics 
Civil Service, general aeeount, 2158, 
2249 ; colonial services, 3548 ; 
first division clerkships, 2250 ; 
imperial service, 3476 ; salaries, 
second division clerks, assistant 
clerkships, 2172 ; women’s salaries, 
321 

Civilisation, evolution, mental, physical, 
and moral, 1586, 1705; European 
and noil- European contrasted, 
3089 ; relation to commerce, 145 
Clack-valve of pump, 1081 
Clainbs. pipe, boring tools. 2006, 2607 
Clump, ill agriculture, 1665, 1005, 1666 ; 

ill brick burning, 643 
CIaini>ing. in grinding processes, 3403, 
3406 ; in key-seating jiroeesses, 
3103, 3404 ; methods and imple- 
ments, 3317, 3320, 3322 
Clamjis, glovers’ .sewing, 5479, 5480; 
in saddlery manufacture, 4781: 
ill smiths’ work, 3107 
Clams, in workshop pract ice. 3089, 3601 
Clap-hoarding in timber, meaning, 56 
Clappers, side-drummer’s, 5569 
Clarion, barmoriium stop, 4180, 4182 
Clarionet, attitude of player, 4785 ; clia- 
lumenn sounds, 4789 ; construe 
tion and compass, 5729, 5730; 
fingering, 4789 ; inaniifactiirc, 
6626 ; in full orchestra, 5887 : 
production of notes, 4787 ; shake, 
4789, 4790, 5730 ; staccato etfeet, 
4788 ; types, 4785, 6730 

— harmonium stop, use, 4180, 4181 
Clark’s water softening process, 4158 
(lark’s standard electric cell, 790 
(’lasp-nut, two-slot cam plate, 83- ; 

Whitworth, 830 
(’lasps, in hat trinnniiig, 6506 
Class, in natural aclence, defined, 380 
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ClaRsiristSj French painters, 4118 
ClasHiflcation, of animals in biology, 29, 
135, 1492; of biological sciences, 
279 ; in biology, natural and arti- 
llelal, 379; ethnological, 1788; 
of words in grammar, 115 
riandiiis, Emperor of Koine, reign, 
1937, 2071 

(laiise, grammar, principal and sub- 
ordinate, 1618 

("lauses, in Esperanto, 952.> ; in rierman, 
ordinate, 3932; subject, object, 
4076 ; attributive, relative, ad- 
verbial, 4218, 4219 
Clavicle, human, 1604, 1606, 1709 
Claw hammer, use, 6:188 

— of hydraulic jack, safe load, 1220 

— tool, mason’s tool, use, 28:17, 2839 
Claws, development in mammals, 1871 ; 

weapons, 2155 

Clay, aluminium silicate, 1043, .5988 ; 
analysis, 4415; angle of friction, 
2572 ; bearing power, 330 ; in 
brickmaking, C43, 1278; cutting 
in, railway construction, 3174 ; 
in foundations, 143, 331 ; garden 
soil, treatment, 6204 ; geology of, 
1072; infertility, 4497 ; modelling, 
6312, 6135, 1217, 1347, 1673; 

natural slope, in earthworks, 3171 ; 
painting, 5382 ; in pottery manu- 
facture, 5233, 5264, 5265 ; proper- 
ties and composition, 3042 ; refrac- 
toriness, test, 3942 ; relation to 
coal seams, 1921 *, in tobacco 
pipe manufacture, 4378 ; tunnell- 
ing machinery, 1824, 1825 ; 

weathering, 3771 ; weight, 1704 
— , ball, properties and composition, 
6160, 5161 

— boulder, cause, 1638 

— , china, composition, preparation, 5 160 
earthenware, properties and con- 
stituents, 5160 

— gault, in cement manufaclurc, 1855 

— ironstone, 231, 1044, 6735 

— puddle, in house drainage, 780 

— soil, rnltivation, 255, 257, 258 ; 

(irainage, 432 ; in garden, treat- 
ment, 6204 

— tablets, Babylonian, early writing, 17 
Clayton black, dye, preparation, 5053 

— cloth red, madder, substitute. 5906 
f leaner, use in moulding. 2457 , 2458 

— riilway locomotive, 4594, 4596 
Cleaning-rod, in drainage, 784 
Cleanliness, effeet on health ami morals, 

4255 

(Cleansing pipes, in drainage, 569, 571 
Clear soup, recipe, 1735 
Clcar-wing moth, mimicry, 3516 
Clearance, between rails, detlnition, 3608 

— of engine, in draM’ing, 4424 
Clearcolle, painters', 5834 ; in white- 
washing, 5836 

Clearing House system, bank, 3971 

— railway, organisation, staff, 5101 ; 

treatment of lost property, 5109 

— solution, photo, 6683, 6686 

Cleat, of king i)ost roof, 4251, 4252 ; in 
shoring buildings, 916 ; in wood 
jointing, 3845, 3847 
Cleavage, in geology, caused by pres- 
sure, Cr'O ; of slate, o 'lO 

— planes, cai .<e, 1925 ; of crystals, 

766 ; in igiieous rocks, 2066 
Cleave, used in basket-making, 5489 
f ief, in nn.sic, :17, 38 ; “ (J ” clefs, 
1059 ; violoncello, 2970 
Clematis, climbing, deseribed, 504 ; 
garden cultivation, 6322 ; seeds, 
wind-dispersal, 909, 912 
Clement’s driver, of lathe, 830, 4924 
Cleopatra, quarrels with Ptolemy, 1514 ; 

and Mark Antony, 1672 
““ wood engraving after Sandys, 6291 
t^orestory, railway carriages, 2555 ; 

ventilation purposes, 3024 
Clergyman’s sore tliroat, 6133 
f lericalism, development, 6774 
Clerks, entering-desk work, 659 ; im- 
P9£l«-nce, compared with salesmen, 
«59; longevity, 4528; in Shake- 
speare’s time, 404 ; w^omen’s 
careers, 192 

— » dismissal law of, 6846 


Clerks, government, 21.58, 2240, 2472 

— sfe also under specific, nam^s or 
offices — e.g.. Bank clerk. Admiralty, 
etc. 

Clerk to giiardians, 1926; assistants, 
1926 

— of works, in building, duties, 307, 

785, 1911 

Clerk -Maxwell, J., on atoms, 312, 1915, 
2081 ; colour top, 3729 ; dyiuimies, 
314; on gravitation, 9.37 ; light, 
electromagnetic tlieor>', 938, 3943, 
4021 ; scientific work, 3851 ; on 
unity of ethereal vibrations, 3943 ; 
visual cell experiments, 3226 
Clerkship, analysis and synthesis, 2269 ; 
bank transaction.s, 1966 ; book- 
keeping : see B<M)kkeeping ; books 
used in business, 776, 977 ; (3vil 
Service : see Civil Service ; inastcr- 
bnilders of oiir ooinmerce, 145; 
municipal careers, 1213 ; Stock 
Exchange training, 164; survey 
of careers, 162 ; town clerk and 
clerks to county councils, 989 ; nee 
aUo under specific headings — e.g., 
B(K)kkeeping, Cashbook, Company 
accounts, etc. 

(Heveite, mineral, helium in. 839, 1917 
(levelufid Bay, horse, 2074, 2075 
(Jlick beetle, larva, 1666, 1607, 3512 
Click work, verge watcli, cleaning, 6083 
Clicker, in shfH'muking, defined, 3875 ; 
sections in factory, w'ork ami f(M)ls, 
4432 

Clifton sii.spensioii bridge, span and 
deflection, 2408 

Climate, African, 3275, 6276 ; Asiatic, 
2504, 2565 ; effect of altilmlc, 
4494 ; and building trades, 6349; 
effect on distribution and develop- 
ment of mankind, 4493 ; effect, 
of water on, 1739 ; effect of wind, 
4494 ; Europe, 853 ; geographical 
divisions, 4493 ; intliience on build- 
ings, 142; influence on health, 
5274 ; relation to land and sea, 300 
Climbers, for gardens, 6316, 6322 
Climbing irons, in drain manholes, 734 

— plants, description, 504, 505 
Clinical thermometer, structure, 361, 

1564, 1500 ; see also Thermometer 
Clinker, in building foundations, 332 ; 
in briekmaking, 1282; in cement 
manufacture, 185:1-1858; in 
paving, 644, 2515 ; refuse de- 
struetor, composition and uses, 
5021: in rotary kilns, 1733; 

utilisation. 5767 

— C(X)lers, use in building, 1732 
Clinkeriug, in cement making, cause, 

1578 

Clinkers, brick.s, streiigtli, 1520, 1948 
Clinometer, described, 803, 897, 1923 

— prismatic, 266 

Clippers, tea, type of vessel, 5257 
cupping, sheep, process, 2366 
Clips, for fitting iron pipes, 5627, 
5629 ; in machinery, h:u 
( 3ive, Kobert, 6549, 5,555 
Cloak, evening, making, 970 ; girl's 
Bed Hiding Hood, 447 :i, 4475; 

infant’s, 6745, 3746, 3855, :}850 
Cloak-rooms, railw'ay, 5109 
Clock, .sidereal (astronomy), 6244. 6246 
Clock-making, 5711 : employment con- 
ditions, 2647 ; Switzerland, 1839 

— repairing, 5719, 5882 

Clocks, arithmetical problems, 1713; 
(iassitteation, 5787 : flnisbing 
wheels, 5882 ; pendulum inecba- 
nism, 5714 ; ]\^pp system of 

driving, 5356 ; propulsion, 5787 ; 
repairing teeth, 5882 ; watch- 
maker’s stock, 5788 ; weight 
mechanism, 5715 

— Ameriran, movement, manufacture, 

adjusting, cleaning, etc., 5711, 5712 

— eight -day, mechanism, cleaning, 

putting together, 5715, 5717 

— French, mechanism, 5884 

— turret, mcehaiiism, 5884 

Clod crusher, construction, 1847, 1850 
Clomonnf; enamelling, 5690 ; compared 
with chami»lev(i, 3234 ; Japanese, 
3161 
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CloisOniu^ glass, uses and process, 
5838 

Closer, in building, di.sadvantage of, 
1521 ; kiT>g and riueen, 2168, 2169 
Closets, of sanitary house, kinds, 
5052-5055 ; syphonage, 5053 

— sewerage, dry earth system, 4457 
Cloth, Admiralty test, 1701 ; analysis, 

f>5()8 ; contraction in weaving, 
5509; composition and uses, 
1169; crabbing in dyeing, 6198; 
designs, 0595 ; design in weaving, 
2940; dyeing, 6367 -0, 6501 ; for 
bats, 5036; printing, Twoeesses, 
4499; singeing, 6197; testing, 3015 

— architect’s tracing, 5420 

— crinkled, weaving, 3685 

— double, structure, 5509 

— double plain, design of warps,, 

— fancy, weaving, 368.5 

-- mauufaeture, flnisbing processes, 
4100-4110, 4342; number of 

beulds, 3909 ; sizing, 3489 

— overcoating, design, 5510 

— plain, structure, 5508, 5509 

— two-face and one bai'k, design, 5510, 

5511 

-twill, stnietiire, 6509; fare and 
back, 5510 

— w’(K)llen, inannfaetnre, 70, 71, 72 
Clothes-horse, laundry, 2475. 2470 
Clotbes-motb, habit of caterpillar, 3514 
Clothiers, business of, 1896-1898 
(Nothing, euntions for tourists, 515 ; 

children’s hygienic. 4050, 4863 ; 
colour of. influence on warmth, 
4256 ; disiritection, 5055 ; health 
considerations, 4256 ; licat con- 
iliietivity, 2061 ; hygienic, 4256 ; in 
laundry w'ork, 2500, 2.591 ; material, 
good, 4256 ; for old age, 4530 ; 
8hopkee])ing, 1806 ; stains, re* 
moval, 2590; washing, 2591, 
2688 ; white, in laundry work, 
2688 

Cloths, fringed tray, ironing, 2910 
~ harness-maker’s, 4885 

— tailor’s, 5.598, 5599 

— for trousers, sfrefehing and shrink- 

ing, 2606 

(lotting, Huxley's experiment de- 
monstrating, 954 

C/loiid, definition, formation, 1900 

— cirrhns, eanse, 2901 

Clouet, Francois, miniatures, 4117 
Clough, Arthur Hugh, poet, 1438 
Clove, sx)iee, 483 ; classitieation, 353 ; 
sources, 34.52, 4722, 4873 

— oil, soiirei’, 5469 

(Mover, classification, 3.53 ; cows' food, 
3890,3891 ; cross-poilination, 732 ; 
cultivation, 1233; in farming, 
23, 258; haymaking, 1629; live- 
stock food, 2704, 2904 ; manure 
in eultivationr 1378; poultry 
fotwl, 5436 ; sowing. 1232; seed 
statistics, 877, 941 ; varieties, 

940, 911 

— , alsike, as livestock food, 2704 
— .crimson, 1197; as live.stock food, 
2704 : seed statistics, 940 ; sowing, 
431 

— , red, as hay, 1629; as livestock 
food, 2704 ; .seed statistics, 877, 
940; varieties, 940 
— , wliite, 940 ; as livestock food, 
2704 ; seed statistics, 940 
— .yellow, value, seeding, 940, 941 

— see also Cow’ grass 

Club-moss, 1119 : strueturc, repro- 
duetiou and varieties, 1310 
Clubs, managenioiit ami catering, 5720 ; 

see also Friendly societies 
Clumps, in printing, 5867 
Cbm sheep, generai aceonnt, 2.36.3 
Cluster system of bridge-erecting stages, 
1175 

Clutch, 960; coil, 962; expanding, 
962; friidion, of lathe, 001, 4920; 
drawing, 4002, 4005 
Clyde 'Priist, harbour revenue system, 
6220 

Clydesdale horses, 2073, 2075 
Coach horse, breed, 2074, 2075 
Coach screw, in carpentry, :i54,l, .3,546, 
Cf laches, 2465 ; dinien.siuns, 2726 

0925 
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Coaclies, railway, slipping, 4801^ 4805 ; 

testing running stability, 5105 
Coachbuilding, construction and di- 
mensions, 2557 ; drawing and 
design, 2720, 2729, 2731 ; ma- 
chinery, 28:13, :i907 ; metal 

work, 3325, 3359 ; painting, etc., 
3479-3481 ; t(K»ls, 2828 ; type 
of springs used, 2725 ; under- 
carriages, 3121, 3120 

— see aim Carriages, horse, and separate 

vehicles 

Coachniaker’a chisels, 4150 
Coachman, duties, 816 ; jobmaster’s, 
wages, 4189 

Coagulation of blood, reason for, 951, 05.5 
Coni, il57 ; ammonia from, 1775 ; in 
black ash process, 4770 ; in brick 
kilns, 1284; 13ritisli exports and 
imports, 6004 ; in cement kilns, 
disilliation, 6818- 6^20: grind- 
ing for, 1731, 1733 ; crushing, 

3770; formation of, i:i56, 1921, 
5302; gas liipior yields, 5461; 
distribution, 3771’; geological 
classification, 1073 ; liousehold 
economy, 1227; mining; see. Coal- 
mining below ", kinds, 1990, 5:j()2 ; 
paraffin from, 4837 ; for power 
production, 5127 ; railway loco- 
motive consninijtion, 4597, 4599 ; 
railway waggons for, 5070; screen- 
ing, 3770 ; speeitlc gravity, 1704 ; 
sulphuric aci»l from, 4632 ; table, 
535 ; tar yields, 5461 ; trading in, 
1989; washing, 3770 

— hituminons, 1163 ; properties, 5302 ; 

C.S. deposits, 5302 

— dealers, business of, 1989 

— diwt, as kiln fuel, 1854 ; harmless- 

ness in air, 3798 ; in moulding, 
2110 

— liehls, African, 5304; American, 

5305 ; Asiatic, 5304 ; Australian, 
5304 ; Austrian, 5304 ; llelginn, 
1835,- 2378, 5304 ; hooks on, 

2256 ; Britisli Isles, 9S7, 088, 

1271, 1817, 5302 ; ciiaracters of, 
2378 ; England, 1271 ; France, 
1681, 5:304; Oernuui, 1974, 1075, 
5:304; Eiisslaii, 5304; Scot fish, 
1066; Spanish, 5304 

— gas : see (las, coal 

measures, 231 ; etfect of mountains 
on <leptli, 4495 ; formation of, 
1814, 1816, 1817 ; relation to t)ld 
lied Sandstone, 2067 

— merchant, business of, 1989 

— miner, .‘ihsence of industrial drinking, 

5815 ; employment conditions, 
2641 ; length of life, 4528 ; int'r- 
tallty from phtliisis, 5409 

— mines, fire-clay found in, 1285 ; 

initial cost, 2847 

— mining, 3307, 3500 ; crushing, 

3770 ; lighting, 3769 ; longwull 
face, 3500 ; macliine cutting, 
35C3, 3564 ; screening, 3770 ; 

submarine. 1354 ; surface works, 
3766 ; underground transport, 
3566 ; waslilng, 3770 ; winding 
plant, 3767 ; ventilation, 3767 

— oil: i’etrolcnm 

— seams, position and deposit, 1921 

— smoke, use of, 639 

— supply, Investigations into, 5302 

Coal-tar, com])ositlon, 3708, 5461 ; 

ennie, uses, 5461 ; distillation, 
5402 ; formation, 5.s:{6 ; rational 
distillation, 595.3; future discovery, 
237 ; minor .sources, 5461 ; Per- 
kin’s discovery of aniline dye, 64 1 ; 
partially prepared, process, 5461 ; 
IToduct ion, uses, 1163; production 
of colours, 3710; products, 3824, 
5467, 6 433; properties, and coal 
yields, 5 401 

brown, oil yield, 0151 

colours, diagrammatic tree, plate 

facing 5953 

creosote, constituents, 1163 

dyes, niamifactnre, 3711, 5468, 

5953 ; prer>aration of coloured 
Inks, 5367 ; u.ses, 6766 

naphtlia, 3824 ; use in paint 

making, 5147 
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Coaling, railway locomotive, 4395, 4597 
Coast, erosion of, 1813, 1815, 5577 ; 
Koyal Commission on, 6220 

— line, marine surveying, 1017 ; physi- 

cal geography of, 625 ; subsidence, 
1354, 1813 

Coastage, in architecture, 2129, 2132 
Coastguard service, appointments, 
salaries, 3197 

Coat, in dress, boy’s, 1552, 1553 ; girl’s 
4473, 4474, 4475; infant’s out- 
door garment, 3745, 3746; little 
boy’s, 1113, 1283, 1289, 4190, 
4197 ; young child’s, 4050, 4054 

— in tailoring, Empire, 2328, 2329 ; 

fitting, 301 4, 3015', little boy, draft- 
ing, 1113; men’s lounge, morning, 
frock and dress, 2752, 27,53, 2754 ; 
woman’s, collar, ctilT, sleeve, 2056 ; 
woman’s double-breasted, 18 40, 
1841, 1842, 1843 

— and skirt, girl’s reefer, 4473, 4475 
CoatiJig, of materials, purpose, 5141 
(’obalt, metal, ehemistry of, 1043; 

magnetism, 559, 5981 ; oeciirrenee, 
5981 ; origin of name, 5981 ; 
properties, 4306, 5981 

— bloom, cobalt ore, 5982 

— blue, uiaFUifaeture, 514.5, 5985 

— colours, eompo.sition, 5985 

— compounds, kinds and u.ses, 5085 

— glance, 1044, 1045 

— oxide, in earthenware manufacture, 

5162 

— pottery, colour, 5382, 5383 ; varying 

tint, r>:i84 

— pigment, 871 

— yelhnv, pigment, 871 

Tobbett, William, author, life and 
works. 2450, 2618, 2019 
Cobden, Richard, commerci.al treaty 
between England and France, 5210 
Cobras, liood, 2079, 2080 
C(>i>web, structure, 3804, 380,5 
(’oei, leaves, .source, n.se, 6883 
Cocaine, source and use, 4962, 6883 
Coccus, 64:J7, 0439; suppuration, 6541 
beech pest, 4926 

Coccy, human, anatomy, 1005, 17 ;08 
in modelling, 1348, 1340 
Cochin, fowls, breeding for talde, 4660 ; 
point.s of l)reed, 4955 ; .silting, 
562 J ; table (inniities, .5624 

— bulT, points, 4808 

— partridge. cros.s-bree«ling, 5022, 5623 

— white, breeding, 4 S 5 (i 
Cochineal, 6883; countries cultivating, 

5121; origin, 3365; source of 
colour, .5145 ; in dyeing, .5907 
Cochlea, hiimnu, 102 ; phy.siological 
anatomy, 25:44, 2535 
C{)ckatoo, elassifleation, 221 1 
Cockchafer, plate facing 3301 ; cla.ssi- 
lieation, 3510; a.s pest in forests, 
etc., 4925, 4927 ; ravages of, 1668 
Cockerels, care td’, 5093 ; value, mute 
for egg-layiiig hen, 5626 
Cockle, shell-tlsli, 3113; locomotion, 
3286 ; in season, 1531, 252" 

Cockle cylinder, in milling, structure 
and action, 3080, 3082 
Cwkrouch, description, 3303; develop- 
numt of young, 3362 
Cocksfoot, orchard gras.s, description, 
875 : cows’ food. :4890 
(!ocoa, 6883 ; adulterant, 5.581 ; adul- 
teration, .3718; analysis, 3378; bean, 
'.V37Q,055i, 6556 ; cultivation, 1962, 
6.555; dietetic value, :4311, .3.370; 
fruit, 6555 ; main i fact lire, prwcssc.s 
and machinpfi, 0554-0550 ; sonree, 
4962; preparation of nibs, 4962, 
6555; theo-liromine in, 4007 

— butter, 6556 

— powder, 6556 

— .stearin, uses, 1032 

— tree, classification, 353 
Cocoamit, 6883 ; for biscuit making, 

3592 ; for carving, .5809 

— cake, as livestock food, 2704, 2908 

— fibre, 1168 ; for brushes, 6106 

— oil, production, u-ses, 1032, 4832 ; 

source, properties, varieties, 4832 ; 
in soap manufacture, 4964 

— palm, coir from, 68 ; height and 

classification, 355; limitation of 


CojBic— Cold 

range, 4493 ; oil from, 1032 ; seed- 
dispersal, 910, 911 
Cocoon, puss-mouth, 3613, 3514 

— silk manufacture, treatment of waste 

from, 1246 

— silkworm, description, 682, 584, 58.5 
Cod, boiling, 1874 ; carving, 5935, 

5936 ; choice of, 3717 ; classifica- 
tion, 3065 ; fishing grounds, 5121 ; 
cutlets, cooking, 1874 ; floating 
egg, 5189 ; frying, 1873 ; grilled 
steaks, cooking, 1873 ; marine 
hatcheries, 5314 ; Norwegian 
fl.shcries, 1561 

- in coppersmithing, 3884, 3880, 3887 
Cod -end of trawl net, 4990 
Cod-liver oil, constituents, food value. 
3480, 6883 ; countries exporting. 
5121 ; in calf feeding, 2239 ; com- 
position, 4834 ; emulsion, 676 ; 
source, uses, 48:14 ; in leatlier 
nianu fact tire, 3219 

Cotiling, choice of, 3717 ; protection of 
immature, 5314 
Co-ediieation, success of, 4667 
(’oetfieient, in algebra, definition, 1818 ; 
of contact, 157;i ; of discliarge, 
ill liydraulics, 1574 ; of friction, 
958 ; of roiighne.s.s, river banks, 
1576; of velocity in hydranlic.s, 
1573 

Co'lenterata, ciiaracters, 1492,4083,4^,^7 
Colfee, adulterants, 3581 ; adultera- 
tion, :40.|5, :3718, 4962, 6555 ; 

. analysis, 3378 ; llrazil exports, 
4286, 5380; ciiemical properties 
4007 ; consumption, 4962 ; culti- 
vation, 4961, 6.555 : food value, 
3705, 3379 ; Indian, 2820, 2972 ; 
manufacture, 65.55 ; output, 4951 , 
produetitm, tiuality, sorting, 4901 ; 
recipe, 2:134 ; stains, removal, 
2590; .stiimilant, uric acid forma- 
tion, 3705 

— husk, miero-photograph.s, 3893 

— plant, bean, 3379 ; elasdfication, 354 

— stalls, catering, 5584 

Coffer, in masonry, definition. 3148 
Colferdams, in bridge building, 1402. 
2737 ; eonstruetioii, 4642, 4644, 64!) > 

— in carpentry, 4042, 4643, 4644 
Cotfer-ti.sh, boring plate.s, 3007, 3009 
Corlin, measurement and prices, 5786 

— makers, wages, 5785 

” Cogito ergo sum,” origin and expdaiu- 
tlon of phrase, 2373 
Cogs, roofing, defined, 4870 

— of wiieitls, in technical drawing, 3021 
Colierers, wireless telegraphy, 3«.95.:{89i> 
Coliesion, compared with adliesion, 137 4 
Coil armature, 1905-0, 1908 

— eleetrie, invention, 129, i:i0 ; insula- 

tion of, 1660; ventilation, 1001 

— induction, cost, 4994 

t’oinage, alloys, gold and silver com- 
po.sition, 3941, 6308 ; bimetallism. 
subsTitules for, 3970 ; Britisli. 360. 
5850; loss in light coins, 58,51. 
trial and remedy, 5851 
Coinage.-* of tlie world (table.s), 409 
(!oins, die-sinking, 5529 ; kinds, com 
ing operations, 5851 ; nickel are 
coi>per, 10-U 

Coir mamifaeture, fibres, 68, 810 
non-dyeable, 5639 ; sonree aiu 
use, 1168, 5118 

Coke, defined, 1157 ; conversion froii 
coal, 4125, 6819 ; in cupola furnace, 
2862 ; carbon dioxide prod(icc<l 
from, 6393 ; formation and nst‘. 
5302 ; fuel for blast furimcc'* 
4467 ; sale by gas companic-, 
1991 ; in smelting, 232 ; use in 
dccarburising iron, 5015 

— bed, in moulding, 2543 

— breeze, 643 ; use for concrete, 332 

— oven gas, 6828 

Col, physical geography, 458 
Col legno, violin bowing, 2744,, 5727 
Cold, catching, causes, 1742, 4020 
Cold, sense of, 2118 ; ultimate, eoM- 
est cold,” 1269 
Cold chisel, 4150 . 

Cold rolling, iron, 234 
Cold-short, in iron-working, 2 ’» . 
in steel manufacture, 1045, 383S 
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Cold— Comm 

Cold storage, of food, methods and 
apparatus, 5403-5407 

— wall, in geography, definition, 558 
Coleoptera : ttee Beetles 

Coleridge, S. T., poet, 1305, 1300; 
origin of “ Kubla Khan,” 77 ; 
plays, 1152; prose works, 2309; 
on Shakes])eare’s genius, 080 ; 
writing under morphine, 4008 
Colic, cause and remedies, 5843 ; 
caused by lead dust, 3798 ; effect 
of nitrites on, 1719 

— in cattle, symptoms, treatment, 2624 

— in horses, treatment, 2620 

— lead, soft water in lead pipes a 

cause, 359 

Coliseum, Koine, 2931, 2932’, Titus 
finishes building, 2068 ; Vespasian 
builds, 1940 

Collar, of axle, 3326, 3327 
Collar beam truss, stress in, 2446, 
2447 

— in dressmaking, cutting and making, 

47 fs ; of boy’s overcoat, 1755 ; 
boy’s suit, 1552, 1553', drafting 
pattern, 180, 190 ; man’s morning 
coat, 2753, 2754 ; princess robe, 
2200’, sailor, little boy’s, 4190; 
shirt, 0797 ; step, tracing, cutting 
out and making, 1553, 1753 ; 

woman’s coat, making and sewing 
on, 2056 

— in forging, process, 2986, 2987 

— lead, use in jointing pipes, 5610, 

5628, 5029 
— ,loaf, 3392, 3393 

— roof, construction, 4248, 4219 

— of roof truss, use, 4251, 4253 

— of screw, defined, 686 
Collar-bone, abolition in evolution of 

inanmials, 1869; birds’, 2491 ; 
human, 1004 ; in modelling, pro- 
portion, 1348, 1349 
Collars, cart, materials, 4885 

— in laundry work, curling, 2911; 

ironing, 2910, 2906, 2907 ; starch- 
ing, 2911 

Collective nouns, rules for verb, 122 
Collectivism, a social force, 5533 
Colleges, theological, 6599, 6602, 6607 ; 
university and technical, 1782; 
for women, 3508 

Collconi 8tatue,Vcrrocchio’a, 1074, 3078 
(’ollet, of Collinge axle, 3320, 3327 
Collets, of clock, making and use, 5883 
Colliery, cost sheet, 3419; pit head 
gear, 3708 : see also Coal mining 
Collimatioii of level, 372 ; in survey 
instruments, 266, 372 ; of theodo- 
lite, 269 

— method, in levelling, 374 
Collinge axle, 3320-3328 

Collins, John Churtoii, author, 1436, 
2687 

Collodion, manufacture and use, 3140, 
5470, 6481, 0483, 6563, 6763, 6765 
Colloid minerals, defined, 766 
Colloids, definition, 4698 ; nature, 
4699 ; conversion to pectous 
condition, 5312 

Collotyiie, 6484 ; books on, 6486 
Colopynth aiitter apple), 6883 
Cologne, advice to tourists, 857 ; 
Archbishop of, as elector, 2047 ; 
architect ore, 3374 ; cathedral, 
3374 ; school of painting, fifteenth 
century, 4117 

Colombia, geography, 4282, 4290 ; 

petroleum deposits, 6007, 6009 
Colon, human, structure, 570, 579 
Colon, in grammar, use, 1338, 6351 
Colonial (Jftlcc, appointments by, 3548 
Colonics, British, building conditions, 
6346 ; Civil Service appointments, 
3548 ; commercial opportunities, 
6212 ; medical profession, 5428 ; 
municipal posts, 3741 ; pliarmucy 
regulations, 1656 

Colonisation, Pluenieian, 501 ; Roman 
policy, 1204 

JJolony, in zoology, defined, 3958 
Colophony, 1034 ; see also Resin 
holonido potato beetle, destructiveness, 
3512 

Colorado River, 4061, 4063 
Colorado State, geography of, 4174 


Colostrum, in dairy farming, con- 
stituents, 3671, 4033 ; detinition, 
2238, 3671 

Colour, biological importance (Mendel’s 
law), 1481-1484; in brush draw- 
ing, treatment, 2691 ; in chemical 
analysis, 4405, 4406 ; cause, 3728, 
5193 ; defective terminology, 3730 ; 
Newton’s discoveries, 2431 ; for 
illuminating, 6277 ; optical per- 
ception, 2402 ; relation to pitch, 
3728 ; standardisation, 3730 ; 
Young’s experiments, 3367 

— ill art, complementary, 725, 726 ; 

philosophy of, 182; symbolism, 
725 ; tone, tint, shade, etc., 3730 

— Ill painting, symbolism. 725, 726 

— blindness, 2403 : disability <»f, forms, 

tests for, 3731 ; test of railway 
staff, 4379, 4600, 4001 

— printing, 5872 

— prints, in engraving, 6114 

— reiiroduction, processes, 6483, 6486 

— sergeant, infantry line, 3840 ; ex- 

amination, 4030; in Royal 
Marines, 4266, 4269 

Colours, of animal and vegetable origin, 
list, 5145 ; use in architects’ 
drawings, 5421 ; artists’, trading 
in, 895 ; British exports and 
imports, 6004 ; for carpet designs, 
6389 ; Coal-tar: nee Coal-tar colours ; 
complementary, 5il, 3729; 

developed in dyeing, 6194 ; 

‘‘ingrain” in dyeing, 6195; in- 
soluble dye, 6194 ; in laundry 
work, retention in wusliing, 2591 ; 
liipiid, in technical drawing, use, 
2793 ; in millinery, suitability, 
4564 ; mineral, kinds and their 
manufacture, 5142 5149 ; oil, essen- 
tial, and to bo avoided, 871 ; oil, 
setting the pAlolte, 1020; paper- 
makiug, sonn’c-s, 6278 ; in piioto- 
graphy, 6679 ; pigment, perinu- 

nence essential, 5141 ; pigment, 
safe colours to use in watcr- 
I’olonr painting, 1021 ; pottery, 
soft, 5384 ; pottery, firing tempera- 
tures, 5385 ; primary, 3731 ; 

textile printing, 4499-4502; pro- 
duction by dyeing, 5779 ; sulphur 
in dyeing, 6194 ; of tiles, proiliir- 
tion from marls, 5776 ; wave 
lengths of, 3.360 ; “w'oudcd,” 5782 

— see tUfiO Dyes 

Colour-top, Chirk -Jdaxwell’s, 3729 

— trough, ill I'arpet manufacture, 

structure and use, 3359, 3300 
Colour vision. Young and Helmholtz 
theory, 3730; Hering’s theory, 
.3731 

Coloration of biifterilies and moths in 
eonrtship, 3516 ; in fish, 3068 ; 
in frogs, 2801 ; of niuminals, 
classification, 21.56 ; in reptiles, 
2678, 2679 ; of sca-snail, 3114 

— warning, butterflies and moths, 

3515, 3516; caterpillars, 3514; 
chrysalides, 3515, 3510 ; sca- 

aiieinones, 4083 ; of .sca-shigs, 
3114 ; wasps and bees, 3722 
Cohiiirlng, for waxed butts, .5646 

— pigments, painters’, .5832 
(’oltsh^ot, classiflcalioii, 354 ; jiercn- 

iiial weed, J.378; un<Icrground 
stems, 909 

Columbia, river, 4062, 4069 
Cohiinbiaii fire-resisting floor, 4753, 
4755 

(’olumbine, neetar, 730, 731 
Columbus, Cbristoplier, life, diseovery 
of Bahamas and West Indies, dis- 
covery of America, 3606 
Column, in architecture, 2057, 2658 ; 
Assyrian, Hreek, 2858, 2859 ; Per- 
sian, 2659 ; Romanesque period, 
3231 

— in building, reinforced coiiercte 

coiistriicfion, 1643, 1045 ; shoring, 
920 


in earpentry, 3543, 3547 
cast iron, safe load formula, 2198 
drawing, power mill engine, vertical 
engine frame 4201, 4202 
oaffern for moulding. 2457 


Columns carneap, 955, 957 
(’oiiiiiiiiH, (piarrying blocks for, 2955 
Colza oil : see Rape oil 
Coma, defined, 2794 
Comb, honey bee, 3721, 5057 ; frame, 
standard, 5958, 5900 ; melting 
down, 5960; wax secretion, 1033 

— of fowls, 4857, 4858 

— hackling, in flax nianufacture, 1386 

— ill quarrying, 532 

— of scorpion, 3803 

— in textile industries, 1542 
Comb-bar, of lace loom, 4880 
Coinbinutioii garment, child’s, 4050 
(‘ombinations, boy baby’s, in dress, 

4195, 4106; cutting out and 

drafting, 3474, 3475 ; girl’s, 4472 
(‘ombing machine, textile, function, 
1541 ; operation, 1723-1720 ; in 
wool manufacture, 70, 223 

— wrap, style and material, 3591 
Comb-star, description, 4081, 4082 
Coinlmstion, pliysioIogic;i|, 1301 ; ctFect 

()f alcohol, 3377 

— cause of air impurity, 3798, 3802 

— chamber, of boiler, 3099, 3102; in 

marine Scotch boiler, 3099, 3105 

— fiirnaec, chemical, 240, 241 

— witliout oxygen, clieiuistry of, 1597 
Comedy, first Knglish, 678: see also 

Drama 

Cornets, 0509, 057 0^ 6695 ; orbits, 6250, 
0508, 6570; spectra of, 3371 ; tail, 
938, 2027 

Comma, use, 1338 ; in letters, 6351 
Coinmander, basket -making tool, 5489 

— navy, promotion and pay. 4402 
Coinmaiuimeiit, fifth, soeiologienl value, 

4665 

Commenee, coiideinnatioii of use of 
word, 4579 

Commerce, bookkeeping : xee Bookkeep- 
ing ; contract, nature of, 658 ; dic- 
tionary of terms, abbreviations, 
coinages and weights and measures 
ol the world, 40.5-410 ; earliest 
liistory, 145 ; full list of books 
used, 776, 977 ; importance of 
terminology, 1570; map of 
world’s routes, 5378 ; classification 
of trading countries, 5379 ; shop, 
43 ; see also Shopkeeping and 
separate trades 

Commercial abbreviations, dictionary 
of, 408 

— class, statistics, in England, 2796 

— corri'spondencc, training, 6354 

— geograpliy, adaptation of the earth 

to inau’s needs, 4514, 4520; agri- 
cull nral products, 4873, 4959 ; 

climate and temperature, 4493- 
4490; economic regions, 5378; 

• geograpliieal and liiiman factors 
in eommerei\ 4493-4498; bar 
hours, 4497, ^498; mineral pro- 
ducts, 5302-5308 ; nioiintains, 
4494-4496 ; scope, 4493 ; soils, 

4497 ; timber and economic forest 
products, 4657 ; winds, 4491, 

4498 

— liigliways of the world, 5378 

— law, 6751 

— prt)fossions, examinations, 148 

— schools, cliaracter of tuition, 6354 

— terms, dictionary of. 405 

— travellers, bribery, 6211 ; collection 

of accounts, 6209 ; coniinission, 
6210; conditions abroad, 6212; 
foreign languages, 0212 ; motor- 
ears for, 6211 ; partnership, 6209 ; 
personal ex pense.s, 6210; presents, 
6211; qualifications, 6210; sa- 
laries, 6210; “standing treat,” 
6211 ; women, 321 

Commissions, Army, pliysieal require- 
ments, promotion, pay, 4197 ; 
privates' ililllciilty of obtaining, 
3841 

— business, how entered, 1571, 1572 
Conmiissural fibres of brain, 2804 
Cominon axle, distinguished from col- 
linge and mail, 3327 

— chord, in harmony, 361 ; see atso 

Bass, figured ; in music, 363 
Common Council, Court of, liOndon, 
constitution, 32f» 
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Common ronncil, aood fund, in Scottish 
local government, IJ17 

— larch, timber, r>r> 

Commons, House of : Parliament. 

Commonwealth, the, history of, 4761 
Communal society, ant hill, 5248 
(’oinmune, Prench, account, 5240 
Commutation, dynamo, lV2i 
(’ommutative law, in algebra, 1094 
Commutator, dynamo, 1105, 1106, 1325 

— motor, conthiuous current, 1500 

— in telegraphy, single-needle instru- 

ment, 4385 ; ta]>per and drop- 
handle, 4903, 4904 

Companies’ Acts, balance-sheet pro- 
visions, 3189; law' as to prospec- 
tus, 3186; of 1900,6800; parlia- 
mentary companies, 3331 ; provi- 
sions, 3185 

■ — limited: see Limited Company 
Company, Ihmneial, defined, 1266 ; law', 
6800; i)roinuter, 6800 
Comparative, in grammar, 110 
Compartments, railw'ay, dimensions, 
2555 

Compass, beam : see J3eam compass 

— in circumferentor, 803 

— box, for i)lane table, 710 

— carpenters' use, 33S,s 

— course, in navigation, 6601 

— drawing, seleclion, 284 

— glaziers’, 5836 

"--magnetic, oleetromagnetie experi- 
ments, 562 ; as galvanometer, 288 

— mariners’, first knowm in China, 210 ; 

description, 13, 42 CJ, 4246, 6058 

— masons’, description, 2S37 
measuring tool, kinds, 4701, 4703 

— plants, description, 727 

— plasterers’, 5496, 5197 

— prismatic, 266 ; in marine siirvcyi ng, 

1018 ; in siirvcying, 265 ; in inaii- 
gulation survey, 594 

— race, use by harness-maker, 1887 

— saw', use, 3385 

■--ship's, 6664; variation of, 6.665 
--w’ire, inetal-w’orker'.s, -Ml/ 
Compensating errors, in bookkeeping, 
explained, 2503 

Competition, in n‘tail trade, .'.925 
“ (.'ornpo ” i)ipe, maniifaelure, 5987 
(’omponent force, defined, 411 
Composers, pianoforte, list of. 202 1 
Composing, in printing, methods .and 
rules tor, 5157, 5153, 5252 

— stick, compositor’s, 515»>. 515S 
(;oinposita?, natural ordiu', 354 
Composite order, in arefuteeture, 

Koman, 2932 

Composite wheels, deserlbed. 2021 
Composition, in art 722-726 

— in design, 5977 

— in drawing, 722, 724 

— of forces, in mechanics, 411, 5,51 
Compositions, in bankruptcy pro- 
ceedings, 3571 

Compositor, printer’s, work of, 5026, 
5156 \ jobbing and display, 5871 : 
employment eoiuiitions, 2655 
Compound addition, siditraetion, ett’., 
rules and examples, 228 

— interest: see Interest 

— nouns, English participial forms, 

756 ; (Jerninn gender forms, 1189; 
Latin, rules for plural, 754 
CompoumtlS; chemical, 516, 517 ; 

dcAned, 692 ; differentiation from 
mixture, 1506, 2880; double, 839, 
1597; formation, principles of, 1597, 
4130; inorganic, 1718-1 722 : phy- 
siological, 438 ; unstable, 693 
Compressed air : see Air, eompres-^ed 
(’oinpression boom, of girder, 540 
(h)mpressibility, nature and cause, 1374 
Comte, Auguste, biographical sketch, 
philosophy and positivism, 3869, 
3870 ; on gravitation law, 663 ; 
view' of ether. 935 
“ Comus,” Milton’s, 845, 991, 3783 
Con sordino, liorn music, 5732 ; violin 
music, 5727 

Concentrated load, beams and girders, 
2198, 2199 

Concentration, psychology of, 2306 
Concoptacle, In botany, 1368, 1373 
Conception, in psychology, 2804 
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Concert pitch, 6442 

— promotion, 6869 

Concertina, musical instrument, con- 
struction and playing, 44S7, 448S 
Concerto, in mnsical form, defined, 634 
Concessive subjunctive, Latin syntax, 
1183 

Conclusion, in geometry, 4208 

— of syllogism, in logic, 6098 
Concord, in music, defined, 363 ; 

allowable in counterpoint, 632 
Concrete, 332, 333, 534, 649; for 
asphalt roads, 2179; for break- 
w'aters, 6335 ; use in building, 
329-3:<2 ; compressive and tensile 
stress, 1555, 1556 ; in drainage, 733, 
736, 780 ; expanded metal, 520; 
floors, 332 ; cost and W'oar for foot- 
paths, 2430; mixing and laying, 
:t34, 1449-/457 ; in paving, 2426, 
2515; reinforced: see Reinforced 
concrete ; from refuse clinker, 
5021 ; Roman, 142 ; in scaffolding, 
1170; in shoring buildings, 916; 
in sfable fittings, 737 ; testing 
strength, 1523; in tramway 
const met ion, 3750 

— blwks, in construction, 1450 

— cement, in building, 647, 648, 649 

— fireproof, 4752, 4755, 4758 
■ roofs, fire-resisting, 4758 

ri'in forced : see Reinforced concrete 

- slal)s, manufacture, 534 
Ckuicretor, in sugar mannfactnre, use 

and construction, 3828, 3830 
Condensation, in physical geography, 
deniiitlon, 294 

— i:i physics, inlliience of temperature 

and* pressure on, 1741 ; water 
vapour, 1899 

Condensed milk, dietetic value, 3312 
Condenser, of coal-tar distilling plant, 
5462 

— clectrie, 3580, 3581, 3580 ; I.odge’s 

oscillation transformer, 3895, 3897 

— marine engine, 6294, 6295, 6296 

— perfume distillation, 4968 

- petroleum, construction, 6147 

— ' of i'eirigerating machine, 5403, 5404, 

5t07, 5408 

---of steam-engine, invention and use, 
5416; steam pressure, 6070; sur- 
face condensation type, etlieiency, 
0069 

-telegraphic, 4607, 5242, 5213, 5244 

— telephonic, rack, 6080 

— textile machine, 1546 

— in woollen manufacture, 70 
Coinlensing, in journalism, 3975 
Coiidiinents, adulteration, 3718 ; nnaly- 

.sis, 4722; dietetic value, 3312; tree 
products, 4873 ; uses, 4717 
C(uidifional clauses, English grammar, 
756 

— mood, Erench rules, 3353 

— sentences, Latin, 1183 
Conditioning, in milling, 3080, 3081 
Condor, classification, 2213 
Conducting, in music, .5891, .5892, 5894 
Conduction, in electricity, movement 

of electrons, 4023 : see also Circuit 
Conductivity : see Electric, Thermal, 
etc. 

{.’ondin-tor, electric, 464, 3030, 3260 ; 
cable, 6546 ; magnetism, 288 ; over- 
head. for traction, 1931 ; power, 
aliimiiiinm, 5993 ; railway system, 
2089, 2090; resistance, 671 ; tele- 
phone and telegraphic, table, 6:124 ; 
three-phase, 1907, 1908 

— omnibus ami tram, conditions of 

work, 4186, 4189 

— orchestra or choir, functions, 5891, 

5892 

— railw'ay, duties, 4804 ; sleeping car, 

duties and wages, 4809 
Conduit, reinforced concrete eonstnie- 
tion, 1557 ; tramway system, 1931, 

um 

Condy’.s Fluid, use, 1043 ; in opium 
poisoning, 4006 

Cone, axle, explained, 3326, 3227 

— clutch, in machinery, 960 

— in draw’ing, definition, 1747 ; deve- 

lopment, 4523 , 4787, 4739 , 5349 , 
6350; elements of. 4737, 4739 ; 


Cane — continued 

elliptical sections, 4523, 4933, 4934, 
4935 ; envelope, 4522, 4523, 493:5. 
4935 ; friction, use, action, ami 
formula, 4003, 4004 ; generation 
of, 1411, 1413 ; geometrical pro- 
blems, 2005, 2007, 2008, 2009 ■, 
hyperbolic section, 4933, 4935 ; 
marking envelope, 4737, 4739 ; 
oblimie, 1747, 1749, 4738- 4741 -, 
parabolic sections, 4934, 4935\ plan 
and elevation, 1747, 1749 ; revers- 
ing, 4004 ; shading, 1792, 1795 

— friction, defined, 960 

— inverted, in pumping w'clls, 4028 

— male and female, 505 

— shell, 3113; poisonous bile, 3114 

— speed, of pulleys, 3426, 3427 

— w'illow, cotton machine, 1241, 1215 
Cone-hearers, coniferse, description ami 

classification, 52, 503, fertiiisn- 

tion, 729; fungous pests, 4927, 
4928 

Cones, retina, description, 3226 
Confectioner, employment conditions, 
2655 ; refreshment catering, 5582 , 
sweet-selling, 5495 : see also Raki-r 
Confucianism, in China, 216 
Confucius, life and doctrine, 447 
Congenital, in biology, definition, 485 
Conglomerate, classilication and com- 
position. 1072-1074 

Congo Free State, economic eonditioiH. 

trade, 5380; geography of, . 3 583 
Congo River, course and scenery, :;27:.. 
3582, 3583 

Congow' lea, defined. 3:178 
Congregationalism, ministry, training, 
162, 6604 

Congreve, William, dnimutist, 1150, 
1151 

Congruent of triangle, definition, 4:330 
Congruity in design, 5819 
Conic frustum, in drawing, develop- 
ment, 5349, 5350 ; distant ape\, 
47:38, 4739, 4740 ; elements, 47:57, 
47:39 ; envelope, 4522, 4523, 47:M, 
4739 projiMdion, 4523, 4524; 

slant unknown, 4738, 4739 
Conic s(‘(di(>ns, definitions, 1411. 578:3; 
properties of the tangent, 5783 , 
hooks on, 6790 

Conical fire-box, drawing, developments 
for, 1741 

--mandrel, description, :5107 

— pondnhim. described, 2017, 2019 

— tubes, boiler, 6875 
Conics, central, 5911 

Coniferai, Conifers : see Cone-hearers 
Conjugation, in biology, elementary 
sign of sex, 382 

— in botany, in sjiirogyra, 1370 

— in grammar, explained, 110 

— of protozoa, 4088 

Conjiinet ion, in grammar, 116; EnglMi, 
1337; English use with subjiiiK'- 
five. 756 ; Esperanto, 5087, 56 :>t ; 
French, 5228, 6090 ; (rennaii, 26:5‘5, 
4219, 4220 ; Italian, 5649, 5945 . 
I.atin. 213, 603; Spanish, 5229 
Conjunctiva of eyelid, structure, 2 toi 
Conjunctivitis, treatment, 6264 
Connaught, Province of, origin, 2009 
Connecting-rod, steam engine, type-. 

4424, 4426 ; action, 5461, 5462, 54 C..: 
Coniiecting-up switch, telephonic, i»08ti 
Connective tissue, human, 196, 437 
Co-operative stores, in competition with 
])rivate trader, 5925 
Co-ordination, in psychology, 2120 
“ Conqueror Coiuiucred,” The (dcat:* 
of Alexander the (Jreat), 973 
Consciousness, chemistry of, at presen? 
unknown, 3140, 4008; coinparcil 
w'ith seif-consciousness, 2:37:3 . 
kinetic theories refuted, 
and molecular motion, 6.5:57 . 
“ narrowness ” of, 2258 : see 
Attention ; nature of menmi-.y. 
2304 ; normal and secondary, 3i)'> - : 
in psychology, 2011 ; physiology i 
jisycliology, 2299; relation y* 
association of ideas, 2805 ; ’i’yii'l vj 
on, 6536 ; value to knowledge, 6- > < 
Conscription, origin in (Germany, - 
Consecutives in harmony, 365 
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Conseauenfc, in mathematics, 996 
C’onservatioii of energy, doctrine of, 
289, 426, 313, 2062 ; Isaac Newton 
on, 36 ; permanency of the law, 
1915 ; in psychology, 2115 

— of matter, 1915, 2063; theory, 

origin of, 61 

Conservatism, place in organic 
evolution, 5388 ; ignoble foim, 
5390 ; perpctJiating force, 5350 ; 
of women, 5531 ; of establislicd 
religion, 5531 

Conservator, forest, pay, 3477 
( onsignment inward, in bookkeeping, 
defined, 3679, 3680 

— note, railway, 5072 

— outward, in bookkeeping, 3679 
Consignor, in bookkeeping, defined, 

3679 ; ledger account, 3680 
Consolidation of soil, in building 
excavations, 329 

Consols, conditions regulating price, 
3483.; meaning of word, 1262 
Consonant intervals in music, 363 
Consonants, in KngUsli, definition, list, 
121 ; French, 124 ; (ierinaii, 249 ; 
Italian, pronunciation, 2044 ; 
Spanish, 2040 

— sliorthand toble, 49, 427 ; double, 

836; final hooks, 689-601 ; initial 
hooks, 586 ; position of, 1236 
-in singing, formation, 6338 
Coil sordino, musical term, 5147 
Constable, John, painter, 4:i0l 
Constable, railway, duties, 5J08; see 
also Folicc, etc. 

Const untine, Emperor, architect ure 
during reign, 3090 ; eonversion to 
Cliristianity, 2241 ; rule, 2072 
(dnstantinople, architecture, 3090 ; see 
also Eyzautiuni ; foiindin,. of, 
2072; capital of Turkey, 2167 
Constellations, astronomical, eireuin- 
polar, 6115-0117 ; motion, cireuin- 
jiolar, 6115; seasonal, (i1 17-012(1 
Constipation, causes, 5843; remedy, 
1684 

( onstraint, in tlieory of macliines, 087 
Consul, iioman, election, power, 1136; 
liefore and after tlie Dcceinvirate, 
1201, 1202 

Consular service, British, appointments, 
examinations, salary. 2935 
Consumption : see Phthisis ami Tuber- 
culosis 

Cont6 crayon, drawing witli, 1534 
Continental shelf, 298, 209, 301, 302; 

variation in ditferent seas, 551 
Continents, defined, sizes of eaeii, 
460 ; period of present formation, 
2254 

Contingent liability, bills of exelmnge, 
1;{19, 1320 

Continued fractions, rules, 706 
Continuity of life, explained, 381 
Continuous beam, loading stresses, 2107, 
2199 

— kiln, ill brickmaking, defined, 1284 
Contortion, of stratified rocks, 1922, 

1923 ; see also Folds 
Contour maps, making, 457-460 
Contouring, in surveying, accuracy, 
591 ; methods, 591 
Contours, in marine Ji,urveying, 1019 
(’ontraets, verbal, 67!>1 ; written, 6752 
Contract aecoui ts, bookkeeping, 3118 

— in business, defined, 658 
ledger, in bookkeeping, 3420 

Contraction, coefiicient of, in liydruu- 
lies, 1573 

Contractions, shorthand list, 1463 
Contractor, building, compared with 
builder, 14 J ; duties, payment, 
1910,1911; cost accounts, 3418 
Contracts, builders’, books on, 2034 
t'ontralto singing, charactorislics and 
compass, 6050, 0051 ; exercises, 
Om, 6186, 6191 ; register, 6182 
t-ontrast, in design, 5819, 5820; in 
geometrical drawing, 2320, 2321 ; 
m music, in setting melodics, 631 
Convalescence, rest during, 4390 
Coiivalescelit, nurse’s care of, 6176 
Convection, in water, 1738 
Converter, basic, described, 1045 

— Bessemer : see Bessemer converter 
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Converter, in electric supply, 2247, 2243 
Convexity of eyeball, 2401, 2402 
Conveyancing, railway. 5107 
Conveyor, in cement manufacture, 
1853, 1856 ; in coal-mining, 3565 
Conveyor screws, 835 
Convicts, transportation of, 65,52, 6694 
Con v<jlut ions, of brain, anatomy of, 
2145 ] psychology, 2299 
Convolvulus, 354 ; climbing, 504 
Cookery, dietetics, 3311 ; economics in, 
2335 ; English schools of, 3509 ; 
invalid, 6178 ; kitchen reouisitrs 
and stoves, marketing guide, 1225, 
1228; recipes, 1735, 1872, 2001, 
2126, 2331 ; teachers’ openings in 
S. Africa, 3742 ; vegetarian, recipes, 
2344 

Cooking, electric, 3030, 3031 ; gcucriil 
methods, 1485 ; stoves, manage- 
ment, cleaning, 1226; in relation 
to digestion, 673 ; use of liard 
water, 4158 

Cook, duties, 1002, 1003 

— dining car, training, 4810 

— marine, 6804 

(\)ok -general, duties, 1092 
Cooks’ mates, marine, 6801 ; Navy, 
pliysieal standard, 4265 ; service, 
4266 

Cooler, milk, 4034, 4209, 4281 
Coolie, Indian, as labourer, 6629 
Cooliiig-box, in wooil distillation, 
5164, 5465 

Cooper, miniature work, 1061, 1062 
Cooper-Ifewitt electric mercury vapoip- 
lamp, 2082, 2683, 2684 
Coopers, emidoyment conditions, 265;i 

— Navy, physical .standard. 4265 
Co-operation in business, 6519 
Cooi>s, poultry, material, 5877 ; types, 

5091, 5092 

Co]i reel, meelianism, 2502, 2593 
Copal, resin, 810 ; as painting medium, 
87 1 ; source, 4658, 51 47, 5835 ; var- 
ieties, 1034 ; use in varnish, 5835 
Coperniean solar system, 0119, 0121 
Copings, brick formation, 1949 ; joint- 
ing, 3035, 3039 ; in <iuantity siir- 
\ eying, 0507 ; wall construction, 
varieties, 2267 

('oping-stones, of dock wall, 649 1 
Copjier, 356, 357 , 4126 ; analysis, 4 H3 ; 
chemical properties, 1417 ; Chilian. 
5661 ; eliemieal symliol, katlihm 
and union, 3261 ; contraction, in 
cooling, 1397 ; elfeet on i»allio- 
genie organisms, 4095; eleetrle 
resistance, 671 : eleetro-eliemieal 
euiiivalents, 3202 ; electro - d(‘ - 
fiosition, 5752, 0305 ; eleelro-de- 
jiositionfor tubing, 5326 ; elect ro- 
])lating, 3122; inetiil extraction, 
4120, 4127; in food, 1447 ; geo- 
grapliieal distribution, 3771 ; Lake 
Superior region mining, 4068, 
4174; load method of recovery, 
4304 ; iniero-striieture, 3937, 3939 ; 
oeeiirreiiee, 839 ; ores, ,356, 3835, 
4126, 6305; (roasting) 3770, 

3771 ; physical properties, 1396 , 
3837, 3838, 3839 ; pigments, 

1037; pottery, eoloiiriiig iii, 
5382; lustre, .5.385; proiiertics, 
4126, 6305; refining processes, 

5753, .5754, 0306 ; relative <’on- 
iliietivity of, 1397 ; in roofing, 
5035 ; shrinkage of easting, 2342 ; 
solder for, 5523 ; specific gravity, 
1078; in steel, 4747; strengtli, 
1396 ; .siijiply sources, 5.308, 6305 ; 
uses, 6305 ; utility in art work, 
5523; w’clding, 6454; see also 
Cupric and Cuprous 

— alloys, 1447 ; in gold, 3856 ; com- 

position and properties, 3940 ; 
varieties, 6308-6.314 

— bronzing baths, 6576 

— , casting, difiiciilties of, 6306 

— in laundry work : see Boiler 

— oxides, varieties, 6307 

— pans, in cookery, dangers of method 

of cleaning. 1225, 1226 

— plate, etching, 61 1 1, 6113 

— pyTites, 6735 ; properties and oc- 

currence, 6305 ; treatment, 6306 


Copperas : see Ferrous siilph.ate 
Coppers, brewing, 6058 
Coppersmi thing, engineers’ tools, ma- 
terials, 3884, 3SH5, 3SS3 ; macliine 
versus handwork, 1521 ; patterns, 
4522 

Copra, from coconut palm, 2972 ; 

source of oil, 4(t5S 
Cops, dyeing iiroeess, 6367, 0308 
Copts, etliuology, 1790 
“Copy,” in journalism, 4191; re- 
vision and snh-editing. 4192 ; 
obtuining, 4194 ; stuirces and 
suggestions for, 1672 ; sources 
of siijiply, 4232 ; Ireatnicut, 4236 
— newsiiaper, good and liad, 4 130 
-in printing, reading iiy compositor, 
5157 ; setting, 5157 
Copy-liolder, proof-reader’s, duties, 
5159, 5460 

— — in typewriting, 1697 
Coi»ying ink, 5367 

— of letters, olllee lioy’s duties, 195 

— of mamiseript, adviie, 2173 

— olliee. fees, 1919, 1920 

-- paper, mamifaeture. (.too 

— press, principle, 855 
Copyrigiit, photograjihy, 1118 , 6688 
Co'pnlles. lace, making, 5020 

Cor Anglais, harnionmm stop, 1180, 
IIS I, 4182 

— miisieal iiislniment. 1895, ls;)0 ; 

miiiiiifaeliire, (;>i 2 1 . 6626 , tone and 
compass, 5729 

Coral, cah-iuin In, 813; earboniterons 
system, 2254 ; description, 1083- 
4085, 4087 ; colours and use, 

5856; tormalion, 558; source, 
5121, 5308, 5856 

— i-^lands, 558 

— polyp, reef building, 1351, 1815; 

appearanee and lialnts, 558 

— reefs, geological lonnation, 1815, 

1817 ; upheaval, Cuba, geological 
exiilanation, 135.1 ; varietie.s, for- 
mation, 4084 

— slileli, m underclofliing, 3137, 

3339 

Corbel stone, form.s of. 3212, 3243 , 
stopped, 27 V/, 2781 
Corbelling, in binidmg, 2205, 2207 
Cord, itipiug, t(»r needlework, .3093 ; 

paper yarn, 6 loo, t, fot 
Cordic teniilneie, 955, 957 
Corded tabrie, design, 2'.)40, 2941 
Cordilleras, or North Am'U’iea, 4061 ; 

of S. America. 1282 
Cording, in .smviiig, 152. 153 
Cordite, mamifact'irc, 676.), use in 
dmnolitioMs, 6271 

Cordova, Arabs settle in, 2916 ; eat he- 
dral. 2231 ; toiins; description, 
1133 

Cords, haberdasher’s stock, 3152 

— maimfaetnre, 5288 5289 

— - vocal, structure, oTcr-ttmes, 2106 
Corduroys, finishing pritce-^-iCs, 43l;{ 
Core, bnm/.e easting, rcinovalde, 1671 

— in easting, 2337. 2334, 2.{10, 2311 

— eleetroiiiagnet, defined, 562 

— makers, employment conditions, 

2645 

— in milling, definition, 2666 

— in mouhling, use and preparation, 

2110,2/// ; in sweeping-up moultl- 
iiig, 2159 

--in pine founding. 5319, 532i) 

■ - in tnbe-making, 5321, 5321, 5325 
--of W9ill, del’mitioii, 3033 
(:ore-box, explained, 23 Mi, 2U1 ; in 
w’lieel-moiilding, 2 54 1 
Core-priiit.s, in easting, fimetion, 2310; 

in moulding, 2114 
Corea : see Korea 

Coring, in Hue const ruction, 2390 
Corinthian order of areliiteeture, cliar- 
acteri.sties, 2035, 2858, 2859 ; in 
Uoiuaii architecture, 2932 
Cork, 5897 ; bark cliaracteristies, 1166; 
cutting knives and maeliine, .5897, 
5898 ; formation on fall of leaf, 
728 ; growth and harvesting, 5897, 
5898 ; for Jinoleum manufacture, 
5122; source, 4658, 6897, 799, 
1078 

— asphalt, ill road construction, 2181 

l>l)29 
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Cork carpet, 1026, 1027, 5898 

— Krlnder, construction, 5122, 5123 

— linoleum, 1026, 1027 

— oaks, 5897 ; cork yield, 5897 ; 

decorticated and wild, 5397 ; 
distribution, 1160, 1167 
(’orks, making, sterilising, uses, 5898 
Corliss engines, compound condensing, 
types and details, H292-(i294 
• — valve, of pncuiuaiic drill, 1803, 1806 
Cormorant, classification, 2213 ; food, 
2492 ; webbed toes, 2496 
Conns, of crocuses, function, 728 
Corn, extermination of insect pests in, 
1666, 1668 ; luirvestiiig, 1662, 

manuring, 589 ; trade in, 1991 ; 
seed, good, 636 ; sowing, 432 

— chandlers, trade of, 1991, 1992 

— cockle, weed, 883 , 1378 ; seed, inicro- 

photogrjiph, 3893 

— cutting, instruction in, fees, 1896 

— laws, abolition, 6691 

** Corn Law Rhymes,” Klliott’s, 1303 

— rick, building, 1664 

— thrips, insect, 3365 

— weevil, 1667, 1668 

Cornea, coat of eye, 102, 2953 ; lym- 
phatic function in, 1195 ; physio- 
Iogi(!al account, 2400, 2402 
Cornel, classi Heat ion, 353 
Cornelia, mother of the Gracchi, 
character, 1382 
Corner locking, 6758 
Corners, in business, origin and defini- 
tion, 204 

Cornet, in assaying, 5849, 5850 

— musical instrument, construction 

and nlaying, 5441-5444, 5732, 6623 
Cornets, biscuits, manufacture, 3597 
Cornflour, product of maize, 4874 
(’orni, use in guitar playing, 3762 
Cornice, in archit(!cture, harmonising, 
2130; proportioned, 2134, 2135 

— of brojigham, 2829, 2831 

— in building, brick for, 1940 ; defini- 

tion, 2265, 2267 ; enrichments, 
5502 ; hnishing, 5501 ; plastering, 
5501 ; running mould for, 5501 

— in joinery, b2'd'3-o295 

— in Quantity stirveying, 6508, 6510 

— stone, protection by leadwork, 5035 
Cornish boiler, 3097, 3098, 6874 
(!orns, treatment by chiropody, 1896 
Cornwall, bismuth or<js, 1162 ; building 

stones, 529, 1518 ; coast, erosion, 
1813, 1814; early trade with 
JMiu>ni(‘ians, 145 ; geography, 1276 ; 
graphite, 1157; slate (piarries, 
530 ; tin mines, 1160, 5308 

— acre, defined, 1147 
Corolla, of flower, deflned, 340 
(’orollary, in geometry, 4208 
Coromandel coast, 2818 ; products, 5381 
Coronal, cause, 2900 

Coronary circulation, 1194, 1195 
Coroninin, existence in sun, 4135, 6252 
Corot, landscape i)ainting, 4300, 4301 
Corpora quadrigemina, function, 2145 
Corporal, Army, exaniiiiation require- 
ments, 4030 ; in infantry line 
regiment, promotion, 3840 ; Royal 
Kngineers, promotion, 4031 ; Royal 
Marines, 4266, 4269 
(‘orpus arantii, 957 
Corpus callosum, 2144 ; of brain, 2537 
Corpus striatum, function, 2145, 2140 
(’orpuscnlar theory of light, 937 
(’orpuscular theory of matter, 'rhumson. 

2294 ; Zeeman’s conttrination, 3618 
Corpuscle, blood : aee Blood, corpuscles, 
also Leucocyte 

— bone,' 435, 436 

— in Physics : see Klectron 
(■orreggio, painter, 3796 
Corrcspotidemre, arrangement of, in 

typewriting, 1696 

— banker’s, limitations of, 4293 

— business : see Letters 

— German, private lcttc5ra, 4364 

— S))anlsh, 58U3 ; commercial, 6091, 

6235 

Corridor, arcaded, transference of 
features in style, 2131, 2134 

— carriages, railway, 2462 ; advan- 

tages and capacity, 2556 ; in- 
creased cost involved, 2274 

mo 


Corridors, in arehiteciure, 2131 
Corrugated iron : see Iron 
Corsets, danger of wearing, 1301 ; 
use and abuse, 4258 

Cortex, in botany, of plant stem, 169, 
170 ; «)f root, 168 

— of human brain, functions, 101; 

anatomy, 2145, 2146 ; physio- 

logical psychology, 2290, 2300 

— of kidneys, structure, 1602, 1603 
CortI, organ of, description, 2316 

— rods of, physiology, 2534, 2535 
Corundum, mineral, 768, 813 ; plate 

facing 1345 ; aluminium in de- 
posits, use, 5989 ; precious stones, 
varieties and properties, 5852, 
5853, 5855 ; wheels, for teeth of 
cutters, 3408 

Cosecant, in trigonometry, 6231 
(Cosine, in Irigononietry, 6231, 6499 
Cost accounts of manufacturers’ and 
contractors’ business, 3418 

— price, explained, 999 

— , prime, factory work, 6640 

— sheet in manufacturing businesses, 

3419 

— system, 6518 

Costa Rica, geography, 4176 
Costers, competition with fruitercTS, 
2530; with greengrocers, 2871 
Cosway, miniature w'ork, 1061, 1063 
Cotangent, in trigonometry, 6231 
Cofmaii, John, landscape painting, 4301 
(’otswold Hills, physical geography, 
1273, 1274 

— sheep, 2362, 2365, 2367 
Cottage homes, poor law', 1930 

— loaf, 3392. 3393 

Cotter, in mechanical engineering, 834, 
3133 

— ill technical drawing, 3303 

— see also Keys 

— for tie rods, 3547 
Cotter-pin, in common axle, 3327 
Cotton as carpet warp, 3991 ; in cloth, 

destroying and testing, 3015 ; as 
clothing material, 4256, 4257; in 
dressmaking, method of using. 
3310; as electrical insulator, 
672 ; in paper making, 5118 ; ramie 
as substitute, 721 ; statistics, 381 ; 
stocking yarn, 4619 

— cake, as cattle food, 2704, 2907, 

3892 ; priqiaratioii and use, 1032 

— cultivation, 5117 : Bengal, 5381 ; 

Brazil, 5;i80 ; Central America, 
4176; China exports, 2974, 2976, 
5050; in Egypt, 3276, 3151; 
fleld, 385 ; India, 2820, 2822, 
5381 ; .lapaiicso import, 5659 ; 
Madras export, 5381 ; Nigeria, 
3454 ; sources, 51 17, 5637 ; Sudan, 
3450 • 

— dyeing, action of dyes, classes and 

(pialities, 5637 ; alizarine dyeing, 
5956 ; black dyes, 6195; bh’acliing, 
5637, 6197 ; cntcli and gainbicr dye- 
ing, 5906 ; dyebatlis, 5954, 5956 ; 
logwood dyeing, 5905 ; prepara- 
tory operations, 5637 ; ” wetting 
out,” 6197 

— flbres, description, 68, 6,9, 222, 383 ; 

muToscopic structure, 820, 821, 
822; possible rival flbres, 817; 
size, 6279, 6280 ; testing, 1701 ; 
varieties, 1169, 6501 

— industry, 222, 224, 5117 ; British 

exports and imports, 6004 ; cen- 
tres in Great Britain, 6003 ; Ger- 
many, 1976 ; LiMicashire, 1272; 
Russia, 2408 ; U.S.A., 4172, 5663 

— manufacture, 383 ; blending with 

wool, 1126: breaking, mixing, 
opening, and scutching, 1241, 
1242, 1243, 1244 ; carding engine, 
1343 ; carpet manufacture, 3360; 
craping, 3638 ; doubling, 2594 ; 
drawing, 2097, 2098 ; flnishing 
processes, 4341, 4343; lustre mer- 
trerisation, 5638 ; mercerisation, 
5638 ; rags and shoddy removal, 
5630 ; reeling, 2502 ; scutching, 
1385, 1386; sizing, 3400; spin- 
ning, 2289, 2290, 2443 ; warping 
machines, 3488, 3489 ; water- 

prooflng, 808, 5201 ; willow 


machines, 1241 ; winding, 2592 ; 
yarns, counts, 2805, 2896, 2897 
Cotton Oil, 1032, 4831, 4833 

— plant, 222, 225, 387 ; classifleati(Ji), 

352 ; tufted seeds, 912 ; picker, 
387, 388 ; varieties, 1160 

— printing, mordants, 5993 ; processes, 

4409 

— seed, 1032 ; composition, 2704, 2907 ; 

oil extraction, 4830 

— sewing, 185, 3093, 4565 

— embroidery, 1096 ; machine, I5i. 

1842 

— thread manufacture, 2707; test. 

5598 

— twisted, advantage of, 1842 

— yarns, Japan’s export, 5659 ; prini- 

ing, 4502 

Cotton- wool, 1169 ; cost, 5491 
Cottrell rotary printing machine, 5S:o 
l.'otyledon in plants, 350, 347, 635 
Couch, making of, 6589, 67 19 

— grass, indication of poor soil, 25r, ; 

underground stems, 909 ; a wed, 
875, 880 

Conch rolls, in paper machii»e, 

6399 

Coiiclier, in paperinaking, 6397 
Cougliing, physical explanation, 1303 
Coulomb, measure of electric capacity, 
3580 

Coulommicrs chccs(!. mould, 4)16; 
iimnnfactiire, 4575 

Coimiarin, in perfumery, preparation, 
4971 ; source, 5469 

Councils, local, England and WaUs, 
classittcatioii and numbers, 316 
Counter, fitting in draper’s sliop, 2221 
Counterbalance, in boring machine, 
2608, 2669 

Counterbores, tools, types, use, 4263 
Count erchangc, in design, 5819, 5820 
Countcr-dle, in dental work, 6034 
Countermines, military, 6273 
(’oiinterpoint, in music, 031 
Countershaft brake, function, 3128 
Countersink, bit used, 3386, 3387 ; ( t 
riv(d, hole, .5919 

Countersinking, use of electric drill, 
5455 ; ma<*hine, construction and 
use in shipbuilding, 5920 
(’ounter-subject, of a fugue, 633 
(’oiinter top, joinery, 5293, 5295 
Counter-W’cight, in crane, 830 
Counting - house, books used, 77>^ ; 
functions, 659, 660 

Countries, commercial types, 5659, 5tirii) 
(.'ounts, in yam measuring, 2895, 2M)i) ; 

calculations, 5507 ; table, 5 r>os 
County borough councils, powers, 317: 
education authority, 1677, 167H 

— constabulary, organisation, pay, df., 

1406, 1408 

— councils, architect, 785 ; clerk, 990 ; 

definition and pow’ers, 80, 317; 
education scliolarsliip, 482 ; ediicii- 
tion authority, 1677 ; engineer and 
surveyor, 453, 455 ; tinancjal 

olllcers, 1067 ; inspector '4 
weights and measures, 787, 7^^5; 
roads, responsibility for, 1978 

— Ireland, 317 

(X)upe, car, uses of term, 2830 
Couple (French grammar), gender, 5512 

— in mechanics, 415, 1834 

— roofs, carpentry, 4248, 4249 
(Vmiding hor)K, railway 4802, 4805 
Couplings, of railway goods waggons, 

types, 5070 ; accidents from, 
6070 ; safety, prize offered, 900 ; 

— of shafts, drawing, forms, 3135 
Coupons, collection by banker, 4293 ; 

paper manufacture, 6400 ; juiy- 
ment by banker, 4294 
Courage, how to acquire, 2861 ; physi* 
cal, Spencer on, 5098 
Course, in building, definition, 21 os; 
damp, 2263 ; string, 2265 

— cross, geological definition, 2378 

— in masonry of a dome, 3146 

— in navigation, 6665 

— of ore, in mining, definition, 

— sand, formation in brickwork, - 
Courses, in masonry, in ashlar wa luiSi 

3036 : lacing, 3034, 3035. 3030 
Court of Lions, Alhambra, 3091 
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rniirtship, of birds, 2605 ; coloration 
of animals, 2167 ;-of spiders, 3805 
Coventry's dam pressure formula?, 
me, 4337 

Cover, manhole, 3243 

— in sculpture, frame for. 

— stones, in struttinf? buildings, 018 
“ (iover " system, in bucket shops, 3483 
Cow, abortion, 3671 ; analysis of uriiu;, 

433 ; breeding, 2238 ; breeds, 
3066 ; calving, treatment before, 
2624 ; dietetic value of milk, 3311 ; 
farmer’s inspection of, 2217 ; 
feeding and foods, 1070, 2706, 
3553, 3673, 3890 ; housing, 2007 ; 
milk of various breeds, 4033 ; 
milking, management previous to 
calving, 3070 ; milking, method 
and records, 3673 ; milking, time 
and place, 3673 ; points of, .^672 ; 
sale in market, 2702 ; stomach 
used for bagpipes, 578 ; tubercu- 
losis in, 3554 

— bird, 2209 ; brood parasitism, 2;)07 

grass, 940 ; seed, 877 ; aim 

Clover, red 

— house, construction, 2997, 2998 
(Ow-nioiitli chisel, #7.5/ 

Co-.vl, exhaust, in drainage ventilation, 
V82 ; Sylvester, 4020 
Cowley, Abraham, poel, 992; dcserii)- 
tion of Cromwell’s funeral, 1183; 
as essayist, 1642 

Cowper, William, poet, 994 ; 

editions, 995 ; his letters, 2140 
Cowpox, dctlned, 5410; incubation, 
5Ul ; treatment, 2624 
Cowslip, 3/9, 354 ; farm weed, 1378 
Cnw-wheat, description, 59.5, 506 
( nib, choice of, 3717 ; description, 
:iii07 ; protective iiietliods, 3S08 ; 
dressed, cooking, 1873 ; llsliing, 
2527, 4991 ; in season, 1531, 1582 ; 
zoological classitication, 3361, 3806 
- in mechanical engineering, 834 
< nibbe, Ceorge, poems, 1304 
Crabbing, in dyeing, process, 6198, 679.9 ; 
macliine, 6501 

Crack, in wood, cause of weakness, 
3540, .3547, 3542, 3545 
racked heel, in horstis, treatment, 2621 
nuile, mining, structure, use, 2065 
ratts, teachers of, 6479 
rattsmanship, of art, 183, 868 
ram, principle of weaving, 2041 
( ramming, folly of, from psychological 
standpoint, 2372 

Crump, in carpentry, in gluing joints, 
.3.S-75, 3846 ; in tenoned frames, 
4040 ; use in door and window- 
making, 5182, 5/A’.3 

Cramp, in masonryi iron, copper and 
vertical, .39.35, 3037, 3038 ; slate, 
detlnitiou and use, .3955, 3037 

— \^()oden, use in jointing pipes, 5628 
Crane, boxplate casting, 2111, 2113; 

builder’s merchant's, 1331 ; brake 
of, 960 ; in carpentry, 4644, 
4G15 ; cast-iron jibs, 544 ; chain- 
pulley, 544 ; chain, 545 ; derrick, 
drawing, 4202 ; drum casting, 
2338, 2330 ; electric, speed aiul 
construction, 1595 : foot brake, 
830 ; in foundry work, for ladles, 
2865-2^67’ ; girders, 542 ; hy- 
draulic, 122(., 1‘224 ; hydraulic, 
movable, 5976 ; hydraulic pres- 
sure, 5590 ; hydraulic ship, 5677 ; 
jib, 208 ; mechanics of, 415 ; over- 
head travelling, 5589, 55.97, 5592 ; 
saw-mill, 6667 ; side frame, 209 ; 
simple and compound train, 
8’34 ; steam and electric, 5590 ; 
testing, 3966 ; timber work, 
4644, 4645 ■ timber gravings, 200 ; 
weight reduction by lattice brac- 
ing, 208 ; travelling, gantry for, 
1173 ; whip, 852 ; winch handle, 
832 ; use In hoisting, 3694 ; use 
in stalth, 4644, 4645 
Crane fly : see Daddy Longlegs 
Craiiiology, of various races, 1785 
Cranium, of man, anatomy, 1603, 1604, 
1605 ; in anthropology, capacity 
in various races, 1785 , 1787 ; thick- 
ness of, 1604 : see also Skull 


Crank, in mechanical engineering, 828 ; 

bent, 828; disc, 828 
Crank disc, engine, design, 4424, 4127 
Crank-drive, of shaping machine, 5004 
Cranking, of tool, purpose, 4154 
Crankpin, engine, connecting rod, 5642, 
5643 ; turning machines, 5283 
Cranks, bicycle, 3773, 3774 ; engine, 
forged, 4424, 1127; flreelay, 

for llring platc.s, 5606, 5697 ; 
inariuo engine, 9295 ; of power 
mill engine, drawing, 1201 
Crank-shaft, of engine, connecting rod, 
5642, 5643 ; of compound Ilelliss 
engine, 5759, 5751 ; couMter- 

balancing weights, 2021 ; marine. 
Board of Trade rules, 4426 ; of 
pneumatic drill, 1H03, 1806 
Cranmer, Thoma.s, martyrdom, 3834 ; 

tlie ITayer Book, 1640 
Crape, cleaning, 6012 ; in mourning 
millinery, 6774, 5775 
Crater, of electric arc, 2411, 2116; 
light distribution from, 2415 

— of volcano, ir»9, 1207 
Crawling suit, infants', 3856 
Craytlsh, description, 3806, 3S0S 
Crayon, press illustrator’s, 0103 ; shad- 
ing medium, 2188 

Cream, adulteration, 3716; butter- 
making kinds, 4211 ; chuniiiig, 
4213, 4279; dietetic value. 3109; 
inoeulation, 1212; principles (»t 
production, 1212; j)rescrving, 
2217, 3551, 3819 ; ipialities, 4037 ; 
ripening, 3536 ; sale of, 2217; 
setting, 12! 2 ; straining, 4213 

— cheese, composition, 4190 
— , clotted, 3551 

— .separator, use, 3553 
Creain of larlar, 3701, 1782 
Creamery, apparatus, 42SI ; Danisli 

and Irish, 3553 ; .s>stem of, 3.>52 
Creamometer, use, 4037, i03S 
Creasing in saddlery manufacture, 17X4 
t.’reation, modern conception of, 1881; 

Hegel’s idea of, 6170 
(Tcative industry, dellned, 1 
Credit, nature and function, 188. 3970 ; 
books and documents, 3970: . ire 
also BiMikkccpiug 

— note, explaine<l (invoices), 978 

— in shopkeeping, 703, 5927, 5929; in 

buying, 176 ; contrasted with 
cash system, 5927 ; in groce ry 
business, 3045 

Creditor, bankruptcy proceedings. 3569 
Crei'l, of ropcwalk, deseriiUioii, 5291 

— ill spinning, detlncd, 2411^ 

Creep, in iiiiiiing, deliiied, 3.561 
Creeper, footl, 2193 

— garden, onltivati»)n, 6:522 

— in zoology, 2209 

Creevey, Thomas, his “ Capers,” 2451 
Creiuation. procedure. 5787 

— of house refuse, 5020 
Creodoiita, ancient flesh <*al'r, 20:J9 
Creolin, disinfeelant, preparalioii, .5163 
Crwjsote, niaiiiifaeture ami nsc*'^, 1163 ; 

as preventive of w’ood disease, 52 

— oils, 5462, 5953 ; uses, 5463 
Creosoting, timber, 52, 3545 
Crepe, rubber, deft ned,_5 199 
Creseendo, in inusie, 271 ; elleet, 1891 
Cresol, coal-tar, colour, 5953 
Cresolin, disinfectant, preparalioii, 5403 
Cresotic acids, source, 3819^ 

(Vest, of weirs, definition, 1577 
Created dogslail, grass, 875, 878 
Cretaceous system, in geology, 2067 ; 
rocks, 2254 

Crete, history, 668, 6148 
Cretonne, design, 5980, 0726, 9727^ 
(^revas.se, cause, 16:38 ; detluition, 4;>9 
Cfiiveccciir fowl, 4957, 5090 \ weight 
of egg, 5873 

(!rew, of British ship, legal rights, 6364 
Cricket, iiusect, description, 3364 
Crighton opener, in textiles, 124:1 
Crime, caused by disease^ and chrome 
alcoholism, 5813, 5815 
Crimea, peninsula, JV* 

— history, 6202, 6301, 6447, 6692 
Criminal Investigation Department, 

detectives, appoint ments, 1408 
Criminology, sociological study, 4270 


Crimson lake, pigment, 871 
Crinkled cloth, weaving, 3155 
Crihoidea : see Sca-lily atul Feather star 
Critical speed and shaft vibration, 2022 
Criticism, literary, American wrilers, 
2685, 3781 ; Kiiglisli modern, 2865, 
2785 ; Knglish 19th century, 2.309 ; 
of living authors, 2685 

— in iiociry, 304; nature and im- 

portance of, 1945 
Critun water sfOteiicr, 1096 
Crivelli, Carlo, painter. 3795; raised 
toinpera paint iiig, l()2:l 
Croatia-Shivoiiiu, geography. 2162. 2164 
Crocodile, elassifleation, description, 
2677, 2798 ; brc.ithing apparatu.s, 
food, 2798] lieart and stenuiiii of, 
956 

— leather, gr.iin, plufe luehig 3217 
Cro(MiH, clas.Hiflca1ion, 355 ; conus, 728 ; 

ciiltiire, 6190 : uses, 6573 
Cnrsns, of Lydia, C.mms' coiuinest, 2') 
(Tome, ,lohn, painter, 4:9)0 
Crompton’s spinning-mnle, 2/// 2414, 
2.>9 4 

(Tomwell, Uliver, part in tlie Civil War, 
4552; toreigii poliey, government 
of Kngland, 4761 ; funeral, Cowley’s 
des<*rij)lion, 1183 

Cromwell, Iticlianl, eliaracter, rule, 4761 
Cromwell, 'I'liomas, biograpliy, :48:P2 
Cnuian of Irish bagpipes, 5063, 5064 
Crontroller, eh*efric tramcar, 19:j:{, 
1931, 1935 

Crook-bit tongs, 298 4, 20S5 
CrcKikes, Sir William, on eatliode rays, 
4091 ; Crookes' vaeuum tube, 
3945, 4090; katliodc rays from, 
4103] radiometer, 9:J8 ; radiaur 
energy, 2029 

Crooks, of eoniet. .5441 ; of trumpet, 54:{7 

Cro|) of pigeon, 2194 

Cropping, in carpet manufacture, 4311 ; 

in eloll’. making, 1106, 4W9, 1110 
Crops, agricultural, food'll lifts, 4959, 
4962 ; ill Canada, 3204, 3206 ; 
eereals, culture in Knrope, 856 ; 
tor dairy cattle, ;J890-3893 ; 
ensilage system, 1970, 1971 ; ex- 
termination of insect pests, 1666, 
1667] lorage, 1197, 1200; grain, 
aeeonnt, 872, 883 ] harve.sting 

1662; industrial, li.st, 4692; man- 
ures, 589, 590 ; New South Wales, 
32:U) ; rotation of, 22, 638, 1197 ; 
seeds and sowing, .366 ; for sewage 
4549 ; South Australia, 32:46 ; in 
Tasmania, 3469 ; weed eradica- 
tion, 1377 ; average yield, 26 
fT()(|Uettes, (*ooking, 187.3, 2:435 
Cross, ill surveying, 158 
Cross-bearer of l)()gie frames, 3121 
Crossbill, classitication, f(»rm of beak, 
2209 ; vegetarian feeder, 2494 
Cross-bracing, in scatf^^lding. 1171, 1173 
Cross-cut, in sawing vvofid, 3754, 3755 
Cross-cut saw', use, 3385 
loss-cuts, in ininiiig, 3192, 3193 
(Toss-fertilisation, defined, 348, 7i0 
“ Cross-tires,” in harp music, 3525, 3527 
Cross-fltehing, in basket-making, 5564 
Cross-hatehing, in drawing, to Indicate 
material, 2792 ; in engraving, 
6114 : in wood-engraving, 6291 
Cro.ss-heaii, of engine, 207, 2:J38, 

27141] of connecting-rod, 5641, 
5643 ; direction of load, 4424, 4425’ 

— in journalism, 4236 

— of moulding machine, 2511, 2542 
(Toss-pieces, in coiipersmi thing, 3886 
Cross-pollination, 348, 732, 9il8, 914 
Cross-rail, of planing machine, 4999 ; 

testing parallelism, 3963, 3966 
Cross-reference, in bookkeeping, 1866 ; 

in indexing letter-books, 193 
Cross-slide, in turret work, 3632, 3633 
Cross-staff, surveying instrument, 262-3 
(Toss-stitch, in dress, 151, 3340 
Cross-tubes, boiler furnace, 3099, 3102 
Crossed -arm governor, 2019, 2020 
CTos.scd orders and cheques, 1966, 3482 
“ Crossing the Bar,” Tennyson's, 1435, 
1771 

Crossings, railway, 3608, 3009 ; tem- 
porary, 3252, 3254 ; type In Abt 
system, 3^/6 

(ih:u 
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Crotchet, defined, 38 
Croton aqueduct, Rystem, 1686 
Croup, Hyniptoni and cause, 6132 
Crowbar, 3253 ; miners’, 25H:i 
Crowfoot, order, 352 ; cross-pol- 

lination, 732 ; noctar, 731 
Crown dental gold, 6033 ; soldering, G034 
diamond, use in boring, 2668, 2GG9 

— glass, 5837 ; ingredients, 4533 ; 

manufacture, 4!iU, 5836 ; refrac- 
tive index, 58"j2 ; strength, 1702 

— lands, New Zealand, 3467 ; S. 

Australia, 3236 ; Tasmania, 3469 

— plates, in vertical boilers, 3100 

— steel, 2845, 2846 

— of tooth, structure, 576, .578 

— wheel, verge watch, 60 8 1 

Crows, classification, 2210 ; flight, 2406 
Crowsfoot, boring tool, in mining, 2666 
Crucial ligament, human, 1710 
Crucible, blast furnace, 1044 ; bullion 
refining, 5848 ; bullion assaying, 
5850; clay, 4748; Gjoch, 4418 \ 
graphite, 1157, 4748; platinum, 
use in analysis, 4407, 4412, 4415 ; 
plumbago, 3942 ; porcelain, 4407, 
4413; thermit, 6456 

— furnace, 2862-2864, 4128 

— steel, production, use, varieties, 234 
Crucibles, manufacture, 3942 
Crucifer®, insect pests, 1006-1668 : see 

also Wallflower 

Crtimpling, in plate- welding, 3096-8098 
('rupper, harness, 4886, 4890, 5191 

— billet, dock, and ring, harness, dinieii- 

sioiiB, 4880, .5341 

(irura, cercbelli, and cerebri, anatomy, 
2146, 2147 

Crusades, the, history of, 2674 ; llichard 
I. and, 2914 ; and Venice, 294.5 
Crushing rolls, brlckmakiiig, 1282 
Crust, of earth, composition of, 624, 
765 ; formation, 022, 623 

— in leather manufacture, 8216, 8217 
Crustacea, classification, 8806-8869 ; 

llsli parasites, 5315 ; fishing, 4991 : 
see also Lobster and Oral) 

Crusties, in breadiiiaking, 3283 
Crutch, of pendulum clock, 5714 
“ Cry of the Children,” Mrs. Tlrownlng’s, 
1309 

Crying, physiology, 2400 
Cryolite, 1043, 5989, 673.5 ; in aluminium 
reduction, 5756, 5989 ; in glass 
manufacture, 4930 
Cryptograms, classiftcatioii, 165 
Crystal glass, recipe, 4533 
Crystal Palace, origin of its design, 76 
Crystalline lens, of eye, 2401, 2954 

— minerals, 765, 767, 6730 

— rocks, striioture, classification, 897, 

898 ; see also Igneous roirks 
Crystallisation, in chemistry, 4316 ; of 
metals, 211, 3836, 3837, 3937 ; 
of minerals, 766, 1007, 6730 ; in 
steel-casting, 2698 ; sugar, 4452 
(’rystallograptiy, 766, 6730 ; bearing on 
engineering, 4560 ; formation of 
crystals, 3849 ; relation to problem 
of life, 4560, 4561 ; value in study 
of molecular structure, 4560 
Crystalloids, classiflcation, 4698 ; na- 
ture, 4699 ; wet reactions, 4406 
Crystals, angles, cleavage, systems, 
766, 4561, 67.30 ; dichroism, 5852 ; 
refraction, 3849, 5852 
Cuba, asphaltic deposit, 1164; dis- 
covered by Columbus, 3606 ; geo- 
logical upheaval, 1353 ; geography, 
4178; Spanish American War, 
5976 ; tobacco cultivation, 4270 ; 
Spanish trade, 5823 
Cube m arithmetic, 1547, 1548 

— in drawing, shading, 1586, 1540 

— in geom^ry, plans and elevations, 

1747, 1749 ; problems, 2005, 2009 

— root, symbols and rules, 1264 ; 

methods of extracting, 1441 
Cubic measure, table, 226 

— system, in crystallography, 766, 6730 
Cubical body, in technical drawing, 

planes for envelope, 4522, 4528 
Cubing, method of, si^hitect’s, 1911 
Cuckoo, 2211 ; brood parasitism, 2507 ; 

caterpillars as food, 3514 
Cuckoo-flower, 3.52 

6032 


Cuckoo-pint, classiflcaiioii and descrip- 
tion, 355 ; fertilisation by flies, 908 
Cuckoo-spit : see Frog-hopper 
Cucumber, stuffed, recipe, 2127 

— group, classification, 353 
Cudbear, source, use in dyeing, 5907 
Cuff, of woman’s coat, 2056, 2057 
Cuffs, starching, ironing, 2910, 2011 
Culinary utensils, aluminium, 5991, 

5992, 599.3; copper, 358 
“ Culiinan ” diamond, 5854 
Culm of grass, definition, 875 
Cultivator, in agriculture, construction, 
uses, 1849 ; horse and steam, 431 
Culvert, in building, expanded metal 
and concrete, 1556, 1557 

— in railway construction, 8610, 3614 
Cumber board, in textile weaving, 3911 
Cumberland, Richard, dramatist, 1151 ; 

novelist, 3132 

Cumberland, iron ore deposits, 2379 ; 
mine, 3304, 8806 

Cuneiform iiiscriptions, on early Baby- 
lonian relics, 16. 17 
Cunningham, Prof., table of races 
classified by skulls, 1786 
Cup, engraving, 5528 ; silversmithing, 
5687, 5690 

— shakes, in timber, 52 

— sponge, 4087 

Cupboard, clicmieal fume, price, 4993 

— ventilation, in building, 0021 
Cupel, assaycr’s, 5849, .5850 
Cupeliation, of lead alloy, 4303, 5850, 

5987 

Cup-flower group, elas.sification, 353 
Cupola, ill architecture, 2658 

— iron furnace, 288, 234 ; construction 

and working, 2862, 2863 
Cupping, dry, iii physics, 1140 
C'upraTunumiiim, paper solvent, 6561 
Cupric chloride, use, preparation, 6307 

— sulphide, use and preparation, 6307 
Cuprite, copper ore, 4127, 6305, 6735 
Cupro- nickel, compewition, 3941, 6618 
Cuprous chloride, 0307 

Cuprous oxide, uses, 3705, 6307 
(’ups, china, moulding, firing, 5606 
Curari, poison, effect, 439 
C/urates, stipends, 162 
Curb, disease of horses, 2621 
(’nrb ring, of derrick crane, 4202 
(urb-bed, mining shaft, 3457 
Curd, 4.575 ; acidity, 4492 ; breaker, in 
making Clicddar cheese, 4571 ; of 
(lieddar cheese, manufacturer and 
treatment, 4571, 4572, 4573 ; 

of cheese, manufacture, cuiting, 
4490, 4491 ; chicken food, 5436 

— cheese, Yorkshire, 4575, 4576 

— knives, 4571 

— .‘<oap maniifaetiirc, 4964, 4066 
Ciirf stone. Bastard roach, 583 
Curie, Moiis. and Mme., discovery of 

radhun, 203, 1448, 1916, 4104 
Curling machine, felt hat 6877 
Currants, 6884 ; preparation for bis- 
cuit making, 3593 ; source, drying, 
4844, 4876 

— black, source, 4847 

— red, preserving, 4846 
Currant bushes, culture, 6678 
Current account, in banking, 4201 

— liabilities and bills of exchange, 

1318 

Current, electric, calculation of mean 
power, 1364 ; collecting, for tram 
and railway, 1936, 2086, 2088, 
2090 ; effect on magnet, 561 ; 
generation, 288; idle component, 
1364 ; induced in eye by light, 3226 ; 
magnetic field, 562 ; series and 
parallel distribution, 2246 ; supply 
and distribution, 288, 2245, 2248 ; 
three- wire distribution, 2246, 2247 ; 
transmitting, power, 2085, 2088 

— alternating, IKft, 1357, J362, 1905, 

1906 ; transformation, 1657 

— continuous, 1104, 1357 ; transforma- 

tion, 1657 

— three-phase, 1905-1908, 2088 
Currents, convection, in water, 1738 

— marine, 557 ; Atlantic, 557 ; in har- 

bours and docks, cause, 6210 ; 
Indian Ocean, 557, 558 ; influence 
on erosion, 5577 ; influence on navi- 
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gallon, 4498 ; Pacifle Ocean, 557, 
558 ; and prevailing winds, 557 ; 
transport of sediment by, 1814 
Currents, in rivers, observation, 1017 
Currying, In leather manufacture, 3217 
Curtains, weaving, 3637, 4980 ; ma- 
terials, 6722 ; design, 6594, 6596 

— of vehicles, 3023 

Curvature of railway line, results, 
3611, 3612 

— of stratified rocks, 1923, 1924 
Curve, in design, forms, 5820, 5821 

— involute, tooth, 3656, 8657 

— and fillet, machinery design, 211 
Curved forms, geometrical, 6163, 5665 

— fuller, described, 2983, 2985 
Curves, in architecture, 2287 

— cycloidal, drawing. 1413, 1414 3922 ; 

epicycloid and hypocycloid, 3630 

— in drawing, perspective, 596 

— geometrical plane, 1411 

— in railway construction, 801, 3611 

— of railway track, adjustment, 4391 

— in ship drawing, 5610, 5011 

— in w'ood carving, execution, 5811 
Curwen, tonic sol-fa system, 805 
Cushions, of vehicles, .3623, 8624 
(Misparia bark, source and use, 6068 
Cusps, artificial teeth, 60:11 
Custom-house, as affecting tourists, 

515; tourist vocabulary, 1960 
Customs office, staff and salaries, 2765 
‘‘Customary measure,” in land measure- 
ment, 1145 

Cut glass, i>roces.s, 5838 
Cut nail, use in carpentry, 8548, 3516 
Cut-in notes, in printing, setting, 5150 
Cut-in sidchead, in prinring, 4236 
Cutch, kinds and use, 46.58, 5779, 5906 
(’utch, llann of, India, 2822 
Cutis, of animals, structure, 2852 
Cutis vera, human, structure, 1419 
Cutlery, dealing in, 2091 ; manufacture, 
5474-5478 

Cutter, coal, in mining, action, 3564 

— glazier’s, 4946, 4948 

— sailing vessel, type of rig, use, 539s, 

5309 ; Banish deep sea 4991, 4992 

— tongue, in bootmaking, 4432 
Cutter-block, wood cutting, 4582, 4588 
Cutter-grinding, process 3407, 3408 
Cutters, of boring bars, 4263, 4264 

— (brick), use, 643, 1947, 1950 

— edge-trimming, laxit, 4544, 4545 

— (‘picycloidal and involute, 3630 

— grinding, 5212, 5214 

— k(!yway, construction, 5448 

— milling, in gear cutting, 3680, 3660 

— rotary, kinds, 3631, 8682 

— wood-planing and moulding, 4582, 

4588. 6655, 6754 

— unibrelia, wages, 5603 

Cutting on the cro-ss, in dressmaking, 
861, 862, 863; in metal-wurK, 
.5524 ; wfxidwork, 5667 

— angle, of tool, 4150 ; of plane, 4153 

— face, of tool, 4149 ; of plane 4152 

— iron, slater’s, 4865, 4867 

— presses, saddlery, 4783 

— tools, definition, chisel group, 4141), 

4151, 4152; horizontal and vorticii) 
combined, 3321 ; reciprocating 
and rotary compared, 3401-3403 

— wheel, paperhanger's, 5827, 5829 

— railway, drawing and preservation of, 

3257 , 3258 ; machinery for, 1822, 
1823 ; process, 3171, 3174: retain- 
ing walls, 3256, 3257 ; surveying, 
801 ; trimming, 3174, 3175, 3255 

— in velveteen manutacture, 4344 
Cutting-off machines, use, 5214 
Cutting out, in bootmaking, 4432 
Cuttle, in cloth-making, 4108 
Cuttlefish, description, 3113, 3114 

— bone, use for Jeweller’s casting, j>8o 8 
Cuyahoga River, bridge, 2886, 2887 
Cuyp, painting, 4299, 4300 

Cwt., symbol explained, 226 
Cyanates, discovery by W6hler, 3703 
Cyanic acid, chemistry of, 3538 . 

Cyanide of potassium : see Potassinni 
cyanide ,, 

Cyanide process, gold extraction, 4.ij)j 
Cyanides, in electroplating, 3oi , 
synthesis, 3538 
Cyanite, 6735 ; use, 1030 
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Cyanogen, chemistry of, 3536, 3538 ; 

compounds, synthesis, 3538 
Cyaxares, Ring of Media, 502 
Cycads .(Cycadaceie), described, 503, 
5Q6\ reproductive process, 1118 
Cycle, electrics defined, 1357 
Cycles : we Bicycle 
Cycling, as means of transit, 2151 ; 

value as exercise, 4389 
Cycling-tours, Continental, 393, 715 
Cycloid, definition, drawing, 1414 
('yclones, forecasts, 986 ; law of, 6412 
Cyclopean architecture, period and 
distribution, 2858 ; Mycetue and 
Tiryns, remains, 1526 
Cyclops, (Z'scription, 3809 
Cyclostomata, order of fishes, 3065, 
3067, 3071 
Cygnus : see Swan 
Cylinder, in bridge building, 2737 

— in drawing, plan and elevation, 

1747, 1749 ; shading, 1792, 1795 

— engine, manufacture, bolts and nuts 

of, rules for, 1703 ; casting, 207, 
2338, 2341 ; casting, estimate 

of weight, 2699 ; casting by 
“ head ” method, 1404, 1405 ; 

castings, tooling allowance, 3316, 
324 ; construction and drawing, 
4423 ; lining out process and 
templets, 3317, 33 IH ; moulding 
in loam, 2461 ; pattern for mould- 
ing, 2457 ; plumb-line test, 3690, 
3692 : see also Cylinders below 

— dock, foundation, 6495 

— geometrical problems, 2005-2012 

— hydraulic, strength, 1704 

— in joinery, wood, or staving up, 

5206, 6299 

— printing machine, 5745, 5S68 ; in 

textile printing, 4500, 4501 

— steel, manufacture, 5324 

— systems of water heating, 0017, 6018 

— in technical drawing : on angular 

faces, 5039, 5040 ; conical, for 
gear bevels, 3922, 3923 ; develop- 
ment, 4936, 5038, 6039 ; elliptical 
and circular sections, 4935, 4936 ; 
engine, 4201, 4202, 4203, 4205 ; 
envelope, 4522, 4523, 4934, 4935 ; 
fitting to cone, hexagon and at 
equal angles, 6040, 5042 ; inter- 
sections, 5038 ; jointing at equal 
and unequal angles, 4934, 4935 ; 
out of centre, 5039 

Cylinders, engine, kinds and use, 5414, 
5415 ; of armoured cruiser, 6296 ; 
Brotherhood engine, 0071, 6072 ; 
compound Beiliss, 5750, 5751 ; 
Corliss Robey, 6292, 6293, 6294 ; 
high and low-pressure jacketed, 
6070 ; of horizontal engines, 5911 ; 
locomotive, 6515 ; of single- 
cylinder engine, 5641 ; tandem 
compound condensing, 6069 ; triple 
expansion marine, 6295 ; vertical 
and inverted, 5748, 5749, 6750 ; 
Watt’s wooiicn, 6416 ; see also 
Cylinder, engine, above 
(’yma recta and reversa, 5297, 5299 
Cymbals, manufacture, 6714 ; playing, 
6567 *, use in orchestra, 5733 
Cymric language, classification, 1771 
Cynics, the, doctJlne of, 970 
Cyprus, cotton trade, 385, 386 ; 

Kfiyptian settlement at, 421 
Cyrus, King, 20 ; attack on (ireece, 668 ; 

capture of Babylon, his policy, 500 
Cyst, of amceba, 4088 
Czechs, rare In Bohemia, 2165 
Czerny’s piano studies, 1759 

diploma of public health, 697 
Da capo, term in music, defined, 270 
Da Qama, Vasco, explorations of, 2947 
Dabber, engraving tool, use, 6111 
Dabbing on, in welding, 2987, 2988 
Dabchick : see Grebe 
Dactyl, metrical, definition, 305, 328 ; 

prosody, definition, 1766 
Daddylonglegs, description, 1667, 1668 
Dado, in architecture, plaster and 
cement work, 648 ; in design, 
^ relation to frieze, 5980 
Daffodil, 355 ; culture, 6489 
Dagger, In ship launching, 5293, 6204 


Dahlia, 354 ; culture, 6892 
Dairy, care of, 4211 

Dairy farming, 3661, 3666, 3890, 4033, 
4209, 4239, 4480, 4571 ; in 

Australia, 3238-3240 ; biblio- 
graphy, 3470, 3471, 4576 ; British 
cattle siUtable for, 2235, 2237 ; in 
Canada, 3204, 4066 ; countries 
engaged in, 5119 ; English, pro- 
blems of, 1288 ; in Ireland, 1365 ; 
New Zealand, 3467 ; plan of farm, 
25 ; In Prince Edward Island aiul 
Newfoundland, 4069 ; see also 
Butter-making, Cattle breeding, 
Cheese, Churning, and Milk 
Dairy produce, British, imports (1005), 
3551 ; marketing, 3554 ; list, and 
countries exporting, 511.9 

— shop, 1625, 2215, 2217 
Dairymen, biisiness of, 2215, 2217 
Dairy work, as woman’s work, 321 
Daisy, classifieation, 354 ; florets, 731 ; 

perennial weed, 1378 ; pollen pro- 
tection, 1114 

Dalmatia, sta^^c, description, 216S, 
2164 ; acquired by Venice, 2945 
Dal segno, term in music, 270 
Dalton, John, conception of the atom, 
2081 ; Daltonism. 1596, 3731 ; life 
and work, 61, 1596 
Dalton’s law', in chemistry, 1805 
Didtonism, definition, 1596, 3731 
Dam, in carpentry, 46 42, 1043, 4644 
Dam, for water power or supply, 1402, 
1403, 1690 ; Coveiitry’.s diagram 
and formula, 4330, 4337 ; eom- 
Iiosite, construction, 4333 ; con- 
struction and foundations, 4:535 ; 
earth contraction, 1449, 1451, 

4332, 4333 ; masonry eonstnirtion, 
1454 ; masonry, stability condi- 
tions, 4335; for power, 1690; 
pressure on, 542, 1076, 4330, 4:1:57 ; 
profile calculation, 433 4, 4335 ; sta- 
bility of walla for, 2573, 2574 ; 
stresses, 541, 4335 ; see also Coller- 
dams 

— Nile, position, 3450, 3451 
Damascening, engraving process, 5529 ; 

in jewellery, 5858 
Damask, design. 6597 
Damasks, principle of ornament, 3154 
Dammar, resin, 4658, 5147, 6884; 
varnish, 1035 

Damper, pianoforte, 1210, 1410 
Dampers, in building, use, 2390 

— of kitchen range, management, 1226 
Damping, cloth, 4342, 4343 
Damsons, for jam, 4847 

Damson trees, culture, 6678, 6884 
Damstone, of blast furnace, 4469 
Dances, catering charges, 5583 
Dandelion, 109, 354 ; farm weed, 1378 ; 
fertilisation process, ’’eloek,” 
909, 912 ; florets, 731 ; in men- 
dow's, rosette, 171, 173 ; structuie, 
349 ; use for salad. 5581 

— order, calyx and seed dispersal, 909, 

912 ; insect, pollination, 731 
Danes, the, and Alfrwl the Great, 235.5 ; 
in Canute’s reign, 2357 ; etfeet on 
English people, 146 ; invasions of 
England, 2351, 2355; in Isle of 
Wight, 2611 ; rule in Ireland, 2609 
Daniell cell, 465, 466 ; voltage, 291 
Danish language, translation fees, 1920 
Dank’s rotary piiddUiig furnace, 232 
Dante, AlUghierl, biography and wf>rks, 
537, 4321 ; ” Divine Comedy,” 

3781 

Danton, G. 3., revolutionist, 5112 
Danube, course, 2162, 2167 : delta, 
2165, 4518 

Danzig pine, 54, 1261 
Daphne, pass and monastery, 1526 
Daphnia : see Water-flea 
Darby, plasterer’s, 5496, 5497 
Dardanelles, Xerxes’ bridge across, 772 
Darius III., wars with Alexander, 972 
Darjiling, India, geography, 2562, 2822 
Dark-room, pliotographic, 4420, 6680 
Darkness, produced by interference of 
light waves, 3229 
Darling, river, coursv'*, 3697 
Darling Dowms, Queensland, 027 ; 
climate, 3237, 3700 


Darning, in carpet manufacture, 4341 ; 
in cloth manufacture, 4342 ; iu 
cloth-making, 4106, 4110 
Darnley, Lord, marriage to Queen 
Mary, 3997 ; murder, 3998 
Dart, of bodice, 475 ; in princesa 
robe, 2206 ; iu skirt, 654 

— spring, mining boring tool, 2666 
Dartmoor sheep, 258, 2363 
Dartmoor College, naval, training, 4401 
Darwin, Charles, biological works, 

1791; on eye evolution, 3180; 
founder of modem anthropology, 
1788; and modern biology, 27; 
natural selection illustrative of 
the law of progress, 5386 ; origin 
of idea of evolution, 202 ; ” Origin 
of Species,” 136, 549 ; pangenesis 
theory, 1314 ; theory of coral 
reefs, 1354 ; on variation, 486 
Darwin, Sir tieorge, on ether, light, 
etc., 939; theory of tiiles, 549 
Darwin, Prof. George H., British Assn, 
address (1905), 239 ; on develop- 
ment of evolution theory, 487 ; 
researches on earth’s rotation, 620 
Darwinism, definition of. 650, 823, 
1 180 ; origin and influence, 136 ; 
principal objections, 827 
Dash, dash handle, of brougham, 2820 
Daslipots, in governors, 20 lU, 2020 
Date, climatic limitation, 4493 ; staplo 
food, 4875 

— palm, 351 •, (.iassifleation. 355 

distribution, 627 ; means of 
cheeking evaiviration, 727 ; tran- 
shipment, varieties, 4845 

— period of time, Spaiii.slj, 3792 
Dale shell, boring apparatus, 3285 
Dating bills of exelnnige, 1319 
Datum level, in building, 30!) 

Dative ease, Gorman, government by 

adjectives, 3931; (ireek, 6668; 
batin rules and idioms, 900 
Daubigny, laud.seapc painting, 4301 
” David,” Donatello’s statue, 3670, 
3677 ; Michelangelo’s statue, 1345, 
1347, 3678 

David, Gerard, painter, style, 3941 
David, Louis, painter, style, 4394 
Davidson, .lohn, plays, 1152; ’’Fleet 
Street Eclogues,” 1438 
Davi.s, Prof. Ainsworth, on degeneration 
of sca-stpiirt, 31 ; diagram of 
relation of anitnal and plant life, 
and energy, econoniy, 277 ; state- 
ment of evolution theory, 825 
Davis, Jefferson, career, 5976 
Davy, Sir Humphry, 841 ; discovers 
barium and strontium, IQtl, 1012 ; 
discovers potassiiiin, 842 ; inven- 
tion of nre-iight, 129, 2411 ; safety 
lamp, 206l"j75-.V 
Daw'uay’.s tile flooring, 4756 
Day, ill English time measurements, 
226 ; length, astronomical, 6121 ; 
sidereal and solar, 6115, 6246 
Day book, 978 ; general use, 777 ; 
modern methods, 1865 ; in single 
entry, 3916 ; small shops, 45 
clerk, duties, 660 

— gown, layette, 3744, 3745 

— and night, cau.se of, 11, 12 

Days of grace, explained, 1130, 1319 
De Forest, wircle.ss telegraphy, 3898 
De besseps, Kerdinand, and Suez 
C^anal, 421 

De Quovedo, Spanish poet, 2630 
De Quincey, Thomas, attack on 
Carkvle, 2452; portrait, 2619 \ 
works and criticism, 2310 
De Vries : see Vrle.s 
De Wild, painter, 1022 
Deacon chlorine process, 4777 
Dead, the, fear of, 6772 ; phantasms of, 
and messiages from, 3026, 3627 
Dead centre grinding, 3404, 3407 
Dead-head, in casting, 1405 
Dead men’s fingers, 4085-4087 
Dead-nettle, 351 ; description, 354 

order, cross-pollination, 730, 732 ; 

nectaries, 731 

Dead Sea, asphaltic deposits, 1164, 
6009 ; salt ill. 1600 ; the water, 1078 
Dead shore, in building, 918, 919 
Dead-work, term in mining, 3194 

G933 
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Deadeye, definition, •}263 
Deadly nightshade, 4009, 0881 
Deafness, appliances, kinds, and juices, 
5493 ; causes and treat raent, 2533, 
6264 ; cause of partial, 2316 
— , nerve, use of siren, 2103 
Deal, timber, 54 ; for carving, 5809 ; 
kinds in tlie market, 54, 3544 ; in 
staging, 1176 ; strength, stiffness, 
resilience, 1200, 1261 ; sawing 

apparatus, 5904 ; size, 3544 

— frames, in woodworking, 5900, 5904 
Deals, stringing, in mining use, 2666 
Death, causes and statistics, 2794 ; 

comparative statistics, 2794 ; hour 
when most deaths occur, 440 ; in 
evolution theory, 1029 ; natural, 
2662 ; nhysiological account, 90 ; 
rate, and liygienc, 2662 ; by starva- 
tion, 806 

Death-watch, insect, 3365, 3366, 3511 
Debenture account, function, 3330 

— stock, term explained, 3484 
Debentures, defined, 1262 ; of limited 

company, loans, 3330 
Debit, in book-keeping, 488, 491, 078 
Debregeania hypoUuca, shrub, distribu- 
tion, textile qualities, 819 
Debt collecting, by shopkeeper, 5927 ; 
law. 5927 ; societies, 5927 

— proof in bankruptcy, 3571 

Debts, allowance for, in balance-sheet, 
2881 ; on balance-sheet, 2758 

— bad, bank bookkeeping, 4444 
Decalogue, the, 666 

Decatising machine, use in dyeing, 6501 
Decapoda, description, J^?<)6'-3H09 
Decay, physiological account, 96 
Dcccan, plateau, India, description, 
2818, 2820 ; products, 5381 
Decern virate, powers of, 1201 
Deciduous, in botany, defined, 504 
Decimal system of numeration, 89, 
337 ; indexing, 6520 ; origin, 422 
Decimals, rules and examples, 93 
Deck officer, mercantile marine, 6365 
Deekannee hemp, distribution, uses, 719 
Deckhouse, of sailing ship, 5400, 5401 
Decking, in staging, piling work, 1173 
D»'ckle, in papermaking, 0890 
Decks, of ships, curvature, 5741 ; 
marking position, 5739 : wood, 
laying, 5922, 5923 ; plan of steel, 
5019 ; of four-masted barque, 5400 

— of steamer, position, ercetions, 5401 
Declamation, in singing, study, 6340 
Declaration of Independence, 5846 
Declaration of Right, 4842, 5845 
Declension, in grammar, explained, 1 16 ; 

German weak and mixed, 1621, 
1622 ; Greek nouns, 5375 ; Latin, 
118, 119, 242, 442 
Declination axis of telescope, 6249 

— in navigation, 0005 

— of the sun, 709, 6060 

" Decline and Fall of the Roman 
Empire,” Gibbon’s, 2054, 3783 
Decomposition, of f(X)d, cause, 5403 
Decorated style, in architecture, 3374 
Decasyllabic lines, Spenser and Burns, 
537 

Dedication of public highways, 2425 
Deduction, an impossibility to the 
subjective mind, 3289 ; nature 
and power of, 6098 ; a test of 
generalisation, 6001 ; use in logic, 
5999 ; value to science, 6002 
Deo, river, bridge over, at Chester, 
2497, 2499 \ course, 1065, 1277 
Deep-sea float, in marine sury eying . 
Deer, antlers as weapons, 2156 ; origin 
of antlers and uses, 811, 825: 
hand, 1809, 1870; fur of, 6426 

— red, 2150 

Defecation, of sugar, 3827 
Defective verbs, English, list and 
conjugation, 903 ; Latin, 1047 
Defence, mammals, 2155-2157 
Defensible posts in military engineering, 
construction, 6272, 6273 
Deferred shares, defined, 3186 
Deficiency account, bankruptcy, 3570 
Definite article : Article 

Definition, in natural science, 484 
Deflection, in beam, testing, 3964 

— scale, testing machines, 1201 

mu 


Defoe, Daniel, bl<«raphy, 4950,; pre- 
dominance of Anglo-Saxon words, 
1771 ; prose fiction, 2963 ; works, 
imnortance, portrait, 1901 
Deformity, not transmissible, 1586 
Degeneration, in animal life, 23 
Degree, in geography, explained, 13 

— medical, examinations, 5424, 5429 

— of scale, in music, table of, 273 

— in trigonometry, 6085 

— university, for women, 4975 
Degiimming, ramie fibres, 1390 
Deiiors, French grammar, 6089 
Dehydrator, sulphuric acid, 1720 
Deism, 18th century, 2141 

Dekker, Thomas, dramatist, 846 ; 
editions, 849 

Delacroix, F. V. E., painting, 4394 
Delaine, material, width, 186 ; warp, 
2594 

“ Delenda est Tarthago,” history of 
phrase, 1382 

Dellii, India, 2821 ; Mutiny, 6551 
Dcliming leather, 2956 
Delineation, 342 

“ The Deliverance of St. Peter,” 'reniers 
the younger, 3948, 3949 
Delivery book, use, 776 

— in casting, in machine moulding, 

2542 ; methods of, 2338, 2340, 2341 

— note, auctioneer’s, 4986 

— pipe, drainage, 781 
Delphinium : see Larkspur 

Delta, formation. 458, 1635, 1816, 4497 
Delta metal, composition and pro- 
perties, 360, 3940 ; strength, 1396 
Deniantoid, precious .stone, 5853, .5855 
Deimsemi(iiiaver, 38 
Demetri, Tsar of Russia, impostor, 6200 
Democra(!y, failings, 4370 ; progres- 
sive form of government 
Democritus, <ireek philosopher, first 
atomist, 1596 ; materialism, 6258 ; 
theory of matter, 34, J596 ; theory 
of mind, 6466 

Demoiselle, insect, plate facing 3361 
Demonstrative adjective and pronoun : 

see Adjective and Pronoun 
Demolitions, in military engineering, 
kinds and use, 0274 

Demosthenes, orator, as anti-Macedon- 
ian, 775 ; ” Philippics,” 1671 
Denier, old French silk measure, 
2598 ; in silk counting, 2896, 2897 
Denmark, coins, weights and measures, 
400 ; eraniology, 1786 ; creameries, 
3553 ; Danish mile, 1148 ; egg 
culture, 5621; exports and im- 
ports, 5708; geography, 1562; 
history, 2948, 5396, 6446 ; language 
afllnities, 1771 ; population, 628 ; 
touring directions, 1425 
Deimet, gig, structure, 2466 
Deuoniiiiat<jr in matlieinatics, 546 
Density, of water, 798 : see also Specific 
gravity 

Dental alloy, properti(;s, 6032 

— easeniaking, 6031, 0033, 0034 

— examinations, 5768 

— meelianie, training and wages, 5773, 

5861 ; work of, 5801-5802, 5864, 
5805, 5866 

— mechanics, use of aluminium, 5993 

— plate, making and fitting, 6027 ; 

repairs and additions, 6034 ; 
springs, 6035 ; vulcanite, maim 
fact lire, 6029, 6032 

— rubber, 809 

— system : see Teeth 

— tools, kinds and uses, 6027, 6028, 

0029 ; making, 6035 
Dentals, in grammar, 122 
Dentine, composition, 102, 576, 811 
Dentistry, apprenticeship and cost, 
5769, 5771, 6773 ; artificial teeth, 
6027, 0028, 6030, 0031, 6032, 
0033, 6034 ; cost of establish- 
ment, 5773 ; e.xaminations and 
degrees, 162, 5768, 5772 ; licence, 
cost of, 5773 ; nature of work, 
5540, 5550 ; possibilities of success 
in rural districts, 771 ; pre- 
liminary examination and study, 
5770 ; practical training, 5861 ; 
profits, 5773; private pupilage, 
6770 ; registration and cost, 


6768, 5773; training, 162, 6772; 
training bospltals, 5770, 5771 ; 
training in U.S.A., 5772, 5773; 
women’s work, 321 ; gee also 
Dentist above 

Denudation, 436, 1813 ; vegetation 
as check to river denudation, 456 
Department stores, competition with 
private trader, 5925 ; develop- 
ment and limitations, 5925 
Departmental accounts, bookkeeping, 
3416 : gee also separate accoiinig 
Departure, in navigation, 6665 ; in 
plotting surveys, 369 
Dephlegniator, in methyl-alcohol dis- 
tillation, 5465, 5466 
Depilation, in leather manufacture, by 
sweating, by lime, 2854, 2855 
Deponent verbs, in Latin, 900 
Deposit account, in banking, 4291 

— receipts, in bank bookkeeping, in- 

terest calculation, 4444 ; for fixed 
periods, 4292 ; register, 4442 
Deposition, in geology, sedimentary, 
1816 ; alluvial, 2377 ; marine, 
gravel, mud, sand, 1814 

— subaqueous, in mining, 2958 
Depreciation account, of parliamentary 

companies, 3332 

— of assets, how shown in bookkeep- 

ing, 2758 ; in hire - purchase 
accounts, 3918 ; in income tax 
return, 3334 ; in relation to cf>st 
of production, 3419; see also 
Sinking fund 

Derby hriglits, coal, source, pit prici*, 
carriage, cost in London, 1991 
Derby, Count css of, 1651 ; holds Ish* of 
Man against rarliament forces, 2611 

— Earls of, rulers of Isle of .Man, 2611 
Derbyshire, industries, 1272 ; lead 

deposits, 2379 ; Peak district, 1271 
Dermestid, beetle, 3511 : see also 
Hacou and Fur beetle 
Dermis, of animals, structure, 2852 ; 

human, striieture, 1419, 1423 
Derrick, in building operations, 1172 

— in mining, use, 2008, 2070 \ rope- 

boring, 2845 

— stonemason’s, use, 2810 
—■crane, 205; stagings for, 1176; 

trestles to carry, 1173 ; stage, in 
building, 1453, 1451 
Derricking, of jib, drawing, 4202 
Descartes, Rene, denies consciousness 
in lower animals, 3117 ; discovery 
of reflex action, 201 ; doctrine of 
automatism, 2012 

” Descent from the ('ross,” Rubens, 
3947, 3948 

Desert, Russian, 2408 ; industries, 5707 
Deserts, action of wind in forming, 
1500 ; distribution, 626 ; irriga- 
tion, 627 ; Mexico, 4175 ; ^’orth 
American, 4065 ; plant life, 727 
Desiccator, chemical, 4407, 4412 
Desiderative verbs, Latin, 1047 
Design, adaptation to material, 5798, 
5979, 5980 ; application to orna- 
ment, 5818-5821 ; beauty in, 2133 ; 
books on, 6629 ; broad principles 
and their application, 108, 5522, 
5523, 5818, 5977 ; commercial 

adaptation, 5977, 5978, 5979, 5980; 
fitness in means, material, and 
purpose, 5980; geometrical basis, 
5977 ; harmony with purpose, 
5523 ; in industrial arts, 5818 ; laws 
of, 5819, 5820 ; material, conform- 
ability, 5980 ; plant form adapta- 
tions, 5978, 5979 \ the repeat, 
5977 ; study of, 6521 ; . three 
essentials, 5820 ; traditional and 
natural, 5818 

— architectural, principles of, 2128- 

2135, 2283-2288 

— for books, 6728 

— in carpet weaving, 3357, /;.355-6390 

— geometrical evolution, application, 

2320-2322, 2397, 2500 

— machine, books on, 5595 

— textile, principles of, 2939, 3163, 

5510, 0385, 6390 

— 'vehicle models, 2728, 2729 

— wallpaper, 6725 

— gee also Drawing 
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Designing Bliop, in engineering, 2108 
;i)e»igner’8 paper, textile, 2939, 2940 
Desire, contrasted with will, 2993 ; 

ethical importance, 2860 
Desk, construction, 4882, 6688, 6599 
Desman, aquatic insect-eater, 1764 
Desmids, 166, 1370, U73 
Despotism, in Europe, 629 
Desrumanx water softener, 4096 
Dessous and dessus, French, 6089 
Destructor, refuse, cost of installation, 
utilisation of power, 6024 
DeUil, in drawing, 343 
Detectives, qiiaiiftcations and payment, 
1408 ; railway, 5108 
Detector, in wireless telegraphy. Hertz 
and others, 389 5 ^ 3897 
Determinism, psychological theory of, 
2995: see also Will, Freewll 
Detonators, use, 6274; manufacture, 
6765 

Detrusion, of building materials, timber, 
1257, 1260, 1261 

— in tool work, definition, 4149 
Detrusive tools, action, 4584, 4585 
Dcttingen, battle of, 5554 
Developers, photographic, making up, 

4421, 4422, 5467, 6t)8J, 688.3 
Development, in biology, 137 ; physio- 
logical, 96 ; »ee ahso Embryology 
Devereux, Robert, Earl of Essex, 
(piarrel with Queen Elizabeth, 
execution, 3999 
Devil machine, structure, 2897 

— plasterer’s tool, 5500 
Devilling " in law, 6748 

Devilling machine, in preparation of 
gutta-percha, 810 
Devitrification, in geology, 1008 
Devon cattle, 2235, 2237, 3660, .16*67 ; 

long wool sheep, 2362, 2387 
Devonian system, geology, 2067 ; 
rocks, 225:1, 2254 

Devonshire, cattle farming, 986 ; geo- 
graphy, 1276 

Dew, formation of, 1900 ; geologi(‘al 
effect, 1504 

Dew point, determination, 1899, 6131 
“ Dew ponds,” construction, 4026 
Dewar, Sir James, experiments on 
carbon, 1 158 ; on fluorescence, 
3372 ; hydrogen liquefied by, 841 ; 
low temperature researches, 1294, 
1444, 1560 

Dewey, Prof., pragmatism, 6470 
Dewsbury, industry, 1272 ; wool counts, 
2895, 2896, 2897 

Dexter cattle, 256, 3667, 3G70 ; cros.s- 
breeding, 2236 

Dextrin, constituent of human body, 
439 ; formation, detection in 
gum arable, 5363 ; composition, 
uses, 1169 ; in glucose, tests, 4557 ; 
production, properties, 3706, 5363 
Dextrose, chemistry of, 3705 
Diabetes, cause, symptoms, 6038 
Dberesis, in French, 450, 1054 
Diagonal, definition, 4723 

— cloths, principle of design, 2941 
Diagnosis, objective, 5640 

Dial, verge watch, 8081 
Diallage, serpentine component, 529, 
768 

Dia-magnetic bodies and metals, Fara- 
day’s list, 4244 

Diameter, of circle, definition, 285, 
287, 4208 ; of ellipse, 1411 
Diamine, dyes, dyebath, 5955, 6501 
Diamond, 1046, 1074, 1167, 5854, 6735 ; 
areas for prospecting, 2581 ; artifi- 
cial, 5853; from Brazil, 4287; 
brilliant cutting, 5854 ; in boring 
apparatus, 2668 ; cutting and 
polishing, 5854 ; distribution, 3772 ; 
from Qolcouda, 2820 ; mining, 
6854 ; sources, 5308, 5854 

— earth, weathering, 3771 

— glazier’s, 5836, 68, W 

^ in vehicle trimming, 3623, 3624 
Diamond-back moth, ravages by 
larvi© of, 1667, 1668 
Diaper, use in design, 5821 ; geometrical 
_ , design, 2820, 2397 
Diaper, textile, figure-designing. 3163 ; 

warps and weft threads, 3909 
Diaper, In wood-carving, 6046 


Diaphragm, In drainage, 570, 734 

— of man, definition, 30, 162, 147, 576 ; 

and mechanism of respiration, 
i:JO0, 1301, 1303 ; in singing, 

function, 6048, 6052 

— of lenses and microscopes, 6126 
Diarrhoea, 6843 ; epidemic, infantile, 

mortality, 5412 in cattle, treat- 
ment, 2624 ; in horses, 2620 
Diary, bank bookkeeping, form, 4443 
Diaspore, aluniiniiim ore, 5989, 6735 
Diastase, action in starch, 3085, 3706 ; 
ferment in plants, 636 ; in produc- 
tion of alcohol, 2878 
Diathermancy, definition, 2060 
Diathesis, in heredity, 1.587 
Diatoms, description and habitat, 160, 
1369, 1373 ; spectrum examina- 
tion, 3228 ; in tripoli powder, 1814, 
1815 

Diatonic intervals, in music, table, 274 

— scale, in music, 272 ; tonic sol - fa, 

807, 924 

Diaz, landscape painter, 4301 
Dlazotisiiig, i)rocess and bath, 5955 
Dickens, Charles, novelist, 3440, 3441 ; 
explanation of his genius, 2i:i6; 
Forster’s life, 2616 ; on observa- 
tion, 1883 

Dickey scat, of van, 2828, 2829 
Dicks’ tube-making proce.ss, .5.327 
Dicotyledons, 350 ; classification, 3523 
Dictator, Homan, power of, 1138 
" Dictes and Sayings of the Philoso- 
phers,” first. English book printed 
in England, 3605 

Dictionaries, educational value, 2138, 
2938 ; Dr. .Johnson’s, 20.5:i 
Dido, and founding of Carthage, 1202 
“ Dido building Cartilage,” picture by 
J. M. W. Turner, 4301, 4:t02 
Die-cutting, in boot-making, 4540 
Dic-forglng, 207, 29,^9, 2991, 3107 
Die-head, capstan latlie, 4923 
Die-licads, forms, 4481, 4482 
Dielectric, capacity of electric con- 
densers, 3580 

Dios, tools, American solid, 4481, 4482 ; 
Englisii hand, 4482 ; forging, 207, 
2989, 2991, :d 07 ; maehihe, forms, 
4 480, 4482; screw cutting, :1628 ; 
screwing, 4480, 4481, 4482 ; self- 
opening, forms, 4482 ; spring, 
4481, 4482 ; .steel for, 4747, 4749 ; 
temper of, 4746 

— in .saddlery manufacture, 4748 
J)ie.sel oil-engine.s, 2278, 5127 
Die-sinking, art nietal-work, 5529 
Dietaries, avoidance by the healtiiv, 

3600 ; cliiUl’s, 4683 
Dietetics, 3380 ; book on, 3823 ; 
Berthelot’s tablet scheme, 203 ; 
beverages and diets, 3377 ; cookery 
and food, 3311 : digestive system, 
073 ; essciitiul oils in, 1033 ; food 
in relation to health, 3109 ; princi- 
ples and practice, 3.599 ; vegetable, 
3110 

Differential bl(H;k, of pulley, 688, 834 
Diffraction of liglit, 3368 : see also 
Refraction 

Diffusers, in beet sugar manufacture, 
4160, 4162, 4163 
Diffusion, 1375 , law of, 1302 

— pulp, of beet sugar, use, 4164 
Digesting returns, explained, 2473 
Digestion, controlled by will, 5841 ; 

eff<!Ct of alcohol, 3377 ; effect of 
coffee, 3379 ; effects of tea, 3378 ; 
of fats, chemical process, 3486 ; 
functions of lymphatics, 1195; 
influence of mind on, 3600 ; in- 
fluence of teeth on, 5549 ; process 
of, 673 ; and mental strain, 2672 ; 
tables of forms of food, 866 
Digestive organs, luimaii, 197, 576’ ; 
intestines, 675, 676 ; mouth, 673 ; 
stomach, 673 

Digger, steam, in agriculture, 431 
Digit, in mathematics, explained, 00 
D^alis purpurea, heart tonic, 4013 : 
see also Foxglove 

Digitlgrade, limbs of mammals, 1869 
Digits, developed into hoofs, 1869 
Dignity in architectural design, 2129, 
2286 


Dimensions, algebraic expressions, 2140 ; 
in psychology, 422, 2119 ; in work- 
shop practice, 3692 

Dimethyl, in chemistjy, definition, 2876 
Diminished intervals, in music, 274, 363 
Dimity, warp and weft threads, 3909 
Dinas bricks, 644, 1285 ; in furnace 
construction, 3942 

— clay, use for firebrick, 1285, 3941 
Dining-cars, railway, 4802, 4809, 481C 
Dinosaurs, in zoology, 2677 
Diocletian, Emperor, rule, 2072 
Diogenes, his tub philosopiiy, 976 
Diorite, rock, 1008 

Dip, in mining, deflftition, 2377, 2378 ; 

measurement, 1923, 1924 
Diphtheria, conveyed by air, incuba- 
tion, causes, mortality, anti-toxin 
treatment, 5410, 5411, 6544; 

symptoms and treatment, 6260; 
toxin, 6781 

Diphthongs, absence of in Italian, 2044 ; 
English, definition, list, 121 ; 
(ierman, 252; in shorthand, 261, 

1 101, 1102 

Diplex, in telegraphy, defined, 4668 
Diplodocus (Jarnegii, skeleton, plate 
facing 2035 

Diplomatic service, British, appoint- 
ments and salary, 29.34, 2935 
Jlipnoi, order of fislios, 3045, 3067 
Dipper, classification, 2210 
Dipper, in astronomy : see Great Bear 
Dipi)ing, sheep, 2366 
Dipteral, in architecture, 2859 
Dip-trap, in drain pipe, 570, 571 
Direct sounder, telegraphic, 4606, 4607 
Director, of cycloidal curve, 1414 
Directors, limited company, annual 
list, 3331 ; function, 3185, 6800 
Directory, French, purpose of, 5112 
Directrix, in conic sections, definition, 
5783 ; in geometry, 1411, 1412 
Disburse numt card factors, 0040 
Disc grinder, design, 2791, 2792, 5210 
Disc valve, of sewer, use, 44.57, 4458 
Discharge, coelUclent of, 1574, 1577 

— in textile printing, 4502 

— of water through orifice, 1573 ; 

through weirs, 1577 

— in static electricity, 3579, 3580 
Discord, in music, 363, 565, 2319 ; in 

setting melodies, 631 ; in piano- 
forte playing, value, 1890; rela- 
tion to harmony, 2319 
Discount, banker’s and true, 1129, 1310, 
4292 ; of bills of exchange, 
bankers’ charges, 1318; of bills, 
liow to enter in ledgers, 1 569 ; of 
bills, Scottish pnwedure, 1466 ; 
raleiilation, 1571 ; for cash, in 
shopkceptpg, 176 ; on debenture 
account, explained, 3331 ; how to 
record in bookkeeping, 491, 658 ; 
legal aspect, 658 ; stock at, 
defined, 1262 

— rate, Bank of England's, influence 

on foreign exchanges, 4170 
Discounted bonus system, in insurance, 
3223 

Discounting, 1320 : see also Discount 
and Exchange, Hills of 
“ Discus Thrower,” statue, 2929 
Discussion, as factor in education, 2137 
Disease, application of term, 5700 ; 
dis.seminated by mosquitoes, 3721 ; 
due to age, 5701 ; due to sex, 
5700 ; endemic, causes and preven- 
tion, 5400, 5410 ; epidemic, pre- 
vention, kinds, 5410; and here- 
dity, 1587, 2062 ; immunisation 
during, 6544 ; immunity, 6543, 
6781, 6782 ; Immunity of certain 
races, 1030 ; incident to special 
climates. 5274 ; infectious, incuba- 
tion and infection peritxis, 5054, 
5056 ; infectious, kinds described, 
6260, 6291 ; infectious, notifica- 
tion, isolation, 5055 ; infectious, 
preventive measures, 5054 ; rlis- 
infection after, 6055 ; infectious, 
source of impurities in air, 3799 ; 
influence on evolution, 1029, 
6782; kinds Increasing and de- 
creasing, 4530; raicrobic, 6430; 
moral, Immunity, 6784 ; nervous^ 

BOSS 
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Disease — co tinued 

6261 ; reciirrciit, 5702 ; symptoms 
and their causes, 5539 ; systems 
of treatment, 5540, 5541 
Dish, of wheels, explained, 3127 
Dishonoured bills of exchange, 1090 
Disinfectants, kinds and uses, 5055 ; 

from coal ‘tar and benzene, 5467 
Disinfection, in laundry work, 2590 
Disinfcctol, from creosote oil, 5463 
Disjunctive personal pronouns, in 
French syntax, 2047 
Disk-flower group, classification, 353 
Dislocation, in geology, definition, 1925 
-- treatment, 6472 

Dismissal of domestic servant, law 
appertaining, 61 1, 0845 
Dispensing, career for w’omen, 321 ; by 
chemists, remuneration, 1651,1654 
Dispersion, in light, 2734 ; in telescope, 
correction of, 2950 
Displacement curve, of ship, 5967 
Disraeli, Benjamin : see Beaconsfield, 
Lord 

D’lsraeli, Isaac, works, 2450 
DissecfioiJ, in bookkeeping, 2270 
Dissenters, attitude of Established 
Church, 4950 ; defence by Daniel 
Defoe, 4950 

Dissipation of energy, 1298, 2062 
Dissonant intervals, in music, 363 
Distariee, judging by sound, 1019 ; 

problems concerning, 1549 
Distemper, in horses, treatment, 2620 

— water paint, varieties and manufac- 

ture, 1036, 583‘6, 5140 

— brushes, painters’, 5S‘29, 5831 
Distillation, in chemistry, 241, 4316, 

6818; destructive and construc- 
tive, processes and plant, 5461 

— ill metallurgy, process, 3836 
Didma hepatiewn : see Liver rot 
Distress, law of, 6847 
Distributed load, in beams, 2198, 2199 
Distribution, in biology, 137 
Distributive numerals, Latin, 601 

— pronouns, English, 607 
Distributor, rotary, in type printing 

telegraph, 5394, 5395 
District councils, summary of powers, 
316; see also wukr Urban, Rural 
district eouiicils 

— medical officer, 1927 

— nursing, conditions of work, 0172 
District railway, heating, 3025 

— - superintendent, railway, 4229, 4230 

— surveyor, duties, 454 
Diver, birds, 2214 ; food, 2493 
Divi<lend, in arithmetic, 91 

— company, 1262, 3186, 3189; appro- 

priation of profit scconnt, 3330 ; 
payment by banker, 4294 ; relation 
to profit, 2421 

— in stockbroking, relation to risk, 3483 
Dividers, measuring instrument, use, 

kinds, 552, 4701, 4703, 4707 ; use 
in drawing, 284 ; spring, metal- 
worker’s, 5521 ; in scale deliftea- 
lion, 5419 

Diving bell, description, 1403, 1827 
Diving dress, 1827, 1828 
Divisibility of matter, 1265 
Division, algebraic, 2151, 2281 ; arith- 
metical, 91, 94 ; compound, rules, 
229 ; of fractions, 705 ; recurring 
decimals, 885 

Division of labour, psychological pro- 
blems, 2548 ; boot factory as> 
instance, 4239, 4241 

— in sculpture of figure, 1509 

— in zoology : see Fission 

Divorce, law of, 6850 ; non-recognition 
by Roman Catholic cliurch, 4663 ; 
sociological aspect, 4663 
Djlbeh, nightdress, drafting, 3588; 
for invalid, 3591 

Dobby, weaving machine, action, 3685 
Dobson, Henjcy Austin, author, critical 
works, 2687 ; as poet, 1138 
Dock, weed, 882 ; classification, 354 ; 
eradication of, 1378 ; root as 
tanning agent, 3013 
Dock gates, 6333, 6334, 6496 ; hy- 
draulic, 1224; timber for, 4644. 
4645 

Dock, of harness, 4886 ; making, 5191 

6D36 


Dock labourer, industrial drinking, 5616 
Docks, construction, 6331, 6334, 6494, 
6497; pressure of water, 1076 
Doctor : see Medical profession 
Doctrine, true and untrue, 5530 
Dodder, 506, 507 ; farm weed, 882, 1378 
Dodecahedron, definition, 1747 
Dodo, classification, 2211 
Doe-leather, 1166 

Doffer cylinder, of carding machine, 
function and meclianism, 1543, 
1545, 1546 

Dog, classification in biology, 380 ; diet, 
3111; length of intestines, 578; 
trade in, 891 

— in carpentry, in gluing joints, 3845 

— ill joinery, use in trestle construc- 

tion, 1173 

— of planing machine, function, 5000 
—, prairie, digging claws, 1871 

— tongs, in steel production, 4907 

— tool : see Commander 

— in woodworking, for gripping logs, 

5901, 5902 

Dog-biscuits, manufacture, 3598 
Dog-carriage, in wood-working, 5996 : 
see Log carriage 

Dog-cart, dimensions and weight, 2726 ; 
as means of transport, 2152, 2154 ; 
side elevation and half back, 2731 
Doge, first creation, 2945 
Doge’s palace, architecture, 3376 
Dogfish, use as food, 3065, 3066 ; 

plague of, Canadian action, 5318 
Dogger Bank fisheries, 980, 987 
Dog-irons, in shoring buildings, use, 916 
Dogmatism, applied to knowledge, 
6257 ; and tlie new chemistry, 2553 
Dogs, boring tools, 2666, 2667 

— of typewriter, mechanism, 1527 

— used in shipbuilding, 5737, 5738 
Dog-shore, in launching ships, 5923 
Dog-spike, in railway construction, 

fixing, 3252, S25i ; unfixing, 3253 
Dog-tooth spar, form, 766, 767 
Dog-violet, pollination, 908 ; seed 
dispersal, 910, 911 ; self-fertilisa- 
tion, 909 

Dogwood : see Cornel 
l)o-kat, ill sugar manufacture, 4353 
Doldrums, nautical t^rni, definition, 296 
Dolichocephalic races, 1786 
Dollond, achromatic Jens, 295, 4030 
Dolly, yarn scouring machine, 6198 
Dollying, in knife manufacture, 5477 
Dolly-tub, in laundry work, 2475 
Dolmens, erection inspired by religion, 
2480 

Dolomite, characteristics, 1042, 1073, 
6736 ; uses, 3941, 3942 ; for furnace 
construction, 3912 
Dolomites, in geology, 534, 768 
Dome coverings, making, 3888, 3889 
Dome, in architecture, churclies, 3090 

— ill masonry, construction, 3146 ; 

kinds, 3148 ; supporting, 3148 
Domes, boiler, construction, 3103, 3106 
Domesday Book, introduction, and 
reasons for, 2359 
Domestic class, statistics, 2076 
Domestic economy, schools of, 3500 ; 
teachers, 6479 ; women’s training, 
321 

— otfices, in building, ventilation, 0021 
Domestic servants, duties, 761, 814, 

1002, 1091 ; position in law', 600, 
614, 0815 

Dominant, ill biology, 1482, 1483 

— in music, 273 

— seventh, 363, 566 ; use in modula- 

tions, 568 : see Bass, figured 
Doming block, jeweller’s, 5857 
Domltiaii, Emperor of Rome, 2068 
“ Don Quixote,” Cervantes’, quotation 
witli translation, 2482 ; first Eng- 
lish translation, 2062 
Donatello, sculptor, ” Head of a Young 
Man,” by, 1511 ; style and works, 
3676, 3677 

Doomsday Book : see Domesday book 
Door, automatic closing, 4760 ; con- 
struction, proportions, varieties, 
5179, 5180, 6181 ; fire-resisting, 
4752, 4753, 4767, 4760; frames, 
and their parts. 5181, 5182 ; full- 
size architect's drawing, 5692 ; Oil < 


mour fire-resisting, 4760 ; glazing 
internal, 5839, 5840 ; hinging, 
5184, 5185 ; quantity surveying, 
6513 ; as mcaps of ventilation, 
4019 ; woodwork, 3339, 3540 
Door post, of room partition, 4448 

— vehicle, 2827; of brougha?n, 2829, 

2831 ; of carriages, sectional draw- 
ings, 2727 ; hanging explained, 
3022 ; pillar, concealed hinge, 
2727 ; trimming, 3624 
Doors, raking monluings of pediments, 
5297, 5299 

Doorway, architect's detail drawing, 
5692, 5694 ; splayed work, 5296, 
5298 ; double curvature, 5207, 
5299 

Doppler’s principle, 3230 ; applied to 
star motions, 3371, 6698 
Dorians, invasion of Greece, 668, 2858 
Doric order, in Greek art, 2035, 2858, 
2859 ; in Roman architecture, 
2932 

Dorking fowls, 4659, 4661, 4953 ; 

cross breeding, 5623, 5624 
Dormant life, explanation, 277 
Dorsal nerves, human, 1941 

— tube, 29 

— vertebne, human, 1605, 1606, 2144 
Dorset horn sheep, 257, 2361, 2367 
Dorsetshire, geography, 1275 ; oil 

shales, 6009 ; wqol, 72, 221 
Dot, use in engraving, 6114 
Dots, soldered, use in lead roofing, 5033 

— use in plastering, 5409 
Dotted notes in music, value of, 38 
Dotterel, coiirtehip by hen, 2505, 2506 
Double bar, in music, 40 

— bass, musical instrninent, 3107, 5726, 

5728 ; manufacture, 6704, 6707 

— clarionet, cost, fingering, 4785, 4791 

— bassoon, musical instrument, de- 

scription and playing, 4900 

— bowed notes, in orcfiestral music, 

5886, 5891, 6892 

— chamber system, in brickinaking, 

1282 

— clot lis, design, 2942, 2943, 2944 

— decomposition, term in chemistry, 

1597 

— entry bookkeeping, conversion 

from single entry, 3917 ; origin of, 
1467 ; see also Bookkeeping 

— faced cloths, design, 2942, 2043 

— note passages, in pianoforte music, 

direction of hand in, 1758 

— perch, of waggon, 2829, 2830 

— ranging, in surveying, 263 

— roller, gin, 389, 390 

— slate, size, 530 

— stopping, in violin playing, method 

of playing, 2412, 2413 

— tip-head, arrangement of lines, 

railway construction, 3175, 3176 
Doubling, in music and harmony, 364 
Doubling, Scottish system, 2707, 2708 

— in silk manufacture, 2596 

— in sugar manufacture, 3831 

— in textile manufacture, 2593, 2591 

— in thread manufacture, 2707, 2708 
Doubt : see Scepticism 

Dough, making, 3283 

— in biscuit-making, 3504, 3595 

— in breadmakiiig, 3394 
Douglas, Gawin, Scottish poet, 328 
Douglas, Sir Root. K., orientalist, 2786 
Douglas fir, culture, 4679 
Doulting freestone, 1518 ; use, 533 
Dove’s many-voiced wren, 2103 
Dover, Admiralty Pier, Prince oi 

Wales’ pier, 6333, 6335 ; ron- 

tiiieiital fares from, 714, 7te ; 
harbour construction, 6331-0334 ; 
harbour regulations, 6220 ; shipping 
and trade, 6005, 6006 
Dovetail saw, defined, 3385 

— cutting machine, 6656, 6657, 675b 
Dovetailing, in joinery, 41J3, 7656 ; m 

frames for plain tables, 5294, o2J ) 
Dowden. Edward, critic, 2687 
Dowel, 111 cabinet-making, 0581, 

in jointing window sashes, a- 
5184 ; In masonry, 3035. 3038 

— joint, in vehicle construction, 28.1<> , 

of wheels, construction, 3127 
Dowson gas, 6818, 6927 
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Doyleye, in laundry ^ork, ironing and 
dyeing, 2910 

Drable, axle, use of, 3326, 3327 
Draft, of bill of exchange, 1317 

— in textiles, defined, 3909 
Drafting, in cloth weaving, 5509 

— table, in drawing, 2750, 2780 
Drafts, in masonry, definition, 2849 
Drag, coach axle, 2465, 3326 
Drag, comb, tool, 5.32 

Drag, harrow, 1230, 72.31, 1849 

— mason’s tool, description, 2837, 2840 

— plasterer’s, 5496, 6497 ; see also 
Larry 

— prop and shoe, of van, 2829 
Dragon beam, of hipped roof, 4263,4234 
Dragon-fly, plate /acitiff 3361, 3364 
Dragon’s blood, resin, source, 4658 
Drain-pipes, agricultural, 570 ; forms, 

.571, 646 ; junctions, 570, 67 J, 733 ; 
laying, 734 ; see also Drainage ; 
manufacture, 046, 5777 
Drain plug, in buildings, 782, 783 
Drainage, in buildings, 569 ; books on, 
6349 ; of country- houses, 780 ; 
general arrangement, 737 ; house 
and stables, 735 ; pipes for, manu- 
facture, 646 ; plan, 733 ; of site 
for building, 329 ; testing, 736 

— of land, agricultural land, 258, 432 ; 

levelling and gradients, 501 ; pipes 
used for, 570 

— of railway earthworks, 3257, 3255 ; 

of permanent way, 3420 

— roads, 2323, 2324 

Drains, agricultural, 432, 781 ; cleans- 
ing apparatus, 734, 784 ; con- 
nection with main sewer, 733 ; 
detection of disused, 329 ; exca- 
vation for, 329 ; house and 
stables, 735 ; laying, 733 ; qu intity 
surveying, 6513 ; of sanlt-ary house, 
606 J, 5054; self- cleansing, 737 ; 
testing of, 782 ; ventilation, 781 
Drakenbcrg Mountains, 3275, 3584 
Drama, English, 1152; Elizabethan,' 
bibliography, 849 ; Milton, 992 ; its 
place in literature, 678 ; Restora- 
tion to 1900, bibliography, 1149; 
to Shakespeare, 678 ; Sliake- 
speare, 680 ; after Shakespeare, 845 
Dramatic agent : see Theatrical agent 
Draper, biisine.ss and trade of, 45, 2219, 
2221, 2223 

Draperies, hanging, 6722 
Drapery, deflnitiuii of term, 2219 ; 
business, 45, 2219-2226 

— study in shading, 2187 
Draught, in casting : see Taper 

— in heating, 6015 

— production in furnaces, 4126 

— of vehicles, conditions of strengtii 

and speed, 2725 
Draughtsmen, municipal, 1214 
Drave, tributary of Danube, 1838, 2164 
Dravidiau race, 417 ; ethnology, 1789 
Drawbacks, in casting : see False cores 
Draw boring, of tenoned joints, 4040 
Draw'bridge, 2886, 2888 
Drawer, in joinery, 4111, 4113, 4115; 

n*!*klnK, 5294, 5295, 6581, 6586 
Draw’ers, boy -baby’s, 4195 ; girl's, 
4473 ; infant’s, SS56 ; young 
child's, 4050, 4051 

Drawing, 108 ; accuracy, importance of, 

1538 ; how to block in, life models, 
342, 344 ; chiaroscuro, medium 
and principles, 1533 ; dictionary of, 
3009 ; instruments, 284 ; prepara- 
tion for modelling, 1345 ; perspec- 
tive, linear and aerial, 595, 600 ; 
prehistoric, 2255, 2256, 2478, 2479 ; 
in stumping chalk, 1535, 1536- 

1539 ; true drawing, 470 

— architect’s, 5419, 5420, 5421 ; 

joinery, masonry, and carpentry, 
5604-5697, 6698 ; detail drawings, 
variety, 6692; drawings for a 
house, 6542, 5543-5647 
brush, 2690-2693 

— engineer’s, 2790 ; axle-boxes, 3263 

axles, 3133 ; bearings, 3263 
belting, 3263 ; bolts, 3003 
clutches, 4002 ; couplings, 3133 
friction wheels, 4002 ; engine 
details, 4423 ; gearing, 3638, 3656, 


3921, 4000; keys, 3003 ; machine 
design, 4201, 4323 ; nuts, 3003 ; 
odontograph, 3640 ; pulleys, 3423 ; 
rivets, 3003 ; rope driving, 3423 ; 
screw threads, 3003 ; shafts, 3133 
Drawing, freehand : see Freehand 

— geometrical : see Geometrical drawl- 

ing and Geometry 

— light and shade, 1533 ; in mono- 

chrome, 1792 ; pencil, 2184 

— memory, 1088 

— model : see Object drawing 

— object : see Object drawing 

— pastel work, 1061 

— in sculpture, outlining on stone, 1676 

— for sheet -metal workers, 4521 ; cones, 

4737 ; 4933 ; curved articles, 5163 ; 
cylinders, 4933 ; ellipses, 5163, 
5347 ; envelopes, 4521 ; polygons, 
5163 ; pyramids, 4524 

— solid geometry, 1747, 2005 

— technical, dictionary of, 3000 ; in- 

struments, 2788 ; squared paper, 
4329 ; see also Drawing, engineer’s, 
Drawing, sheet-metal and (ieo- 
m?trical drawing 

Drawing-board, architect’s, sizes and 
materials, 5420; cleat, att-ach- 
mciit, 5293 ; technical, 2789 

— cards, use in w'orkshops, 4000, 4001 

— down in forging, 2984 

— frame in textiles, electric stop- 

motion, 2293 ; French system, 
2291 ; machine details and manu- 
facture, 2097, 21C'J ; woollen spin- 
ning, 2290, 2291, 2293 

— office, of shipyard, 5608 

— paper, manufacture, 6401 

— shop, in engineering, 2108 
Drawings account of partners, 2978 ; 

division of proflts, 2756 

— architectural, scale, 1910 ; for cerli- 

licgtes, 1912, 1913 

— in building, use of, 307 

— ship, 5608 

Drawing-stitch, in tailoring, 1111, 1112 
Draw'-kiln, lime, calcination, 6/7 
Draw-knife, 3386, 3387 ; chisel, 4150 
Draw-plate, metal-worker's, 5521 ; in 
wire-drawing, 5524, 5525 
Draw-stop action, of organ, 3857 
Draw-tongs, metal-worker's, 5521, 5524 
Draws, in castings, cause, 3962 
Drayton, Michael, account, 538 
l)r.3ama, savage’s interpretation, 6772 
Dredger, bucket, in raining, 2958, 5335 
Dredgers, in canal excavation, 5336 

— in mining, 2958, 5335 

Dredging, machinery for, 1826. 1827, 
1828 ; methods, 5.135, 5336 

— in mining, appliances, 2968, 2960 
Drenching, leather, 3011 

Dress, average quantities of material 
for, 186 ; for evening wear, 968 ; 
see also, f'hildreii’s clothing, Dress- 
making, etc. 

— chariot, described, 2465 

— material, design, fltness, .5980 

— vehicles, suspension, 3122 
Dresser, carved, plate facing 5809 
Dressers, plumber’s, 5029, 5030 
Dressing gown, 3588 ; Watteau, 3590 ; 

young child's, 4050, 4052 

— jacket, style, 3590 

— machine, 1245, 1247 

— in milling, process, 3081, 3083 

— in tluread manufacture, 2708 

— in textile manufacture, 3489 
Dressings, in buildings, 2177, 2178 
Dressmaker, business of, 971, 2437; 

equipment, 185, 2437 ; sundries, 
haberdasher’s stock, 3152 
Dressmaking, 150 ; accessories, 185 ; 
frills, kilted, 968 ; sewing-machine, 
164 ; sewing and stitching, 
150 ; training for, 322 

— business of : see Dressmaker 

— see also Tailoring 

Driers, in paints, kinds, mixing, 6831, 
6571 ; in varnishes, 5835 
Drift tool, form, use, 3107, 4585, 4686 
Drift-net, use, description, 4990 
Drifting, forging process, 2990 

— ill plate-punching, 3095 
Drill, effect, on children, 4863 

Drill /brick and stohe boring, 5182, 5183 


Drill, diamond, in boring wells, 4029 

— electric, types, 6450, 5453 

— hand-driven, use, 5440 

— in mining, 2583-2587 

— machines, in agriculture : see Seed- 

drilling machines 

— mattress ticking, 6720 

— mechanical and power, 3304, 3307 

— metal-workers’, 5521, 5524 

— pneumatic, 1803, 1806, 5452, 5453 ; 

rock-cittiug, 1826, 1826 

— portable electric, varieties, 6448-5453 

— pow'er, percussive, 2584, 2585, 2586 
•— rock, form, 1825, 2584, 4480, 5356 

— types of, 4259, 4262, 4263 

— see also Drilling machines 
Drillers, forms of tests, 3965 
Drilling, in art metal-work, 6523, 5526 

— in boiler-shop work, 3100, 3104 

— compared with punching, 3095, 3097 

— by light portable machine tools, 5449 

— machines, varieties, construction and 

use, 500't—5007 ’, portable types, 
5277, 5279, 5280 ; structure and 
purpose, 3317, 3319-3323, 5005 

— in mining, quarry work, 2955 ; 

rotary, Ker, 2668, 2669 ; single- 
liaiided, 2.584, 2587 

— pillar, 5449 ; portable machine tools : 

see- Driliiii:; machines above 

— in w’ood-carving, 6043 

Drink problem, a social problem, 4124 
Drip moulding, of light W’aggon, 2829 
Drip pipe, in building, use, 6023 
Dripping points, botany, defined, 727 
Drive, carriage, making, 6318 
Drive, in power transmission, 3531 ; 

universal and flexible shafts, 5449 
Drive pipe, of hydraulic ram, 1685 
Driven brush, mauiifacture, 6109 
Driver, railway, work, wages, etc., 4597 
Drivers, of American clock, 5712 

— of public vehicles, employment, 4185 

— of railway motor vaius, 5079 
Driving-belt, use of raw' hide, 3532 
Driving box, of brougham, 2829, 2831 
Driving, as a career, 4185 

— l)rocess in timber crane w'ork, 4644 
J)riving head, lathe, improvements, 4914 
Drone bee, functions, .59.57 

Dromis, of bagpipes, 5059, 5062 
Drop forging, in iron working, 236 

— hammer, 960, 2991 ; cori.st ruction, 

2022 ; in drawing down, 2984 

— prints, in casting, 2340, 2341 

— test, application to rails, 3608 
Dropper, in mining, definition, 2370 
Dropsy, cause, 5540 ; caused by 

alcohol, 5842 

Dross scoop, galvanising, 6164, 0170 
Drought, Australian, 3702 ; cause and 
effect, v^49f ; Biigge.sted definitions, 
diagram of periods, 4027 
Drowning, psychological phenomena, 
2305; treatment, 6473 
Druggists’ sundries, surgical instrument 
dealer’s stock, 5192 

Drugs, action and use, list of those with 
specific vahte, 5541 ; alcohol in, 
2880 ; apothecaries’ weight, 226 ; 
dyers’, 5779 ; modern discoveries, 
237 ; properties and uses, 4006,4014 ; 
psychic action, 5699; standardisa- 
tion, 4009; synthesis, 2711, 4128 

— plasterers’ tool, 5496, 6497 
Druid stones, occurrence, 2254 
Druidism, in Ireland, 2608 

Drum, coal drying, in cement manu- 
facture, 1853, 1855 

— crane, casting, 2338, 2339 

— of the car : see I’ympanum 

— fur-cleaning, 6431 

— pump, principle, 1686, 1687, 6060 

— in shaft sinking, 3469 

— in stuffing, leather, 3219 

— tanners’ tool, 3162, 3163 

— of whip crane, 832 
Drumhead cabbage, 2906 
Drummond, Henry, author, 2617 ; 

story of childhood of, 104 
Drummond, William, poet, 539 
Drums, classification, 5565 ; chromatic, 
bass, 5733 

Drumstick, manipulation, 5566, 5566 
Drunkards' offspring, heredity theory, 
1588 


6937 
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Dru^Kee 


Drunkenness, convivial and industrial, 
6814. ; as a disease : tee. Alcoholism ; 
effects, 5813 ; and heredity, 2662 ; 
law regarding domestic servant, 
611 ; psychological physiology, 2300 
Dry cell, electric, 465, 467 
Dry-cleaning, use of benzoline, 6148 
Dry rot in timber, 52, 1037, 1371, 3545 
Dryer, in cement manufacture, 1853 
Dryden, Jolin, author, dramatic v'orks, 
1149, 1152 ; poems, 992 ; as prose 
writer, 1642 

Drying, in brickmaking, 1282 

— cylinders, in dyeing, 6372 

— in laundry work, 2689 

— in milling, 3080, 3081 
Dry-point engraving, 6U3. 6290 

Du Chailiu, Avork on Scandinavian 
travel, 213, 860 

Dualism, of mind and matter, 3287, 
6464, 6467 

Dubbin, as stuffing material, 3219 
Dub-end carving, design, 2729 
Dublin, exports and imports, 6006 ; 
harbour, construction, 6330 ; har- 
bour revenue system, 6220 ; police, 
1406 ; water supply, 4027, 4157 
Dublin Dniversity, dental licence, 5770 ; 

tiieologicul course, fees, 162 
Duck, Anseres, bill, 2494 ; descrip- 
tion, 2213 ; webbed foot, 2496 

— poultry, carving, 5934, 5935 ; choos- 

ing, 1228, 3717 ; dietetic value, 
3311 ; manure of, 5875 ; roast, 
cooking, 1874 ; varieties, breeding, 
housing, and rearing, 5704, 5705 
Ducklings, housing, rearing, and feed- 
ing, 6706 ; roast, cooking, 1874 
Duckweed, 730 ; sewage plant, 4549 
Duckwing fowl, 5089 
Duct, in building, ventilation, 0023 

— physiological, definition, 102 
Ductility, contrasted witli malleability, 

1375 ; of metals, 3838, 5523 
Dudgeon expander, use of, 3104 
Dudley, Lord (TuiIdfor(i, marriage, 
execution, 3833, 3831 
Dudley, John, Duke of Northumber- 
land, protectorship, execution, 
3833, 3834 

Dugong, 1762 ; fishing and uses, 5121 
Dulcimer, musical instrument, con- 
struction and use, 4314, 4315 
Dn’eitone, musical instrument, 5569 
Diiloiig and Petit, atomic heat, law,1014 
Duma, Russian, convened, 6301, 6302 
Dumb-fanlt, in mining, definition, 2377 
Dumb well, digging, steining, 2323 
Dumdrudge soldiers, quotation from 
“ Sartor llcsartus,” 6098 
Dumpy level, use, in building, 309 
Dummies, plumbers', 5029, 5030 
Dummy, masons’ tool, 2837-2839 
Dunbar, William, Scottish poet, 328 
Duncan I., of Scotland, murder, 2607 
Dunchi, plant, distribution, uses, 818 
Dundee, industry, 1025, 1066 
Dung, farmyard, properties, 433, 434 
Dung-beetle, classification, 3510 
Dunlop, J. C., history of fiction, 2962 
Diinst, in milling, definition, 3079 
Dunstan, St. .Archbishop of Canterbury, 
life, 2356, 2357 

Duodecagon, geometry of, 285, 744 
Duodecimals, calculation by, 1715 
Duodenum, digestive process, 675 ; 

structure, 576, 579, 580 
Duplex system, in telegraphy, 4606 
Duplicating, in typewriting, 1698 ; 
charges, 1920 

Dupr6, landscape painting, 4301 
Dura mater, anatomy of, 21i6 
Duration, singing voice, 6047 
Durer, Albreciit, characteristics, por- 
trait by, 4117 ; school of, designs 
suitable for stained glass, 4945 ; 
woodcut, 6291 

Duresco, distemper, manufacture, 1036 
Durmast oak, timber, 56 
Durham Cathedral, 1272, 323.3 

— cattle: see Shorthorn cattle 
Durham, county, geography, 1272 
Dust, in air, and sources, 3798 

— bin. sanitary, 5054, 5065 

— collector, use in milling, 3083 

— showers, volcanic, diffusion of, 1207 


Dusting brushes, painters', 6829, 5831 
Dutch, phlegmatic temperament, 5701 

— bond, in masonry, 1521 

— cheese, dietetic value, 3311 

— clinkers, size, weight, 1620 

Dutch East Indies, coins, weights and 
measures, 409 

— language, 1771 ; English importa- 

tions, 1770 ; translation fees, 1920 

— metal, composition, properties, 3940 

— rush, structure and use, 1310 

Dye tray, in leather manufacture, 3455 
Dye : see Dyes 
Dye factories, erection, 5908 
Dyeing, use of aluiiuiiium sulphate, 
4780 ; animal fibres, 5637 ; coal- 
tar dyes, 5953 ; cross process, 
6502 ; fixing agents, 5780 ; hand 
and machine, 6367-6372 ; indigo 
piece-dyeing, 5782 ; insoluble 
colours, 6194 ; mixed effects and 
fabrics, 6501 ; mordants, 5779, 
5780 ; onc-bath, 6501 ; plant, 
5782 preliminary operations, 
6196; principJes of, 6649; recipes 
and patterns, 5637 ; slop 
padding, process, 4502; textile 
fibres, properties and treatment, 
5637 ; vegetable flbres, 5639 ; 
w’ater, quality, 6196 ; woollen, 6502 

— leather, 3164, 3455, 6649 

— machines, 6367-6372 

Dyers, employment conditions, 2651 
Dyes, acid, recipe, kinds, propiirties, 
5955, 5956 ; azo group, composi- 
tion and representatives, 5468 ; 
anthracene group. 5468 ; artificial, 
nomenclature, 5953 ; artificial, anb- 
clasaiflcation, 5954 ; basic, 5955 ; 
direct cotton, properties and use, 
5954, 5955; dyer's, 5779; in- 
soluble, 6194, 6196 ; natural, 

sources, groups and uses, 5781 ; 
natural, superseded by artificial, 
5908 ; nomenclature, 5953 ; jihenol 
group, 5468 : self-colours, 650t ; 
shot-effects, 6504 ; synthetic, 2711, 
5053 ; in textile printing, 4501 ; 
niuon-clotb, 6501 ; vegetable, 5118, 
6651 ; see also under Colours 
Dyestuffs : see Dyes 
Dyewoods, source, varieties, 4058 
“ Dying (Jaiil," statue, 2930, 2931 
Dyke, in geology, 2065, 2067 
Dynamics, defined, scope, 314, 411 ; 
(talileo and, 35 ; relation to 
statics, 85 ; see also Mechanics 
Dynamite, 6761 ; production of, 3272 ; 

use in demolitions, 6274 
Dynamo, compound-wound, 1324, 1 325 : 
construction, 4296 ; cxcitalion rules, 
1109; Faraday’s invention, 129, 
951 ; field magnets, 1105 ; frame, 
14-pole, 1108 ; giant, 1325 ; in- 
duction, right-hand rule, 1105 ; 
magnet windings, calculation, 1 108 ; 
magnetism, excitation, 132.5 ; mag- 
neto-electric generators, 1324, 1325; 
modern type, 1104, 1106 ; principles 
of, 940 ; series parallel circuits, 
1322; series-wound, 1324; shiiiit- 
wouiid, 1324 ; supply system, 
three-wire, 2246, 2247 ; voltage 
calculations, 1324 ; windings, lap 
and wave, 1321-1323 
Dynamometer, use, 3965, 3967 ; spring 
tension, in mine surveying, 804 

— car, railway, 5104, 5105 
Dyne, unit of force, defined, 424 
Dysentery, symptoms and diet, 5843 ; 

conveyed by water, 5410 

— bees’, symptoms, treatment, 5963 

— in cattle, treatment, 2624, 2625 
Dyspnoea, cause, 1303 
Dyspepsia : see Indigestion 

BAQLBf order of birds, classification, 
description, 2212, 2213 ; flight, 
2496 ; pursuit of prey, 2403 

— golden, 2213 

Ear, liuman, anatomy, 1512, 2533- 
2535 ; care of, in children, 4863 ; 
diseases of, 6264 ; book on, 5427 ; 
moving, power lost, 2315 ; recon- 
structive power of, 2317 ; in 
sculpture, observation and 


anatomy, 1510, 1612 ; sound wave, 
analysis by, 2817 ; structure and 
function, 2315, 2316 ; trumpet for, 
principle of, 2102 
Ear cap, for layette, 3745, 3746 

— middle, function, 2316 
Earbreadths, of van, 2828, 2829 
Early Cliristian architecture, 3089 
Early English architecture, 3374, 3375 
Earring, Etruscan and Greek, gold, 

manufacture, 5687, 5688 
Ears, electric tramway wire, 1935, 1935 

— in millinery, velvet, 5331, 5332 

— in plumbing, in fixing pipes, 5629, 

5632 ; of roof pipes, 5794 
Earth, age of, 1923 ; age, geological 
estimation, 1024 ; age, estimation 
by saltncss of sea, 1601 ; age, 
radium estimation, 2027 ; astro- 
nomical statistics, 6250 ; astro- 
nomy of, 6404, 6699 ; circumference 
and area, 13 ; compared with 
sun, 6250 ; contraction of, 622 ; 
curvature, 11, 375 ; dynamical 
geology, 1 205, 1208, 1209 ; forma- 
fion, 6702; heat of, as power 
supply, 5127 ; history recorded in 
stratified rocks, 1921 ; interior, 
theories of, 623 ; magnetism of, 
4243, 4246 ; man’s adaptation 
to lus needs, 4516 ; mass, cal- 
culation, 6405 ; motion of, physical 
account, 315, 549; orbit, 6120; 
6401, 6405 ■, rotation, 6115, 

6119, 6120; physical geography, 
10, 11 ; relation to the solar 
system, 620 ; revolution, annual, 
15 \ revolution round sun, 11; 
secular movements, 1355 ; spheri- 
cal shape, 622 ; sun’s radiation 
pressure, 3620 ; surface changes, 
reasons for, 302 ; yearly revolu- 
tion, 6120 

Earth, in electricity, 669, 670 

— (the soil) angle of repose of, 2572 ; 

“ getting " process, 3171 ; medium 
for transmitting sound, 2101 ; 
weight, 1704 

— slips, railway, 3258, 3259 
Earthenware, early drinking cups, 

2478 ; manufacture, 5161, 5233 : 
see also China and Pottery 

— burnt , for drain-pipes, 570 

— business and trade in, 1893, 1894 

— glazed, n.se in drain-pipes, 569 

— trades, employment conditions, 

2653, 2654 

— in walks, damp course, 2264 ; ties, 

2266 

Earthquake, books on, 2256 ; snb- 
miirine, 1209; geological effects, 
1352 ; cause and effect, 1208 ; 
connection with faults, 1925 
Eartlimit : see Ar.ichis 
Earth -tremors, cause and effect, 1208, 
1209 ; see also Earthquake 
Earthwork, embankment coiLstructioii, 
1449; railway, 3171 ; preservation 
of, 3257 ; slipping, in railway con- 
struction, 3258, 3259 
Earthworm, de.scription, use, 3597 ; 

fertilising agent, 1814 
Earwig, description, 3303, 3364 
Easel, 1217 

Easing, in dressmaking, 152 
East India Company, 223, 4843, 6540, 
6552 

East Indies, craniology, 1786 ; exports 
and imports, 5380 ; map, 3160 ; 
petroleum deposits, 6000 

— Dutch, Dutch trade, 5826 
Eastern cadetships, 3477 
Eastern Hemisphere, size, 850 
Eastings, in plotting surveys, 370 
Easy chair, upholstery, 6717, 6718 
Eau-de-Cologne, recipe, 4972 
Eaves, of tiled roof, 4869, 4870, 6511 
Ebonite, constituents, use, 809 ; as 

insulator In electricity, 672 ; manu- 
facture, 4658 ; see afeo Vulcanite 
Ebony, for carving, 6809 ; source, 
4668, 0884 ; strength, weight, 1260 
Eccentric, in engineering, 828, 4426, 
4429 ; engine valves, 6642, 5644 
Eccentricity, In conic sections, 6783 
Ecclesiastlcism, histoiry of, 6774 
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Bchinoderms, characters of, 1492, plate 
facing 4081, 4083 
Echinoidea ; eee Sea-urchin 
Ecitoii, wandering ants, 3725 
Eclipse, of moon, 11, 6564, 63H3 

— of sun, 0604, 0506 

Ecliptic, in astronomy, defined, 6120, 
0243, 6246, 0248, 6250, 6665 
Ecology, term explained, 138 
Economics : eee Political economy 
Economiser, gas burner, 6026 : grate, 
6015, 0017 

— bowl, of electric flame lamp, 2684 
Economy in business, 6518 
Ecthlipsis, in Latin verse, 1767 
Ectoderm, of cdelenterata, 4083 
Ectoparasites, of fish, 5315 
Ecuador, geography, 4282, 4290 
Edam cheese, composition, 4400 
Eddystone Lighthouse, cement used, 

2428; destroyed (1903), 4951 ; 

dovetailed joggles in joints, 3036, 
3039 ; stone used for, 529 ; struc- 
ture and foundation, 76 
Eden, river, course, 984, 1271 
Edentata, mammals, characters, 1763, 
1765 ; development of claws, 
1871 ; scale and plate armour, 
2156 ; species of, 1494 
Edge-cutting machines, boot, 4641, 4545 
Edge-plate, of brougham window, 2829, 
2831 ; of carriages, 3325, 3329 
Edge-runner mills, cement, 1582 
Edges, in drawing, treatment of, 1634 

— measiireinent by, 3692 
Edge-setting, in bootmaking, 4545 
Edge- trimming, in bootnuiklng, 4241, 

4543 ; in saddlery, 4783 
Edgeworth, Maria, novelist, 3132 
Edging, in vehicle decoration, 3481 
“ Edinburgh Beview,” founders, 2309 ; 
Carlyle a contributor, 2452 ; Ma- 
caulay’s essays, 2615 
Editing, newspaper, morality of, 4431 
Editor of newspaper, function, (pialill- 
cations, 3811, 4420 

Edmond Ironsides, king, and tiio Danes, 
2357 ; and St. Duiistaii, 2350 
Education, book on, Spencer, 5816 ; 
false and true, frt)m psychological 
point of view, 2372 ; habit as a 
factor, 2860 ; importance in busi- 
ness, etc., 5 ; purpose of, 1884 ; 
•physical effect on tne brain, 2299, 
2300 ; psychology of children, 
3118.; training of attention, 2258 ; 
travelling advantages, 64 
—•Acts (1870 to 1903), 3505; as 
affecting municipal control, 1677 ; 
effects, 80, 318 ; powers of district 
council, 316 

— applied, 1743, 5503 ; see further in 

Group Index, page 6890 

— colonial, openings for teachers, 3741 

— committees, medical advisers, 699 

— county, university scholarships, 481 

— girls’, media3val and modern, 3505, 

3509 

— Indian appointments, 3478 

— inspectors, 2252, 3303, 6479 

— Ireland, 483 

— London, authority, statistics, 319 

— munieinal service, 1677 

— practical, value, 5593 

— Scotland, 483 

Edward, King of Britain, 975, 2357 
Edward the Confessor, reign, 2358 
Edward I. of England, conquest of 
Wales, 2610; takes Isle of Man, 
2611; reign, 3073 ; restrictions on 
trade, 146 

Edward II.. reign, 146, 3075 
Edward III., regency, 3076 
Edward IV., character and reign, 3603 
Edward V.. accession and murder, 
3603, 3604 

Edward VI., reign, 3833 

Edward VII., cattle breeding, 2235 ; 

state landau, 2465 ; travels, 212 
Eels, carving, 5936 ; care of young, form 
of body, 3069 ; choice of, 3717 ; 
classification in zoology, 3065 
' Efferent nerves, definition, 102 ; course 
and nutriment, in spinal cord, 
2143 ; see also Motor nerves 
Effervescing salts, preparation, 4774 


Effervescing waters, dietetic value,' 3380 
Efflorescence, defined, 842 
Effluents, trade, exclusion from sewers, 
4548 ; purification, 5764, 5767 
Eft, description, 2800 
Egg, acid, in sulphuric acid plant, 4028 
Egg in biology, production of germ 
cells, 1315 : see also Keproduetion, 
Pangenesis, Ovum, etc. 

Egg - and - tongue ornament, 5820 ; 

moulding, 5297, 6299 
Egg-capsules, of cuttlefish, 3110 ; 

of purple shell, 3114 
Egg eelf, plant reproduction, 347, 348 
Egg-cells, of mosses, 1312 
Egg-generation, biological importance, 
1311 

Egg-organs, of ferns, 1110-1118 
Egg-laying mammals (moi«)tremata), 
swimming apparatus, 2038 
Egger-moth, maternal solicitude, 3514 
Eggs, animal, “ dormant ” life, 277 

— birds, 2506 ; plates follomng 2496 

— of bony fish, 3068, 3009 

— poultry, buttered, with mushrooms, 

2331 ; centre of gravity and 
equilibrium, 800 ; chemical analy- 
ses, .')094, 5873 ; cooking at high 
altitude, 1741 ; eomitries ex- 
porting, 5119; dietetic value, 
3311, 3381; digestibility, 3314; 
dummy, 5091 ; fertile and in- 
fertile, 5091 ; fricasseed, recipe, 
2334 ; hatching conditions, 5091 ; 
hutching by incubator, 5203, 
5204 ; largest, 2214 ; laying by 
poultry, 4660, 4662 ; preserva- 
tion, 4931 ; shell, percentage, 
5874 ; shell, weiglit of, 5434 ; 
sauce, recipe, 2004 ; selection for 
Bitting hens, 5091 ; test for chickens, 
5092 ; test for freshness, 4714 ; 
weight and composition, 5873 ; 
white and yolk, nutritive values, 
3599 ; white and yolk, i)roi)or- 
tioiis of, 5874 

— of shark, dogfish and skate (mer- 

maids’ purses), 3066, 3071 

— turkey, 5703 

Ego, development of recognition, 2373 ; 
recognition of, animals and men, 
2373 : see also Personality 
Egret feathers: /fee Osprey 
Egypt, administrative posts, 3548 ; 
Arabian eonqiieet, caliphs, 2353 ; 
army, 4200 ; art, 183, 2519-2523 ; 
art compared with Chaldean, 
26.')9 ; art, iiifiiieiice on (»rcek 
art, 2929 ; art, iufluenre on J*er- 
sian art, 2659 ; buildings, rea- 
sons of permanence, 142 ; coins, 
weights and measures, modern, 
409 ; cotton prodiietion, 383, 
384 ; craniology, seaboard, 1786 ; 
ectuiomic progress, 5822 ; eth- 
nology, 1790; flax, ancient and 
modern, 716 ; geography of, 
3450 ; history and religion, 419, 
1514, 6447, 6692; irrigation, 

3280, ;U50, 5483, 5484; litera- 
ture, ancient romances, 2962 ; 
Napoleon’s expedition, 5238 ; 
petroleum deposits, 6009 ; ship- 
ping, 5255 ; sugar cultivation, 
3653 ; tanneries, ancient, 2851 
Ehrhardt tube making process, 5323 
Ehrlich, side-chain theory of bio- 
chemical action, 4135 
Eiderdown, production, use, 6609 
Eidograph, in plan drawing, 371 ; in 
surveying, 158 

Eifel, mountains, situation, 1974 ; 

.volcanic formation, 1207 
Ejector, of brake, function, 3127 

— sewage, Shone’s, 4402, 4463 
Elscolite, rock, 1008 
Elasmobranchii, fishes, 3005, 3007 
Elastic cartilage, description, 436 
Elastic limit, defined, 3107 
Elasticity, definition, 1375 ; law of, in 

relation to oscillation, 3747 ; limits 
of, 1258 ; in machinery, 209 ; 
in mechanics, 86 ; modulus of, 
1258 ; of metals, 1396, 3838 ; of 
plants, 170 ; of various materials, 
209, 1256, 1375 
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Elaters, of horse-tails, 1119, 1310 
Elbe, river, basin, eStuary, 1975, 1976 ; 

disadvantage of shallowness, 4517 
Elbow, human, 1710 ; muscles, 1712 

— springs, vehicle, 2725, 3328 

Elder, in botany, insect pollination, 731 
—tree, strength of timber, 1260 
Elections, returning offleer’s fee, 1926 
Elector Palatine, rights, 2947 
Electors, the Imperial, Idstory of, 2947 
Electric accumulator : see Accumu- 
lator, electric 

— batteries ; see Batteries, electric 

— bell, book on, 4298 ; first use, 128 : 

see also tinder Bell 

— chronograph, astronomical use, 6247 

— conductivity of metals, 1397 

— current : see Current, electric 

— dealers and fitters, business of, 2438 

— firing, in war, 6274 

— furnaces : see Furnaces, electric 

— heating, 3030, 3031 

— impulses in waves, 1359, 1302 

— Instnimeuts, books on, 4298 

— light, incaiKleHcent, cost, 6153 ; 

domestic use, 5194, 6026 ; fitting 
to ship, 5924 ; fittings, 6026 ; in 
shop windows, 398 
-—locomotive, contrasted with steam, 
208.5 

— measurement, units and standards, 

292, 789 

— power, calculation, cost, 291, 1951 ; 

man’s use, 4516 ; measurement, 
292, 789 ; supply by refuse 

destructor, 5025 ; water power- 
turbines, 1694 

— power transmission, 291, 5355; 

aluminium wire in, 5171 ; books 
on, 4298 

— pressure : see IClectromotive force 

— railways : see Hallway, electric 

— sparks, oscillating, production, 3748 

— stresses, 4023 

— supply systems, 2245 ; meters, 2812 

— telegraph : see Telegrapliy 

— trams : see Tramways, electric 
Electrical apparatus, cost, 4993 

— etigineer, iit municipal service, 573 ; 

of railway company, duties, 4231 

— engineering, apprenticeships, de- 

grees, 4297 ; books on, 2440, 
4298 ; training, 4296 

— inertia, and materialism, 6465 

— workers, employment conditions, 

26w6 

Electrician, work of, 2218 ; in Navy, 
4205 

Electricity, 128; animal, instances, 
4449, 4450 ; arc and mechanism 
of arc lamps, 2414 ; atomic 
nature, 4022 ; books on, 4298 ; 
ciiemical pro])erties, 288 ; chemis- 
try, relation t(», 238; ebnduction 
ami insulation, 464 ; and dyna- 
mics, 314 ; energy of, conservation, 
measurement, and transformation, 
289 ; in the eye by action of 
liglit, 3226 ; Faraday’s researches, 
949-951 ; generating, older methods 
of, 949 : see al8o Dynamo ; as 
illiiminant : see Electric lighting ; 
lines of electric force, 4023 ; 
magnetism, relation to, 562 ; and 
matter, 313, 4105 ; measurement 
and properties, 5752 ; mineral 
deposit, finding by, 2582 ; modern 
problems, 521; nature of, 288; 
negative, charge of electrons, 
2028 : see also Electrons ; nerves, 
action on, 1943 ; one-fiuid theory, 
4022 ; oscillations and electric 
waves, 3747, 3894, 3895 ; positive 
and negative, 288, 2551 ; static, 
3579, 3581 ; supply meters, 2812- 
2810 ; supply, systems of, 2245 ; 
theories of, 288, 4021 ; therapeutic 
value, 6264; tooling machinery, 
3324 ; in transport compared with 
steam, 2274 ; two-fluid hypothesis, 
4022 ; units of, 290 ; vitreous ana 
resinous charges, 4022; voltage, 
291 ; voltage, alternating, 1857 ; 
for water transit, 2278: see also 
under Electric, Electro, etc. 
Electro-brassing, 6578 
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Electro-chemical equivalents, 32G2 

— reactions, instance, 6753 
Electro-chemistry, 6752; books, 4298, 

6089 

Electrode, of electric coll, defined, 466 
Electro-deposition, in alloy niaklng, 
3939 ; in art metal-work, 6526 ; 
definition, 3421 ; zinc, 6170 
Electro-galvanising, processes, G170 
Electrolysis, 3260, 5752 ; in chemistry, 
5, 240, 5752 ; preparing elements 
by, 840 ; of fused salts, 5753 ; 
industrial processes, 3262 ; ions, 
direction of, 4022 ; nu^tals, ex- 
traction and refining, 3836, 4127, 
5752,6165, 0168 ; of solutions, 5753 
Electrolyte, S2G0, 3261 ; solutions, 4698 
Electrolytic dissociation, theory, 4407- 
4408 ; Faraday’s law, 3261 

— reactions, 5762, 5759 
Electromagnet, forms and action, 561 
Electromagnetic rotation, 949 
Electromagnetic waves, 4021 
Electromagnetism, 559 ; Clerk-Max- 

well’s theory, 3851 ; Faraday’s 
researches, 949 ; Sturgeon’s, 129 
Eloetro-metallurgv, processes, 5752 
Electromotive force, 291 
Electron, 288, 313. 2294, 2317, 4103, 
4022 ; arrangement within the 
atom, 2295 ; cause of comet’s tail, 
2027 ; expulsion from atoms, 
2554 ; in gaseous discharges, 
4103, 4104 ; given out by sun, 
2027 ; identity with negative 
gaseous ion, 313, 4700 ; mass and 
inertia, problems qf, 2395, 2551 ; 
movement of, 2392 ; pro])eities of, 
2551; negative ion, 4700 : number 
in mercury and radium atoms, 
2295 ; relation to atomic weight, 
3619 ; relative size, 2029 ; speed, 
2028, 2551 ; Thomson’s theory of 
matter, 2204-2298 ; unit of atom, 
1915 ; and valency, 2296 
Electroplating, 657H ; bath, 3421 ; 
books on, 4298, 6578 ; with 

copper, 5752, 5754 ; process of, 
301, 3421 ; Woolrich’s discovery,! 29 
Electroscope, in ballooning, 3982 ; gold 
leaf, 4022 ; radium determination 
by, 2028 ; radium “ clock," 4105 
Elcctrothermic reactions, 5753, 5989 
Klectrotypers, employment, 2655 
Electrotyping, 3422 ; books on, 6076 ; 
energy required, 3262 ; equipment, 
5659, 5560 ; study by printer, 5558 
Electrozone, use. 4095, 4547 
Elegiac verse, rules. 1767, 1768 
Elementary schools, 1677 ; teacher’s 
training and salaries, 164, 8474 
Elements, in applied mechanics, 88 

— In cheniistr>', 516 ; atomic weights, 

617 ; corpuscular groupings, 
2298 ; dissociated in stars, 
4136 ; In earth’s crust, 239 ; 
electrical characters and corpuscu- 
lar theory, 2297 ; electro-chemical 
emtivalents, 3262 ; essential to 
life, 2710; etymology, 517 ; free, 
239, 839 ; in iiuman body, 438 ; 
inter-relation, proof of, 3618 ; list 
of, 516, 617 ; Mende’.^eff’s dis- 
coveries, 400-402 ; nascent state, 
693; nature and analysis, 4130; 
natural synthesis, 4131 ; new 
discoveries, 237 ; periodic law of, 

400 ; preparation, 840 ; proved to 
be compounds. 2082 ; rare ele- 
ments, 239 ; relations of, 238, 328, 

401 ; in the stars, 839, 4136 ; 
symbols and atomic weights, 
617 ; transmutation, 1448 ; varia- 
tion in magnetic properties, 4244 ; 
Zeeman effect, 3618; see also 
Atom 

Elephant, plate faeing 1491, 1762; 
frontal bone of, 1604 ; ivory of, 
811 ; power, 5011 ; rate of 
increase, 824 ; skeleton, plate 
lacing 2085 ; skin, 2156 ; tusks, 
seiung, 811. 2155; weiglit of 
brain, 2144 

Elevation, in architecture, 2131 

— in drawing of house, 5542, 5546, 

5548 ; dStainiug, 1747, 1749 

mo 


Elevation, in geometry, 695, 699 
Elevator, in cement manufacture, 1853 

— grain, gearing chain, 4000 

— hydraulic, in mining, 2960 

Eliot, George, novelist, 3441, 3442 3783 
Elision, in prosody, defined, 1767 
Elixir of life, in early science, 50 
Elizabeth, Queen, E. S. Beesly’s book, 
2786 ; character, reign, 3997 ; help 
to Netherlands, 4398 ; imprisoned 
in Tow’er, 3834 

Elizabethan Age, drama, 678 ; drama 
after Shakespeare, 845 ; literature, 
845, 848, 849, 2310; morality, 
general spirit, 848 ; poetry, 536 
Elliott, Ebenezer, poet, 1308 
Ellipse, In conic sections, 6783 

— geometrical, describing, 1411, 1413 

— in teohnical drawing, 5347, 5349^ 

5350 ; developincrit from cone, 
4933 ; elliptical section, 4933, 
4935 ; uniting cylinder and cone, 
5040, 5042 

Elliptic Sluing, vehicle, 2725, 3328; 

under-carriage. 3124. 3125 
Ellis, H. Havelock, 278.5; on the 
“ Woman Question," 4976 
Elm, 6317, 6884 ; classification, 355 ; 
bark, 6068; friction data, 959; 
seed -dispersal, 911, 912 ; timber, 
56, 1260, 1261 ; in vehicle con- 
struction, 2827 

Elocution, in acting, 6864 ; singing, 
6340 

Eloeoptene, In essential oils, 4968 
Elsw'ick Works, Newcastle, 1272, 2886 
Ely Catheilral, 1273, 3374 ; instance of 
incongruous design, 5819 
Embalming, process, and fees, 6787 
Embankment, earth, 1449, 1451 ; drain- 
age, 570 : effect on erosive action of 
sea, 1814 ; w'ater pressure, 1076 

— in railway construction, 3175, 3176, 

3252-3259 ; ballast, 3430 ; survey- 
ing, 801 : tipping, 3176, 3177 
“ Embarkation of the Queen of Sheba," 
picture, by Lorrain, 4300, 4302 
Embden goose, 5704, 5705 
Ihiibolism, cause and eifects, 6036 
Embouchure, music term, 6135, 6437 ; 

of bassoon, 4897 ; of horn, 5445 
Embroidery, finish of camisoles, 3589 ; 
cottons used for, 3093 ; Japanese, 
3161 ; for underwear, 3094 
Embryo sac, plant, 347, 348 
Embryology, cellular, 199, 200 ; con- 
tinuity and priority of germ-cells, 
1314 ; definition and scope, 95, 
102, 137, 279; importance in 
psychology, 2116 ; relation to 
various parts of biology, 137 
Emerald, precious stone, 5855, 6736 ; 
imitation, 6852 ; properties, 5853 

— Oriental, green sapphire, 5855, 6736 

— green, pigment, 1043 

— type, 5028 

Emerson, Ralph Waldo, essayist, 8780 ; 

on reading, 2937, 2938 
Emery, mineral, properties and uses, 
768, 813, 5989, 6573, 6736 ; use for 
lens grinding, 6124 

— cushion, use, 3093 

— paper and pow’der, 813 

— wheels, 2019, 2021 ; in grinding 

milling cutters, 3408, 4260 
Emeu, description, 2213, 2214 
Emigrants, information and openings 
for, 3741, 3742, 6212 
Emigration, of Irish, 1365 ; national 
and economic aspects, 3 ; purchase 
of N.Z. lands, 3467 ; Australian 
grants, 3235 

Emmetropia, in physics, definition, 3178 
Emotion, aesthetic value, 180, 723 ; in 
Greek sculpture, 2029 
Emotions, as mainspring of action, 
2805 ; psychological account, 2604 
Empedocles, originator of idea of 
natural selection, 2030; applied 
to atoms, 2205 ; materialism, 6250 
Emperor moth, cocoon, 3515 
Empliasis, errors and value in reading 
aloud, 1473 ; in business letters, 
6352 ; in singing 6337 

— mark, in music, 271 
Empire coat; 2328, 2329 
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Employee, commissions, 5927 ; legal 
notice, 5928 ; insurance against 
dishonesty, 5929 

Employer, legal definition, liabilities, 
6928 ; restrictive agreements, 5928 ; 
treatment, 5028 

Employer’s liability insurance, 4852, 
5928 

Employment agent, 6519 
Employment of Children Act, 40 
Ems, river, basin, course, 1975 
Emu : see Emeu 
Emulsion, definition, 676, 1033 
Eu (French pronoun), 8ynta.x;, 1773, 
6089 

Enamel, metallic paint, 1036 

— of human teeth, 576, 578 
Enamelled slate, 530 

Enamelling, processes, 5689, 5690, 6574 ; 
engraving, 5529 ; Romanesque, 3234 

— leather manufacture, 3455 

— slates, 630 

Enamels, 5521, 6575 ; in art metal- work, 
composition, manufacture, 5689 ; 
application to poUery, 5384 
ICncaustie tiles, for building, 646 
Encephalitis, symptoms, 6261 
" EiicyclopHPdia Rritanmea,” first edi- 
tion, 2142 ; Macaulay as contri- 
butor, 2615 

Enders, in cloth manufacture, 4344 
Endochrome of colion, 821 
Endoderm, of coclcnterata, 4083 
Endogens, term in botany, 51 
Eudothelinin, function, 6354 
Endoparasites, of fish, 5315 
Endorsement, of bills of exchange, 1318 
Endosperm, plant, 350 ; of wdicat, 915 
Endpapers, in bof)kbliiding, 6776, 6778 
Ends, of boilers, 3097, 3100, 

Ends, in millinery, velvet, 5331, 5332 

— in textile industry, definition, 2939 

— timber, definition, 3544 
End-tip w'aggon, 3252 
Endowment assurance, 3224 

" Emiymion" (Keats’), 1307 ; Croker’s 
attack, 1304 

Energetics, sclonec of, 2062 
Energism, materialism, 6258 
Energy, in animals and plants, sun as 
source, 4132 ; bodily heat units, 
439 ; conservation of, 1916, 20^2, 
4883 ; conservation of, connection 
w'ith conservatism of matter, 2391 ; 
dissipation, 2062 ; doctrine of 
availability, 2062 ; functions ot 
flyw'heels, 2018 ; indestructibility, 
2062 ; interatomic, 2303 ; measure- 
ment, 289; metabolism, molecular, 
438 ; of motion : see Kinetic 
energy ; nature of, 1376, 4021 ; 
philosophical disctission, 6465 ; 
physical discussion, 314 ; principle 
of, explanation, 34 ; mind iTi 
psychological theory, 2115 ; sources 
of, 2553 ; see also Dynamics and 
Electric powder 

Enfleurage, in perfumery, definition, 
4350, 4969 

Engine, atmospheric, 5415 

— caloric, defined, 5413 

— fire, 5415 

— gas, books, 5595 ; testing, 3967 

— oscillating, u.se in steamers, 6071 
— - petrol, types, 3907, 6153 

— rail motor-car, bogle, 4801, 4811 

— of railway locomotive, cleaning, 

4594, 4596 ; coaling, 4595, 4597 ; 
firing, 4697 ; G.W.U., 6614, 6615 ; 
modern types, plate facing 4227 ; 
oil fuel, 5106 ; " pit " examina- 
tion, 4599 ; shunting arrangements, 
3254, 3265 

— steam, 5909-5914 ; automatic ex- 

pansion, gear, 5054 ; books on, 
5595 ; continuous working, 6417 ; 
crosshead casting, 2338, 2341; 
cylinder casting, 2330, 2341 : 

cylinders : see Cylinders, engine ; 
designing for, 4201; drawings oi 
detmls, 4423 ; early forms, 5010, 
6415 ; efiAciency dependent on 
heat, 6414 ; erecting, 3691, 3693 ; 
heat, the power agent, 
horizontal, 6069, 6070 ; horizontal, 
coupled, 6071 ; horse power ot, 
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5418 ; inclined, 6071 ; internal 
combustion, 6415, 67S5 ; link 

motions of valves, 6139, 6140 ; 
marine, 5401, 6292, 6293, 6294, 
6295 ; oldest in cxistehce, 5417 ; 
sell-lubricating, 5749, 5750 •, of 
ships, fitting, 5924 ; side lever, 
5748 ; testing, 396:i, 3966 ; three 
cylinder, 6071 ; triple expansion 
type, on liners, 5418 ; types, 
5746, 5751, 5909 ; vertical, 5748, 
5750 ; work proportional to pres- 
sure and temperature, 5414 : see 
also part's of engines — e.g., ( yllnder, 
Valves, et:. 

Engine-driver, railway, 4595 
Engineer, apprenticeship, articled pupils, 
British, German and American 
contrasted, 5594 ; education, 1827 ; 
employment conditions, 2616 ; 
function, 156 ; training, 2108, 5592 

— civil, railway staff, 4591 

— domestic, business and plant, 2218 

— electrical : see Electrical engineer 

— marine, training, 6365, 6366, 68(J7 

— municipal, openings in the colonies, 

3741, 3743; salaries, 452 

— Navy, pay, 4402 

— of railway company, 4227, 4230 

— Koyal Naval Keserve, 6306 

— superintendent, of shipiung com- 

pany, duties, 6361 

— War Office and Admiralty, 3196 
Engineering, Cambridge course, 483 ; 

crystallography, bearing on, 4560 ; 
societies and diplomas, 453 ; train- 
ing, 162 ; see also under separate 
headings 

— mechanical : see Mechanical 

— municipal officials, 452, 573 

— Naval officers’ training, 4401 

— shops, list, 2108 ; arrangement, 5589 

— see also Civil Engineering and 

Mechanics, applied 
Engineer’s plater, patterns, 4522 
Engineers, Koyal, service, 3842; drivers, 
mechanics, and sappers service, 3840 
Engineers’ tool-makers, ciuploynieut 
conditions, 2646 

Engipeman, railway locomotive, 
duties, 4598, 4599 ; wages, 4601 
Engine-room artificers, in Navy, 4265 
England, architecture, 3374, 3375 ; 
architecture, Renaissance, 3946 ; 
climate, temperature, rainfall, 984, 
985 ; coalfields, 1271, 5303 ; 

cotton industry, 223 ; craniometry, 
1786 ; engineering, condition 
of, 5594 ; evaporation, 4026 ; 
exports and imports of port, 6005 ; 
flax, cultivation, 716 ; geography 
of : see England, geography of, 
below ; geological connexion with 
Europe, 1354; geology of, 528; 
history of : see England, history 
of, below ; horse breeding, 987 ; 
leather trade, history, 2851 : see. 
further Leather ; linen industry 
and manufacture, 1025 ; meat 
consumption, 3381 ; nmrtality 
statistics, 2662 ; nationalities, in 
middle centuries, 2354 ; naviga- 
tion in Middle Ages, 5256 ; Navy : 
see Navy, British ; place-names, 
various influences, 1768; police 
forces, 1406 ; rainfall, mean annual, 
4024 ; road construction, 2179 ; 
roads, history and regulations, 
1977 ; sea fishery regulations, 
5318 ; ships of nineteenth century, 
5256 ; sHk industry, 581 ; skull 
measurement, 1786 ; trade, early 
history, 146; universities, 1782, 
1784 ; wool industry, 69 ; see' 

also Great Britain 

— geography of, East Anglian coun- 

ties, 1274; Lake district, 1271; 
Lincolnshire, 1273 ; Midlands, 
1273 ; Northern counties, 1272 ; 
rennines, 1271 ; communications 
yjth Europe, 981 ; Seveni Baain, 
1276; South-Eastern counties, 
1276 ; Boutheni counties, 1274 ; the 
^ames, basin and estuary, 1274, 
1275 ; West country, 1276 ; York- 
shire, 1272 


England, history, to end of Heptarchy, 
2241 ; AlfrM the Great to William 

1., 2354 ; Norman kings, 2674 ; 
Plantagenet kings, 291 3 ; Henry 

111., 3073, Edward I., II., and 

111., 3073 ; 1377-1413, 3249 ; 

Henry V. to Jack Cade’s rebellion, 
3463; Henry Vlll., 3649, 3832; 
Mary, 3832; Elizabeth, 3997; 
James 1. and Charles 1., 4551 ; 
Common w'ealth, 4761 ; Charles 

11., 4762 ; James II., 4841 ; 
William III. and Mary, 4841; 
Anne, 4950 ; George I.-George 

111., 5554, 5685 ; American 

Revolution, 5555 ; William IV., 
5685 ; Irish Rebellion, 5973 ; 
Indian Mutiny, 6550 ; Victoria, 
6690 ; Irish famine, 6691 ; Crimean 
War, 6692 ; Boxer rising, 6693 ; 
'fransvaal Wars, 6693 ; Home 
Rule Bill, 6694; Edward VII., 
6694 ; reference books, 2737 ; see 
also Britain 

— language : see English language 

— Wars of the Roses, 3603 

— and Wales, elementary education 

stati.stics, 1677 ; local government 
bodie.s, 317 ; ptwr law returns, 
1851 ; triangulation .survey, 1145 
Engleheart, miniature w'ork, 1061, 1003 
English, the, brain weight, 2144 

— ash, ill vehicle construction, 2827 

— bond, in brickwork, 1451, 1452 

— Channel, ferry scheme, 892 ; geo- 

logical formation, 1354 ; water, 
sources of, 5188 

English language, 121 ; external influ- 
ences, 1768 ; relation to German, 
248; Grimm’s law, 1771 ; history, 
1768 ; Latin and Greek root words, 
6810 ; letter-writing, 1472 ; periods 
1770; punctuation, 1338, 1471; 
reading aloud, 1474 ; suitability 
lor singing, 6338, 6340 ; style in 
writing, 1472 ; tourist vocabulary, 
1956 ; travellers' phrases, 956 

— literature : Literature, Poetry, 

Drama, Shakespeare, etc, 

“ English Men of Letters,” series 11. W., 
2612, 2618 ; value of, 1438 
Engraved rollers, wallpaper printing, 
6725 

Engravers, eniployment conditions, 
2655 

Engraving, la art metal-work, 5528 ; 
etching and line engraving, 6//f- 
6113, 6114 ; mezzotint and w’ood, 
0289-6291 ; photo., 6483-6480 
Engravings, trade in, 892, 4609 
Enlargement, geometrical, 1411 

— photo., 6683 

— of plans, in surveying, 369, 370 
En)i.stlng in army, facili(i<js for, 3841 
Enrichments, architects’ drawings, 

5698 ; in brick, 1949, 1050 
Ensembie playing, practice of. 2024 
Eii.sifonn prt^Kjess, anatomy, 1606 
Ensilage, in agriculture, 1970, 1971 
bhitasis, in art, 2287 ; in masonry, 3040 
Entebbe, situation, 3452 
Enteric, bacillus, 6540, 6542 ; 

symptoms, 5843, 0260 ; immunity 
from, 6544 ; communication by 
.sliellflsh, 5315 
Entering-desk, 660 

— tool, carvers’, 5809, 5810 
Enteritis, in horses, treatment, 2620 
Entertainments, public, organisation, 

6869 

Eiitumology, carnivorous plants, 507, 
, 508 ; economic, 1666, 1607, 1068 ; 
see also Insects 

Entry, business, final and original, 777 

— single and double : see Bookkeeping 
Entropy, term in physics, 2063 
Enunciation, in geometry, 4208 
Envelope, addressing typewriting, 1607 

— manufacture, 6567 

— in technical drawing, 4934, 4935 

— in sheet-metal work, solid bodies, 

making and drawing, 4521, 4523 
Envers, French preposition, 6090 
Environment, change of, effect on 
animals, 1491 ; effect on germ- 
cell, 651 ; factor in modifying 


character, 4370 ; as factor in 
racial evolution, 1706 ; importance 
in education, 2861 ; in relation 
to heredity and tendency, 1587 ; 
predisposing cause of ill-health, 
5702 ; importance in mental evolu- 
tion, 3383 ; p.sychology, 2995 ; 
in Reid’s theory of heredity, 1181 
Envoy, British diplomatic, 2935 
Enzyme, in dairy farming, 4036 : see 
also Butter and Cheese ferments ; 
action in starch, 3085 ; not syn- 
thesised, 2712; see also Ferment 
Eocene sy-stem, in geology, 2067 ; dis- 
tribution of rocks, 2254 
Eohippus, fossil horse, 1177, 1178 
Ephe.sus, school of art, 2930 
Epigene action, in geology, 1206 
Epigynous plants, 347, 350 
Epic poetry, Milton, 991 
Epicyclie trains, 12, 832 
Epicycloid, definition, drawing, 1414 
Epidermal cell, histology, 1419, 1420 
Epidermis, of animal hide.s, 2852 

— of human being, structure and 

function, 1419-1423 

— of plants, 169 , 171 

Epiglottis, hiTinan, 2144 ; function, 
1299 ; function in singing, 6048 ; 
structure, 2.-)37, 2538, 2539 
Epiiieurium, iu anatomy, 1942 
Epiphenomeuou, iu Huxley’s psycho- 
logy, 2116 

Epiphytes, defined, 506 ; iu Congo 
forests, 628 

“ Epipsychidion,” Shelley’s, 1308 
Epirus, under ryrrhus, 1203, 1204 
Kpistcmology, defined, 2116, 6255 
Epithelial cell, kinds of, 200 

— tissue, of human body, 196 
Epithelium, ciliated, function, 1300; 

function in human ear, 2533 ; in 
pharynx, 577 

Epsom salts, 6736 ; antidote to carbolic 
acid poisoning, 3710; at Epson*, 
1721 : a/xo Magnesium sulphate 

E(iual altitudes, in surveying, 1709 
E(pial temperament, iu pianos, 2319 
E(iuality, in design, .'080 
E(iuation, chemical, 694 
Eipiations, in algebra, quadratic, 3109, 
3290 ; (|uadratio, simultaneous, 
3291 ; simple, 2381 ; involving 
.surds, 3.'>23 

Equator, explanation, 11, 6665 
-- celestial, in astronomy, 0243, 6244 
Equatorial line.s, of balloon, 3084 
Equilateral triangle, to construct, 494 ; 

definition, 285, 287, 4330 
Equilibraut force, 411, 1833 
Equilibration, in evolution of space idea, 
2119 ; function and organ of, 2118 
Equilibrium, forces in, 411, 553, 661, 
1833 

— in phy.sies, 5.’i3 ; gravity and, 799 
Equinox, explanation, 15, 293, 6250, 

6405, 6605 ; instant of, 293 ; pre- 
cession, 6248, 62.>0 

Kcpiivaleiit, term in chemistry, defini- 
tion, 1914 ; law of, chemical, 695 
Erdmann's float, use. of, 63 
Erechtheioii, Athens, 1525 ; order, 
2858, 2859 

Erecting, in workshop practice, 3687, 
3691 ; shops, in engineering, 2100 
Ergot of rye, 1372, 1373 ; character- 
istics, prevention, 1067, 1669 
Eric XIll., King of Denmark, Sweden, 
and Norway, .5396 

Eric XIV., King of Sweden, rule, 6396 
Erica, Ericaceae, Ericales, 354 
Eritrea, geography, 3452 
Erlennieyer’s furnace, in chemistry, 240 
Ermine, fur, source of, 2157, 6426. 6430 
Erratic blocks, on Bondhouse glacier, 
cause, 1635, 1638 

Erexiin, in leather manufacture, 3011 
Erosion, definition, 457 ; of foreshores, 
5577-5580: damage by, to rail- 
way earthworks, prevention, 3257 ; 
geological process, 1813, 1814, 

1815 ; by rain, 1503 ; of rocks, 
glacial, 1638 

Error, contrasted with fallacy, 6099 ; 

not identical with sin, 5530 
Erse : see Irish language 
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Eruptions, volcanic : see Volcano 
Erysipelas, cause, 5412; treatment, 02G0 
Krytbrosine, dye, source, 5468 
Era GeblTKe, 197«, 1975 
Erzberg, terraced mines, 2S4f), 2850 
Escape wheel, of clock, repairing, 5882 ; 
verge watch, 6082 

Escapement, of American clock, 5712, 
5713 ; of eight-day dock, 5716 ; 
of pendulum dock, 5714, 5715 ; 
verge watch, 6081 

Escarpment, in mining, definition, 2582 
Eskimo race, distribution, 627 ; ethiio- 
iogy, 1789 ; hunting, 4065, 4066 ; 
occupations, 10 ; skull measure- 
ment, 1785, 1787 ; stature, 1788 
Espalier Iruit trees, 6675, 6677 
Esparto grass, 6884 ; countries produc- 
ing, uses, 5117 ; size of fibres, 6276, 
0280 ; use for paper manufacture, 
1168, 6280; testing rope, 1699 
Espatra, use in millinery, 4768, 4769 
Esperanto, abbreviations, 6666 ; accu- 
sative, 5373 ; affixes, 4056 ; alpha- 
bet, 4511 ; article, 4511 ; elision, 
5949 ; interrogation, 5087 ; sub- 
ordinate clauses, 6525 ; suffixes, 
5805, 6093, 6237, 6380, 6524, 0666 
Ess bouquet, recipe, 4972 
Essay, compared with the nuxlern 
'* article,” 2685 ; English essayists, 
1641 ; English eighteenth century 
essayists, 2054 ; nineteentii century, 
2308-2310 ; Macaulay, 2615 
” Essays,” Herbert Spencer's, 5817 
Essential oils, 3486, 4968 ; analysis, 
adulteration, 4971, 4972 ; books 
on, 4972, 6689; chemistry of, 1033, 
3486, 3487, 4968 ; extraction pro- 
cesses, 1968 ; sources, natural 
orders and uses, table, 4970 
Essex, in Heptarcliy, 2212 ; peasants’ 
revolt, 1381, 3249 

Establishment expenses, in book- 
keeping, explanation, 3419 
Estate agein'y, work of, 5284 
Estate and land agent, business of, 
5284, 5287 ; training, 5284 

— railway, 4227, 4231 

— duty department, clerkships, 2765 
Esters, 3140; of essential oils, 4968 
Estimates, builder's, from drawings, 

6343 ; from quantities, 6342 
Estuaries, definition, 458 ; pruuagution 
of tidal wave, 5334 ; retaining walls 
and banks, 5335 

Etching, brass work, 5529 ; defined, 
6102 ; metals, 3937, 3938 ; materials 
and processes, 6111; needle, use, 
01 n ; printing, 6112 
Etchings, frames for, 4610 
Eternal, Ihe, existence of, 6538 
Ether, aiifesthetic, use, 3139; effect 
oil nerves, 1943 ; rapid evapora- 
tion, 1741, 1742 

— gas, manufacture, 6824 

Ether, the, 549 ; and gravitation and 
light, 935 ; medium for wave trans- 
fereiiue, 3943 ; possible source of 
power supply, 5011 ; properties, 
4021 ; relation to the eieincnts, 
402 ; relation to matter, 935 ; 
theories of, 935 ; vibrations, 2396, 
2432 

Etherification, definition, 3139 
Ethers, 3138; presence in wine, 2879 
Ethics, of Buddiilsm, 417 ; evolution 
of, 412+ ; and evolution theory, 
1589 ; free will and fatalism, 2995, 
2996 ; Hudson's theory of moral 
freedom, 3289 ; importance of 
emotions, 2805 ; Myers’ tli^ory of 
ultimate perfection, 3384 ; possi- 
bility of dogmatism, 2404 ; pnioli- 
cal value of principles and ideals, 
2673 ; psycnolog>' of pleasure 
theories, 2518 ; relation to socio- 
logy, 4275, 4277, 4278 ; training 
of the will, 2860 

Ethiopians, invasion of Egypt by, 421 
Ethmoid, in man, structure, 1604 
Ethmoidal cells, 2537 
Ethnology, books on, 5817 ; race 
distribution, 629; races of the 
world, 629 ; scope and classifica- 
tion of races, 1785, 1788 

em 


Ethyl acetate, properties and use, 3140 
Ethyl alcohol, production and cost of, 
2877 ; see also Alcohol 

— ammonium iodide, formula, 3141 

— butyrate, essence of pineapple, 5464 

— chloride, action of, 3142 : see 

(‘hlorethane 

— hydrosiilphide, formula, 3140 

— nitrate, formation, 3140 

— nitrite, properties, 3140 

— pelargonate, quince oil, 5409 

— sulphide, formula, 3141 

— sulphiuric acid, formula, 3139 
Ethylamlne, formation, formula, 3141 
Ethylene, preparation, properties, 3708 
Etna, Mount, volcanic action, 1206 
Eton coat, quantity of material for, 186 
litre (I’reiich verb), as auxiliary, 5948 ; 

follo^^ed by infinitive, 6089 
Etruria, art, 2931 

Etruscans, characteristics, 1135, 1136 ; 

wars with Rome, 1138 
Etymology, detiuition and scope, 115 
Eucalyptus, 3698 ; classification, 353 ; 
sources, 3701. 3899, 4658, 5661 

— oil, source, 4658 
Euclid : see Geometry 
Enclitic, grammar, defined, 1616 
Eugenics, scope and principles, 3120 
Eiiglena, description, 40}<h 
Euonymin, bark, source ami use, 6068 
Euonymus : see Spindle-tree 
Euphonium, musical instrument, de- 
scription, 5130, 5139, 5732, 5733 

Euphorbiacew, rubber from, 808, 5046, 
5047 

Euphrates, river, 16, 421, 2710 
Euripides, ]>oet, 774 
Eurasia, geography, 460, 850, 851 
Europe, agriculture, 855 ; aniinnis, 
856 ; classification of languages, 
1771; Continental shelf, 302 : 
cotton trade, 225, 383 : countries 
with undeveloped commerce, 5707, 
5708 ; ethnologi(*al survey, 1790 ; 
forest trees, 626 ; general map, 
^<>52; history, mediseval, 2241, 
4396-4399 ; history, reference 
books, 2618, 2787 ; infliience of 
Byzantine art, 3090-3092 ; in- 
fluence on the world (Europeanisa- 
tion), 030 ; modern State system, 
formation, 4101 ; national charac- 
ters contrasted, 391 ; petroleum 
deposits, 5305 ; physical features, 
compared mth Asia, 851, 852 ; 
idiysieal geograpl»y, 853, 855 ; 

piiysical map, 850 ; size, 460, 850 ; 
skull measurement, 1785, 1786; 
trade of Mediterranean countries, 
5822 ; trade of central countries, 
5824 

Eurypterid, description, 3800, 3808 
Eustachian tube, position of, 577, 579 ; 

structure and function, 2316, 2533 
Evaporation, definition, 204, 4026 ; 
in ciiemistry, process, 4516 ; in 
desert plants, 727 ; influence of 
temperature and pressure on latent 
heat of, 1741, 1742; from human 
body, 440 

Evaporators, in sugar manufacture, 
3828, .3829, 38:i0 

Even and odd, in mathematics. 338 
Evening dress, making, 968, 970 
Evening primrose, classification, 353 

— schools, L.C.C. staff, 1679, 1680 
Everest, Mount, description, 302, 2562 
Evergreen oak, 1166 

Evergreens, 55 ; for front gardens, 6208 
Everlasting flower, plate facing 728 
Evesham, battle of, 3073 
Evil, in Persian faith, 502 
Evolution, of animal life, 1491 ; atomic, • 
1916; atomic, not discontinuous, 
2554 ; Darwinian theory com- 
pared with Lamarck’s objections, 
823 ; Darwin's “ Origin of Species,” 
136 ; definition of term, and history 
of its use and misuse, 486 ; dis- 
ease, intercrofUfiiig and isolation, 
geological evidence, 1029; emo- 
tion and instinct, theories, 2694 ; 
future of the race, 3118 ; general 
account, various theories and 
common errors, 650 ; general 
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definition in relation to biology as a 
whole, 279 ; Huxley, on relation to 
Darwinism, 650; importance of 
disease, 1587 ; importance in psy- 
chology, 2018, 8118 ; importance 
of specialisation of function, 278 ; 
of mental characters, of intelli- 
gence, 1589, 1705 ; organic, theories 
of Weissmann, Beard, Reid, and 
Do Vries, 1 180 ; organic, two 
conditions of, 6388 ; problem 
of variation and specialisation, 
484 ; psychological explanation of 
human *' fitness to survive,” 
3383 ; of reflex action, Wundt’s 
theory, 2118 ; of sex, laramoeciuin 
and lydra, 381 ; training, im- 
portance of, 1706 ; Wallace and 
Darwin, 202 ; universality de- 
monstrated by chemistry, 2654 
Evolution, in algebra, 3411 
Ewe, 2360 ; feeding, 2364, 2366 ; 
full and broken-mouthed, 2361 ; 
iiogget, 2360 

Ex iiihilo, nihil fit, doctrine, 2063 
Exaibuniinoiis seeds, of plants, 350 
Examination system, defects, 2136 
Excavation, in building, ineMiods, 329, 
331, 6057 ; shoring with timber, 
317 

— in civil engineering, 1821-1824, 1826 

— ill railway construction, 3171 
Exchange, in banking, 3972, 3973 
Exchange, bills of, 147, 1089 ; Act of 

1882, 1376 ; entry in journal, 
1468 ; foreign, 3681 ; function 
ill banking, 3971 ; discounting, 
J;]20; endorsement, 1318; 
negotiability, 1317 ; procedure in 
iScottish banks, 1466 ; rules, 1129 ; 
“ short ” explained, 1570 

— ill economics, conditions, 4516 

— foreign, rate, 3681 

Exchanges, telephone systems, 5683, 
5684, 6078 

Exchequer office, appointments, 3195 
Excise, assistant of, salary, 2767 
Excise de]>artment, boy clerk’s career 
in, 2252, 2575 ; staff, salary, 2767 
Exinse duty, intoxicating liquors, 8046 
Exclamation, note of, English, 1471 ; 

in business letters, 6352 
Excluded middle, in logic, 6100 
Excluder zinc, use in beeiiive, 5900 
Excrement, value in increasing organic 
matter in the soil, 277 
Excretion, in amceba, 278 

— in man, physiological chemistry, 439 
Excretory organs, kidneys, 1002, 1603 ; 

the skin, 1419 

Executive industry, defined, 1 
Exercise, aid to circulation of blood, 
1194 ; effect on physique, 4387 ; 
effect on temperature, 440 ; 
importance In a healthy life, 2672 ; 
and the muscles, 1712 ; varieties 
of, 4387 

I’^xhaiist branch, of cylinder, 3317 

— opener, machine cotton, 1424, 1242 

— port, of engine, design, 4423, 4424 
Exmoor pony, description, 2074, 2075 
Exogens, term in botany, definition, 51 
Expanded metal, use, 520, 1555 
Expanding, in boiler work, 3104, 3107 
Expanding clutch, 962 
Expansion, co-elftclents of, 1738, 6414 

— of steam, curve, 6416 
Expansion, engine gear, hand, 0074 

— pipe, domestic water heating, 6018 

— tube, water heating system, 6017, 

6022 

Expectoration, evil of, 3798 
Experience, practical importance, 2405 ; 

relation to reason, 2803 
Experiment, scientific, causes of fallacy, 
3944 ; value in logic, 6002 
Expiration, in breathing, analysis 
of air in, 1302; management of, 
2538 ; mechanism of, 1300, 1303 : 
by porea of skin, 1422 
Explosive will, theory of, 2774 
Explosives, in blasting, 2587 ; coal 
mining, snbstitutes, 3564; m 
demolitions, 6274 ; manufacture, 
6757, 6762; potassium chlorate 
in manufacture, 4778 
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Explosives Act. iuspeetors under, 
788 ; provisions of, 1350 
Exponent in algebra, definition, 1818 
Exports, BriUsh (1905), 3679, 6004, 6005 
Expression, algebraic, dimensions of, 
2149 ; humogeneoiis, 21 40 

— musical, boolcs on, 1889 

— in singing, 6337 

— stop, of harmonium, use, 3960 
Exstipulate, in botany, 350 
Extemporisation, on organ, 3867 
Extension, of matter, defined, 1265 

— in violin playing, 2413 
Extensor, human muscles, 199, 1712 
Extract process, rag, 72, 2898 
Extractive industry, defined, 1 
Extraction, in chemistry, 4316 
Eyeball, anatomy, 2400, 2407, 2402, 2403 
Eyebriglit, plant, 506 

Eyeglass, watchmaker’s, 6081 
Eyelet holes, in sewing, 152, 153 
Eyeletto’r, duplex, 4238, 4239 
Kyeletting, in bootmaking, 4437 
Eyelid, human, function of, 2400, 2401 ; 
reflex action, 2117 ; semi-trans- 
parency, 2953 

Eye-pieces, microscope, 6127 
Eyes, of cnistaceans, 3806, 3808 

— Ashes’, adaptation in flsii, 3070 
•—in forging, 298 1, 2986, 2987 

— homologous and analogous, 1492 

— human, arteries of 2401 ; atten- 

tion, phenomena, 2258 ; care of 
children’s, 4863 ; defects, 5180 ; 
diseases, 6264 ; physiological 
anatomy, 2401, 2403 ; structure, 
parts, and action, 2952, 3178; 
visual cells, 3226 

— of potato, function, 346 

— primitive, of otter shell, 3285 

— of scorpion, 3803 

— of spider, 3803 

— in sculpture, modelling, 1511 


FABRICS, mixed, design, 6595, 6596 ; 
dyeing, 6501 ; printing, 6726, 6727 

— woven, design, 5979, 6592-6598 

— see also Textiles 

Face, of crystals, definition, 766 

— human, anthropological measure- 

ments, 1785 ; bones, 1604, 1605 

— mould, in joinery, 5297 , 5299 

Face plate, lathe cross-slide testing, 
3963, 3966 ; wood-turning, 6854 

— value of hill, 1130 ; dikouut, 1319 

— of wall, fair, building, 2262 
Facial expression, in singing, 6337 
Facing, in building, 332 ; bonding of 

brick walls, 2176, 2177 ; quantity 
surveying, 6508, 6509 

— in machine tooling, 3319 

— in masonry, varieties of, 284 1, 2842 ; 

use of terra-cotta, 2779, 2783 
Factice, rubber, defined, 5309 
Factor, in algebra, 2747, 2890 ; resolu- 
tion. 2747 ; in eciuations, 3201 

— in arithmetic, 90, 337 

— in hardware trade, 3574 
Factory, engineer’s accountancy, 5592 ; 

building, 5590 ; light and ventila- 
tion, 5591 : organisation, arrange- 
ment, and management, 5589, 
6518, 6639, 6643 ; power, 5590 

— fire protection 4751 

— inspectors, Home Office appoint- 

ments, 3300 

— labour, Shaftesbury’s reforms, 6691 
Faculty of Actuaries, oxamiiiations,4720 
Faculty, psychology, defects of, 2696 

Faery Queen,” Spenser’s, 537 
Faggoting, in needlework, 151 
Fagotted axle, material, 3326 
Fahrenheit, O. D., thermometer scale, 
1564 : set Thermometer 
Faience, in building, 2783, 2784 
Fainting, treatment, 6473 
Fair-outting, in building, 1951 
Fairv ring^ cause, 1371 
Faith, in Zoroastrianism, 502 
In logic : see Eationailsm 
F^aith healing, psychic remedies, 5600 
leaking, In journalism, 4235 
Falcon, 2218 ; pursuit of prey, 2498 
Falkirk, battle of, 3075 
F^kland Islands, described, 4289 
Fall of Babylon,” plate facing 217 


Fall, in drainage, table, 738 
Fallacy, in logic, elimination, 6097 ; 

misuse of term, 6099, 6100 
Fallacy of many questions, 6100 
Fallow land, cultivation, 1230 
Fallowing, object of, 1 250 
Falls, river, disadvantages, 4517 
False cores, in casting, 2338, 2340, 2341 

— hem, in sewing, 152 

— relation, in harmony, 364 
Falsetto voice, in singing, 6182 
Family, ideal type produced by mono- 
gamy, 4538 ; importance to the 
race, 4663 ; parental responsibility, 
4666 ; unit of society, 4123 ; 
State’s attempt to imitate, 4538 ; 
sociological importance, 4538 

— in natural science, defined, 380 
Famine, cause in monsoon areas, 4494 
Fan, air, use in mines, 3310 

— blast, cement mill, 1851-1858 

— lace, for hat, making, 5620 

— machine, shaft bearings, 962 

— magnetic brake, inconvenience, 2813 

— pneumatic, 1807, 1808 

— in scatfolding, use, 1172 

— ventilating, 6024 ; in mines, types, 

3769 ; in trains, etc., 3024 
Fancy fabrics, fltiishing processes, 4342 

— goods store : see Uertiii w<m)J shop 

— roller, wool scribbler card, 1545, 1546 
Fan-coral (llorgonia), 1086, 4087 
Fandango, for guitar, 3762 
Fanning, iii banjo music, 4312 

— formula for flood discharge, 5114 
Fan-stifeh, 151 

** Far from the Madding Crowd,” type 
of good novel, 3557 
Farad, measure of, electric capacity, 
3580 

Faraday, Michael, career, scientific 
discoveries, 3852 ; electrical re- 
searches, 129, 949 ; development of 
electro-chemistry, 2752, 3261 ; first 
motor, 129, 1950; law of electric 
decomposition, 3261, 4563 ; law of 
electro-chemical e(iuivalents, 3262; 
oi» magnetic properties of metals, 
4244 ; on relation of magnetism 
and light, 3617 

Faraday's ring, in electricity, 949, 950 
Farcy, disease in horses, 2620 
Fare, railway passenger, defined, 5076 
Farm, bailiff’s duties, 5287 ; buildings, 
American and Butch, 2997 ; build- 
ings, plan, 25; holdings, Conti- 
nental, size, 24 ; labourers, harvest 
wages, 1666 ; wages, allowances, 
duties, hours, in Uie U. Kingdom, 
2999, 3001, 3002 

Farmers, education, 24 ; leugth of life, 
4528 ; mortality from phthisis, 5409 
Farming, agricultural, ancient, 21 ; 
in Australia, 3235 ; bibliography, 
3470; buildings, 2997 ; in Canada, 
3202, 4066, 4068; cattle: see 
Cattle farming ; dairy : see Bairy 
farming ; ensilage, 1970, 1971 ; 

liarvesUug, 1662 ; machinery, 
1846 ; milk : see Bairy farming ; 
New Zealand, 3466 ; servants, 
wages, allowances, duties, liours, 
etc., 2999-3002 ; in Tasmania, 
3468 


Farnese Bull,” statue, art period, 2930 
arquhar, George, dramatist, 1150 
arriers, employment conditions, 2645 ; 

of tramcars, wages, 4189 
'ascia board, in roof work, use, 4254 ; 

use in gutter fixing, 5793, 5955 
'ashion-plates, women’s salaries, 322 
'astenings, engineer’s, kinds, 3003 
'at, clarifying, in cookery, 2336 ; con- 
stituents, 3485 ; dietetic value and 
function, 3109, 3111; digestive 
process of, 676 ; use in enfleurage, 
4960 ; ether as solvent, 3139 ; 
effect of excess in human body, 
867 ; extraction in industries, 
4626 : foods, chemical composi- 
tion, classification, sources, 3112; 
frying, 1488 ; heat units, 439 ; 
hydrolysis, processes, 4835, 4836; 
in livestock feeding, 2703; syn- 
thesis, 3485 ; 

'atalism. defects of the term. 2995 


Fat-lien grass ; see Goosefoot grass 
Fatigue, in mechanics, 86 ; of metals, 
1258 

Fat-li(iiioring process, in tanning, 3162 
Fats, animal, constants, 4833 ; books 
on, 4834 ; in chemistry, definition, 
constitution, hydrolysis, 4829 ; 
physical and chemical tests, 4834 ; 
physiological value, molting points, 
3486 ; properties, production, 4829, 
4830 ; rendering and purification, 
4830, 4831 ; vegetable, 1032, 48:13 
Fatty acids, eheniistry of, 3485 ; dis- 
• tillatioii, 4836, 4837 ; pressing, 
4837 ] substitution, 3487 

— degeneration of heart, cause, 6030 
Fault, in eastings, 3962 

— ill geology, defined, 1352, 1354, 1925 

— in mining, 1925, 2378 ; properties 

and varieties of, 2378, 2380 
Fauna, 137 ; distribution, 628 ; geo- 
logical agency of, 1814, 1817 
Faverolle, fowl, points of breed, 4957, 
5090 ; weight of manure, 587-1 
Fawcett's fire-resisting floor, 4756 
Fawkes, Guy, and Gunpowder Plot, 4551 
Feather-bed, making, 6609, 6721 

— edge of stone, 3143 
Feather keys, slot-drilling, 3405 
Feather star, plate facing 4081 ; 

description, 4081, 4083 
Feather-stitch, umlerclothiiig, 3337, 
3339 

Feathers, of birds, *30, 2492, 2495 ; 
cleaning, 6040 ; as clothing 
material, -1256 ; curling, 6041 ; 
dyeing, 6653 ; in hat trimming, 
5506 ; kinds and sources, uses, 
5120. 6041, 6608, 6715 

— in carpentry, dellnitioii, 3848 

— mason’s tool, description, 2838 
Features, in sculpture, 1510 
Febrifuges, 6037, 6038 

Feed, silent, of log frame : see Ratchet 
Feeder, in mining, definition, 2379 
Feed-shaft, of lathes, 4921 
Feed- water heater, engine, 6070 
Feeler, of Northrop loom, 3636 
Feeling-tone, tlieory explained, 2517 ; 

in relation to emotion, 2695 
Feet, boots for defective, 4016 ; de- 
velopment, 1869 ; of horse, rhino- 
ceros, tapir compared, 1179 

— metrical : see Foot 

Fehling’s solution, dextrose test, 3705 
FelidJP, species of, 1494, 1705 
Felling, in needlework, 150, 3336 , 3337 ; 
in tailoring, 1110, 1111 

— of trees, 52 

Felloe piece, of wheels, 2830, 3126 
Fellow’s machine, gear cutting, 3630, 
3632 

Fclsitc, classification, 1008 ; cleavage 
planes, 1925 

Felspar, varieties, 768, 6736; iu 

granite, 529 ; in Parian ware, 5607 
Felstone, components, 529 
Felt, in building, foundations and 
walls, 1169, 2264, 2268 ; dyeing, 
5906, 6377 ; hairs with best felt- 
ing properties, 1169; use by 
harness-maker, 4885 ; for hats, 
1 169, 6375 ; manufacture; 1995- 
2000, 6375 ; milling, 4108 ; for 
roofing, 1169, 4872 ; in walls, 2264, 
2268 

— dryers, paper, 6396, 6399 

— hatters, employment, 2651 

— rubber, painter’s tool, 5829, 5830 
Felting, process and machinery, 1996, 

1996, 1998, 2000, 4107 
— hats, processes, 6375, 6376 
Felts, in paper machine, 6396, 6390 
Female, in botany, defined, 730 
Feminine, Spanish formation, 2343 
Feminine rhyme, 306 ; in Chaucer, 325 
Femur, thigh-bone, anatomy. 1708, 
1709 ; constructed to break shock 
1,0 brain. 1799 ; head of, proportion 
in inoaclling, 1348, 1349; man 
compared with mammals, 100 
Fence rail, of brougham, 2829, 2831 
Fencing, in railway construction, hedge, 
3615 ; post and rail, 3612, 3615 ; 
wall, 3612, 3615; wooden, 3673, 
4646 


ms 



QBNKRAL INDBX 


Fencing, wire, 6170 
Fenestra ovalis and rotunda, 2533, S53i 
Fens, the, geography of, 1273 
Ferdinand II. of Spain, 2040, 4396 
Ferghana region, fertility, 2718 
Ferment, in chemistry, action, 1445, 
4135 ; not synthesised, 2712 ; in 
wheat, 014 : gee algo Enzyme 
Fermentation, alcoliolic, 1034, 1035, 
1372, 2828 ; beer, 6057, 6230 ; 
in beet juice, prevention, 4161 ; 
bio-chemistry of, 4134 ; in dougli 
making, 3302 ; of flax, 1385 ; 
in human body, digestive process, 
674 ; of milk, cause and limit, 
3534 ; wine grape, products, 6355 
Femlike plants, dittVrc'ntia, 165 ; struc- 
ture and varieties, Ills 
Ferns, classitication, 165 ; culture, 
6493, 6532 ; structure, reproduc- 
tion and varieties. l ilO 

Ferreira Mine, Transvaal, 376.9,3771 
Ferret, method of testing drains, 783 
Ferric chloride, gum arabic lest, 5363 

— nitrate, use by dyer, 5779 

— oxide, gas purifier, 6722 

— sulphate, use by dyer, .5779 
Ferrite, component of iron, 3938 
Ferro-aluminium, composition, 5092 
Ferro-concrete : uee itelu forced con- 
crete 

Ferro-manganese, composition, 4464 ; 

use in steel manufacture, 5013 
J'errous sulphate, formula, 1721 ; manu- 
facture, uses, 1037 ; in dyeing, 
5782; in ink, 5366 

Fertilisation, of wlieat, 013 ; of plants, 
317, 348 ; MendeFs biological 
experiments, 1181; of ferns, 
lllfi-UlS 

— in chara, 1370 

Fertilisers, artificial, 1199; Atacama, 
4287 ; potash salts, 5380 
FeiTule, term In drainage, 730 
Ferruling, in boiler work, 3101, 3104 
Fescue, 3890 ; seed, 875, S7S 
F'essenden’s wireless telegraphy, 3808 
Festooning, in underclothing, 3340 
Fctichism, in Egypt, 419 
Fetish worship, in African trit)C3, 1700 
Fettling, in iron manufacture, 4636 ; 
in open-hearth furnace, 2864 

— macliine, drain-pipe, 5777 

Feudal system, William 1. imposes, 
2359 ; Henry Il.'s policy, 2913 
Feudalism, in (’hina, 215 
Fever, synthetic remedies, 5460 

— continued, 5412 

— relapsing, cause, symptoms, 5112 

— yellow, incubation, 5412 
Fibre, In brushes, tests for, 6110 

— of metals, influeiice on strength of 

machinery, 211 

— plants, of temperate regions, 5117, 

5118 : see also Fibres 

— in wood, 51, 53 

Fibres, classes of, 817, 1164; bast, 
jdants with, 5637 ; for brushes, 
6106 ; carding, 1541 ; microscopic 
structure, 820, 821, 822 ; recovery 
from effluents, 5766; testing, 1701 

— animal, properties, used for dyeing, 

5639, 6640 

— artificial, 71, 72 

— paper-making, 0278 ; healing, 6281 ; 

microscopic structure, 6279, 6280 ; 
sizes, 6280 ; Vciriation in, 6399 

— soiveiits for, 6500, 656 1 

— textile, dyer’s classification. 5637 

— vegetable, classes for dyeing, 5637 
Fibrin, in bl(X)d, formation, 954 
Fibro-cartilage, physiological de-scrip- 

tlon, 435 

Fibrous tissue, of human body, 190, 437 
Fibula, human anatomy, 1708, I7u9 
Fichtel (Jebirge, watershed, 1973 
Fiction, definition and ambiguity of 
term, 2961 ; elements considered, 
107; English, origin, etc., 2961 ; 
English, • prior to Scott, 3129 ; 
importance in modern literature, 
2686 ; love of personalities the 
mainspring. 3986 ; Scott's novels, 
3844 ; ' Soott to Stevenson, 3438 
Ficus £laBtiea, cultivation, 5046, 5047 ; 
m also Ihdiarubbor plant 


Fiducial edge, in surveying, 710 
Field book, in surveying, 264 ; level 
field book, 373 

Field, in electricity, 562, 3894, 3895 

— of fire, in military engineering, 

clearance and obstacles, 6272 

— fortification, trenches, 6270 

— horsetail, structure, 1115, 1310 

— magnet, of dynamo, 1104, 1105; 

bipolar, multipolar, etc., 1106; of 
turbo-alternator, 1906, 1907 

— magnetic, 560, 2088, 3894, 3895 
Fielding, Henry, author, in drama, 

1161; novelist, 3129, .3 J.H 
Fife, musical instrument, 4567 
FIfeshire, coalfields, 1066 
I’ifth wheel, of vehicles, term explained, 
3122 ; gee algo Wheel plate 
Fiftlis, consecutive : see Consecutives 
I'ig, classification. 354 ; cultivation 
area, 4876 ; culture, 6677 ; sources, 
drying, 4845 

Figure, in geometry, 285, 280, 2S7 

— Imman, Gothic Hculptiire, 3517 
Figure, casting, 1509, 1510 

^ Figured bass : see Bass, flguretl 
'Figures, in geometry, foiled, 1104; 
multilateral, 285, 287 ; non-plane, 
4522, 4523 : rectilineal, 285, 286, 
287 ; reduction and enlargement, 
1255, 1411 ; similar, 5472 
Fiji, cotton production, 386 ; the 
Papuan.'^, ethnology, 1788 ; pro- 
ducts, 3902 ; craiiioiogy, 1787 
Filament, of flower, 346, 347 
Filassing, in silk manufacture, 584 
Kile makers, employment, 2646 
File-lish, effect on pearl fishery, 8900 
I'iles, correspondeiux', 776 

— t(X)l8, forms, 3687, 4582, 4583, 1585 ; 

in sharpening saws, 3754, 3755 ; 
steel for, 4747 ; tempering, 4746 
Filicime, 1116 : gee also Ferns 
Filigree, 5838 ; goldsmithing, 5687 ; 

lri.sh Celtic, 5528, 5529 
Filing, business letters, 193 
Fillet, bookbinding, 6770, 6779 
-- cement, use in roofing, 4872 

— in steel casting, 2699 

— in slating roofs, 4865, 4867, 4863 
Filling, in textile imlustries, 3488 

— engine, silk, 1245, 1246 

— up, in vehicle painting, 3479 
Films, photo, 6679 

Filter paper, in chemical analysis, 4404, 
4405, 4412 ; manufacture, 6401 
I'iltcr press, in eartlienware manufac- 
ture, 5161, 5162; sugar, 4163 
Filters, bacterial, sewerage, 4743 

— water* 3380, 4097, 5765 ; Berkefeld, 

4100 ; Candy, 4097, 4098 ; Jewel, 
4098 ; Pasteur, 4099, 4100, 4U8 ; 
sand, 4157, 4159 

Filtration, in applied chemistry, 4316 ; 

in civil engineering, 4097 
Fin, in forging, removal, 2989, 2991 
Final clauses : gee Piirpo.se, in grammar 
Finance, municipal, staff, 1067-1009 

— private methods of economising, 

3222 ; see also Savings banks, etc. 
Finance, books for actuaries, 4731 
Finches, description, 2209 
Fine arts, evolution, 181, 182 

— in music, defined, 270 

— stuff, In plastering, 648, 5499, 5500 

— wool, definition, 1120 
Fines, law of, 0840 

Finger, human, bones of, 3708, 1709 
Finger and toe disease, 1200, 1667, 
i669 

Fingerboard, violin, 2121, 2122 
Fingering, double-bass, 3167, 3170; 
harmonium, 4179, 4180, 4182, 
4183 ; harp playing, 3343 ; piano- 
forte, general rules, 1754, 1760, 
1888 ; violin, 2410-2413, 2510; 
violoncello, 2968-2970 
Finger-plat<e, of saw bench, 6451 
Fingers, musician's, 2741 

— in pianoforte playing, position, 1415, 

1506, 1767, 1758; strengthening 
exercises, 1418 

Finial, in roofing, 4868 ; tile gable, 
4869, 4871 ; wrought iron, 5795 
Finisher card, cotton, 1544 ; juto, 1887 
FiiiiBhers, umbrella, wages, 5003 


Finland, craniometry, 1786 ; ethnoloffy. 

1789 ; geography, 2408 
Fink truss, loads, 2448, 2449 
Finland, ceded to Eussia, 6201 
Finnan baddies, fishery, 2527 ; split- 
ting, salting, smoking, 5315, 5316 
Fins, of fish, 30, 3065, 3068 
Finsen, light in therapeutics, 3372 
Fiord, 1660; formation, 625, 1354; 
Norwegian, 980 ; as routes, 4498 

— coasts, instances, 4498 
Fiorin, grass, 876. 877, 879, 3890 

Fir, in building snores, 917 ; classifica- 
tion, 503 ; cutting into logs, 5J, 
57 ; distribution, 625, 626 ; ever- 
green condition explained, 728 ; 
planting, 6318 ; timber, 55, 3434 

— Baltic : sec Scotch fir 

— red : see Douglas fir 

Fire, ancient methods of production, 
5470 ; means of ventilation, 4020 

— alarm, 6843 ; thermometer, 6129 

— a]jpliances, 6837-6843 ; hydraulic, 

5977 

- assessor, in insurance, duties, 4851 

— bridge, boiler, 6875, 6876 

— brigades, staff and salary, 1497 

— days, 644, 1285 ; composition, 3942 ; 

in furnace construction, 234 

— engines, 6838-6840 

— escape, 6840, 6842 ; ladder, 2463 

— extinction, 6837-6843; London, 318 

— insurance, 4849 

Fire of London, destructiveness, 4762 

— worship, 6772 

Fire-box, of boiler, 3097-3101, 3102, 
6878 ; in technical drawing, 5040, 
5042 ; flanging, 3100, 3101, 3107 ; 
locomotive, 6514, 6515-6517 ; in 
range construction, 2390 
Firebricks, 644, 3285, 1948; composi- 
tion, 3942, 4531 ; in furnace con- 
struction, 234 ; strength, 1520 
J'ire-damp, nature of, 232, 1158, 2714 
Firefly, emission of light, 3511 
Kire-grate, boiler, 3097, 3102, 6876 , 6876 
Fire-lighter, locomotive, 4696, 4599 
Fireman, brigade, 6837 *, marine, 6807 
-- railway, 4596, 4598, 4601 
fireplaces. In building, formation, 
2387, 2388 ; fittings, and air re- 
quired, 5195 ; open, 6015 ; 
opening of, construction, 2388 ; 
quantity surveying, 6508 ; ven- 
tilator, 6019 6020 

Fire-proofing, asbestos for, 812 ; law 
of, 4751 ; uralite for, 81.3 
Flre-re.si8tliig building, construction, 
307,1036,4751, 4760 ; concrete for, 
332 ; law of, 4751 ; materials, 4751 

— flooring, 1167 ; manufacture, 649 

— paints, composition, 1036 
Firing, English china, 5606 

Firmer, carver’s tool, 6809, 6044, 6045 
Firmer gouge, 3386, 3387, 4160, 4151 
Firth, formation, 980 
Ftsclier, Emil, on food synthesis, 2711, 
4128, 4133 

Fish, 29, 30 ; bird food, 2493 ; blood 
corpuscles of, 952 ; blood tem- 
l)eralure, 439 ; boiling, in cook- 
ing, 1486, 3313 ; British, increase 
of, 5190 ; canned, poisoning, 
6408 ; carving, 6935, 5936 ; choice, 
1281, 3717; dassiflcation, 

3070 ; colouration, 3068 ; cooking, 
1873 ; dietetic value, 3311, 3381 ; 

» digestibility, 866, 3314 ; diseases 
and parasites, 6315 ; eyes, 2403 ; 
fossil, 897 ; gill, respirator>' 
system in, 1300 ; hatching, 
5314 ; heart of, 956 ; imma- 
ture, protection of, 5314 ; land- 
ing ports, 4991 ; as manure, 590 ; 
nitrogenous manure, constituents, 
6587 ; marine hatcheries, 5314 ; 
market preparation, 5316 ; mar- 
kets, 5316 ; nutritive value, 3381 ; 
poultry food, 5436 ; respiration 
and circulation, 3068; stufflngt 
processes, 6327, 6056 ; “ wet ’ 

and “ shell," 4989 

— bony (Teleostei), 3065, 3067, 3071 

— end-mouthed, 3065, 3067, 3071 

— flying, description, 3068, 3069 
-fringe-finned, 3066, 3067, 3071 
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Fish, lung (Dipnoi). 3065, 3070, 3067 

— sea, Bcientinc study, 5188 ; shoals, 

movements, 5188 
FlMh'Curing, use of salt. 4718 
Fisher, Bp., drawing by Holbein, 343 
Fishcr, fur and skins of, 6426, 6430 
Fisheries, British, 4089-4992 \ Cana- 
dian, 4068 ; Grimsby, 1273 ; in- 
siiore grounds, nurseries, 5190; 
Japanese, 3159 ; law of, 5.316 ; 
legislation, 5180, 5317 ; marked 
fish experiments, 5189, 5190; 

North America, 4065 ; over- 
fishing, 5190 ; regulation of, 
5100, 5318 ; science and sea 
flsiiing, 5188, 5189, 5190 ; schools 
and marine stations, 5188 ; terri- 
torial limits, 5317 ; United King- 
dom, 987 

Fishermen, Board of Trade certificates, 
5316, 5317 
Fish-glue, 811 

Fishing, line, 4991 : see also Fisheries 

— hoate, legal restrictions, 5317 

— grounds, home and foreign, liniita- 

tions, 5318 ; localities, 5121 

— nets, creosoting, 5464 

— tackle dealers, business of, 2524 
Fishmongers, business of, 2826 
Fishplate, use in carpentry, 3513, 

4446; in joinery, 4115, 4116; in 
railway construction, 3253, 3254 ; 
in roof construction, 5793, 5794 
Fission, reproduction by, 199, 381 ; of 
bacteria, 166; of sea-anemones,4083 
Fissure, in geology, 1925 ; volcanic, 1207 
Fissure of Kolando and Sylvius, 2146 
Fistula, in horses, treatment, 2621 
Fitch, in basketmaking, 5489, 5490 
Fitch, fur and skins, 6426, 6430 
Fits, treatment, 6473 
Fitter, head, dressmaker’s, 2438 
Fitter s assistant, railway, 4596 
“ Fittest,” in biology, meaning, 824, 825 
Fitting, in dressmaking, 474 

— in tailoring, a coat, 3014, 3015 

— in workshop practice, 3687, 3692, 
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FitzGerald, Kdward, author, 2616 
Fixed air, defined, 1159 

— assets, explanation, 2758 ; of Par- 

liamentary company, 3332 

— liabilities, of companies, 3333 

— oils, varieties, properties, 1032, 3485 
Fixing work, in mechanical engineering, 

3317, 3320, 3322 

Five-eight rule, for calculating area, 
in shipbuilding, 5965, 5966 
Fiord: see Fiord 
Flag, in hootmaking, 4017 

— snip’s code signals, 6411 
Flagellates, description, 4088 
Flageolet, musical instrument, con- 
struction, playing, 4485, 4487 

Flagstone, use, 1072 ; fireproof, 4752 
Flake- white, pigment, 871 
Flamboyant style, in architecture, 3374 
Flame arc lamps, 2683, 2684 

— flower culture, 6529 

— manometric, Konig’s, 2318, 2319 

— sound, Tyndafi’s experiments, 2318 
Flamingo, description, 2213 

Flange head, tool, use, 2457, 2458 
Flanged beam, strength of, 1986, 1987 

— castings, process, 2337, 2339 
Flanger, hydraulic, 3103, 3106 
Flanges, brazing, 3884, 3887; cylinder, 

lining out and tooling, 3317, 3324 
Flanging, in boiler work, 235, 1221, 
3096, 3097, 3100, 3J03 ; in sheet 
metal work, process, 4521, 
Flanging machines, function, 3096 ; 
in shipbuilding, 5741 

— press, hydraulic, 1220, 1223 
Flannel, tearing, 3340; for under- 
garments, 8094 

— long, layette, 3744, 3746 
Mannelette, 4367 ; for underwear, 3094 
Flannels, washing, 2591 

Flap, of boot, 4018 ; of saddle, 5341 
I* japping machines, described, 2280 
Flare skirt cutting, 525, 526 

— of vessel, defined, 6609 
Slafd^ht, photo, 6682, 6688 

llash point, petroleum products, 6148 
Flashing, In ifiass manufacture, 4534 
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Flask, filtering, analysis, 4413, 4414 

— vulcanising, varieties. 6031 , 6033 
Flat-bit tongs, described, 2984, 2985 

— carding engine, description, 1544 

— carving, 6044, 6045, 6046 

— irons, dressmaker’s, 185 ; laundry > 

3031 

— jigger, in pottery manufacture, 5233 

— in music, 39 ; on pianoforte key- 

board, 1212 ; tonic soi-fa, 924 

— rammer, use, 2111, 2112 

— worms, 1492, 3958, 3960 
Flatteiier, in glass manufacture, 4534 
Flattening, of boiler plat^, 3100 
Flatter, smith’s, 2983, 2.9«5,2980, 4586 
Flatting, in painting, 5834 
Flatulence, remedy, 5842 
Flauti-travcr8i,mu8ical instrument ,4568 
Flavours, artificial production, 5468 
Flax, fibres, 68, 69, 716, 1025 ; as 

clothing material, 4256 ; manu- 
facture, 1168, 1385, 2098 ; manu- 
facture, history of, 716, 717 ; 
microscopic structure, 821, 822; 
spinning, 2292, 2444 ; spinning and 
weaving, employment conditions, 
2650 ; spreading, 1726 ; substitute 
fibres, 818 ; preparation for weav- 
ing, 2595 : see also Linen 

— New Zealand ; see Phormium 

— plant, classification, 353 ; cultiva- 

tion, 716, 717, 986, 1199, 5117 ; 
cultivation In Ireland, 986 

— seeds, linseed oil, 1032, 4831 
Flea, description, 3721, 3722 
Flea-beetle, description, 1667, 1668 
F16che fowls, breeding, 4659, 4661 ; 

points of breed, 4858, 4859, 4957 
Fleece, 69, 70 ; clipping, 2366 ; shearing 
and w'ashing, 220, 221, 224 ; wool 
sorting, 1120, 1121, 1122 
Fleet, service with, 4265 
J’lemiiig engine, lubrication, €069 
Flemish bond, in brickwork, 1451, 1152 

— language, clas.siflcatioii, 1771 
Fleshing fur skins, 6430, 6431 

— leather, 2856, 2856, liim, 3164,3219 
Fletcher, John, dramatist, 846, 847 
KUdeher furnaces, pressure blast 2863 
Fletton bricks, use, 644, 1947, 1948 
Flexor muscles, 1712 ; position, 1350 
Flexure of beam, 2737 

Fliers, of staircase, construction, 5301 
Flies : see Fly 

Flight, bird’s, 2496 ; organs, 2077 
Flinder’s range, po.Hitioii, 3697, 3890 
Flint, composition, 1074, 1075, 6736 ; 
in earthenware manufacture, 5160, 
5161 ; formation, 767 ; specific 
gravity, 1704 ; structure, 897 ; 
use in walling, 3034, 3035 

— glu'is, composition, 358, 1160 ; nmnu- 

faeture, 4531, 4536; recipe for 
4533 ; strength, weight, 1702 

— makers, employment conditions, 2054 
Flintshire, geography, 1277 
Flipping fruits, seeds, 910, 911 
Flitch, in structural ironwork, 5793,5794 

— of timber, definition, 3544 

— frames, use in woodworking, 5900 
Float, in marine surveying, 1017 

— plasterer’s, 5496, 5497 ; nail, 5.500 
Floating assets, explanation 2758 ; of 

brancli shops, 3418 

— bodies, eqnuibrluni, 5904 ; condi- 

tions of stability, 59d8, 5969 

— coat, term in plastering, 648 

— liabilities of companies, 3333 

— out, in bridge construction, 1175 

— outlet of reservoir, 4334 

— ill plaster work, 5499 

— rave stay, of van, 2828, 2829 
Flock papers, for walls, 5827, 5828 
Flocks, upholstery, 6715, 6718 
Flodden Field, battle of, 3650 
Floiig, printing, preparation, use, 5556 
Flood discharge, forraulse, 5114 

— plain, physical geography, 457 
Floods, area and volume, statistics, 

6116; importance in hydraulic 
works, 5113; river, damage by, 
4497 : storage of water, 4029 
Floor, in building, 53, 64, 4445, 4447 ; 
brick arched, construction, 4763, 
4756 ; brickwork supports, 4446. 
4447 ; laying paving, 2515, 2516 ; 


quantity surveying, 6510 ; surface- 
finishing, 4758; tiles for, 646; 
timber construction, 1453, 1454 ; 
under-pinning, 918 
Hoor, in mining, definition, 2377 

— concrete, 332, 334, 1450; armoured 

concrete construction, 1643, 1645 ; 
reinforced, 1555, 1557 

— fire-resisting, construction, 4752, 

4753, 4755, 4757 ; terra cotta for, 
2781, 2784 

— framed, construction, 4445, 4447 

— marble, 3246, 3247 

— ship's, girder, function. €224; of 

steel sailing ships, 5400 

— wood, design of section, 2128 
FlcMir-block, in coppersinithing, 3884 
Floor-board of van, 282s, 2829 
Floor-brackets, of ship, marking, shear- 
ing, punching and bolting, 5739 

Floorcloth, manufacture, 1026, 5122; 
printing, 5125 : see also Linoleum, 
Oilcloth, Kamptulicon 
Flooring, tiles for, mosaic work, 646 

— boards, construction, laying, 4445 
Floor-plate, construction and use, 5275, 

5277 ; machines, details and types, 
5276-5280, 5281 

Floor-plates of ships, bonding, drawing 
shape, shearing, punching, 5738 ; 
erection, 5740 ; inner bottom, 
5740 ; of small vessel, 5616 
Flora, 137 ; disintegrating effect on soil 
and rocks, 1814 

Florence, architecture, 3376 ; art 
treasures, 2230 ; catheilral, 3675 ; 
an independent state, 4322 ; mod- 
ern painting, 3518 ; early Renais- 
sance sculpture, 3676 ; Renais- 
sance art, 3520 ; Romanesque, 
architecture, 3232 ; touring, 947 
Florid counterpoint, in iniusic, 633 
Florida, cotton industry, 223, 225, 383 ; 
geography, 1064 ; restored to 
•Spain, 5846 ; sugar cultivation, 
.3831, 4172; tobacco, 4271 
Florida water, perfume, recipe, 4972 
Florin, Austrian, 409; Dutch, 410 
Florists, business of, 2528, 6834 ; train- 
ing, 322 : see also Nurseryman 
Floting, in knife manufacture, 5477 
Flounders, choice of, 3717 ; hatcheries, 
5314 ; sporozoan parasite, 5315 
Flounce, in dressmaking, 187, 862 

— in textiles, weaving, 3155 

Flour, adulteration, 3716, 3717; for 
biscuit-niakiiig, .3.j03 ; buying, 
933 ; clioo.siiig, 1228 ; dietetic 
value, 3312 ; weight of sack, 3282 ; 
sources, 4873 ; wheat statistics, 
872 

— milling, 3078, 3079, 3281 ; Russian 

industry, 2408 ; in U.S.A., 4174 
Flourball, wheat, 9/5 
Flour-beetles, classification, 3512 
Flow-pipe, in domestii! water heating, 
6016, 6017, 6018, 6019, 6022 
Flower, term in timber cutting, 53, 56 
Flower-dust : see Pollen 
Flower garden, proportion of, 620.5 
Flowering plants, classification, 165 
Flowering-rush, classification, 355 
Flowerless plants ; see Cryptogams 
Flower-pot, manufacture of, 647 
Flowers, dwarf garden, kinds and 
culture, 6490 ; economy, 6832 ; 
garden culture, 6487 ; general 
structure, 346, 347 ; in living- 
roorn®, 1159; pollination by 
insects, 730, 908 ; in town gardens, 
0316 

— artificial, use in millinery, 5506; 

cleaning, 6042 
Fluate, properties, 534 
Flues, air, construction and varieties, 
2513, 2516 

— boiler, 3097, 3102, 6874, 6875 

— chimney, c<mstruetion, 2388, 2389 

— furnace 2390 ; Batho arrangement 

5016 ; of boilers 3097, 3102 

— of kitchen range, definition, 1226 

— of salt-pan, plan, 4717 

— Ill tobacco curing-house, 4273 
Flue-brushes, manufacture, 6110 
Flue-cinder, defined, 4638 
Flue-dust, lead smelting, 5986, 5987 
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Flugelhorn, musical instrument, form, 
place in a band, 5130, 5131, 6140 
Fluid, excess in human body, 867 
— in physics, 1130 ; laws of, 1141, 1142 ; 
in motion, limit speed, 1143 ; 

P erfect, definition, 1374 : gee also 
AqwUl 

— pressure, 1139; law of, 1140 
Fluke, sheep disease, 2364, 2625, 2627 
Flukes, (Trernatoda), dcseriptiorii, 3959 
Fluoresceine, acid dye, 6055 
Fluoride, defined, 839 
Fluorine, action, 362 ; chemical pro- 
perties, 1444 

Fluorspar, 534, 768, 1041, 6736; 

fundamental form, 7661, 767 
Flushinjr, in drainage, defined, 572, 784 ; 

in sewerage, automatic, 4457 
— tank, automatic, 738 ; failure of 
traps in, 781 

Flute, innsical inslrument, 5729 ; chro- 
matic scale, 4569 ; manufacture, 
6625; in orohesira, 5887, 5892; 
types, 4568, 5720 

— harmonium stop, 4180, 4181,4182 
Flute-il'bcc, defined, 4568 
Flnter, carver’s tool, 5809, 5810 
Flutes, in joinery, defined, 5179, 5181 
Flux, enamel, 6575 ; for glaze colouring, 
5384 ; in iron smelting, 231, 4467 ; 
phosphatic, in slag manufacture, 
2581 

— magnetic, 560 

Fluviatile clays, in brickmaking, 1278 
Fly, plate facing 3361 ; blood-sucking, 
jaws, 3721, 3722; classification, 
3362; description, 3721; and 
llowers, 008 ; fungus, 3721 ; Hes- 
sian, larvae, 3721 ; as pollen- 
carriers, 731 

Fly, of overcoat, 1756 ; of knickers, 

mi 

Flyer, in spinning, 2289 
— buttress, history, 3373 
Flying macliiiies, 2279 ; method of 
propulsion, 3084 : see also Balloons, 
Aeroplanes, Flapping machines 
Fly-press, principle, 835 
l'’ly-ruiiiiing, milliner’s stitch, use, 4565 
Fly-sickness, tsetse-tly, 3721, 4089 
Flywheel, engine, types, function, and 
action, 2018, 2019, 4426, 4428, 
5641 ; of compound Beiliss engine, 
5750, 5751 
Foal, care of, 2078 
Focal length of lens, definition, 2901 
Focus, in conic sections, <leftnition, 6783 
— of human eye, 2401, 2402 
— in geometry, of ellipse, 1411; of 
parabola, 1412 

— in light, 2135; principal, virtual, 
and conjugate, 2735, 2900, 2002 
Fodder, cattle feeding, 2904 ; cow’s, 
storage and preparation, 3673 ; dry, 
ensilage, system, 1070, 1971 ; oats, 
plants cultivated in Europe, 856 ; 
873 ; trade in, 1991 
Fog, definition, formation, 1900 
Foil, use in enamelling, 5690 
Foiled figures, geometry, 1014 
Fold, in geology, cause, 1354, 1355 ; in 
lias beds, 2376-2377 
— in millinery, velvet, 5331, 5332 
Folder, bookbinding, 6776 
Folding, in cloth manufacture, 4343 
— in laundry work, 2910, 2911 
Folding heads of carriages, 3022 
Foliage, wood-carving in relief, 6137 
Folio, in bookkeeping, 403 
— in printing, defined, 5457 
Folio sheet, in printing, 5458 
Foliation, geological, in schists, 1075 
Follow-up system, advertising, 0861 
Follower, of American clock, 5712; 
verge watch, 6082 

Fomentations, use, and application, 6286 
Fontenoy, battle of, 5554 
Food, adulteration, 3716; alkaloidal 
poisoning, 3826 ; animal and plant, 
276, 4153; of animals, necessity 
for, 1491 ; Berthelot’s tablets 
schemes, 203 ; chemical defi- 
nitions, 3019 ; chemical dis- 
coveries, 238 ; chemical preserva- 
tion, 3819 ; children’s, amount and 
kind, 4864 ; cold storage, 6403 ; 
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decomposition and putrefaction, 
5403 ; digestion, process, 673 ; 
effect on body temperature, 440; 
effect of excess on human body, 
867 ; facter, in animal evolution, 
. 1761 ; and mental work, 6466 ; 
necessary to life-maintenance, 
41 33 ; nutritious elements in, 
5434 ; nutritive values in, table, 
3599 ; in old age, 4530 ; in physio- 
logy, 438-441 ; physiology of, cir- 
culatory system, 865-867 ; of 
plants, competition for, 503 ; of 
plants, general, 167 ; of plants, 
winter, 728 ; importance of proper 
quantity, 3596 ; preservation, books 
on, 3810, 3826 ; legislation, 5408 ; 
L.U.B. report, 3819; defined by 
Sale of Food and Drugs Act, 4715 ; 
salicylic acid as preservative, 3819 ; 
supply : see. specific subiects — e.g.. 
Milling, Sugar, etc.; trade returns, 
British, 6004 ; tablets, U.S.A. 
experiment, 3509 ; in travelling, 
what to eat ami where, 514 ; 
vegetarian, importance of, 3601 ; 
tlie voice, effect on, 2539 
Food and Drugs Act, : see Sale of Food 
and Drugs Act 

Foods, dietetic values, 3109 ; nutritive 
values, ti381 ; relative costs for 
daily supply, 3500 ; patent and 
breakfast, treatment of grains, 
3084, 3085 

— predigested, manufacture, 3085 

— prepared, infants’, 4683 
Foodstuffs, adulteration, 3893 
Fool’s gold, defined, 768 
Fool's parsley, 349 

Foot, unit of, measurement, 1147 

— of basket, round, making, 5490 

— of cylinder, 3317, 3324 

— in hootmaking, anatomy, 3875, 

3876; measurements, 1329 

— (luards, regiment, promotion, 3840 

— liunian, bones, 1709 ; constructed to 

break shock to brain, 1700 ; joints, 
1710 ; man, contrasted with 
rnaramal, 100 ; tendons and 
muscles, 1712 

— ami mouth disease, in cattle, 

symptoms and treatment, 2623 ; 
in sheep, 262 1 

— in poetry, list of, English, 305 

•- pound, unit of work in physics, 289 

— in prosody, defined, 1760 

— of spider, 3804, 3805 

— of tusk shell ami mussel, 3284 
Foote, Samuel, dramatist, 1150 
Football, team, trainers, 6870 
Footballer, professional, 6869 
Footboard, of van, 2828, 2829 

— stay, of brougham, 2830, 2831 ; of 

elliptic spring fore-carriage, 3125 
Footings, in buildings, 335, 2261 ; lay- 
ing, 2261, 2263; size, 331; of 
walls, 3033, 3035 
Foot-jaws, of Cray fish, 3807, 3808 
P’oot.-Iever brake, 830 
Footman duties, 815 
P’ootnotes, in printing, setting, 5159 
Footpaths, laying artificial slabs, 2428, 
2429 ; district councils and, 1 970 ; 
L.(i.B. by-laws, respecting setting 
out, 2425 : see also Paving 
Footprints, of labyrinthodon, 1S17 
Foot -rope, use in otter-trawl, 4990 
P’oot-rot, in sheep, treatment, 2364 
P’oot -stumps, of sea-centipede, 3056 
Footstiek, compositor’s use, 6457 
Foot-valve, bore-hole pump, 6002, 6064 
P’oot-warraer, inefficiency, 3025 
Forage crops, cultivation, 1197-1200; 

for cows, 3800 ; pea crops, 874 
Foramen magnum, human, 1605 
P’oraminifera, description, 4089 ; in 
carboniferous system, 2254 
Force, In electricity, definition, 1590 ; 

lines and tubes of, 4023 
~ in mechanics, 86, 411 

— in physics, action on mass, 124 ; 

Newton’s definition, 314 
Force-pump, 830, 1080, 1141, 1142; 

ill boiler testing, 3106, 3107 
Forced draught, 1808 : see also Fans 
Forces, chemical, electrical nature, 2297 
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Forces, in mechanics, composition, 551 ; 
couples of, 413, 415, 1834; defi- 
nition, 411 ; equilibrium, 411, 413, 
553, 661; measurement, 652; 
moments, 413, 416, 661, 1834 ; 
Newton’s third law, 653 ; parallel, 
413, 414, 1833, 1834; parallelo- 
gram of, 411, 413, 552, 1833, 1834 ; 
polygon of, 412, 413, 4337; 

reciprocal diagrams, 414, 415 ; 
representation of, 411 ; resolution 
of, 412, 413, 551 ; specification of, 
1 833 ; triangle of, 412, 413, 533, 1834 
Ford’s silicate of limestone, 534, 1520 
Fords, in military engineering, 6205 
Foresight, in levelling, 374 
Foreboard, of ropewalk, 5290, 6291 
Forecastle, of sailing ship, 5400, 5401 
Forehead-band, of harness, 4886, 5057 
Fore-hearth, in copper reduction, 4127 
Foreign exchanges, hill of exchange, 
bank draft, 3681, 3683 ; credit, 
coinage, note issues, 3971 ; long 
and sight, 4170 

P’oreign Office, appointments, 2934 ; 

Colonial appointments, 3548 
Foreman, building, 307; scaffolding, 1171 

— railway, duties, 4591 

— of tramways, wages, 4189 
Foreman of works, in Army, 3841 
Foremast, of sailing ship, 5309 
Foreshore, erosion, 5577 ; protective 

works, 5577, 5580 

— surveying, 1019 

Forest service, Indian appointments, 
salary, 3477 

Forestry, allied industries, 4004 ; books 
on, 4604, 4029 ; British and 

foreign returns, 4603 ; colleges, 
4020 ; English and (lerinan, prob- 
lems, 641 ; instruction, in, 4002, 
4929; Japanese, 3159; as an 
industry, 4602, 4928 ; infiuence 
on labour, 4004 ; pests, 4925, 
4927, 4028 ; physical conditions, 
4604 ; soil and climate, influence 
on, 4604 ; scientific treatment, 
4602 ; sylviculture, 4676-4680 
Forests, connection between light and 
life of trees, 504 ; as denudation 
check, 456 ; distribution, 625, 
4657 ; primeval formation of 
coal-fields, 1921 ; products, 4657 ; 
rainfall, effect on, 1814; sub- 
merged, 1354 ; thinning, 4680 
Fore wale, of horse’s collar, 5192 
Forfeiture, of shares, in limited com- 
pany, 3188 

Forge iron, production, 232 : see also 
Iron, wrought 

Forgery of cheques, bank’s liability, 3 1 h 2 
Forges, use of fans, 1808 
Forget-me-not, 354 ; culture, 6491 
Forging, 2984, 3839 ; angle-iron, 

smiths’ work, 8096 ; hydraulic 
presses, 1223 ; in iron working, 
235 ; in machine construction, 
207 ; tooling allowance, 3316 ; 
wrought iron, 1044 
Forging presses, 1224, 5676, 5678 
Fork, gardener’s, 6316 

— hangers, of bogie frames, 3122 

— of pendulum clock, 5714 

Forks, of bicycle frame, 3773, 3774, 3777 

— butcher's, 1429 

— nickel-silver table, 5477 
Form, in design, 6820 

— guide in gear cutting, 3030, 3632 

— and matter, in poetry, 305 

— in sculpture, 1345 

— suggested by shading, 2185, 2187 
Form milling, described, 3403 
Formaldehyde, formation, properties, 

3020 ; as food preservative, 3819 
Formalin, disinfectant, preparation, 

3021, 6467 ; uses, 3021, 5408 
Forme, compositor’s, defined, 6159 

— printer’s, defined, 6458 ; locked up, 

5459 ; electrotyping, 5559 ; stereo- 
typing, 6666 

Former, of dynamo armature, 1107 
Formic acid, preparation and properties, 

3021 ; synthesis, 2711 , . 

Formosa, description, 3161 ; products 

Formose, formation, formula, 3706 
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Formula* In chemistry, graphic, 2714 
Forrest Fulton’s Act, provisions, 1978 
Fort William, railway, 1084 
Fort William, Lake Superior, 1650, 4069 
Forte, in music, 271, 5568 
Forth bridge, dimensions, 2736, 2739^ 
2740 ; Inchgarvic caisson, 1403 
Forth, Firth of, depths, 457 
Forum, Rome, 2932-2933 
Forward bearing, in surveying, 267 
Fourneyron turbine, 1089, 1692 
Four-in-hand : see l)rag 
Four-wheeler, defined, 2465 ; dimen- 
sions and weight, 2726 
Foss Dyke, Lines, 1273 ; canal, 5485 
Fossil meal, description, 813 
Fossiliferous rocks, defined, 897, 898 

— slags, table of, 635 

Fossils, in biology, 279 ; in calcareous 
sedimentary rocks, 1071, 1073, 

1074 ; Cambrian, 2253 ; evidence 
of change of sea level, 1353 ; 
evidences of evolution, 1031, 1177 ; 
geological record of, 2066 ; index to 
upheaval of land, 618, 620, 62/ ; 
Old Red Sandstone. 2253, 2254 ; 
origin, • 1816 ; Silurian, 2253 ; 
variation, 1924 

Foiidaco, dei Turchi, Venice, 3231, 3232 
Foiiett^, style of violin bowing, 2743 
Foul brood, bee disease, 5963 
Fouls, of machinery, avoidance; 4428 
Foundation, for machine or engine, 
laying, 3691 

Foundation ring, of boilers, 3099 
Foundations, in bridge building, 2737 

— in building. 1 43 ; artificial , 332 ; 

on compressible soils, 334 ; con- 
crete, 649, 1449 ; concrete in 

damp, 334 ; natural, 331 ; quantity 
surveying, 6507 ; removal of old, 
320 ; for retaining walls, 3256, 3257 

— railway embankments, 3259 
Founder, in horses, treatment, 2621 
Founders’ shares, defined, 3186 
Founding, methods, materials, pro- 
cesses, 2109 : see also Casting, 
Moulding, etr. 

Foundry, 2108. 2866, 2867 ; compared 
with smithy, 2983 ; of engineers’ 
works, 6591, 5593 ; ladles used, 
2864 ; melting furnaces, 2862 ; 
moulding boxes, 2697 

— stereotype, equipment, 5556 

— work, dictionary of, 2545 

Fount of type, 5027 ; variation, 6074 
Fountain, brewery copper, 6058 

— in petroleum wells, definition, 3190 
Fowl, dietetic value, 3311; digesti- 
bility, 3314 ; movement and skele- 
ton, 2494 ; roast, carving, 5931, 
5935 ; roasting, 1487 : see also 
Poultry 

Fox, Charles James, coalition ministry, 
5555 

— (cania), 6427, 6433 ; skins, 6430 
Foxdale lead mine, 3194 

Foxglove, 361, 354 ; cross-pollination, 
730, 732; heart tonic, 4013; 
parasites in, 505, 500 ; pollen ])ro- 
tection, 1114 ; nectaries, 731 ; 
pollination arrested, 909 ; showing 
anthers, plate facing 728 
Foyers, Falls of, aluminium works, 
6303, 5766 

Fra Angelico, painter, 3519, 3520 
Fractional distillation, in chemistry, 241 
Fractions, decimal equivalents, 3006 ; 
French, 1620 ; in l.atin, 1334 ; in 
mathematics, 546, 705 
Fractured bones, kinds, treatment, 6472 
Frame, braced, 4640, 4641 

— cycle, Importance of testing, 3778 

— bars, of ships, 5737, 5738 

— saw, in log-sawing, 5900 

— saws, wood-working, 6449 

— workers, umbrella, wages, 5603 
Framed cabinet work, 6686, 6587 
Frames, carpet weaving, 3991 

— engine, detail drawings, 4202, 4203 

— lace-making, 4879 

— of ship, 578S-6742 ; bending, 6738 ; 

curvature, 6788, 6739 ; girder 

function, 6224 ; joggled arrange- 
ment, 5918 ; preparation and 
ponohlng, 6786, 5737 


Frames of steamer, form, 5402 

— tension bridge, 6267, 6268 
Framing, in vehicle construction, 2834 ; 

of brougham, 2830 ; of elliptic 
spring fore-carriagc, 3125 
Franc, Belgian and French coin, value, 
337, 409 ; Swiss coin, value, 410 
France, African possessions, 3278 ; Al- 
gerian rule, 3280 ; architecture, 
(iothie period, 3374, 3375 ; bank- 
note issues, 3973 ; beer consump- 
tion, 3377 ; coalfields, 5302, 
5304 ; coins, weights and mea- 
sures, 409 ; colonial possessions 
off Africa, 3587 ; craniology, 1786 ; 
economic divisions, 5824 ; forestry 
retiirns, 4603; geography, 1681, 
1682, 1683 ; government by 

consuls, 5238 : government, form 
of democracy, 5534 ; litera- 
ture, 2787, 3780 ; meat consump- 
tion, 3381 ; medical profession, 
5429 ; militarism, contempt for, 
5097 ; iron ore output, 5307 ; 
mint par with Kngland, 3972 ; mor- 
tality statistics, 2662 ; nineteenth 
century art, 4395 ; oil shales, 6009 ; 
painting, Empire school, 4394 ; 
painting and sculpture, fifteenth to 
seventeenth eenturies. 4117; popu- 
lation, 628 ; Renaissance arnii- 
tecturc and sculpture, 3940 ; Ro- 
inaiiesqtie period, 3232; Russian 
trade, 5708 ; spirits consiiined, 
3315; touring directions, 714; 
trade, 5381, 5650, 5664, 5825 ; tran- 
sit trade, 5824 ; West African pos- 
sessions, 3454 ; West Indian pos- 
sessions, 4178 ; wine consumption, 
3315 ; wool industry, 69, 72, 221 

— history ; from Gauls t« Hugh Capet, 

2915 ; Belgium, a part of, 2948 ; 
in early Middle Ages, 2241 ; de- 
velopment of stale in early Middle 
Ages, 2354 ; wars with Richard I. 
and Joliii of England, 2914 ; 
Arab invasion, 2946 ; Hundred 
Years War, ;{251, 3463 ; foreign 
policy of Henry VIII., 3832 ; 
designs on Scotland, 3833 ; in 
Middle Ages, 4101, 4320; reign 
of Henry of Navarre, 4320 ; influ- 
ence of Richelieu, 5110; Henry 
IV. to Louis XVT., 5110; the 
Revolution, 5110 : see also French 
Revolution ; Napoleon Bonaparte, 
5238 ; Bourbon restoration, 5239 ; 
soeond Republic, 5239 ; Franeo- 
Oerman war, 5240 ; third Rei)ub- 
lie, 5240 ; settlement in India, 6549 
Fraueliise for women, Spencer’s opinion 
controverted, 4977 

Francis I. of France, wars, 4102; 
political rivalry, 36.50, 3651 ; wars 
with Cliarles V., 4396 
Francis turbine, mechanism, 1690, 1093 
Franco-German war (1870), 5210 
Frankincense (olibanum), source and 
use, 4658, 4971 

Fraiiklin, Benjamin, explanation of 
lightning, 128 ; one-fluid theory of 
electricity, 4022 ; philosophical 
writer, 3781 

Franks, classification, 2354 ; history of, 
2210, 2915 ; rule Helvetia, 4399 
Fraunhofer lines in spectrum, 3370 
Fredensborg palace, Denmark, 1425 
Frederick II., of Pru.ssja, reign, 0302 
Fredrikshall, siege of, 5397 
Free Trade, Adam Smith, founder of 
theory, 2055 ; movement ( 1 846) 6691 
P'ree will. In sphere of intellect, 2404 ; 
limitations of doctrine, 2550 ; in 
psychic theories, 3289 ; psycho- 
logical account, 2995 
Free-fall appliances in mining, 2671 
Free-hand drawing, 109 -114 : see also 
Drawing 

Freelance, in Journalism, qiialiflcations 
and career, 4671 
Freeman’s white lead, 5988 
Free-martin, In agriculture, 2238 
Freestone, cla.sslflcation, stratification, 
1072 ; in masonry, 1452 ; quarry- 
ing, 2956 ; splitting, dressing, and 
finishing surface, 2839, 2842 


Freezing, physical account of, i269; 
shaft-.sinking by, 3460 

— mixture, in physics, 1740 

— point. In chemistry, 696 ; methods 

of marking, 1566, 6120 
Freiburg, suspension bridge, 2498, 2499 
Freight cars, railway, use of, 2467 

— charges, in bookkeeping, 2500 

— notes, 6363 

— of ships, arrangement, 6807 ; engage- 

ment and shipment, 6362 
French Congo, 3582 
J'’rcnch cookery, economical, 2335, 5581 

— embossing, process, 5838 
“hem, 152 

— language, accents, 123, 449; Latin 

and Greek roots, 6810; punctua- 
tion, 449; syllables, 448 ; tourist 
vocabulary, 1956 ; translation, 
charges, 1920; travellers’ phases, 
1956 

— mile, defined, 1148 

— polish, preparation, use, 1035 
French Revoliifion, Burke’s " Reflec- 
tions,” 2055 ; effect on Fnglish 
literature, 1305, 2308; see also 
France, history 

— salad, recipe, 2004 

— sixth, in harmony, 567 

Fresco, mural painting, preparation of 
wall for, and method of painting, 
1024 ; Pompeian, 2933 
Frescoes, Fra Angelico, Jappi, da Vinci, 
etc., 3520, 3793, 3704, 3795 
Fresh-air inlet, in drainage, use, 739 
Fret, geometrical design, 2321, 2397; 

showing use of line, 5820, 5821 
Frets, of banjo, 4310; of mandoline, 
function, 4308, 4309 
Fret-saw, machine, 6360; metal, 
5522, 5524 

Fretwork, cabinet-making, 6584 
Frequency of electric current, 1357 
Freiinentative verbs, Latin, 1047 
Freycinctia, description, 729 
Friar bird, warning coloration, 2505 
Friars, in printing, cause, 5868 
Friar's balsam, source, 3708 
Friction, 958, 3813; angle of, 959; 
belting, 962 ; bmkes, 060 ; 
clutches, 960 ; eoeillcient of 
friction, 958, 3171 ; coll clutches, 
902; devices to avoid, 210; 
effect on motion, 425 ; expanding 
clutches, 902 ; gears, 062 ; import- 
ance in engineering, 2108 ; import- 
ance in niochatiisms, 86 ; kinds, 
858 ; laws of, 959 ; of liquids, 959 ; 
machinery devices, drawing, 4002, 
4004 ; practical applications, 9.i9 ; 
in pulley systems, 834 ; rolling 
friction, 964 ; Seller s disc, 962 ; 
shafting bearings, 962 ; of water 
flowing through orifice, 1573 ; in 
vehicles, 3126 

— gear. 962, 5355 

Friendly Societies, system. 3224 
Frieze, carving, 6136; design, 5979; 
relation to dado, 5080 ; stencilled, 
6728, 6729 

— material, width of, 186 
Frigid zone, heat and light, 203 

Frill, in dressmaking, kilted and box- 
pleated, 068 ; to make and put on, 
862 ; quantities of material for, 187 
Frillings, used in underwear, 3094 
Fringe- winged insects, 3304, 3365 
Fringing reefs, 558 

Frisian language, classification, 1771 
Frisket, of printing press, 5744 
Frit, china glazing, 5606 ; Parian ware, 
5607 ; in pottery manufacture, 
.5237 

Fritters, celery, recipe, 2120 
Fritting, in glass manufacture, 4533 ; 

in pottery manufacture, 6237 
Frizzled fowls, points of breed, 4958 
Frocks, boy-baby’s, 4195 ; girls’, 4472, 
4473, 4474 ; infants’ short-coating, 
3856 ; young child’s, 4050, 4054 
Frog, common, 2800, 2801 ; blooil 
corpuscle of, 953 ; heart, 956 ; 
steuate cells, 2952 

— in bricks, 1948, 1949 

— for guiding electric trolley, 1935 

— in railway construction, 3608 

6947 
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Frog-bit, 355 ; sewage plant, 4540 
Frog-hopper, larvas 3365 
Froissart^s “ (‘hronicles,” 1609 
Front boards, of van, 2828, 2829 
Front strap, of harness, 4886 
Frontal bone of man, 1604, lf>0S 

— Jobes, of brain, 2144, 2140, 2537 

— sinus, 2537 

Frost, effect on briclcwork, 2268 ; 

geological effect, 302 
Fronde, the, war of, 5110 
Fronde, James A., antlior, 2616, 2618 ; 

admiration for Tennyson, 1435 
Fruit, British imports, 4844 ; canning, 
bottling, 4845 : chemical classifi- 
cation, 3112 ; choosing, 1228 ; con- 
sumption of, 487') ; dietetic value, 
3312; growing, 6676, 6832: 

growth, process of, 348 ; markets 
in British Isles, 2532 ; motor 
carriage, 3904; preserving, 4844; 
pulping, 4846 ; refrigerating, 5404, 
5405 ; salad of, r(*ci])e, 2003 ; 
sources, packages, and seasons, 
2531 ; stains, removal, 2590 

— hushes, culture, 6078 

— candied, manufacture, 4848 

— catapult, flipping, and sling, 910, 011 

— crushed, tintiiiig, 4816 

— desiccated, kinds, preparation, 4845 

— esseneoH and oils of, sources, 54 6{) 

— farming in t'aiiada, 3201, 3206; in 

Kiiglaiid, 986; in Kurope, 855, 
4873; in Tasjnania, 3469 ; Western 
Australia, 3235 

— glac(i, manufacture, 4848 
Fruit-hat, as pollen carrier, V2i, 730 
Fruiterers, business of, 2529-2532 
Frustum, in drawing, 1747, 1749 
Fry, KliKabeth, prison reform, 4276 
Fry of marine bivalves, 3285 
Frying, method in cooking, 1488, 3314 
Fungi, common types, 1371, 1373 
Fuchsia, 353 ; culture, 6492 

Fricl, books on, 5595 ; consumption 
and hardness of water, 5761 ; in 
cupola furnace, 2802 ; gaseous, 
for furnaces, 3108; Ihiuid, 6151, 
6153; from slag, 639 ; problem of 
M’astcd power, 376 

— gases, composition, 6817, 6829 
“ Fugitive 81ttve Law',” 5975 
Fugue, in music, 633, 583 
Fujiyama, vdicaiio, 3150, 310l 
Fukien nrovinco, China, 2976 
Fulas, oistribiition in Africa, 3279 
Fulcrum, 1797 ; theory, 684 
Full-bore discharge, in drainage, 781 
Full-stop, use, 1338, 6351 

Fuller, smith’s, 2983, 2985, 2986 
Fuller electric cell, 466 
Fullering, 2986, 2987 ; In caulking ot 
plates, 3108, 3090, 3097 

— die, 29S9, 2902 

— tools, edges, 211 

Fulling, in clothmaking, process, 4106 

— stocks, leather, 2854, 3165, 3100 
FulliuT fibre separator, 5766 
Function, in biology, analogy, 379 ; 

distinguishing plants and animals, 

276 ; specialisation, 278 
Fundamentals, in harmony, 363, 2104 
Fundy, Bay of, tides, 556 

Funeral attendants’ wages, 5785 

— furnishers,, trade with undertakers, 

5785 

Fungi, as food to other plants, 503 ; 
classed economically as animals, 

277 ; forest pests, 4925, 4927, 

4928 ; mycorrhiza, 503, 505 ; 

ifijuriouB to agricultural crops, 
1007 ; in plant classification, 166 

Fungiform papillai,of tongue, 2535, 253G 
Fungus-animals, description, 134 
Funicular polygon, 2197, 2199 
Funnels, of railway locomotives, Prof. 

Adams’s invention, 520 
Fur, 6426; cleaning, 6040, 6434; as 
clotlUng niateritil, 4256 ; dressing 
and preparing, 6429-6’435 ; dyeing, 
6429, 6432, 6433 ; imitation of, 
3150, 6434 ; linings, manufacture, 
6436 ; manufacture of articles, 
6436 ; protection in mammals, 
2166; rugs, manufacture, 6436; 
varieties, 2721, 6426 


Fnr, in boilers and kettles, 633, 4157 
Fur-beetle, classifloation, voracity, 3511 
Fur merchants, business of, 2720 

— skin dressers and dyers, employ- 

ment conditions, 2648 
Furnace, blast: see Blast furnaces 
Furnace, of boilers, 3101, 6876 ; charging 
machines, 5017, 5018 ; construc- 
tion and materials, 3042, 4125, 
4120 ; cooling, 4626 ; fans, use 
of, 1808; flue, making, 3101, 
3102, 3105 ; forge and blast, con- 
trasted, 4467 ; iron extraction, 
•lirect method, 4465 ; lining, brick 
used for, 1285 ; open hearth : see 
UiKm-hcarth furnaces ; puddling : 
m* Puddling furnaces ; rchcjiting, 
use iij iron inaniifacture. 4638 ; 
rcfiisp-destruclor : see Befuse- 

de'^truftor furnaces ; reverbera- 
tory : see Keverberatory furnaces ; 
t.vi>cs used in steel manufacture, 
4749 ; tilting, in steel manufac- 
ture, 4465, 4466 

— calrining, 231 

— carius, use in analysis, 4413, 4415 

— cementation, description, 4749 

— (‘lectric, 30:11, 3032, 4532, 4533, 

5757, 5758 

— fritting, pottery manufacture, 5230 
Fiiniacp-crowii, in boilers, 3099, 3100 
I’uniishlng, business of, 3417 
Furniture, auctioneer’s inventory, cata- 
loguing, 498:1, 4984, 4985 

— art, dealing in, 893 

— bamboo, manufacture, 5725 

— compositor’s, use, 5252, 5159 

• — construction, 6579, 0581, 0587 , 0589 

— liouschold, valuation of, 5151 

— shops, wages, and capital, 47 

— stn fling, 6715 

—• vans, construction, 2558 
Furriers, employment conditions, 2649 ; 
knives and tools, 0429, 6432 : see 
also Fur merchants 
Furrow, in agriculture, 430, 431, 1232 
l‘’iirsteiibuud, Prussian history, 6:502 
Furze, as livestock food, 2905 
Fuse, electric, 0020, 6765 ; percussion, 
0018, 0820; safety, 6274, 6765 
Fusee, in mechanical engineering, 832 

— verge watch, 0081, 6082 

— drum, " sw’eeping-up ” 2159, 2460 
Fusible metals, 360, 1162, 3941, 5088 
Fusibility of metals, 239, 38:57, 5523 
Fusion mixture, analysis by, 4415 
Fustians, finishing processes, 4342 
Fustic dye, origin and use, 5907 
Futchell, carriages, 3I22-.5/24 

— jaw stay, of brougham, 2830, 2831 
Future tense, tlernmii use of, 3501 

Q.C.M., meaiuiig, 339 
(Jabbro, rock, classification, 1009 
(Jabcllc, French tax, 5112 
(Lable, architects’ drawings, 5693, 5090, 
,5698 

CiJad, tool, 532 

— steel miner's tool, 2583 

(iad-fly, in sheep, 2626, 3721, 3722 . 
tJaelie, bards, function of, 30:5 
Gaelic language, classification, 1771 ; 

survivals in English, 1770 
Gaff, of sailing ship, adjustment, 5398 
flaggers, in moulding, function, 2110 
Gainshorougli, Thomas, landscape paint- 
ing, 4300, 4392 ; ” 'J’he Blue Boy,” 
4393 

Galactose, clieesc ferment, 4036 
(Talasliiels, industry, 10 :) 6 , 2896 
Gaiba, Sulpieiiis, Emperor of Rome, 
reign, 1939 

Galena, lead extraction, 5754, 5755, 
5985 ; lead ore, 358, 1160, 3508 
5985, 6737 ; smelting, 4303, 5986 
Gales, effect on coast, 6218, 6219 
(ialicia, Austria, 2162, 2165 
Galilei, Galileo, life and works, 36, 36. 
651, 2949; Jupiter’s moons and 
deductive logic. 6002 ; laws of 
motion. 312, 6119 ; on pressure of 
atmosphere, 1801 ; his telescope, 
2903, 2949, 6119, 6241, 0242 
Gall, Aleppo, 6300 

— Chinese and Japanese, 5366, 5780 

— of gall-fly, 3722 


Gall, oak, gallic acid from, 3822 ; pro- 
duction, use, 5366, 5780 
Gall-bladder, description, 670, 680 
Galleries, in military engineering, 
siege and defence, 6273 

— in mining, making, 2666 
Galley press, compositor’s, 5252 
Gall-fly, description, 3722 

Gallic acid, sources, proi)erties, 3822 
Gallniits, use in dyeing, 5780 
Galloway boiler, 3108 ; tubes, 3097, 
3102, 0875 

Gallstone, accompanying jaundice, 6038* 
Galoon, in dressmaking use, 185 
Galton, Francis, theory of eugenics, 
3120 ; reseirches in heredity, 1316 
(talton grate, use in ventilation, 3801 
Galvanic battery : see Battery, electric 
Galvanised iron, 359, 1045 
Galvanisers’ tools, 0104, 6169 
Galvanising, process, 4306, 6104, 6168 
Galvanometer, 129, 464, 466, 562; 
charging sheet of glass, 3579, 3580 ; 
indications in duplex telegraph 
working, 4607 ; in Lodge’s oscil- 
lation transformer, 3895, 3897 ; 
of Morse sotinder, use, 5065 
(Jalvanoplastie : see Flectrotyping 
(lama, Vasco da, founded cliureh in 
Lisbon, 1134 ; his voyage, 201 
Gambetta, Lt^oii, French Dictator, 5240 
(Jambia, British possession, 3454 ; 

cotton production, 383, 386 
Gambia, river, 3452, 3453 
(tambier, use, 1658, 5779, 5906 
Gamboge, source of colour, 5145 
(iamc, birds, etc,, carving, 5934, 5935 ; 
choosing, 1228; cooking, 1874; 
dietetic value, .3311 ; kinds in 
season, 1531, 1532; sale by 

poulterer and game dealer, 4712 

— birds {GalHnce), description, 2212 

— dealers, licence, 4712 

— fowls, points of breed, 4953 ; EnglisJi, 

5624 ; Indian, 4660, 4602, 5623 ; 
typos, 5089 

Games, effect on character and physicjiic, 
4388 ; importance in lite, 2672 ; 
psychological importance, 2648 
Gametic purity, Mendel’s discovery, 
1484 

Gamma ra.V8, of radium, 2028 
(faminot, in carpet weaving, 3357, 3992 
(•ang mill, in cutting, 2402 
Gaugers, railway, 4591 
Ganges, river, 2818, 2821, 2822, 2818 
Ganglia, of heart function, 1193 
Ganglion cells, function, 1942; in 
brain, and association of ideas, 2805 
Gangue, in metallurgy, 237, 3835 
Gangway, railway carriages, 2555 
Ganistcr, as furnace brick, 1045, 1285, 
4749 ; description, use, 3941, 3942 
Ganuet, classification, 2213 
(lanoidei, sub-order ot fishes, 3065, 3007 
Gantry, in building, 1172, 1173, 1453 

— masons’ tool, 2840 

Gap coettlcient, of dynamo, 1109 
Gaping, physical explanation, 1303 
Garabit bridge, structure, 2739, 2740 
Garages, equipment, 3878, 3879 
Garden, 6205 ; aspect, 0205, 6206 : 
beds, 6206 ; borders, 6206 ; cost , 
6832 ; flower and kitchen, pro- 
portion of, 6205 ; front, 6206 ; 
laying out, 6205, 6315 ; refuse 
destruction, 6204; rock, making, 
6320. 632 1 ; screen of trees, 6206 ; 
small, laying ont, 6315 ; tfx>ls, 
0315 ; trees in, 6316 ; walks and 
paths, laying out, 6206 
Garden-cress, classification, 352 
Gardener, niities, privileges, 1001 ; 

prospects, pay, etc., 6833 
Gardenias, culture, 6533 
Gardening, business of, 6832 ; digging, 
6203; draining, 6203 ; flowers and 
ferns, 6487, 6488, 0489-6491, 6492, 

; levelling, 6203, 6204; pre- 
paration, laying out, and arrange- 
ment, 6203, 6204, 6206; sod, 
6203; trenching, 6203, 0204 \ 

women’s training, 322 . 

— Jobbing, florists' side-line, 2528; 

by nurseryman, 6833 
Garden-seat, omnibus, described, 2466 
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Garden-warbler, clasalflcation, 2210 ; 

neat, vlaite l^^eding 2497, 2506 
Garget, in cattle, 2623 
Garn>aldi, Italian patriot, 6303 
Garments ; see Clothing, Dress, etc. 
Garnet, composition, kinds, properties 
and sources, 6852, 5854, 5855, 6737 
Garnet-paper, use in shoe factories, 813 
Garnett, llichard, 2617 ; as poet, 1438 
Garnierite, nickel ore, 5982, 6737 
Garonne, river, course, 1684 
Garrick, Davia, as dramatist, 1151 
Gas, elastic force, Boyle’s law, 5414 ; 
in power production, 5127 ; use 
in thermomet-ers, 1566 ; wroiight- 
iron tubes for, 5328 ; varieties of, 
6317 

— coal, analysis. 6823; balloon infla- 

tion, 3977 ; coat, 6152 ; burners 
for, kinds and fittings, 6026 ; 
as illiiminant, 5193, 0025, 6822 ; 
manufacture, 6*5 J7-682 1 ; measure- 
ment with Lunge’s nitrometer, 
6557, 5588; use as power for 
engine, 6414; tar, 1163: see also 
Coal tar ; t^ata, 6823 

— natural, occurrence and use, 5306, 

6153, 6818 ; Appaladiian wells, 6014 

— see aleo Gases beloti', and specific 

kinds — e.flr., Producer, Water, etc. 

— brackets, kinds, flttings, 5799 

— burners, 6026 . 

— carbon, 1157 

— company, bookkeeping, 3332, 3569 

— engine. 620, ,6785 ; place in power 

development, 5010; for water 
transit. 2278 

— engineers, municipal career, 575 

— lire, advantage of, 5195 
Gasfitters, employment conditions, 

2644 ; work of, 2218 

— flttings, fixing, 5799 ; pipes and 

flttings, 5798, 6831 ; use, 5327 

— holder, 6525 ; columns, 209 

— lighting, first use in streets, 1 28 

— lime, as manure, composition, 590 

— liquor, products, 4775, 4776 ; yield 

Irom varieties of coal, 5461 

— meter inspectors, 1498 

— meters, kinds, capacity, 6798, 6831 
— , oil, uses, transport, 6149 

— pendants, attach men t, 5799 

— pipes, capacity, 5797, 5798 ; fixing, 

6798 ; screws for, .3004, 300(i ; 
service and composition pipes, 5798 

— stoves, for cookery, 3313 ; manage- 

ment, cleaning, 1227 
Gascoigne, George, dramatist, 678 
Gaseous fuel, for luruaces, 3103 

— pressure in physics, 1267 

Gases, Avogadro’s law, 696, 1914 ; 
Boyle’s law, 1802, 1804 ; con- 
ductivity, 4103, 4699; critical 

temperatures, 1741 ; Charles’s law, 
1666, 1805; Dalton's law, 1805; 
diffusion of, 1302 ; distinction from 
other fluids, 1142; ionisation, 
4103, 4699 ; kinetic theory, 1267 ; 
liquefaction, 4560 ; magnetic pro- 
perties of, 4245 ; molecular motion, 
1266 ; specific gravity, 799 ; 
volcanic, geological action, 1*207 : 
see also Air, Atmosphere, Pneu- 
matics 

Gasolene, 1164, 6148, 6818 ; motor, in 
submarines, 2280 

Gassing, spun silk manufacture, 2890, 
2698 ; thread, 2708 

Gastralgla, causes and remedies, 5842 
Gastric juice, analysis of, 678 ; func- 
tions and action, 074 
Gastric mill, of crayfish, use, 3807 
Gastritis, In horses, 2620 
Gasworks Clauses Act (1847), 1978, 
6821 

Gate, field, types, 4645, 4646 
Gate, in mining, 3561 
--in railway construction, 3613, 3615 
Gate of Lions, Mycense, 2857, 2858 
Gateaux, petlts, recipe, 2332 
Gat^^head-on-Tyue, industries, 1272 
Gathers, in dressmaking, 5557, 3338 ; 
milliner’s. 4565, 4566; in needle- 
work, 151 ; In underclotliing, 3337 
uattamelata, Donatello’s equestrian 
statue, 8676, 3677 


Gauge, accuracy, 4710; carver’s, 
5809, 5810; depth, 4705, 4709; 
intermediate standards, 4702 ; use 
and varieties, 3386, 5557, 5555, 
4701, 4702, 4707 

— lens, testing, 6125 

— limit, use, 4705, 4710 

— long tooth, in Joinery, 6298, 5290 

— marking, use in planing, 3756, 3759 

— mortise, 4040, 4041 

— plasterer’s, 5497 

— plug and ring, use, 4705, 4709, 4710 

— points use by compositor, 5159 

— river, V-notch type, 5114, 5115 

— rod, construction, 4705, 4709 

— screw-thread, use, 4705, 4710 

— in slanting, defined, 4866, 4807 

— snai), designs, 4705, 4710 

— spacing, use in railways, 4591 

— surface, constnicfioii, 4703, 4706 

— wire, 5169, 5170 
Gauge-board, plasterer’s, 5496 
Gauged stuff, in plastering, 649, 5199 

— work, in building, 1950 
Gauge-hook, plumber’s, 5020, 5030 
Gaul, early history, 2241 

Gault, cement, 1579; strength, 1520, 
1521 

— bricks, description, 1047 
Gauntlet, princess robe, 2200, 2208 
Gauss's inethod, of WTigtiiiig, 62 
Gaiitah, measure, 410 

Gautama, Buddha, idea of organic 
evolution, 5386 

Gautier, Peter : see Peter the Hermit 
Gauze, w’eaving and design, 3150, 
;t685, 3912 

Gaveston, Piers, career, 3075 
Gavottes, practice for sight rending, 
2024 

Gay-Liiasac, law, in physics, 1566; sul- 
phuric acid apparatus, 4627 
Oaz puuvre, maiiufacture, 6818, 6827 
Gazelle head, stuffing, 6328, 0329 
(f6ant, Glacier du, glacier, 401 
Gear, angle spur, 3922 ; automatic 
expansion, function and value, 
5645 ; bevel, 3922, 3923 ; bicycle, 
calculation, alteration, 3773, 3774, 
;i77r> ; books on, 5.595 ; chain, 
5354 ; in friction gearing, 5355 : 
see also Friction gear ; helical, 
3921, 3922 ; internal, 3921, 3922 ; 
of lathe, types, 4913, 4914, 4916, 
4918, 4920; machine cut, 3656, 
3657 : mitre, 3922 ; raw hide, 
3921 ; screw, 3922, 3924 ; spur, 
3038, 5208 ; stepped, 3921 ; 

toothed, 842, 3638, 3057, 5354 ; 
worm, 3924, 3925, 5354 

— barring, of engine, 4427 

— cutters, variety of, 3321 

— cutting, 3630, 3631, 3032 

— drive, of lathe, action, 4914, 4920 

— wheel, calculating centres, 3692 

— wheel blanks, milling, 3402 
Gedda guiii, 810 

IGtsc : see Goose 

Geikie, Sir A., geologist, 1007, 2786 
Gelatin, chemistry of, 4134, 5361 ; 
casting mould with, 1673 ; a 
colloid, 4698 ; dyeing, 6770 ; 
manufacture and analysis, 5357 ; 
a protein, 4134 ; uses, varieties, 
810, 5362 
Gelignite, 6763 
Gemini, sign of Zodiac, 6251 
Gemmation, of cell, human, 199 ; 
reproduction by, 381 ; of sea 
anemones, 4083 ; of yeast plant, 
2878 : see also Budding 
Gem mules, of sponges, 4087 
Gems : see Precious stones 
Gender, in Kiiglish grammar, 116, 123 

— French irregular, 1052 ; nouns, 905 

— (German feminine, 1189 ; nouns, 1054 

— Italian adjective, 2631 ; rules, 2192 

— in Spanisn, 2040, 2343, 3792 ; ad- 

jective forms, 2481 
Genera, genuR„in biology, 136, 380 
General ledger, function, 778, 2981 

— adjustment account, purpose, 2982 
General manager, railway company, 4227 

retail business, duties, 6054 

General Post Office : see Post office 

— servant, duties and routine, 1091 


Generalisation, in logic, defined, 6000 ; 

test by deduction, 6001 
Generation, continuity of, 1314 ; spon- 
taneous, theory, 28, 96 
Generator, of cycloidal curve, 1414 

— in electricity, scope of term, 1104; 

see Dynamo 

— gas, 6818 

— in telegraphs, Wheatstone, 5178 
Genesis, iwajk of, 067 

Genetic psychology, scope, 3117 
Geneva, made a republic, 4399 ; inter- 
national conference (1872), 5976 
Geneva spirits, 859, 2879 
Genghis Khan, campaigns in China, 218 
Genitive case, government by, German 
adjectives, 3931 

— (rreek, 6526 

— Latin rules and idioms, 900-001 
Genius, how far due to observation, 

1882 ; Myers’ definition, 3183, 
3383 ; due to psychical variation, 
5387 ; transmission by books, 5388 
Genoa, description, 2230 ; earliest history 
as a republic, 2946 ; loss# nd gain 
of prosperity, 4520 ; touring, 047 
Genoese, shipping, 5256 
Gens (French grammar), gender, 6512 
tientiaus, in botany, 354 
lientlenien’s outfitters, business, 2722 
(ieniis, in natural science, 136, 380 
licograpbical distribution, meaning, 
279 

Geograpliy, c.artography, 459, 460 ; 

definition and scope, 10 ; bearing 
on sociology, 3989 ; of countries, 
etc ; see under specific names 

— eommcrcial, agricultural products, 

4873 ; economic regions and their 
products, 5379 ; food crops, 4059 ; 
mineral products, 5302 ; natural 
products, 4873, 5117, 6880 
Geological map of British Isles, facing 
1921 

Geological survey, agents, 1146; con- 
sultation by prospectors, 2581 
Geologist, outfit of, 896 
Geology, books on, 2255 ; dictionary 
of, 22.57 ; disintegrating agents, 
1499 ; distribution in time, 137 ; 
dynamical, volcanoes, earthquakes, 
1205 ; earth's crust, changes, 1352, 
1921 ; erosion, 1633, 1813 ; glaciers, 
action, 1633 ; periods and fossils, 
resulting biological theories, 1177 ; 
palwobotanical periods, 1116; 
plant and animal agencies, 1813 ; 
relation in biology (palaeontology), 
1031, 1177 ; rocks, classification, 
890 : see also Bocks * strata, elassifl- 
ration, 535 ; Hystems, survey of, 
2253 : of United Kingdom, 628 
Geonudri(‘al drawing, 284, 470, 492, 
739, 792, 1012, 1084, 1251 
Geometrical progression, 3914, 5338 
Geometry, plane, abbreviations, defini- 
tions, axioms, 4207 ; books on, 
2033, 6790 ; application to de- 
sign, 2321 ; glossary of terms, 
285 ; prop. 1, 4208 ; propns. 
2~r>, 4330 ; propns. 6-9, 4:i3J ; 
propns. 10-14, 4477; propns. IS- 
IS, 4023 ; propns. 19-21, 4624 ; 
propns. 22-24, 4723 ; propns, 25- 
28, 4724 ; propns. 29-30, 4905 ; 
propns. 31-32, 4906 ; propns. 33- 
36, 5043 ; propns. 37-39, 5044 ; 
propns. 40-44, 5197 ; propns. 4.5- 
49, 5198 ; propns. 50-51, 5337 ; 
propns. 52-54, 5338 ; propns. 55- 
59, 5472 ; propns. 60-62, 6473 ; 
propns. 6:’.-71, 5635 ; propns. 72- 
77, 5783 ; propns. 78-85, 5943 ; 
Pythagoras theorem, 5043 ; ratio 
and area, 5635 ; ratio and pro- 
portion, 5.3.37 ; linear perspective, 
595, 600 ; postulates, 4208 ; pro- 
blems, 4208 ; similar figures, 5472 ; 
tlieorems, 4208 ; see also under 
separate headmge — c.g.. Angle, 

Circle, ete* 

— practical, 280, 473 ; in drawing, 284 ; 

instruments, 284 ; use of scales, 
triangles, 494 ; use of sector, 494 : 
see <U8o Drawing 

— solid, 1747; practical, 2006 
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George 1., King of England, proclaimed, 
4952 ; dcBoent, reign, 5554 
George II., of England, reign, 5564 
George III., of England, reign, 5555, 
6685, 5978 

George IV., of England, reign, 5685, 
5686 ; Holy Alliance, 5975 
George I., King of Greece, rule, 6448 
Georgia, state, products, 4172, 4174 
Georgian pitch-pine, timber, 54 
Geotectonlos, implements \jsed in, 897 
Geniniol, in essential oils series, 4968 ; 

use in perfumery, 4971 
Geranium, culture, 6402 ; wild, 507 ^ 508 

— order, classification, 

Gerber, milk testing machine, 4038 
German Empire, political entity, 1974, 
6445 ; ill Middle Ages, 4308 ; 
Spanish and French trade, 582.3, 
.->824 

— language, affirmation, 3.502 ; English, 

relation to, 248 ; prefixes, verbal, 
1878; punctuation, 4363; sen- 
tences, elliptic, 3780 ; tourist 
vocabulary, 1956 ; translation 
charges, 1920; travellers phrases, 
1956 ; words, position of, 3.503, 
3645 

— sauce, recipe, 2004 

German silver, 360, 1042, 3040, 5983, 
6311 ; chs'tric resistance, 672, 
1397 ; electroplating, 3421, 3940 

— sixth, ill harmony, .567 
(icrmanic races ; see Teutonic 
Germanicus and Jlonian frontier wars, 

1830; Tiberius’s jealousy of, 1831 
Germanium, 401 

Germans, phlegmatic tcmp(‘riiment,.5701 
Germany, aniline dyo industry, 642 ; 
aspliulte deposit.s, 1164; beer con- 
sumption, 3377 ; climate, 1974 ; 
coalllelds, 5302, 5304 ; com.s, 

weights and measures, too ; 
colonies (Africa), 630, 3278; New 
Guinea, 3697; craiiiology, 1786 ; de- 
pendencies (Pacific Islands), 3902 ; 
economic conditions, .5825 ; electri- 
city, development, 131 ; engineer- 
ing progress, 559 4 ; forest industries, 
641, 4603; gcograpliical account, 
J972, 4075, 1070 : gold points, 
determination, 3973 ; Gothic archi- 
tecture, 3371 : industrialism prosti- 
tuted to iiiilitarisni, 5097 ; iron 
and steel output, 5307 ; language • 
see German language ; literature, 
;1780, 3782; literature, infiu- 

ciice on modern Kiigli.sli writers, 
2308 ; medical profession, 5429 ; 
military system, 2947, 5096 ; 

Northern, geography of, 1975 ; 
painting, fifteenth century, 4117; 
petroleum deposits, 6008 ; pro- 
ducts, .5825 ; jiopiilaticui, 62ff; 
railways, liigh-specd electric, 2276 ; 
llhine basin, 1836 ; Renaissance 
architecture and sculpture, 3946; 
science and manufactures, 3711 ; 
tonring directions, 857 ; trade, 
5826, 5825, 5826, .53.'^!, 5659, 5708, 
5664 ; Trajan’s wars, 2t)69 ; woman 
question, 4976 ; wool trade, 72 

— history of, earliest days to Otho L, 

2947; early Middle Ages, 2241 ; 
Middle Ages, 4398 ; Thirty Years' 
War to AViliiani II. , 644.5 
Germ-bag, of liver ihike, 3959, 3900 
Germ cell, 484; inbjrii characters, 
485 ; influence of environment, 651 ; 
heredity, 1313 ; purity (hiol.), 1484 
Germinal, in biology, 485, 1587 

— selection, Dr. Heard, 1180; W>iss- 

mann's theory, 1180 
Germination of ferns, 1116; malt, 874 ; 
of plant seeds, 347, 350, 635 ; 
of wheat, 014, 915 

Germ plasm, ak^Oiol effect, 5674 ; 
Heard’s theory, 1180 ; eontinuity 
of, 381, 131.3 ; Do Vries’ mntatioii 
theory, 1181 ; Weissmann and 
Heard, 1180 

Germs : see Microbes and Hacteria 
Gerund, in English, 756 

— in German, 3502 

— in Latin, 244, 1334 
Gerundive, J.atin, o04 ; syntax, 1354 
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Gervais cheese, composition, 4400 
Gesso, in tempera painting, 1023 
Gesture, in acting, 6865 
Gela, son of Severus, career, 2071 
Getting, in civil engineering, 3171 
Geysers, action and distribution, 459, 
1207, 1208; New Zealand, 3900; 
Yellowstone Park, 4062 
Ghats, Western, bursting of monsoon, 
2715 ; effect on rainfall, 4495 
Ghiberti, sculptor, 3676, 3677 
Ghirlandaio, painter of “ The Birth of 
the Virgin,” 720 

Ghosts, beliefs and stories, 3625, 6722 ; 
phantasms of the dead, 3626 ; 
phantasms of the living, 362,5; 
see also Spectres 

(iiant’s Causew’ay, JOOS : jointing, 1925 
(iib, of king post, 5792, 5793 

— of lathe, n.s(‘, 4915 

— term in teelmical drawing, use, 3133 
Gibbon, Edward, historian, 2054, 2055 ; 

on peace, 5 >98 ; on Fielding’s 
work, 3130 ; on reading, 100 
(tibraltar, 22.32 ; captiire (i7U4), 4951 
-- Straits of, 8.53, 327.5 
(Jifford, William, pnerus, 1304 
Gig, vehicle, description, 2466 
tiildors, picDire frame work, 461(1 
Gilding, electro, current density, 3422 

— in ilhmiination, 627.5, 6276 

— jewellers’, .58.58 

— metal, composition, 3940 

— pottery, 5384 

— in printing : sec Bronzing 
(iill, amphibian's, 2800 

— in fish, 3068, 3071 ■, respiratory 

system, 1300; in land animals, 29 

— measure, 226 

— of mu.slirooms, 166 

— of inii.ssel, 32 S4 

— of sea snail, 3113 

— of .shark, 3005 

— tadpole’s, 2801, 2802 

(rill bearers, classifieation, 3361, 3806 
(Jill-box, textile, 1723, 1724 ; drawing 
process, 2291 ; worsted drawing, 
2099 

(Jill-footed crnstaceaiis, 3809 
(Jilling, hemp, 1886,7*^^7,2291, 2292, 
2293 ; wool, 1723, 1724 
Gilmonr lire -resisting doors, 4760 
(>ilt, in framing, 2307 
” Gilt-edged ” securities, 3483 
Gimlet, use, 3386, 3387 ; twist, 4479 
(fiinmer, in farming, 2360 
Gimp, chair upholstery, 6717 
Gin, adulteration, 3718 ; alcoliol per- 
centage, 1035; const itnent.s, 3315 
(.•inger, 4721 ; classification, 35.5 ; coated, 
4720, 4721 ; culGvation, 4959 ; 

scraped, 4720, 4721 
Ginger beer, preparation, 6393 
Gingerbread, recipe, 2332 
Ginger nuts, baking, 3594 
Ginning, in cotton inanufacture, 388 
Giorgione, painter, 3796, 4299 
(■Motto, painter, 3518; landscape 
settings, 4299 

(Jiovaniii da Bologna, sculptor, 3678 
(Jipsy moth, caterpillar, 3514 
Giralfc, plate facing 1491 ; hides as 
belting, 3712; horns of, 811; 
neck evolution, 825 
(Jirard turbine, 1089, 1692, 1093, 1695 
(tirdcr, books on, 5596 ; box, 544 ; in 
bridge building, iubiilar, 2498 ; 
in cariJcntry, 4640, 4041 ; carry- 
ing capacity, 7S>*7, 1988 ; com- 
pound, 2198, 2199 ; of engine 
frames, load calculation, 4206 ; 
lire protection, 4754 ; in floor 
construction, 4445, 4447 ; in 

foundations, 335 ; framed, 542 ; 
punching, 1222, 3095; reamering, 
.3095; Htrength of, 1986, 1988, 
2197, 2199, 2200 ; stresses in steel 
ctmstruction, 2227, 2228, 2229 ; 
in structural ironwork, 5791, 5793 ; 
Warren, 540, 541 ; web and flange, 
544 

— of siiip, erection, 5740 ; frame, use, 

5400 ; intercostal, 5740, 5741 ; 
stress calculation. 6223 
Girder section : see Joist section 
(drdcr tool, use, 2458 


Girls, liygienio clothing, 4863 ; dress, 
4472,4476 ; education, 3505; height 
and weight, 4529 ; physical exer- 
cise. 4388 ; wardrobe, 4473 
Girls’ riiblic Day School Company, 
teachers’ salaries, 6476 
Girths, harness makers’, 4885 
Girth strap, of harness, dimension.s, 
4886 ; saddle, making, 5340, 5341 
Gissing, George, novelist, 3442 
Gizzard, of birds, 578 
Glac6 kid boots, 1326 
Glacial Period, 2255 ; order, 2067 
Glacier, description, formation, trans- 
port, 16.36, 1638; erosion, 459, 
401, 1638; evidence of in Great 
Britain, 2255 ; movement, 1036, 
1740 

— Alpine, description, 1837 

— Bondhonse, erratic blocks, 1035 
Glacier des Koissons, Switzerland, 946 
(tIadioluB, 355 ; culture, varieties, 6490 
Gladstone, W. E., career, 6694 
Glaire, in bookbinding, 6778 

(fiance, nickel ore, 5982 
(fland, engine cylinder, use, 5041 
(Jlund. lymphatic, 1195, 1190 

— nlilk, of mammals, 30 

— saliva-forming, 577, 578 
-- vascular, 1194, 1195 

(■land patterns, moulding. 2540, 2541 
(danders, in horses, 2620, 5412 
(damorgan cattle, colour, 2236 
(damorganshire, geography, 1277 
(dasgow, commerce, industries, 1066; 
municipal activities, 317 ; trade 
and imports, 6006 ; tramways, 
.•>73, 1498, 2274 

(da.sgow and S. W. Railway, signalling 
system, 4689 

Glass, annealing, 4531, 45.34 ; anti(|iic, 
use for stained windows, 4946; 
bevelling, 4932 ; black, composi- 
tion, 4930 ; blown, manufacture, 
4736 ; blue, composition, 4930 ; 
boring with sand, 4932 ; chemical 
(‘on\p(>8ition, 1160 ; coloured, 
manufacture, 4930, 4045, 5838 : 
see also Stained glass ; con- 
st ituents, properties, and varieties, 
813, 4531 ; crackled, manufacture, 
4930, 4931 ; ciittii»g and decorat- 
ing, 4931, 4932; dealers in, busi- 
ne.ss, 1893 ; as electrical insiilator, 
672 ; etching, 4932 ; fire -resisting, 
4752, 4753, 4754 ; furnaces, 4532 ; 
gilding process, 4932 ; green, com- 
position, 4030 ; lieat and light 
rays, elfect on, 6193; iridescent, 
manufacture, 4930 ; manufacture, 
4531-4530 ; muscovite as sub- 
stitute, 812; ornamental, 4930, 
4931 \ platinising, 4932; pris- 
matic, 5838, 58 i9 ; in shop fronts, 
securing, 5295, 5290 ; silvering on, 
;}61 ; smoothing and polisliing, 
4031 ; soldering to metal, 6460 ; 
solvent, 5528 ; specific gravity, 
1702 ; for spectacles, 3372 ; stained : 
see Stained glass ; static electri- 
city, charge, 3579 ; strengtli, 1701, 
1702 ; transparency of, 2436, 5838 ; 
water ; see Water glass ; weather- 
ing, 4531 ; weight, 1702 ; wired, 
manufacture and use, 4735 

— see also particular varieties — e.g^, 

Astralite, Baryta, Crown, etc. 

— hevellers, employment condition'?, 

2654 

— bottles, manufacture, 4735, 4736 

— funnel, in analysis, 4405, 4412 

— liouses, 6530 ; insurance, 6836 

— mo.saic, process, 5838 

— papering, 6589, 6691 

— pots, inanufacture, 4531 

— trades, employment conditions, 265.3 

— tubing, manufacture, 4736 
Glass-blowing, process, 4756 
(f lass-cutting, 4146 

Glass frame, of brougham, 2829, 2831 
(Jlassing, leather, 3219, ‘3221 
Glassworkers* tools, 4736 
Glauber salts, 6737 ; adulteration of 
. soda, 4774 ; use in dyeing, 5637, 
5780, 5954 ; see also Sodium sul- 
phate 
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Qians, china, preparation, 5606 

— in faience, ptote /acina 2785 
•—Parian ware, compoBltion, 5607 

— pottery, plaU facing 5233 ; com- 

position and use, 5236, .53^5, 5777 
Glazed bricks, 1520, 1018 
Glazier, 5836 ; employment conditions, 
2644 ; tools, 5836, 5839 
Glazing, bricks and tiles, 614-646 

— in building, 6838-5840 ; putty for, 

640 

— hollow' china vessels, 5606 

— leather manufacture, 3219, 3220 

— applied to loaves, 3305 

— pottery, matierials and processes, 

plate facing 5233, 5236, 5337 
** Gleaners,” Millet’s picture, 342 
Glen Roy, parallel roads, 1353, 13.*: 4 
Glencoe, massacre of, 4813 
Glenraore, geography of, 1064, 1065 
Gliding joint, 1709, 1710 
Giissando, in harp music, 3529, 5734 
Oliss^, in guitar playing, 3762 
Globe, in drawing, envelope, 1522 
Globe fish, rounded body, 3007, 3069 
Globe granita, concrete, 534 

— scrolls, of van, 2829 
Glochidium, life history, 3285, 3286 
Glockenspiel, 5568, 5734 
Glomeris, British millipede, 3362 
Gloria, dress material, dyeing, 6503 
Glossing, in laundry work, 2011 
Glossites, disease, 6132 

Glost firing, pottery, 5237 
Glottis, 2539 ; in singing, 6048, 6049 
Gloucester Cathedral, 1276, 3233, 3374 
Gloucester cheese, composition, 4400 
Gloucestershire, geograpliy, 1276 
Glover, business of, 2868 
Glover tower, sulphuric acid, 4628 
Gloves, leather, tawing process, 3163, 
3164; manufacture, 5479, 6481, 
5482 ; use of ratskin, 966 
Glow lamp, electric, manufacture, 2613 
Glow-worm, emission of light, 3511 
Gloxinia, classifleation, 354 
Glucose, in making caramel, 4165 ; 
duties on, 4558 ; in dyeing, 5782 ; 
in food manufacture, 4556 ; in 
jam-making, 4847 ; making and 
refining, 4555, 4558, 4559, 5364 ; in 
marmalade-making, 4848 ; starch, 
conversion to glucose, 5364 ; test, 
4557, 4658 : see also Dextrose 

— syrup, manufacture, 4557; use in 

manufacture of golden syrup, 4455 
Glucosides, properties, products, uses, 
4013, 4014 ; spelling rule, 3825 
Glue, adhesive properties, 5302 ; 
ancient use, 5357 ; books on, 6689 ; 
chemical coinpositiou, 5360 ; 
chemical reactions, 5361 ; dis- 
solving, 5362 ; dyeing, 6770 ; 
” fibrin,” preparation, 5360 ; Kiss- 
ling’s. test for tenacity, 53GJ, 
5362 ; Kjedahl estimation, 5361 ; 
Lippowitz test for consistency, 
5361 ; making, 3840 ; manu- 
facture, 5367, 5358 ; preparation, 
materials, 810, 811 ; source and 
kinds, 5357 , uses, 3846, 6362 
— , bone, Tnanufacture, 5357 
— , fish, manufacture, 5360 

— ” Russian,” manufacture, 5359 
Glue blocks, of brougham, 2829 
Glue- tester, construction and use, 5358 
Gluing, in wood jointing, 3845, 3846, 
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Glume : see Bract 
Glumlftpree, classification, 355 
Glut wold, 2989, 3096, 3108 
Gluten cells, of wheat, 914, 915 
Gluten feed, as livestock food, 2909 
Gluten, of flour, influence on bread- 
making, 3282 

Gluten meal, constituents, 5436 ; cows’ 
fc^, 3892 ; as livestock food, 2909 
Glutin, in glue, 5360, 6361 
Gluttony, harmfulness, 3600 
Glycerides, chemistry of, 4829 
Glycerin (glycerol), comi>osltion, manu- 
facture, kinds, 4967 ; discovery, 
61 ; dynamite, 4967 ; production, 
formula, properties, products, uses, 
82^, 4967; saponlfloatlOn, 3486, 
4067; 8oap-lye» 4067 


Glycerol ; see Glycerin 
Glyceryl, formula, 3271 
Glycocoll, formula, 3818 
Glycogen, animal starch, 580 ; in 
human system, 677; production, 
relation to dextrose, 3706 
Glycols, dihydric alcohols, 3142 
Gnat, description, 3721, 3723 
(iiiathic index, explained, 1786 
Gnawers, fecundity, 2155 ; flying, 2037 
(riieiss, 898, 1075 ; constituents, 530, 535 
(.Jim, hide used for belting, 3712 
tloaf, in mining, 3560, 3501 
Goat milk, 3311 ; even-toed foot, 1870 ; 

skins and furs, 0427, 6430 
Goat -moth, larva, 3514 ; pest, 4926 
(ioatsbeard, seed dispersal, 900, 912 
(foatsucker, classifleation, 2211 
God, in Myers’s theory of life, 3384 
t iodwine, Earl of West Saxons, 2358 
Goiithe, poet, eulogy on Carlyle, 2452 
Goffering in laundry work, 2910 
(ioitre, Derbyshire neck, 1195 
Gold, 6737; alloying, 5856; alloys, 
5856 ; alluvial, proving, 2665 ; 
atnalg imation, 58 17 ; annealing^ 
5524 ; in art inetal-W'ork, 5521, 
5524 ; assaying, 5849 ; books on, 
4860, .5860 ; bullion, 5848 ; Cali- 
fornian production, 6662 ; casting, 
5858 ; check assays, 5850 ; ch(;nu- 
cal properties, 1448 ; colouring, 
.5858 ; conductivity, 672, 1397, 3838, 
3839 ; crushing, 3770 ; cupella- 
tion, 5848 : deposit in copper 
refining, 5754 ; deposits, 5307 ; 
distribution, 360, 3771 ; electrical 
resistance, 672 ; electro-clieinical 
equivalent, 3262 ; as exchange 
medium, 5850; extraction, 360, 
4305, 5755, 5847 ; line, standard 
rates, 5857 ; gilding, 5858 ; ” gold 
fevers,” 5307; hall-marking, 5860; 
hydraulicing, 2959 ; melting, 5858 ; 
micro-structure, 3939 ; plate pre- 
ceding 3937 ; New Zealand output, 
3902, 5661 ; occurrence, 1448, 

4304, 5847 ; parting, 4305, .5848 ; 
physical properties, 672, 1396, 3837, 
4304 ; placers, 2377 ; in pottery 
colouring, 5382 ; prospecting areas, 
2581 ; properties, 4304 ; recovery 
by electricity, 5756 ; recovery, 
lead method, 4304 : see also tlold 
extraction ; refining, 4305, 5848 ; 
refining, electrolytic, 5848 ; sluic- 
ing, 2959 ; solder, 5523 ; specific 
gravity, 799. 1078; strength, 

1396; bM)th-filllng material, 5553; 
toughening, 5848; transiiiutatiou 
and the new alchemy, 1 4 48 ; 
wasliing, 361, 3770 ; W. Australia 
export, 3900 ; world’s output, 
5307 ; Yukon, 4175 

— ninalgum, piirifloation, 5847 5849 

— carats of, 5523. 5856 

Gold Coast, assistant di.strict commi.s- 
sioncr, 3548 ; cotton, 385, 386 

— coinage, British, 360, .5850 

— coins, composition, legal standard, 

circulation life, coinage, 5851 

— leaf, making, 361 ; burnishing and 

stamping in illumination, 6276 

— mine, initial cost, 2847 ; cautions 

to investors, 3484 

— ore, assay, 5849 ; sampling, ov^'uO 

— points, foreign excliange, 3682, 3972 

— quartz, gold extraction, 4304, 4305 

— wire drawing process, 5857, 58:»s 

— work, 6087, 5856, 5857 \ book.s on, 

5860 ; nations productive of best 
collections, 5521; Greek, 2857, 
2858 ; periods, 5856 ; modern, 5856 
Goldbeater’s skin, 361 ; for halloon.s, 
3977 

Golden eagle, 2213 

Golden saxifrage, fertilisatio?!, 730 

Golden syrup, adulteration, 3718 ; 

manufacture, 4455 
Goldfinch, 2209 ; plate facing 2209 
Gold-silver button, in assaying, 5849, 
5850 

Goldsmith, Oliver, poet, 994, 905 ; 
dramatic works, 1151; prose works, 
2053 ; travels, simplicity, 213; 

Vicar of Wakefield,” 3131 


Ooldsmithing : see Gold-working 
Goliaths, testing, 3966 
Golo.shcs, manufacture, 6201 
Gomme, G. Laurence, career, 81 
(loinmeline, uses, composition, 1169 
tionda cheese, composition, 4490 
Goniometer, 766 ; use, 6122 
Good, the, i»i Persian faith, 502 ; Plato’s 
teachings, 976 ; ultimate triumph 
of, 5389, 5390 

Good.s account, defects of system, 2270, 
*2272; stock entries, 2418; rela- 
tion to trading account, 2500 

— in brewing, 6057 

— delivery and acceptance, law, 6844 

— depots, railway, 5073 

— managers, railway, duties, 4227 

— railway, 5068 ; atitomobile trans- 

I)ort, 5078 ; classification and rates, 
5076 ; settlement of companies’ ac- 
counts, 5101 ; traffic method.s, 5073 

— staff, railway, list and duties, 5072 

— transport, law of, 6753 ; statistics of 

cost and speed, 2152 

— trains, in railway traffic, 5068; 

equipment of waggons, 5070 ; 
express, 5073, 5076 ; speed and 
carrying i)ower, 2274, 5075 

— vehieJes, classification, 2462 ; des- 

cription, 2403 ; railway types, 2555 
Goodwill, in balance-sheet, 2759; 
premium paid by new partner, 
2980 ; value in shopkeeping, 702 
Goose, bill, 2494 ; breeding, 5704 ; 
carving, 5934, 5935 ; choosing 
1228, 3717 ; classification. 2213 ; 
dietetic value, 3311; manure, 
5874, 5875 ; roasting, 1487, 1874 ; 
varieties. 5704, 5705 

— tool, in tailoring, 1110 
Gooseberries, bottling, 4846; culture, 

6678; protection against insecta, 
nii, 1115 

Goosefoot : grass, 880 ; a weed, 1378 
(i»>ose-grass, 354 ; seed dispersal, 912 
Goose-neck ladle, foundry, 2867 
tiordon Riots, account, 5555 
Gordon’s formula for columns, 540 
Gorehain process, ccmciR, 1580 
Gores, in box-pleated skirt, 2469 

— in tec'hnical drawing, 4522 
Gorge, at V'ictoria Falls, 1634 
tlorgonla : see Fan-coral 
Gorgonzola cheese, manufacture, 4490, 

4574 ; dietetic value, 3311 
Gorilla, skeleton, 1004, 187 1 ; skull, 
1787 

Gorki, Maxim, on education, 1743 
tiorse, claH.sification, 353 ; cross-pollina- 
tion, 732 ; in dry and wet air, 500, 
508 ; a.s live-stock food, 2905 ; 
moisture supply, 727 ; protection 
against slugs, 1115 ; spines, func- 
tion, 1114 

(hw.samer, spinning, use, 3805 
Gosse, Edmund, author, 2053, 2687 ; 
as poet, 1438 

Gossypium, cotton plants, 5637 
(rothie architecture, hi.story, in Europe, 
3373. 3375, 3517 ; books on, 2034 ; 
see also Architecturo 

— art, history of, 3374, 3517 ; sculp 

tured ornameiit.s, 1210 
(^otiis, invasion of France, 2915 
Gouge, carver's. 5809, 5810, 6045 

— for casting pattern-making, 2453 

— smith’s, described, 2983, 2985 
Goujon, Jean, sculptor, relief, 3947 
(iout, cause, 3600, 4008, 6037 ; and 

heredity, 1587, 2662 ; effect of 
hard water, 4158 ; symptoms, 
remedies, 6037 

Government, forms of, relation to 
militarism, 5098 ; influence on 
character, 4371 ; sociological pro- 
blems, 2549 ; monarchic and 
democratic forms, 5533 ; study by 
sociologists, 5533 ; various kinds, 
629 

— st/)ck, British and foreign, 3484 
Governor, engine, mechanics of, 2017 ; 

Watts’s invention, 5410 
-- gas, 5798, 6823 

Governor gear, 5913, 5914 ; Beilis 

engine, 5750, 6751 ; Brotherhood 
engine, 0072 ; Robey, 6070, 6071 
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Gowns, infants’, drafting, 3853, 3854 
Gracchus, Cains, tribunate, 1382, 1383 
(Jracchus, Tiberius, reforms, 1382 
Gradient, pulling force required, 585 ; 
in surveying, 501 ; measured by 
clinometer, 803 

Gneco- Latin languages, list of, 1771 
Grain, alcohol from, 1035 ; cows’ food, 
3892 : dietetic value, 3312 

— apothecaries’ weight, 226 

— system, in woollen industry, 2896 

— of wheat, 913-916 

— of wood, importance in carpentry, 

3539,3542; planing, 3756, 3768 
(draining, leather, 3221, plate facing 
3217, 3219 

— roller, painters’, 5829^ 5831 

— in iiouKC painting, 5834 
Orammalogucs, shorthand, list of, and 

rules for, 429, 691, 837, 1039, 1234 
Grammar, analysis, 115, 1618, 760 ; 
Cobbett.’s works, 2450 ; in writing, 
4579 ; parsing, 161 7 ; value to 
logician, 6001 

Gramme dynamo, 129, 1323 

— Greek measure, 409 
Granary, construction, 2999 
Grand Alliance, object, 4843, 4951 
Granite, 529, 535, 987, 1007 ; in arti- 

tlcial stone manufacture, 2428 ; 
•in building, 2838 ; components 
geology, 529, 535, 1007, 1008 ; ii 
concrete, 332 ; cutting, dressing 
and p(Uishing, 2838 ; erosion, 1814 
fireproof, 4752 ; foundations, 335 
jointing, 1923 ; for kerbing, cost 
2327 ; for paving, 3244 ; safe 
load on building materials, 1519 ; 
strength, weight, 1518, 2838; 

structure, 890, 897 ; weathering, 
3771 

— setts, road construction, 1980, 2181 

— syenitic, varieties, use, 529 
Granulose, potato, 3706 ; properties, 674 
Grape, crushing for wine, 6355 ; culti- 
vation in Ontario, 3205 ; cultiva- 
tion, W. Australia, 3235 ; culture, 
6676, 6677 ; dietetic value, 3315 ; 
market price, 2536 ; sources, 4876 ; 
for wine, 6355 

— juice, imfermented, 0355 
Grape-sugar, manufacture, 4557 
Graphite, 1046, 1157, 6737 ; geological 

classification, composition, 1074 ; 
for pencils, as paint, 1036 ; refrac- 
toriness, 3942 : see also Plumbago 
Grapnel, of balloon, 3979, 3980, 3982 
Grass, albuminoid ratio, 2706 ; Britisl: 
varieties, cultivation of. 875-880 
1379 ; as cattle food, 2904, 3890 
dyeing, 6652 ; ensilage system 
1970; seed-sowing, 1847, 3256 
structure, 351 

— order and group, 355 

— walks, garden, making, 6200 
Grasshopper, classification, description, 

3.16’ 3, 3364, plate facing 3361 
Grassing, flax, process, 1385 
Grassland, cultivation, 1379 
Grass-snake, feeding capacity, 2680 
Grate, lire, kinds, 5195 ', modern, with 
economiser, 6015, 6017 ; open, 
varieties, 6015, 6017 
Grating, cast-iron, uses, 6797 ; valvcd, 
use in ventilation, 6021 

— interference or diffraction, 3369 

— sewer, construction and use, 4459 
Grave accent, 124 ; special rules, 449 
Gravel, in building, 647 ; angle of 

repose, 2572 ; bearing power, 330 ; 
deposition, 1814 ; in foundations, 
143, 331 ; formation, 1072, 1813 

— paths, construction, 2427, 2430 
Gravel-dash, In building, 648 
Graver, form and action, 4151, 4153 
Gravimetric analysis, in chemistry, 

purpose, 4411 ; apparatus, 4407 ; 
examination of various substances, 
4413 ; see also Chemical analysis 
Graving dock, caisson for, 2889 
Gravitation, law of, 663, 797 ; equili- 
brium under, 799 ; Galileo’s ex- 
periment, and Newton, 36, 36 ; a 
generalisation, 6000 ; In hydro- 
statics, 1077 ; Inverse squares law, 
466 ; mass and weight, 312 ; 
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Newton’s induction, 6002 ; applied 
to planets, 6242 ; and radiation- 
pressure, 938, 939 ; result of univer- 
sal application, 402 ; theories of, 
936 ; truth of, 663 ; the sun, 604 ; 
universality, 6243 ; and weight, 
423 

Gray, Thomas, poet, 994 
Gray’s Inn, fees, J63 
Grazing, cultivation of grasses, 875-879 
(rreaso, properties, uses, 4832 

— extraction in iiulustries, 4626 

— in horses, treatment, 2621 

— stains, removal, 2590 

— spot, Bunsen’s photometer, 2436 

— trap, in drainaf^, 571, 572 
Greaser, mercantile marine, 6807 
Great Barrier Reef, 558, 3700 

•— Boar, eonstellation, 6116, 6117 
Great Britain and Ireland, afforestation, 
4602 ; agriculture, pasturage, 986 ; 
beer consumption, 3377 ; (‘liinate, 
984 ; cotton supply, 384 : coal 
resources, 987, 5302 ; craniology, 
1786\ electricity statistics, 130 ; fi.ax 
culture, import statistics, 716; 
exports and imports, 6004, 6005 ; 
hemp imports and former cultiva- 
tion, 718 ; early inhabitants, 2354 ; 
geography, 980-983 ; geological 
map, facing 1921 ; geology, 528 ; 
industrial centres, 6003 ; industries 
and trade, 6003 ; iron deposits, 
5306 ; leather trade, 2851 ; linen 
manufacture, 1025 ; low lands, 
high lands, rivers, 984 ; popula- 
tion, 628; railways, 2274, 3052; 
rivers, 984 ; gca-flshcry rcgiila- 
ti(>ns, 5317 ; submergence in 
Primary age, 1817 ; submerging 
600 ft., effect of, 982, 983 ; tele- 
graph and telephone statistics, 
i30 ; tides round coasts, 556 ; 
timber snpidy, 4602 ; wheat supply, 
872, 914; wine consumption, 

3315; woollen industry, 72, 221 ; 
cee also England 

Great Central Railway, distinctive 
mark, 5069 

Great circle, meridian, 709 
(Treat Divide, of North America, 4062 
Great dividing range, 3697, 3700 
Great Bustern Railway, liquid fuel loco - 
motive, 5106, 5107 ; signalling 
system, 4688 ; six-a-side carriages, 
2550 

Great Northern Railway, express goodj 
train, 5073, 5076 ; fog signalling, 
4692 ; steam rail motor car, 4811 
Great primer, type, 502S 
Great Wall of China, 216, 1278 
Great Western Railway, " catcher ” 
apparatus, 4692, 4693 ; good;) 

depot, 5073 ; locomotive testing 
plant , 5105 ; school of signalling, 
4690, 4691 ; signalling system, 
4688 ; water softening ifiant, 5103, 
5I0i 

Greatest common measure, 339 
(ireathcad shield, description, 1824 
Great man theory, in history, 3987 
Greece, architecture, 2134 ; coins, 
weiglits and measures, modern, 
409 ; craniology, 1786 ; constitu- 
tion, 6448 : economic conditions, 
5822 ; ethnology, 1790 ; geography, 
2165 ; population, 628 ; re- 
ligion, Egyptian influence, 420; 
shipping, 5255 ; silk industry, 
582 ; use of t«rra-cott.a in, 2779 ; 
touring directions, 1525 ; trade, 
modern, 5822 

— ancient, art and architecture : 2857 ; 

artistic design, 2321 ; compared 
with Assyrian, 2658 ; drawing 
from life, 344, 345 ; ethics of, 183, 
184 ; influence on Etruscan art, 
2931 ; painting schools, 2930 ; 

J )ermanence, 142; Influence on 
’ersia, 2669 ; sculpture, 184, 345 ; 
general history, 2929, 2930, 2931 ; 
sculptured ornaments, 1216 
— history, up to Macedon, 667 ; Mara- 
thon to death of Philip of Mace- 
don, 772 ; Alexander the Great, 
972, 973 ; Invasion by Normans, 


2048 ; annexation, 1475, 0447 ; 
Turkish rule to present time, 6448 

— literature, ancient, books on, 2787 ; 

classics of, 3781 ; Pericleau Age, 
774 

— philosophy, Ionian philosophers, 34 ; 

psychology of, 2012; Socrates, 
Plato, Aristotle, Zeno, Diogenes, 
975 

Greek language, breathings, 6375 ; 
classical and modern, 5374 ; order 
of words, 6800 ; root worfls, 
6810 ; syntax, rules of, 6520, 5657 ; 
translation fees, 1920 
Green pigment, 871 ; for pottery 
colouring, 5382 ; symbolisn), 725 ; 
manufacture, 5145 

— sand, in moulding, 2110 ; in “ sweep- 

ing up ” moulding, 2459, 2460 

— core, explained, 2340 

— spa, marble, plate faeing 48 D 

— tea, defined, 3378, 6553 
Greenfinch, ne.st, 2506 ; plate preceding 

2197 

(Treen-flowered plants, 354 
Green fly, description, rapid propa- 
gation, 336.5 ; extermination, 1666 
Greengage, culture, 6678 ; preserving, 
4846 

Greengrocer, business of, 2869 
Greenheart, timber, 57 ; strength, 1260 
Greenhouse, cost, 6832 ; glazing, 5839 ; 

management, 6531 
Greensand group, in geology, 535 
Greenstone, 528, 535, 1008, 6737 
Grce?iwic*h Hospital, grants to seamen 
and marines, 4266 ; school, for 
seamen’s children, 4206 
Gregorian calendar, adoption, 227 
Greuze, painter, style, 4118, 4119 
Grey matter, of nervous system, 2113 
Greywacke, stone, 1072 
Grilles, iron, construction, forms, 
5795, 5797 

Grimm’s law, rules and examples, 1771 
(Trimsby, fish trade, 1273, 5316 
Grinder, of carving knives, duties, 5476 

— pneumatic, construction, 5454, 5456 

— in work.shop practice, tests, 3965 
Grinding, with drilling wheel, 5452 

— in flour, milling machines, 3080, 

3083 

Grinding machinery, implements, varie- 
ties and function, 3320, 3401, 
3403. 3405, 6210-5214 ; disc 

grimier, 2792, 5210 ; shaft bear- 
ings, 962 ; spring lever, 830 

— mill, in brickmaking, 1282 

— stone, painters’, 5829, 5830 

— wheels, 2021, 4583; composition, 

3406 

Grindstone, form and use, 3388, 4583 
Grip weld, 233, 236 
Gripes, in horses, treatment, 2620 
Gritstone, composition, 1072 
(irist, in brewing, treatment, 6057 
Grist-mill, in agriculture, 1850 ; in 
brewing, 6058 

Grizzles, bricks, colour, use, 643, 1947 
Grizzly bear, fur of, 6426 
Grocer, bnsiiless of, 47, 3041, 3043 

— licensed, business of, 3046 
Grocers’ spirits licences, 5790 
Groove, of machine table, 3042, 3043 

— rope pulleys, 3428 

Grooving, in vehicle construction, 2833 
Grosbeak, communal nest, 2607 
(iross profit, compared with net, 2271 ; 
trading account and trial balance, 
2500 ; in relation to stock in 
hand, 2418; standard rate cal- 
culation, 2420, 2421 
Gi otius, Hugo, four kinds of war, 5245 
Giound brushes, painters’, 5829, 5831 

— colour, in vehiedo painting, 3480 

— ivy. classification, 364 

— .swell, cause and effect, 6218 
Gnmnder, wood-carving tool, 6045 
Groundnut : see Arachis 
Groundsel, classification, 354 ; farm 

weed, 1378; pine blister on, 4928 
Groi pa, in drawing, shading, 1536, 1792 
(Jrouse, roasting, 1487, 1876 ; salmis 
of, cooking, 1875 

— blick and red, classiflcation, 2212 
Grov j cell, electricity, 460 



Oro— Har 


QBNBRAL INDBX 


Orowtli, rate in children, 4864 ; peculiar 
to living things, 276 ; physio- 
logical account^ 90 

Groyne, types, 6577, 6679, 5680; use 
and construction, 5578, 6498 
Grubber, in agriculture, 431, 1849 
Grtimenthal Bridge, dimensions, 2739 
(iiruy6r(! cheese, 4490 ; manufacture, 
4675 

Guanaco fur, 6427 

(riiano, ammonia from, 4774 ; geological 
classiftcation, 1073 ; as nitro- 
genous manure, 5587 ; J*eruvian, 
and fish, composition, 500 
Guards, of railway goods trains, 5075 ; 
passenger, 4801, 4804, 4805 ; 

light waggon, 2829 , 2830 
(vuardians, boards of, constitution and 
function, 1851 ; oHlcers, 1926 
Guard boards, scaffolding, 1170 

— books, in bookkeeping, 2269 

— invoice : see Invoice guard book 

Guardi, Francesco, painter, 3797 
(iiidea, King, statue, 2657, 2058 
Gnclphs and Ghibellines, struggle, 4320 
Guernsey, building stones, 1518 ; 

dairy produce, 3551 ; geography of, 
1367; history of, 2611 

— cattle, described, 431, 3667, 3009 
Guhr, ill sugar making, 4353 
(Juiaiia, British, Dutch, and French, 

geographical account, 4282, 4287 
Guide-books, for continental touring, 
list, 1812 ; general value, 391 
Guide-plate, in die punching, 2992 
Guides, engine frame, drawing, 4203, 
4205 

-- importance in travelling, 391, 302 
of van, 2820 

Guildhall School of Music, 163 
Guillemot, classification, 2212 
Guidoche, geometrical pattern, 2321, 
2322 ; use in d(!sign, 5820, 5821 
Guinea coast, map, 3453 
(hiinea, Fortuguese, geography, 3454 
Guinea-fowl, classification, 2212 ; eggs, 
5706, 5873 • points, rearing, 5706 
Guinea-worm, deseription, habit, 3958 
Guitar, playing and technique of, 3700, 
3701 \ manufacture, 6707 
Gull, description, 2212; food, 2493; 

webbed toes, 2496 
Gulden, coin, English value, 409 
(iiilder, Dutch coin, value, 410 
Gulf Stream, course, 557, 1738, 1740 
Gulf-weed, 166; Sargasso Sea, 1369 
(billet, human, 197, 198 

— ill mining, 2955 

— riding saddle, 5339 ; making, 5340 
(jiilly, of drainpipe, description, 571, 572 

— street, varieties, construction, 2324, 

2325 

“ Gulliver’s Travels,” 1902, 2963 
Gum, artificial, making, in dentistry, 
5866, 6033 ; tropical, 4058 ; varie- 
ties, 810 ; in vegetable cells, 276 

— arable, 810, 5363 ; source, 4658, 

5363; substitute for, 1169 

— benzoin, 810 

— copal, 1034 

— dionmar, use in varnish, source, 5835 

— re‘5in8, 810, 1034 

— Senegal, 810 

— tragacauth, distribution, use, 810 

— tree : see Eucalyptus 

— wator, in laundry work, 2912 
Gumming disease, sugar-cane pest, 3654 
Gun, field. 6(5 79, 66/7; heavy, con- 
struction, 1224, 0010-6017 ; Hotch- 
kiss automatic machine, 6425 ; 
Maxim automatic, 0423-0425 ; 
mounting shop, Elsw'ick, 833; 
qiiick filer, 0010 ; sporting, barrel 
(Damascus), 0422 ; sporting, 4421, 
6422 ; steel for, 4747 

Gun dealers, business of, 3149 
Gun-barrelB, use tor gas tubing, 5319 

— carriage, construction, ooii, 6615 
Gun-cotton, in blasting, 2587 ; in demo- 
litions, 6274; manufacture, 1169, 
6763, 0766 : see tdsn Pyroxylin 

Gunmakers, employment conditions, 
2646 

Ounmctal, composition, 3940 ; con- 
traction, 1397 ; physical properties, 
360, 1396 


Gunner, mercantile marine, 6804; in 
Navy, 4266 

Gunpowder, ingredients, 843, 6759, in- 
ert'ases power of the nobles, 3605 ; 
invention, 3605 ; mnnufaeturc, 
6757, 0759 ; use in deinolitinus, 
6274 

Gunpowder Plot, history, 4651 
Gunter’s chain, in surveying, 158 
(birnard, fish, form of head, 3069, 307 1 
(bisset stays, boiler, 3097, 3105, 3108 
(bistavns AdolpliiiH, of Sweden, 5396 
Gut, biology, diagram, 30 
(bitta-pcrcha, dielectric capacity, 3580; 
electric insulator, 672, 6795 ; in 
eleetrotyping, 3422 ; extraction, 
preparation, 809 ; in road con- 
struction, 2181 ; manufacturing 
prwesses, 5313 : source, uses, 4658, 
5313; specific gravity, 1704 ; 
strength, 17(J2; toofh-lUling 
material, 5553, 5862 

— tree, 809; varieties, 5313 

(i utter outlets, roof, 5027 , 5796^ 

(hitter and water tables, 2326 
Gutters, quantity surveying, 6511, 
6512 ; roof, forms, eonstruetion, 
4251, 4254, 59.51-5034, 5793, 5794 

— paved, 2516 
(iutturals, in grammar, 122 
(lyinna.bies, etfeet on children, 1863 ; 

instructors, 6870; teachers of, 
3742, 6479 

(Jymnospernis, 165; deseription, 503, 
505 ; geological period, 1116 
Gyninote submarine, described, 2280 
Gypsum, 6737 : in cement, testing, 1859 ; 
eheiuieal composition, 590, 761, 
1041 ; as maiiiire, 590; for mack 
partition and ceilings, 4757 , 4759 ; 
used as plaster of Paris, preparation, 
5497, 5498; in plastering, 618; 
speeilie gravity, 1704 ; typical 
specimen, plate facing 1345 ; sec 
also (’alciuin sulphate and Plaster 
of Paris 

(.'lyration, radius of, 2198, 2200 

HiP.Cii in surveying, 374 
H-section : see Joist section 
Haberdashers, business of, 3151 ; allied 
trades, 3151 

Habit, ethical and educational value 
of, 2673, 2860 ; and health, 2795 ; 
’ and memory, 2259 ; jiliysiology of, 
2302, 2303 

Hacking-out knife, glaziers', 5836, 5S39 
Hackling, flax, 1.386, 1387 
Hackney horse, 2074, 2075, 2070 
Hadtioek, fresh, boiling, 1874 ; choice 
of good, 3717 ; cutlets, cooking, 
1874; fishing grounds, 5121; 
frying, 1873 ; steak.?, grilled, 
cooking, 1873 ; value of fishery in 
1905, 4989 

Hade, in geohjgy, definition, 1925, 2378 
Haeckel, Prof., doctrine of persistence 
of matter, 1376 ; chief biological 
work, 1791 ; ■’ J.aw of Sub.stancc,” 
313, 2083; “Riddle of the 

Universe," 6464 
Hicmatin, 5905 

Hfcinatite, ooiiiposition, 767, 104 4,6737; 
deposits, 5306 ; occurrence, 767 ; 
ill steel manufacture, 5013 ; vari(‘- 
ties and di.strihution, 231 

— brown, composition, source, 4466 
Hicmatoxyliu, properties, 5905 
Haemoglobin, cell formation and syn- 

flu*sis compared, 4130; character- 
istics, 953; composition, 696; 
iron in, 1046 ; affected by nicotine, 
4010; affected by quinine, 4013 
Hseniophilia, nature transmissibility, 
1587 ; symi)t(»ms, cause, 6037 
Hieniorrhage, treatment, 119.5, 6471 
Hag, fish, 3065, 3007, 3070 
Hague, The, 1836 ; touring, 858 
Haiderabad State, India, 2818, 2972 
Hair, animal, uses and coniifrics 
exporting, 5119, 5120 

— for briKshes, 6106 

— peculiarity of mammals, 30 

Hair, human, care of children’s, 4854 ; 
in sciilpUire, 1511, 1512 ; stnicture, 
1419, 1420 


Hair, plasterers’ material, 5498 
Hair-brush, finishing process, 6107, 0109 
Hair-cells, of ear, function, 2535 
Hair-cloth, In princess gown, 2050 ; 

upholstery, 6716 
Hair-mortar, composition, 5499 
Hair moss structure, etc., 1312 
Hairdresser, business of, 47, 3295 ; 
manicure practice, 3738 ; .sideline‘s, 
3296 

Hairdresser-chiropodists, practice of 
minor surgery, 1896 
Hairdressing, 3295 ; women’s work, 322 
Hairpin work, in underwear, 3004 
Hake, boiling, 1874 ; carving, 59;J6 ; 

steaks, grilled, cooking, 1873 
Half-sheet sixteens, in printing, 5458 
Half-timbers, use in trestles, 1173 
Half-tone, in drawing, 1534 

— engraving processes, 6482, 0483, 0485 
Halibut, boiling, 1874 ; fishery, value 

of, 4989 ; fishing groiimls, 5121 
Halide, in chemistry, defined, 839 
Hallation, photo., 6682 
Hallett’s pedigree wheat, 915 
Hall-marking, of gold and silver, 5800 
Hall pnicess, aluminium extracting, 
4306 

Hallucinations, evidence in support of 
telepathy, 3662 

Halogen, in chemistry, defined, 839 ; 

compounds, 1600 
Hals, Krans, painter, style, 3949 
Halving principle, in sliorfhand, 1038 
Halvings, in pattern-work, 2454, 2455 
Ham, carving boiled, 5935, 5936 ; 

using cold, 2335 
Ham, tribe of, in Egypt, 419 
Hamadryad, cobra, striking, 2679,2080 
Hamburg, 1974 ; tnide, 1976 
Hamburg fowls, 4659, 4001, ^4850 \ 
comb, 4857, 4858 ; egg, weight, 
5873 ; points of breed, 4956 ; black, 
breeding, 4859 

Hamite, race, 027 ; ethnology, 1790 
Hammer, 2019, 2022 ; forms and action, 
45S4, 4585, 4586 ; parts and use, 
3108; temper, tempering, 4746; 
art metal-work, 5525 ; belt, 960 ; 
boot making, 4434 ; club, 1950, 
195 1 ; carpenter’s, 3388 ; claw, 
3844, 3845 ; in die forging, 2901 ; 
drop, 960 ; hi forging, 2984, 2990, 
2991 ; geological, 896 ; mining 
prospector’s, 2380 ; planishing, 
3888, 3889 ; quarry, 2950 ; plas- 
terers, 5496, 5497 ; plumber's, 
5029, 5030 ; pneumatic, types, 
5454, .54.5.5, .54.56 ; slater’s, 4865, 
■4807 ; tilt, 23 4, 4637 ; trip, 232 ; 
scabbling,5.j2, 2837, 2838 ; scaffold- 
ing, 1170; shoemaker’s, 3875 
Hammer beam, timber, 4253, 4254 
Hammer bone, ear, 2533 
Hainiiier tongs, described, 2981, 2985 
Hammering, in art metal-work, 5524 ; 

in plate-levelling, defects, 3100 
Hammond tyjiewriter, 1918, 1919 
Hand, in hoofed mammals, 1869 

— human, anatomy, 99 ; bones, 1708, 

1709: nerves, 1941 ; tendons and 
miiseles. 1712 

— verge watch, 6081 
Hand-carts, construction, 2330, 2832 
Hand-iron, harness, 4781 

Hand loom, mechanism, 3492 
Handbells, form, manipulation, 5571, 
5572 

Handling, in tanning, 1165 
Handlebars, of bicycU*s, 3773, 3774 
Handles, of tools, forms, 4151, 4152 
Handrail, staircase, 3242, 5300 
Hand.serew, use, 3388, 3845, 3840 
Hanger, sewing in coats, 1553, 2058 
— - for suspending pedestal, 3268, 3209 

— in roof construction, 5794 
Hanks, of yarn, welglit, 222, 5507 
Hannibal, passage of the Alps, 76 ; 

Punic wars, 1204, 1381, 2646 
Hansom, 2466 ; dimensions, 2726 

— motor, regulations, 4189 
Harbours, 6330, 0331-6335 ; classes 

and construction, 6220 ; survey- 
ing, 1018 

Hard tern, structure, 1116 
Hardanger Fjord, touring. 859 

6953 





Hardness, in solids, 1374 ; Mohs* scale, 
1374, 5852, 6730 

Hardware store, American, stocking, 
3572 

Hardy, Thomas, novelist, 3555 
Hare, carving, 5934 ; choosing, 1228 ; 
evolution of, 826 ; cooking, 1875 ; 
fur of, 6427 ; protective colouring, 
2156 ; roasting, 1487 
Hare’s foot fern, 6532 
Hargreave’s spinning jenny, 223 
Haricot bean starch, micrograph, 5366 
Haricot mutton, cooking, 1736 
Harmonic, in banjo music, 4312 ; 
double-bass, 3170 ; in guitar play- 
ing, 3762 ; in harp, 3527, 3529, 
6734 ; in violin playing, 2511, 
2512, 6727, 572S ; see also Overtones 
Harmonical progression, 3915 
Harmonium, account of, 3950, 3952, 
4179, 4180-4183 ; books on, 4183 ; 
manufacture, 6714 

Harmony, in music, 363 ; law of, 2103 ; 
physical explanation, 2319 ; rela- 
tion to discord, 2319 ; in tonic 
sol-fa notation, 926 ; value of 
study for siglit-reading, 1050, 4179 
“ Harmsworth Encyclopicdia,” journal- 
ist’s reference book, 4236 
Harmsworth Self-Educator, purpose 
and plan, 1 

Harness, body, dimonalone, 4886 ; cart, 
4886, 4889, 4890; cleaning and 
care of, 1001 ; looping, 4887 ; 
making, tools, 4783, 4784, 4885- 
4887 ; van and cab, dimensions, 
4886, 5342 

— in textiles, loom, construction, 3910 

— grease, recipe, 5150 

— maker, business of : see Saddlers 
Haroun-nl-Haschid, cliaractcr and life 

of, 2353, 2354 

Harp, account of, 3341, 3396 ; books 
on the music, 3525, 3527, 3528 ; 
fingering, 3527 ; Oustavc Lyon’s 
chromatic, 3526 ; harmonic 
sounds, 3527, 3529 ; homophones, 
3529 ; manufacture, 6707 ; modu- 
lation of keys, 3526, 3528; in 
orchestra, 6734 

Harpagophyton, habitat, 91 J, 912 
Harpsichord, music adaptable to piano- 
forte, 2023 

Harrier, pursuit of prey, 2493 
Harris tweed, manufacture, 1064 
Harrow, 1231, 1379 ; varieties, 1849 
Harrowing, in agriculture, 258, 431, 
1229-1233 

Harrows, in dredging, 5330 
Hartticll spring governor, 2019, 2020 
Hartshorn, spirits of : see Ammonium 
carbonate 

Hart’s tongue fern, 1116, 0493 
Hnrt^ Mountain Kailway, 3814 
Hartz mountains, Germany, 1973, 1976 
Harvest, labourers’ pay, 1666, 3002 
Harvester, self-binding, 24, 1662, 1663 
Harvesting, crops, 1662-1660 
Harvey laed steel, 234 
Harwood, bacteria test for milk, 4036 
Hashish, bhang, narcotic, 718 
Hastings, Battle of, 2358 
Hat-brims : see Hats 
Hatchet, tool, 3386 

Hatchett's classification of bituminous 
substances, 6010 
Hatching, in drawing, 5421 
Hatters, business of, 3443 
Hats, felt, manufacturing, €376 ; reno- 
vating, 6041 ; stitfeiiing, 6376 

— hygienic, 4257 

— in millinery, brims, bead trimmings, 

5330; brims, 5036, 6037, 5329, 
5330, 5941 ; brims, linings, 5329, 
5330 ; brims, making up, 4767, 
4709 ; brims, shapes, 4766, 4767 ; 
brushing, 6042 ; chilTon, making, 
6219 ; copying children’s by 
measurement, 4767 ; covering, 
5036 ; crowns, 4766, 4767, 5037 ; 
fancy shapes, 6219 ; flop, re- 
siiaping, 6041 ; head linings, 5037 ; 
lace, 5218 ; lace trimmings, 6620, 
5621 ; linen, 5219 : motor, 5210 ; 
]>attern8, 4766, 4767 ; picture, 
5219 1 shape-making, 4767, 4760 ; 


shapes, 4860, 4861 ; shapes, copy- 
ing by measurement, 4766, 4767, 
4768 ; side-band, 4767, 5030, 

6037 ; tip, 4786, 4767, 6036 (clean- 
ing), 6040 ; trimmings, ornamenta 
and flowers, 5506 ; velvet, renova- 
ting and altering, 6041 

— silk, manufacture, 6154, 6156 

— straw, making, 5218, 5219 ; manu- 

facture, 6160 ; patterns of rough 
straw, 4766, 4767 ; cleaning, 3704 ; 
renovating, 6041, 6042 ; shape 
making, 5217 ' 

Hatter, business of, 3443 
Haulage, in coal mining, 3566 
HauUng-gear, of coal-cutt-er, 3564 
Haulm, 355, 874 ; as livestock food, 2909 
Hautboy : see Oboe 
Haversian canal, in bone, 435, 436 
Hawaii, island, products. 3902 
Hawk, pursuit of prey, 2493 

— plasterer’s, tool, 5496, 5497 
Hawkers, conditions of trade, 5582 
Hawking machine, use in dyeing, 6370 
Hawk moth, 732 

Hawksley's drought formula. 4027 
Hawsers, manufacture, 5292 
Hawthorne, 353 ; garden, 6318 
Hay, meaiiow, (Chemical constituents, 
1629; grass crops lor, 3890; as 
iiorse rations, 2077 ; as livestock 
food, 2704 ; making, 1628, 1630, 
18 J8 ; manuring, 1378 

— barns, construction, 1631 

— crops, British, 1379, 1628 

— elevator, 1629, 1630 

— load, weight, 1628 

Hay fever, 3720 ; treatment, 6132 
Hay-ropes, used in casting, 2338, 2339 
Hayti, discovered by Columbus, 3606 
*’ Haywain," Constable’s picture, 4301 
Hazel, catkin, 351 ; flower, 355, plate 
lacing 728 ; fertilisation, 729 

— tree, strength of timber, 1260 
Hazlitt, William, essayist, 2310, 2619 
Head, of bicycle frame, 3773 

— block, of light waggon, 2829, 2830 

— of butterfly, 3512, 3513 

— of carriages, described, 3022 , 3023 

— collars, harness, 5342 

— of culvert, railway, 3614 

— iu drainage, 782 

— flannel, infant’s, 3744, 3745, 3854 

— of gutters, painting, 5834 ; use, 

fixing, protection, 6793, 5796 

— human, 98, 197, 2144 ; joints, 1710 

— of lathe, poppet, evolution, 4912 

— in inet«l casting, 1404 

— panel, of light waggon, 2829, 2830 

— of room partition, 4448 

— in sculpture, armature, 1510 ; model- 

ling, 1510 

— ill slating, 4866, 4867 

— of water, in iiydraiilics, 1673 
Headache, symptoms and treatment, 

6261 ; synthetic remedies, 5469 
Header, in building, 2168, 2169, 2170, 
2171 ; use in walls, 2261, 2263 

— in masonry, coursed header work, 

3034, 3035 

— timber used in tunnelling, 331 
Heading machines, in mining, 3563 
Headings, newspaper, 4233, 4235, 4236 
Head-line, of ottcr-traw’l, use, 4990 
Head-metal, in casting, 1405 
Headpiece, of harness, 4886 
Headstock, of bogie frames, 3121 

— of lathe, 4914, 4916 ; improvements, 

• 4918 ; loose type, 4913, 4918 

Head-strap, harness, 4886, 6057 
Heald, doup, in weaving, 3912 ; of 

hand loom, 3492 ; of loom, 3684 ; 
use in weaving, 3909 
Healders, calculations, 5508 
Health, affected by atmospheric hu- 
midity, 1900 • definition of, 2661 ; 
effects of soil and climate, 5273 ; 
exercise, rest and sleep, 4387 ; 
laws of, 2664, 2704, 5702 ; relation 
to marriage, 4529.: see also Hygiene 
and under separate headings — e.g.. 
Air, Disease 

Health Acts, nuisances. 5056 
Hearing, defective, in children, 4862 

— organ of : see Ear 

Heart, frdg’s, growth of, 2801 


Heart, human, 30, 953, 066 ; action of, 
057, 1192, 1103 : action, influence 
of will, 5841 ; effect of alcohol on, 
3377 ; anatomy, 953, 066 : beat- 
ing of, number per minute, 06 ; 
effect of digitalis and strophan- 
thin, 4013 ; diseases, 6038, 6089 ; 
enlargement, cause of, 5540, 6039 ; 
muscles, 1711 ; nerves, sympa- 
thetic, 1944; nutrition, 676, 677: 
physiological description, 108 ; rest 
periods, 4391 ; weak, 6030 ; val- 
vular disease, 6038 

— of snail, 3113 

Heart cam, defined, 832 
Heart shakes, in timber, 52 
Hearting : see Core 
Heart- wood, of trees, 52 ; rot, 4928 
Hearth, iu building, formation, 2:188, 
2389 ; stone, 3243, 3244, 4446 

— In metallurgy, 4125 ; of blast furnace, 

4469, 4470 

— furnace, Moffat type, 5986 
Hearthstone construction, 3243, 4446 
Heat, absorption, 2061 ; atomic, law 

of, 1914 ; in chemical processes, 
Boyle’s discoveries, 69 ; colour 
ana temperature, 236 ; conduc- 
tion, 440, 1563, 1738, 2061, 5194 ; 
conductors, good ana bad, 1563 ; 
convection, 1738 ; and dynamics, 
314 ; effect on earth’s crust, 302 ; 
and electricity, 288 ; expansion of 
gases, Charles’s law, 1805 ; form 
of energy, 2061 ; latent, 1740 ; 
mcclianicai eiiuivalent, 2061 ; mole- 
cular motion, 1266 ; physical 
account, 315; power agent, 5413 ; 
radiant, 3617, 5105 ; transmission, 
compared with light, 2060 ; radia- 
tion, 2060, 5194 ; the science of, 
1563 ; specific, 1564, 1739 

— bodily, 439, 5194 ; temperature, 96 
Heater-room, on trains, 3025 
Heating, of buildings, by pipes, use of 

fans, 1808; systems, 5195, 6015, 
6017, 6022; books on, 6340 ; 
engineer’s factory, 5591 ; of 
vehicles, 3025 

Heath, 354 ; culture, 6530, 0532; 
pollen, 1114 


Heatlien peoples, distribution, 629 
Heathenism, 3279 : see also Paganism 
Heatlior, 354 ; moisture supply, 727 
Heave, of vein, in mining, 2380 
Heaven, in Persian religions, 502 
Heavy spur : see Barytes 
Hebrews, art of, 2660 ; history, 665 
Heck, ill weaving, 3491 
Hedge mustard, charlock, 882 
Hedgehog, description, plate facing 
1401, 1763 ; spines, 2156 
Hedges, garden, making, 6318 
Hedge-sparrow, classification, 2210 ; 

nest, plate following 2496, 2506 
Hedonism, doctrine of cynics, 976 
Heel, of boot, making, 4139, 4140 

— human anatomy, 1709 

Heel board, of brougham, 2820, 2831 

— straps, of king post roof, 4249, 4252 

— shave, slioemaker’s, 3875 
Heeling, in boot-making, 4543, 4544 
Hegel, philosopher, contempt for science, 

2553 ; Hegelianism, 6469 ; idea of 
creation, 6470 

Hegelian system of philosophy, 6101 
Heidelberg, castle or, architecture, 3046 
Heifer, in agriculture, application of 
term, 2238 

Helical spring explained, 3121 

— steel tube, manufacture, 5322 
Helicon, musical instrument, 5131 
Heliostat, use in surveying, 504 
Heliotrope, perfume, 6469 
Heliotropin, perfume, 4071, 5460 
Helium. 1916; discovery, 401, 1296; 

disintegration, product of radium, 
1016, 2302, 4105; non-liquefac- 
tion, 1016, 4560 ; occurrence, 839 ; 
in periodic system, 1440 
Helix, of screw, 686 
Hellebore, plate facing 728 
Hellenism, Alexander’s Empire, 074 ; w 
India, 418 ; in Koman art» 2031« 
2033 ; sculpture, 2080 
Helmet, of cassowary, 2214 
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Helmholtz, H. von, theory of colour 
vlHion, 3730 ; theory of partial 
deafness, 2316 ; theory of solar 
enerKy, 664 

Helots, deftnition, 668 
Hem, false, in sewing, 152 
Hematite : nee Hieiiiatite 
Hemisphere, in drawing, 5041, 5042 
Hemispheres, of earth, explained, 12 
Hemlot^k, 353 ; source of conine, 4011 

— hark, cultivation, 6066 

— extract, tanning, 6066 

— tlr, bark as tanning agent, 3012 

— spruce, timber, 55 

Hemming, gloves, 5482 ; in under- 
clothing, 3336 

Hemp, 717, 881, 5117, 5639 ; bleaching 
and dyeing, 5639 ; classification, 
355; cullivafion, 1199; drawing 
process, 2fnf9, 2100; dressing, 
1388; fibres, 68, 69, 717, 1168; 
in foundry work, 2546 ; rope spln- 
niivg, 1885 ; ropes, testing, 1699 ; 
sources, 5117, 5639; spinning, 

2292 ; weaving, 2595 

— Canadian, Manilla, Deckaiincc, Sunn, 

etc. : see (’aiiadian, Manilla hemp, 
etc. 

— New Zealand : see Phormium 
Hemstitching, in underclotliing, 3336, 

3338 

Hen, egg-laying, 5623, 5626 ; food, 
5093, 5433 ; sitters, 4569, 5091 : 
see also Poultry 
Henbane, described, 354, 4000 
Hencoops : see Coops, poultry 
Hennebique system, in building, 1557, 
1559 ; 1643, 1645 

Henrietta Maria, Queen, 4552 ; minia- 
ture of, 1062 

Henry I., King of England, reign, 2674 
Henry II. of England, reign, 2609,2913 
Henry II. of France, recovery of (’alnis, 
4102 

Henry HI. of England, reign, 3073 
Henry 111. of France, character, 4102 
Henry IV. of England, life, 3250, 3251 , 
Henry V. of England, early years of 
reign, 3251 ; hundred years’ war, 
3463, 3464 

Henry VI. of England, hundred years’ 
war, 3464 ; Cade’s revolt, 3465 
Henry VII. of England, accession, 3604 ; 

marriage, character, 3649 
Henry VII. ’s (’Impel, Westminster 
Abbey, architecture, 3374; stone 
pendants, 2835, 3146 
Henry Vlll. of England, reign, '3649, 
3832 ; literature, 328 
Henry of Navarre, reign, 4320 
Heptarchy, the, foundation of, 2242 
Heracleitus, (Ireek philosopher, fire 
doctrine, 60 ; idea of organic evo- 
lution, 5386 

Herb Jlobert, 508; pollen, 1114 
Herbage, Kothamsted experiments, 1378 
Herlwlists, business of, 3445, 3446 
Herbert, Heorge, poet, 539 
Herculaneum, destruction of, 2068 ; 

fresco uaiutings, 2933 
Hercules (Heracles), the Heraclidtc, 668 
Hercules beetle, description, 3510 

— turbine, mechanism, 1689, 1693 
Herdwick sheep, 2363, 2365 
Herediiary succession in China, 215 ; 

ii. Germany, Middle Ages, 2947 
Heredity, alcoholism, 6674 ; books on, 
1791 ; a condition of organic evo- 
lution, 5388 ; Darwinian theory, 
824, 1313; Galton’s law, 1313; 
“inborn” and ” acquired,” 485 ; 
influence on capacity for mental 
development, 3118; in Jmmarcki- 
anism, 663 ; line of, 1315 ; longev- 
ity, 2662 ; Mendel’s experiments 
and law, 1481 ; practical issues, 
1586; ill relation to educa- 
tion, 2861 ; .relation to health, 
5701 ; social : see Social heredity 
Hereford cattle, 2235, 2237, 2240 
Hermaphrodite, in botany, 730 
“ Hermes,” statue by Praxiteles, 345 
Hermit crabs, habits, 3806, 3808 
Herodotus, historian, 774 
Heroic verse, defined, 300 
Heron, description, 2213 ; food, 249.3 


Hcroult aluminium furnace, 4306, 5989 
Herrick, Hobert, poet, 539 
Herring, choice of, 3717 ; classifleatiou, 
3066, 3068 ; Ashing grounds, 6121 ; 
grilling, 1873; immature, protec- 
tion, 5314 ; nutritive value, 3.599 ; 
preserving, 5316; shoals, m(»ve- 
meiitsof, 5188 ; IJ.K. tisherics, 987 
Herringbone .stitch, 3337, 4566 
Herring-boning, needlework, 151 
Hertz, detectors, 3895 ; elect ro-m.ig- 
notic wave discoveries, 3851, 4021 
Hertzian waves, ether and, 935 
Hesperornis, order of birds, 2214 
Uevea hrasiiiemis (rubber tree), 808, 
5046, 5047 ; cultivation, .5049 
Hewitt’s mercury vapour lamp, 2683 
Hexagonal body, planes, 4522, 4523 

— prism, projection, 4523, 4.524 

— system, in crystallography, 766, 6730 
Hexameter verse, 1435, 1767 

Tley's saw, carver’s, 5S09, .5810 
Hide trades, employment, 2648 
Hides, for belting, 3532, 3712 : break- 
ing over, 2854 ; depilation, 2854 ; 
in glue inannfaeture, 5357 ; 
leather manufaeture, processes, 
1165, 3010, 3218, 3713; elfeet of 
lime on, 285.5 ; polishing, 34.55 ; 
soaking and softening. 28.53; 
sfnirees, 5119 ; 8(»utli American, 
special treatment of, 3218; tan- 
ning, 3(H3, 3162; varieties and 
strueture, 2852 
Hlerogly pines, Egyptian, 935 
High (’ourt. of .lustice, elerkshii>s, 3301 
High school teaeliers, women, 323 
High water mark, mean, 1146. 6662 
Highest common factor, in aritlmietic, 
339 ; algebra, 2891 

Highe.st jdane of eolliniation (H.P.C.), 
in surveying, 37 t 
Highland cattle, 432. 2236, 2240 
Highlands, of Scotland, 1061, 1065 
Highways, 2422 ; dedication t)t now 
roads a.s, 2425 

Higliways, general history, 1977 
Higliways Act, 1878, provisions, 1978 

— surveyor of, duties, 154 
Hilliard, miniature work, 1061, 1062 
Hilum, in an, atomy, 16(*2 
Himalaya Mountains, description, 2562 ; 

rainfall, 296, 4495 
Hind bar of van, 2S29 
Hind tugs, of harness, dimeiision.s, 4880 
Hiiidostan : see India 
Hindu, ill etiinology, 1790 ; philosopliy 
and religion, 417 ; sec also Brah- 
manism, Buddhism 

Hinge, back flap, 5183. 5184 ; butt, 
3547. 5183, 5184: cross garnet, 
:1.547, .5184 ; field gate, 4615, 4640 ; 
fitted to stand out, 5183 \ straps: 
see Strap hinges : verge watcli, 
6081 

joint, human, anatomy, 1709, 1710 
Hip, of gutter, 5031, .50;U 

— Iniiiian, 170S ; leverage, 1798, 1799 

— iron and oak, use in roofing, 4870 

— tiled, use in roofing, 4868, 4869 

— roof, length and angles, 5185, .5187 

— tiles, 644 

Hipparion, in horse-evoliPion, 1179 
Hipped roof, construetioii, f253, 4254 
Hippopotamus, plnlc faring 1491, 
1761 ; hoof, 1870 ; ivory from, 811 ; 
swimming apparatus, 2038 
Hippurie acid, composition, 3818 
Hire-jnireliase system, 704 ; bouse 
furnisher’s business, 3448 
Hire-pnreliase accounts, in bookkeep- 
ing, 3917, 3918 

Histology, scope, 136 ; book on, .5422 
History,' American authors, 3781 ; 
bacteriological influence on, 6782 ; 
bibliography, modern, 2618, 2787 ; 
cautions as to reading, 107 ; 
English writers, living, 278.5 ; 
the ” great-man theory,” 3987, 
5388 ; intellectual value of study 
of, 2404 ; modern coneejition, 
4122 ; philosophy of, 3987 ; a 
series of sociological experiments, 
3872 ; Spencer’s conception of, 
3985, 3987 ; trivialities of, 3985 ; 
unscientific methods, 3871 


History, natural : see Natural history 
“ History of Civilisation in Europe “ 
(Buckle), 3989 

“ History of English Literature ’* 
(Taine), 3783 

Hit-and-miss grating, 6017, 6021 

— ventilator, position, 3024 
TTilches, sailor’s, 6406, 6407 
Hives, bee, .5957, 5958, 5960 
Hoaraiiig, in building, 308 ; rent of 

licensed, 4987 

Hoar-frost, formation of, 1900 
Hob, for cutting dies, 4480, 4481 
Hobbema, landscape painting, 4299 
Hobbs, 'rhomas, psychological theory, 
2013 ; eoneeption of the state, 
5246 ; works, 16 10 
Hobbies, value, 2548 
Hob-grate, .*onstr>ietion, 6015, 6017 
Hock, of horse, 1870; diseases, 2621 
Hod, ill building, use, 1951, 1953, 5497 
Hoe, horse, in agriculture, 431 
Hoe printing mnebines, 5869, 5871 
Holf, Van ’t, and stereo-chemistry, 2714 
Hoffding, Brof., ideal society, 5245 ; 
relation of etliies and sociology, 
4277 

Hoffmann brick kiln, 643, 1284, 1730 
Hog, in farming, 2367 ; meat industry, 
5119 

Hog-hair brushes, 1020, 6109 
Hogurtli, William, painter, 4392 
Hogg, James, poems, 1304 
Hf)gslieinl, of tobacco, defined, 4274 
Hogskin, use for riding saddle, 5339 
Hogweed. biennial weed, 1378 
Hoist, band, 832 ; hydraulic coal- 
tipping, 5676 jigger, 1220 
Hoisting apparatus, In engineers’ 
factory, 5589, 5590 ; pulley bloek.s 
and tackle, 3094 ; piieuinatic 
maeliines, 1807 

Holbein, Hans, 343, 4117, 4118 ; minia* 
ture work, 1061, 1062 : portraiture, 
4:i92 

Hold, of four-masted barttue, 5400 ; 

steamer, position, 5401 
‘‘ Holder-on,” of riveter, 1804, 1807 
Holdfast, iron, for fixing joinery, 2514, 
2516 ; in siiortng buildings, 916 
Holdings, .small : see Allotments 
Hole grinding machine, 5212, 5214 
Holes, boring, in mining, 2667 
Holidays, proper use of, 65, 4391 
Holing, in mining, 3561, 3563 
Holland, architecture, 3374 ; biblio-' 
grupby, 859 ; coins, weights and 
measures, 410; Dutch school of 
painting, 3949 ; geography of, 
1836 ; poj)uIation, 628 ; neelania-, 
tion from sea, 1814 ; Rhine deltA, 
1836 ; tliread industry, lace- 
making, 224, 225 ; touring, direc- 
tions, 858 : see also Dutch 

— history of, up to 1385, 2948 ; revolt 

against Spanish rule, 4397; 1584 
to 1890, 6:i04 ; republic, 6304 
" Holland,” subinarine, de.seribed, 2280 
•’ Hollander ” machine, 6282, 6283 
Hollow tools : see. Swages 
Hollow-bit tongs, described, 2984, 2985 
Hollowing, in metal work, 4522 
Holly, 353 ; leaves, 1114 ; garden 
hedge, 6318; wwd, 57 
Hollyhock, elassifleation, 352 
Holihes, Oliver Wendell. 3780 
” Holy r^imily,” Murillo’s, 4120 
Holv rciague, against Clmrles V., 4102, 
4 396 ; joined by Henry VIII., ;}6.50 
Holv Roman Empire, dispute for, 4320 
Hol’ybeatl, 1277 ; breakwater, 6335 ; 

harbour regulations, 6220 
Homan’s flre-rcsisting floor, 4753, 4755 
Horne, importance to journalist, 3812 
Home Office, apnointments, 3300 
Home Rule Bill, (>694 
Homer, 904, 2962 ; (fliapman’s transit 
tions, 848, 849, 3781 ; English 
translations of, 668 
Hominy, product of maize, 4874 
Honucopathy, system, training, 5430 
Homoiotberrnal animals, 439 
Homology, in biology, 379, 1492 
Homophones, in harp music, 3529 
Honduras mahogany, 56 ; in vehicle 
construction. 2827 
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Hone, oilstone, use, 3388 
Hone’s coal grab, 6S18 
Honey, adulteration, 3718 ; comb and 
run, 5959 ; comb, extraction, 
5960 ; countries exporting and 
producing, 5120, 5121 ; extractor, 
5900 , 5962 ; grading, 5962 ; granu- 
lated, liquefying, 5961 ; lajvulose 
and dextrose from, 3705 ; iiiarket- 
ing, 5962 ; ripener, 5960, 5961 
Honey agaric, fungous pest, 4928 
Honeycomb, description, 5957, 5958 
Honey water, n?cipe, 4972 
Honey-dew, origin, 3365 
Honeydew tobacco, manufacture, 4373 
Honey-guide, classification, habit, 2210 
Honeysuckle, 354, p/a/c facing 728; 
climbing, 504; polliintion, 732; 
protective structure, 1115 
Honeysuckle, dreek ornament, 5818 
Hood, infant’s, 3745, 3746 

— in vehicle construction, 3023, 3622 
Hood, Thomas, poet, 1309 

Hoofed mammals, swimming, 2038 
Hook and eye, in dressmaking, J52, 
154,185; how to put on, 475 

— gauge, explained, 1577 

— letters, in shorthand, 586, 689 

— stone, of gates and doors, 3244, 

5795, 5797 

— tanning, 3219 

— wail, in fixing pipes, 5629, 5632 
Hookah, pipe, construction, 4378 
Hooker's green, pigment, 871 
Hook-setting machine, boot, 4437 
Hoop, of balloon, 3978, 3980, 3982 

— pressed cheese, 4573, 4574 

Hoop iron, scaffolding, 1170 ; shoring, 
917 

Hoopoe, plate facing 2209, 2211 
Hoopsticks of veliiclcs, 2555, 3023 
Hoose, cattle disease, treatment, 2622 
Hoove, in sheep, treatment, 2625 
Hop, 354 ; climbing, 504 ; cultivation, 
980, 1199, 3205, 4900; melting, 
6228 ; use, 6057, 4960 ; “ winged " 
seeds, 9ii, 012 ; storage, 6059 

— back, use, in brewing, 6057 
Hopper, cement, 1733, 1853 

— railway cars, 2463, 2467 

— splayed work, 5296, 5299 

— of wat-cr closets, kinds, 5052, 5053 

— ventilator, 6021 

Hopping, pliysiological account, 1800 
Horace, in Augustan Age, 1829 ; 
Smart’s translation, 21 il ; typical 
ode, to Lyce, 1335 
Horatius, story of tlie bridge, 1136 
Horizon, 11 ; apparent and astronomi- 
cal, 6244, 6245; dip of, 1016, 
6C65 ; •• sensible,” 1016, 6605 

— glass, of sextant, 1016 
Horizontals, in staging, 1174 

Horn, animal, carving, 6300 ; dyeing, 
6767; uses, 811 

— of animals, 2155, 2156 

— of cattle, broken, treatment, 2624 

— musical instrument, 5737 ; orchestral 

use, 5732, 5887, 6893 ; trans- 
posUlon, 5443 

— French ; see Horn, valve 

— valve, musical instrument, 5444 ; 

manufacture, 6622 ; playing, 
5445-5447 

Horn bar, of brougham, 2830, 2831 ; 
in elliptic spring carriage, 3124 ; 
of undercarriage, 3122 ; of van, 
2828, 2829 

Hornlwam, 355 ; ” winged ” seeds, 911, 
912 

— wood, use of, 57 
Hornbtll, 2211 ; nest, 2507 
Hornblende, mineral, 768, 812, 6738 
Hornet, plate faring 3361 ; nest, 3725 
Horology : see Clockinakiiig ana Watch- 
making 

Horse, 1761, 2073, 2075, 2076, 2079 \ 
bibliography, 3471 : breeding, 987, 
2U78 ; breeding for speed, 827 ; 
diseases, 2620 ; evolution of, evi- 
dence of fossils, 1177; feeding, 
1001, 2074, 2076; foods for, 873, 
2004, 2005 ; foq|L modification and 
evolution of, T869 ; grooming, 
lOOL; management of, 2073; 
parasites, 2626, 2627 ; parts of, 


2079 ; pointa of, 2076 ; power, 
5011 ; stabling, 2908 ; as means of 
transport, 2152, 2154 ; urine, 

analysis of, 433 

— in leather manufacture, 3217 

— in mining, 2378 

Horse bean, classification, 353 
Horse chestnut, 353 ; autumn twig and 
winter buds, 728 ; wood of, 56 

— collar, making, 5191, 5192 

— whim apparatus in mining, 3190 
Horsehair, uses, 5119, 6715, 6718 ; 

testa for brushes, 6110 

— artificial, forest industry, 4928 

— beetle, classification, voracity, 3511 

— cloth, use in dressmaking, 186 
Horsemen, in farming, 2909 
Horse-powei^ unit of power, 291 ; 

brake (B.H.P.), 3967 ; compared 
witli kilowatt, 290 ; indicated 
(I.H.P.), 3966; testing, 3964; 

Watt’s definition, 1590 
Horse-rake, in farming, 1630, 1848 
Horseshoe arch, intrcKluctlon, 3092 
Horsetail, 1115, 1119 \ farm weed, 
1378 ; structure, etc., 1310 
Hose-pipe of balloon, 3979, 3080 
Hosier, business of, 2869 
Hosiery, 2869 ; elastic, 5492 ; fancy 
trade, 4619 ; finishing, 4765 
Hosiery, machines, 4763, 4764, 4765 

— weavers, employment, 2651 
Hospital, air in, 3800 ; bookkeeping 

for, 3567 ; dental, training and 
fees, 5770, 5773; drainage system, 
784 ; hoiTKPOpatldc, 5430 ; hypno- 
tism, 3663 ; medical students’ fees 
and training, 5424 ; nur8(iH’ wages 
and training, 323 ; Poor Law, 1 929 ; 
municipal, staff and salary, 1496 ; 
naval and military, nurses’ ap- 
IKiIntments, 6172 
Host, in botany, 506 
Hostels, women’s, 5720 
Hotel de Jacques Camr, Bourges, 3374 
Hot water, heating systems, 6016- 
6017 

Hot-bed, garden, making, 0320 
Hothouse, management, 6533, 6833 
Hotels, catering accommodation, 6583 ; 
comparison of charges in Kuro- 
pean countries, 515 ; bookkeeping, 
3567 ; management and catering, 
5720; tourist vocabulary, 1960; 
visitors’ accounts, 3568 
Hot-short, in metallurgy, 3838 
Hottentot race, distribution, 627, 3279 ; 
ethnology, 1789 ; nasal index, 
J786 

Houdau fowl, 4957, 5090 
Hour, in table of time, 226 
House, architects’ detail drawing, 5542, 
5546, 5693 ; country, plans and 
elevations, 2128, 2132 ; defence 
against attack in war, 6273 ; 
elevations, 5542, 5546, 5693 ; 

hygienic and iion-hygienio sites, 
5274 ; numbering, 2424 ; plans of, 
5542 ; sanitary requirements, 5050, 
5052 ; site and aspect, 144 ; stone, 
in primitive ages, 2132, 2134 

— fly (musca domestica), 3721, 3722 

— furnishers, business of, 3447 
House of Keys, Manx, 1367, 2611 

— property, investment in, 3225 
House-sparrow, clasaiflcatioii, 2209 
Housebreaker, clearing sites, 309 
Household finance, general rules, 3222 
Household Troops, 161 

Housing, carpentry, 4044, 6581, 6585 
Housings, of cart saddle, making, 5341 
Housekeeper, duties, 762 
Housekeeping : see Group Index and 
under separate headings 
Housemaid, duties, 1003 
House-martin, nest, 2507 
House-parlourmaid, duties, 1005 
Hoven, cattle disease, 2623, 3891 
Hover-fly, as pollen carriers, 731 ; 

protective colouring, 3721 
Hovis bread, 933, 3312 
Howe truss, 2228, 2229 
Howitzer gun, use, 6614, 6615 
Hudson, T» J., theory of psychic 
phenomena, 8287 

Hughes type printing telegraph, 5303 


Huguenots, persecution of, 4102, 5110; 
in Ireland and Scotland, 1025 ; 
rising, 5110 

Hull, fish sale, 5316 ; harbour regula- 
tion and revenues, 6220 
“ Hull,” grinding wheel, 5476 
Human nature, changing character, 
4371 ; the key to sociology, 4369 

— race, factors affecting distribution 

and development, 4493 
Humanism, in modern literature, 2680 
Humanitarians, attitude towards socio- 
logy, 4276 

Humble-bee, cross-pollination by, 732 ; 

description, nest, 3723 
Hume, David, historian, 2054 
Hume, Martin, historian, 2785 
Humerus, human, 1348, 1349, 1708 
Humidity of air, 1899 
Humming-bird, description, 2211, pl<de 
facing 2209 ; colouration, 2505 ; as 
pollen-carriers, 730 

Humus, vegetable mould, fertility, 4497 
Hundred Years War, Edward III. 
share in, 3076, 3077 ; Henry V., 
3463 ; Henry VI., 3464 
Hungary, books on, 1250 ; craniology, 
1786 ; ethnology, 1789 ; economic 
(jonditions, 5710 ; geography of, 
2162 ; manufactures, 5710 ; medi- 
cal profession, 6429 ; touring 
directions, 1249 

— history of, formation of state after 

subjection to Rome, 2354 ; until 
part of political system of Ger- 
many, 2947 ; Middle Ages, 4399 ; 
Austrian conquest, 6447 
Hunger, physiological definition of, 866 
Huns, invasions of, 2241, 2947 ; ravage 
Helvetia, 4399 

Hunt, Holman, ” Lady of Shalott,” 
722 ; ” The Light of the World,” 
plate facing 624 ; pre-Raphaelite 
school, 4394 

Hunt, Leigh, poems, 1308 ; portrait, 
2619 ; works and criticism, 2451 
Hunter spiders, tarantula, 3806 
Hunting, place in evolution, 4615 
Huntingdonshire, geography, 1273 
Hurdles, embankment revetting, 6271 
Husk, cattle disease, 2622 ; in pigs, 
2625 ; in sheep, 2621 
Husk-worm, 2027 

Huxley, Thomas Henry, clotting of 
blood experiment, 954 ; doctrine 
of mind as epi phenomenon, 2116 ; 
on importance of reasoning faculty, 
2805, 2993 ; on removal of upper 
brain of frog, 2299 ; on rhetoric, 
3987 ; on sea fishery law, 5317 ; 
on secret germination of ideas, 
3184 ; on study of natural science, 
4089 ; zoological works, 1 791 
Hwaug-ho, river, 2504, 2974, 2977 
Hyacinth, plate facing 728 ; classifica- 
tion, 355 ; garden culture, 6489 ; 
wild, in woods, 504 

— perfume, source, 5469 
Hya'na, varieties, 1765 
Hyaline cartilage, histology, 435 

— membrane, of animals, 2852 
Hydra (biology), reproduction, 381, 

382 : Hcc also Polype, fresh 
water 


Hydrant, street, 2326, 2327 
Hydraulic accumulator : see Accumu- 
lator 

— engineering, scope, 157, 5676 

— force pump, 1082 

— gradient, in water supply, 4336 

— intensifler, construction, 5675 

— jack : see Jack, hydraulic 

— machinery. 1080, 1685 

— mean depth, of river, 6114 

— gradient, definition, 1575 

— power, 6675 ; application, 6676 : 

books on, 4330 ; from natural 
sources, 5678 

— press, 1076, 1142, 1223, 2992 \ In 

making lead pipes, 357, 850 

— pressure. In omler- testing, 3106 ; 

in mains. 5675, 5676 

— ram, construction, 1220, 5932, 6933 
Hydraulicing, in mining, 2959^ 2960 
HydrauUcs, 1574. 5113, 5675; books 

on, 6576, 5596 
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Hydrocarbons, aromatic group, 3707, 
5461 ; and carbohydrates, 2713 ; 
chemical composition, 3112 ; con- 
stitnents of body, 439: derivativc, 
2713; digestibility, 866; diges- 
tion of, 673 ; organic acids derived 
from. 3704 ; petroleum, 6010 ; in 
standard diet, 3380 

Hydrochloric acid, from chloroform, 
3270 ; commercial properties, 
4834 ; composition, 1037, 4633, 
electrolysis, 3260, 4022, 5753 ; 

preparation, 695, 1445, 1598, 4633 ; 
properties, 1598 ; reagent and test, 
4404, 4110 ; in stomach, 1598, 
2878; uses, 1037. 1598, 1633 
Hydrocyanic acid, characters, antidote^, 
3536; in medicine, 3.>37 ; pro- 
perties, 3536 ; a protoi)lasmic 
poison, 3017; synthesis, 3r):}H 
Hydro-extractor, in dyeing, 6‘37/; 

machine silk manufacture, 1240 
Hydrofluoric acid, 813, 5528 ; forma- 
tion, 1444 ; in glass polishing, 
4931, 4932 

Hydrogen, 840 ; atom energy, 239:} ; 
electro-chemical equivalents, 5262 ; 
in human body, 438 ; ions, speed 
of, 4563; liquid and solid, 811; 
in living things, 275 ; occurrence, 
839 ; plant food, 167 ; preparation 
by electrolysis of water, ; 

‘ proportion in earth’s crnst, 239, 
624 ; unit of atomic weights, 518 

— gas, inflation of balloons, 3977 

— peroxide, 692, 1718 ; catalytic decom- 

position, 4135 ; in bleaching, 6199 

— sulphide, i)roporties, 1718: #tcc ahn 

Sulphuretted hydrogen 
Hydrograpliy, 159, 1016; and sea 
flshcry, 5188 

Hydroid zoophytes, description, 4080 
Hydroids, description, 4083, i08(i 
Tfydrokinetics, in Pliysics, 1143 
Hydrolysis, ferment action, 4135 
Hydrolytic sewage tank, 4743, 4744 
Hydrometer, 798, 799 ; the Beanme, 
1036, 4554 ; glue tester, 

5359; aNieholson’s, 1078; syrup 
testing, 484H 

Hydrophobia, incubation, 5411 ; Pas- 
teur treatment, 3274 
Hydrostatic machines, 1142, 1685 
-• paradox, 1076, 1142 

— press, invention, 1076 
Hydrostatics, 1076, 1141, 1220, 1801 ; 

in engineering, 1076, 1402; retain- 
ing walls, 1077 : water-power, 
1080 : see also Fluids, in Physics, 
and special applicaHons 
Hydroxyl, formula, 1721 
Hydroxylainine, formula, 1721 
Hygiene, book on, 5424 ; cash value to 
the nation, 4530 : and longevity, 
2662 ; women's training, 322 
Hygrometer, 6131 ; in balloon observa- 
tions, 3982 ; Danicll's, 1S99 
Hygro.«cope, forms, 1899, 1900 
Hyinenoptcra : see Mcmbrane-Mingcd 
insects 

Hymn tunes, organ music, 3863, 'ISfH, 
•'PM5 ; transposition. 2312 
Hyoid bone, human, 1003, 2141 
Hyperbola, drawing, 1411, 14 hi, 4933, 
4935 ; in conic sections, 5783 
Hypeibrachycephalio, deflned, 1786 
Hyperdolichocephalic, defined, 1786 
Hypermetropia, meaning, 3179; cause, 
correction, 6264 ; testing for, 
414:i 

Hyperspaoe (math.) explained, 2119 
Hypnotic drug, varieties, 4128, 4129 
Hypnotic suggestion, non-pliysiciil 
basis, 4449 

Hypnotism, nature, 2549, 3289, 3662 ; 
book on, 4449 ; modern theories, 
3288 ; use of term, 4449 
Hypochlorites, manufacture, 5759, 51(10 
Hypoctilorous acid, properties, 4778 
Hypocycloid, definition, drawing, 1414 
Hypogene action, volcanic, 1206-1208 
Hypogvnous flower, 347, 350 
Hypopnosphites, deflned, 1161 
Hyporenusal error, in surveying, 263 
Hypotenuse, of triangle, deflnition, 4330 
Hypothesis, in geometry, 4208 


Hypsometer, for determining heights, 
159, 593 

Hysteria, causes, 6263 ; importance hi 
psychical research, 3065 
Hysterou-proteroii, in grammar, 1616 

I.I.M.T.A., meaning of, 1069 
Iambus, iambic, 305, 3is, 1766 
Iberia pciiiiisiila, geography 2232, 2233 
Ice, 1 7:}8 ; density, 798 ; influence on 
navigation, 4498 ; regulation of, 
1740; in sirk-r<iom, 6287 ; specifle 
gravity, 799, 1704 

Ice Age, in Hritish geological history, 
1817 ; in Nortlicrn Kurope, 2255 
Ice-wafer, biseults, 549.5 ; iMaehine, 3597 
let'tall, cause, 163S. 

Ir«‘bergs, transport of rock, 1814 
Iced coifee, recipe, 23:J3 
Iceland, Insure eruption, 1207; gcu- 
griphy, 1.562 ; language 
1771 

Iceland spar, 768, 3849, 45 1 1, ()7:i8 
lehneinnou tl> , :{722, 3723 
lelitbyornis, order of birds, 221 1 
Ichthyosaurus, 2677; los^sil, 2250; 

skeleton, plate foci tnj 4065 
Ie«>sahedron, in lirawiiig, 1747 
Idealism, defined, 6464 ; Berkeley's 
theory, 6468; in (treek seiilpturc, 
2929 ; ^ opposed to mat erialisni, 
6467 ; pliilosophy of, 6257 
Ideas, practical value of, 75 : see also 
(Iron ft Indejr, puye 0897 

— in i>hiIosophy, Kant’s theory, 20i:} ; 

JiOeke’s theory of 2013, 6256 ; 
natural selection in, place in soelal 
pr<»gres8, 5390 ; subconscious ele- 
ment, 3183 : see also Innate 
ideas and Association of ideas 
Identity, in algebra, 2381 ; in logic, 
6100 

Ides, Koman calendar, 1182 
Idiot, weight of brain, 2144 
Igneous rocks, 528, 535, 2.581 ; classifi- 
cation, 898, 1007; jointing, 1925 
Iguanas, description, 2678, 2079 
“ II Peiiseroso,” Milton’s, 991, 905 
Ileum, human, length, 570, 579, 580 
“ Iliad,” 3781 ; ('hapman’s traui- 
lation, 848, 849 

Ill-health, contrasted uitli disease, 
causes, 5700 ; functional and 
organic, 5700 ; how life is short- 
ened, 2794 

Illuininants, for buildings, kinds, 6024 
Illumination, 0275 ; books on, 

0728 

Illumination : see Tdghtiug 
Illustrating, women’s work ami wages, 
322 ; for the Press, 6102, 0103 
Images, in light, formation, 2600 ; 
real and virtual. 2000, 2902 ; 

retinal, 2601, 3227 
Imagination and apparitions, 3625 
Immortality, in physical sense, aiiKcba, 
278 ; higher animals, 484 
liniiiunity, 6542, 6781 ; evolution doc- 
trine, 10:10, 1587 ; moral, 6783 
Impact test, machine for, 1393, 1394 
Impaction, in cattle, treatment, 2624 
Imparisyllablc, Latin nouns, 442, 754 
Impellers, in rotary pumps, 1686 
liiipeuctrability of matter, 1265 
Imperative nuKid, Knglisli, general 
rules, 608, 755 ; French forma- 
tion, ,3060; (lermaii, 1342 
Imperfect chord, in music, 363 

— indicative, I’rcncli verbs, 2480 

— tense, (tcrnian use, 3.501 

Imperial (’ivil Service, :1476 ; Coionial 
services, 3548, 3741 

Imperialism, imperfect form of govern- 
ment, 4371 

Impersonal verbs, English, 902 ; Ger- 
man syntax, 2490; Latin, 1047 
Imposing stones, in printing, 5252 

— table, compositor’s use, 5159 ; in 

stereotype foundry, 6559, .5,5,57 
Imposition, in printing, 5458 
Impressionism in art, French, 724, 4302, 
4394 ; its nature, 4302 
Imprest system, bookkeeping, 2202 
Improvers, in dressmaking, 2438 
Improving, spun silk, 2597, 2598 
Impulse turbines, 108S, 1691 


“ Inborn ” cliaraeter.s, deflnition, 485 
In-calfer, definition, 2238 
Incandescent gas burner, construction 
and use, 6026 

— lighting : see (..’as 
Incense, r«‘eipe, 4972 
Inceptive verbs, Latin, 10J7 

Inch, unit of mea.surciiient, 226, 1147 

— tool, 532 

Inchgarvie caisson, 1403 
Inciflence, angle of, in light, 2599, 2000 
Incised carving, wo<k 1 carving, 0040 
Incisor tccfii, 577, 578, 1005 
Inclincii iduno, 684; application, 687, 
8:U 

Income, taxable items, 3335 

— tax, abatement and exemption 

conditiiuis, 3335 ; incidence, re- 
turiis under sclic«l\ilcs A, etc., 
3333 ; relation nf stock in hand 
and profit accounts, 2421 
Inmbator, use, construction, 5203 
Incus bone, of car, 2533, 2534 
Indefinite adjective, article : see under 
Adjective and Article 
Index, in algebra, 1818, 199t, 3412 

— in anthropology, explained, 1786 

— in arithmetic, explained, 1264 
Indexes, luiinbers of entries in well- 

known hooks, 4820 
Indexing, in business', 6520 : card 
systmn. 4819 ; journalist’s method, 
4817 ; pay for women, 322 
India, aborigines, deseription, 1789; 
carpet manufacture, 3360 ; riiiiiese 
trade, 5659 ; civil appointments, 
3176; coalfields, 2820, 2822, 

5304 ; coins, weiglits, and measures, 
modern, 410; commercial oppor- 
tunities, 6212; cotton industry, 
222. 383, 385, 386 ; craiiiology, 
1785; Dntcli trade. 5826; eco- 
nomic conditions, 5:180 ; English 
empire founded, 5555 ; flax indus- 
try, 717; forestry, 4602; geo- 
graphy of, 2818, 2819, 2820. 2972 ; 
gooils transport method, 2153; 
lieni]) production, 718 ; history of, 
417, 971, 6549 ; books, 2618, 5555 ; 
irrigation, 5483 ; labour conditions, 
6629; population, 628, 6’ /It) ; ramie 
cultivation, 720 ; salt tax, 1600 ; 
sea fishery, 5318 ; silk industry, 
1247 ; trade, character of, 5379; 
wools, 72, 220 

Indian army, promotion, 4200 
Indian civil service, 2251, 3476 

— - cress. 353 ; climbing, 504, 605 ; 

nectaries, 730, 731 

— forest .service, 4929 

— game, fowls, 4660, 4002, 4954 

— hemp, 6885 

ink, drawing with, 284, 1792, 1794, 
536,5 ; for model drawing, 2729 ; 
shading medium, 15:};} 

— medical service, 5428 

— mutiny, 2786, 6550 

Indian Ocean, continental shelf, 298 ; 
currents, tig., 557, 558 

— I)olico appointments, 3178 

— shot,:455; culture, 6492 

— stuff corj)s, career in, 161 

— yellow, pigment, 871 

Indians, American, distribution, 027, 
629, 4065 ; ethnology, 1789 ; 

origin, 215; skull measurement, 
1785 

Indiurubbe.r, artificial, Fenton’s, 5:109; 
artificial iiroduction, and cost, 
5311: bhu’k, production, 5048; 
blooming, 5313 ; Brazil, exports, 
5380 ; ceara, 5048, 5049 ; ehcm- 
islry of, 8()8, 5311 ; composition, 
808, 5311, 60:10; (’ongo Free 
State, exports, 3583, 5380 ; crude, 
5311, 5313; destructive distilla- 
tion, 5312 ; ill drain construction, 
782 ; drawing with stumps and 
clialk, 1537, 1538 ; hard, 5310 ; 
industry, origin and growth, 
5045 ; insulation, 672 6793 ; 

latex colleelioii and preparation, 
5046 ; maiiuftcture, 5199-5203 ; 
moulding, 5201 ; packing in den- 
tistry, 6031 ; Para, preparation, 
5047; physical characteristics, 5313; 

6967 
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Indr-loii 

Indiarubbtr-^ontinued Inferior maxilla, human, 1604, 160S, Insulators, electric, 672; cable, 6547, 

pigments, 6203 ; preparation, 808 ; ^ ^ 2144 6796 ; tramway, 1933, 1963 ; 

raw, 6199 ; recovery, 5309 ; root. Infinitive mood, English, 608, 766 ; telephone wires, 6324, 6325 
extraction, 5048 ; semi-hard, 6310 ; French, 2048, 2924, 3353 ; German, Insurance, 4894 ; in bookkeeping, on 


sheets, manufacture, 6200; S. 1821, 3501; Latin syntax, 1048, 
American, 4287 ; source, 4284, 4658, 1334 

6045 ; specific gravity, 1704 ; sub- Inference, in logic, defined, 5999 
stitutes and their manufacture, Inflexion, in grammar, explained, 
6309 ; tapping tree, 3049 ; uses, ^ 116 

4658, 6310 ; varieties, 808 ; vul- Inflexions, of verbs, English, 608 
canisation, 4658, ’5201, 5312, 6030, Influcnaa, 5412; effects, 6260 
6032 ; waste, 5309 ; waterproof — in cattle, treatment, 2623 
industry, 5045 Ingestion, biology, definition, 276 

> erasers. Introduction, 5046 inhalations, in nursing, 6288 


balance-sheet, 2882 ; branches of 
business, 4725 ; general advice as 
to, 3223 ; industrial : see Life 
assurance, industrial; literature, 
4725 ; scope, 4725 ; suspense 
account, in bookkeeping, 2882 

— offices, clerk’s wages, 44 ; posts, 

salaries, 162. 4725 

— see also Fire insurance, Life assur- 

ance, etc. 


plant, 354, 5045; cultivation, 5046, Inhibition, mutual, of two reflex actions, Intaglio, ’wood carving, 6137 


6049 ; wild, Paraguay, 4288 

— tiling, use and laying, 5310, 6311 

— workers, employment, 2656 
Indicative mood, English, general 


3060, 3211; German, 3602 
Indicator, railway, 4688 

— telephone, 5683, 5684 

— test, for machine tools, 3963, 3965 

— Wheatstone ABC, 6177, 6178 
Indicoiite (tourmaline), 5853, 5856 
Indifference point, psychology, 2518 
Indigestion, causes, 867, 2878, 3600, 

5841 ; diseases due to, 5842 
Indigo, dye, artificial, 5463 ; pre- 
paration, 6196; Indian exports, 
6381 ; natural, 6781, 6782, 6885 ; 
test in cloth, 5599; in textile 
printing, 4501 

— pigment, 871 

— plant, 363 ; gum in India, 2820 
Iiidigolcra, dye plants, 5781 


5421 ; black, recipes, 5366, 5646 ; 
coloured preparation, 5367 ; in 


Iiidigolcra, dye plants, 5781 _ leweljery, o8:>8 

Indirect expenses, in bookkeeping, I»*}ate, in biology, definition, 485 , 

3419 — ideas, iiocke’s regulation, 2013 liiternodes, stem, 170 ; suppression o 

Indirect speech : see Oratio obliqua Innominate, hip-bone, 1708 forming rosettes, 171, 173 

Individual, relation to society, 5245, V'"® Court, fees, etc., 162 Interpretations, Bacon’s argument 

6247 ; welfare of the “ self,” 6247 Inorganic chemistry, 237 ; scope of, 6000 
Individualism, social force, 6533 . 1^5 J see also under Chemistry Interrogation, English grammar, 1471 

Individuality, a case of heredity, 5386 ; Iniiuisitioii, in Spain, 4396, 4397 English pronouns, 60.5 ; Ksperantc 

condition of iiiiiiian progress, Insaliyatioii, process of, 577, 674 5088 ; French, 3500 ; Frond 

6388; transnilssioii to olfspring. Insanity, caused by alcoholism, 681.5 ; pronouns, 2047, 2636; German 

6386; ill study of sociology, 4278 : book on, 5424 ; forms, treatment, 1055; German pronouns, 2488 

wortli to society, 5388 ^261 ; importance in psycliical in Italian, 2046 ; Latin, 603 

Individuation, in woman and man, research, 3665 1470 

4827 Inscribed circle, m geometry, 744 Interval, in music, general account, 273 

Indo-Chlna, geography of, 2972, 2973 7 " m geometry, 1084 2311; in harp playing, 3398 

Indo-Kiiropcan languages, 1771 Insect pests, principles of extermina- pianoforte playing, 1507, 1608 

Indo-Europeans, ethnology, 1790 t ion, 1666, J667, 1668 Intestines, digestion, 075; structure, 57 

Induction coil, invention of, 129 ~ trap, of arum, plate facing 728 Intima of blood-vessels, 953, 955 

Induction, in electricity, 949 ; alternat- Insectivora, characters of. 1493, 1763; Intonation, violin, 2311 ; testing, 2413 

ing, 1357 ; right-hand rule, 1105 development of claws, 1871 ; 'ntra-atoniic energy, meaning of, 36 

— in logic, 5999 ; application to parachuting apparatus, 2037 ; ntra -cellular respiration, 1295 

sociology, 3872; in chemistry,^ swimming apparatus, 2038 ntransitive verb. 608 : German svntax 


22u8; in psychology, 2117, 2118; Integer, mathematics, defined, 546 
in relation to free-will doctrines, Integrator, use in railway iocomotivo. 
2996; relation to will, 2993; 5105 

, , of one sense by anftther, 2258 Intellect, distinguished from mind, 
rules, 608, 755; French, 2924. Ink, 5365 ; in architect’s drawings, 3118; practical relations of judg- 

oAi»A oo,, . orAA 5421; black, recipes, 5366, .5646 ; ment and criticism, 1945; see 

coloured preparation, 5367 ; in also Psychology, lieason, etc. 
engraving, 6112, 648.3 ; kinds, Intensification, photo., 6682 
5365 ; materials for, 5366 ; i)ress Intercepting-charnber, drain, 735, 738 
illustrator’s, 6104 : recipes, 5366, Intercostal muscles, 1300, 1302 ; nerves, 
5367 ; stains, removal of, 2590 ; 1041 

sympathetic, composition, 5985 ; Intercrossing, of species, 1030 
ill technical drawing, 2793; for Interest, in bookkeeping, on deposit 
vellum, 6275 recieipts, 4444 ; adjustment in 

— printer’s, 1037, 5462, 5745; pro- partnership concerns, 2978 

paration, 5367 — in arithmetic, rules, 1127 

— writing. 1037; chemistry and pre- — rates in Rome, ancient, 1334 

paration of, 5366, 5367 Iiilcrference, in physics, 2319, 3229 

Inland Revenue department, typical Interjections, English, 116, 1337 ; 

career, 22.50 ; staff. 2765 French, list, 5229 ; German, 2926. 

Inlaying, cabinet making, 6581, 6583 3789 ; Italian, 6524 ; Spaiiisli, 

in jewellery, 58.58 list and use, 5229 

Innate, in biology, definition, 485 International indebtedness, factors, 3973 


Internodes, stem, 170 ; suppression of, 
forming rosettes, 171 , 173 
Interpretations, Jiacon's argument. 
6000 

Interrogation, English grammar, 1471 ; 
English pronouns, 60.5 ; Esperanto, 
5088 ; French, 3500 ; Froiicli 
pronouns, 2047, 2636 ; German, 
1055 ; German pronouns, 2488 ; 
in Italian, 2046 ; Latin, 603, 
1470 

Interval, in music, general account, 273, 
2311; in harp playing, 3398 ; 
pianoforte playing, 1507, 1508 
Intestines, digestion, 075; structure, 57(5 
Intima of blood-vessels, 953, 955 


— in logic, 6999 ; application to 
sociology, 3872 ; in chemistry, 


401 ; formation in logic, 6007 ; Insects, 3361 ; in agriculture, 1666, 
imperfect, 6000 ; test of, 6003 ; evidence of consciousness, 

— motor, i9(5g : see af«o Three-phase » eyele.sa, 2403; fcxid of 

Indus, river, course, 2563, 2818, 2821 OTn®. 2493 ; forest pests, 4925, 

Industrial assurance, system, 3224 ^^27 ; fossils, 22.54 ; function in 

— careers, employment conditions in plant propagation, 348 ; mem- 

Brltish trades, 2641 2642,, 2656 brane-winged, 3722-3727 ; plants 

— labour, kinds of, 6519 which eat, 507, 508 ; plants, 

— sliarcs, co-operative value, 8484 protection against, 1114; as 

Industrialism, highest end of, 5097; pollen-carriers, 730; societies of, 

compared with militarism, 2393; ^^23; timber, deterioration from, 

prostituted to militarism in Ger- , 

many, superior in U.S.A., 5097 Insertions, infant's garments, 3746 ; for 
Industries, British, shopkeeping, 43 underwear, 3094, 3589 

— origin of, 4516 Inspection-chamber, drain, 734, 735 

Industry, classification, 1 Inspector, Board of Education, 3303 


ntra-cellular respiration, 1295 
ntransitive verb, 608 ; German syntax, 
2t89, 3355 ; see also Verbs 


1667 ; evidence (rf consciousness, ntrospection, in psychology, 2012 

intuition, psychic theory of, 3288 
i Inventions : see Ideas and Patents 

4927 ; fossils, 2-.)4 ; tuuction in nventory, auctioneer’s, 4983 
plant propagation, .148 ; mem- nverse squares, law of, in astronomy, 
" rno^.^ ’ plants 6242; in gravitation, 664; jn 
which eat, o07, o08 ; plants, light, 2435; in sound, 2101 
protection against, 1114; a» Inversions, in harmony, 366, 566, 631 : 

’• see also Bass, figured 

4123 ; timber, deterioration from, Invert sugar, source, preparation, and 


use, 3653, 3705, 4166 


Invertebrates ’ general description, 31 ; 


Inertia, 312 ; Newton’s first law, -424 ; ~ of engineer’s w'orkshop, 3961 


moment of. 1985, 1987 ; in relation — I^omptive, duties, salary, 4601 ghect! 2758 ; ” reserve fund ” 

to oscillation, 3747, 3748 — of nuisances ; Nuisances problem 2883 

Infancy, heredity, and capacity of police, qualification^ salary, 1407 Invoice, as a business contract, 658; 

making Bcquirements, 1586 — railway, wages and duties, 4591 Aling methods. 2270; foreign, 

Infant, clothing. .V44, 3853 ; feeding, — of weights and measures, 787 3083 ; guard book, journal, 2269 ; 

674 ; ^ nursing, 4682 ; open air Inspiration, physiological, analysis of loose-leaf, 6522 ; railway consign- 

exercise, 4683- tear secretion, air in, 1302 ; mechanism of, 1300; ment, .5072, 5073 ; rules, 977 

2400 ; temperature of, 440 through the nose, 2538 — book, function, 778 ; use and 

mortality, 2794, 4528 ; from fer- — psychological, 3184 example, 978 

mented milk, 3535 ; from improper Instinct, biological theories, 1588; Involuntary muscles, human, 1711, i7i2 
feeding, 4681 ; need of medical and health, 2664 ; opposed to Involute, in geometrv, 1413, 1414 

^men, *®74; result of mother’s intellect 1945; relation to emo- Involution, in algebra, definition, 3411 

employment, 4667 ; a social pro- tions, 2694 Iiiwood’s valuation tables, 5162 

•• 1 A ..A Institute of Actuaries, 4729, 4730 Iodine, antiseptic value, 3271 ; from 

infant Samuel, Picture, by Sir Institute of Chartered Accountants, “ caliche,*' 6687 ; chemical proper- 

Joshua Reynolds, 4393 148, 3919. 3920 ties, 1446, 4403 ; from seWeed, 

Infant^, corps, service and pay, 4198 ; Institution of Civil Engineers. 157, 1369; in testing starch, 4567 

*’ T * P* diploma, 458, 574 Iodoform 8271 ; fast for alcohol, 3019 

Infe^on, rMlstsnce to, 6643 Instrumental case, Greek, 6668 Ion, in physics, 3260, 8261, 4022, 4503 ; 


compared with vertebrates, 276 
Inverted commas, use of, 1471 
Investment, general principles of, 3225, 
3482 ; how sliown on balance- 
sheet, 2758 ; ” reserve fund ” 
problem, 2883 

Invoice, as a business contract, 658 ; 
filing methods, 2270 ; foreign, 
3683 ; guard book, journal, 2269 ; 
loose-leaf, 6522 ; railway consign- 
ment, 5072, 5073 ; rules, 977 
— book, function, 778 ; use and 
example, 978 


InteofiWB disease, caused by bacteria, InsulaUon in electricity, 464, 672, 1660 ; 
^ 166 ; in evolution of man, 1029 cables, 6646 • 


Iiiwood’s valuation tables, 5152 
Iodine, antiseptic value, 3271 ; from 
“ caliche,’^ 6587 ; chemical proper- 
ties, 1445, 4403; from seaweed, 
1369 ; in testing starch, 4567 
Iodoform 8271 ; test for alcohol, 3019 
Ion, in physics, 3260, 8261, 4022, 4563 ; 
in gases, 4104, 4690; movement, 
4022, 4663 ; in solutions, 4698 
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Ionic order of architecture, 2035, 2S5B, 
2859 ; Roman, 2032 

Ionic volute, problem, 1413 , 1414 

Ipecacuanha, drug, 6885 

Ireland, afforestation, 4602; agricul- 
ture, 986 ; climate, 984, 985 ; coai- 
flelds, 6304; conmmiiication by 
river,, canal, and rail, 1367 ; educa- 
tional facilities, 483, 1777, 1781, 
3606, 3608 ; farm servants, tvages, 
3001 ; geography of, 984, 1365 ; 
imaginary submergence to 600 ft., 
982, 983 ; industries, 1025, 1365 ; 
local government, 317 ; mortality 
statistics, 2662 ; police forces, 
1406, 1409; provinces, 1365; 

triangulation survey, 1145 ; univer- 
sities, 483, 1782 

— liistory of, to conquest by Henry II. 

of England, 2008 ; Robert Bruce 
crowned, 3075 ; Richard It., 
3250 ; rebellions in Elizabeth’s 
reign, 3999; Janies II. ’s cam- 
paign, 4842 ; rebellion of 1798, 
5973 ; famine (1846), 6691 

TridHun, chemistry of, 1446; melting 
point, 3837 : nee also Osiiiiridium 

Iris, of eye, anatomy, 2400, 2401, 2952 

— garden culture, 6489, 6490 

— order, elasaiflcation, 355 

Irish, high ideal of parentage, 4665 
’ language (Erse), classification, 1771 
moss, habitat, use, 3491, 6885 

Irish Sea, geology of inlets, 1354 
stew, cooking, 1737 

Iron, account of, 231-236, 1044, 4464 ; 
analysis of, 4413; in art metal 
work, 5687, 5689 ; barfling, 6577 ; 
bowling, process, 4636 ; in bridge 
building, 2498 ; blowing, in steel 
production, 1907 ; blueing, 6573 ; 
cast, casting : see below ; chemistry 
of, 1044, 1045, 4466 ; conductivity, 
1397, 3839 ; corrosion, 6571 ; 

crystals in, 3838 ; distribution, 
3771 ; distribution in (Ireat Britain, 
987, 988 ; early history of use, 
4465 ; in earth’s crust, x'roportion, 
239, 624 ; electric refining furnace, 
5757, 5758 ; electric resistance, 
672 ; electro-plating, 3421 ; ex- 
traction, 1044, 5757 ; food of 
plants, 167 ; Erench manufacture, 
1681; graphite moulds, 1157 ; in 
human body, 438 ; lamination, 
3108 ; latent heat, 1740 ; in living 
matter, 1046 ; magnet, 559 ; 
magnetic dexmsits, 5306 ; mag- 
netisation, 6245 ; malleable, struc- 
ture of, casting, 3938 ; plate 
joUowing 3936 ; manganese in 
working, 362 ; melting-point, 3837; 
mining, 2847, 2848; occurrence, 
624, 839, 5757 ; painting, 5834 ; 
physical properties, 1396, 3837, 
4464 ; pig : see below \ properties, 

4464 ; proportion in earth’s crust, 
239, 624 ; puddled, hammering 
and rolling, 4637 ; n'carburisation, 
5014, 5015 ; reduction methods, 
4466, 5753 ; refining processes, 

4465 ; electric, 5758 ; reheating, 
4638; rustless, 1332; iu ship- 
building, advantages and dis- 
advantages, 5260 ; smelting in- 
dnsiry, .5306 ; smithing, 5687, 
5689 ; in smiths’ work, 3108, 
5687, 5689 ; compared with stwl, 
2022, 2983 : in sun’s .spectra, 
4136 ; tensile strength compared 
with nickel, 5901 ; test, 4409 ; weld- 
ing, 2990, 6453 ; world’s supply, 
6306 

— *' building-ln ” brickwork, 2513 

— cast, 231-236, 4464 ; aluminium in, 

5993 ; in art mctal-work, 5689 ; 
in building construction, 1454; 
cheapness, 206; chilled, 235; 
components, 3938 ; compre8.sion 
tests, 1392, 1394 ; contraction in 
cooling, 1397, 2342; how indi- 
cated, 2792 ; friction data, 969; 
fusing point, 5981 ; " head ” 

casting, 1404; malleable, 235, 
1394, 4465, 5998 ; and manganese, 
362 ; manufacture, 1044 ; in 


pat tern -making, 2456 ; paper manu- 
facture, 5319 ; resistance to stresses, 
208 ; soldering, 6459 ; strength 
statistics, 1393, 1396; sulphur, 
phus(>horus and manganese in, 
1044; testing, 1394; variations in 
strength, 211 ; varieties, 236 
Iron, corrugated, 359, 2998 

— founding, cupola hirnaces, 2862 

— foundry, 2866, 2867 

— galvanised, 359, 6168 

— ores, analysis, 4415 ; eonipositlon, 

table, 4460 ; Cumberland dei)()sits, 
2379 : distribution and varieties, 
231, 5306 ; iron percentage, 3835 ; 
reduetion, 232-236, 4466, 5753 ; 
world’s production, 5307 

— oxide, paint, y>36, 3942 

— oxides, eompe^ition. 4466 ; distribu- 

tion, 231 ; composition. 767 

— phosphates, in elay, 1179 

— i)ig, Bessemer, 4907 ; German 

varieties, 4465 ; grey, phosphoric, 
composition, 4910; x)roduetion, 
4466 ; in steel manufaeture, 5013 ; 
varieties, 4464 

— pyrites, eoinposition, 768, 840, 

1014, 4466; in Oxford elay, 
1279; in sulpliurie acid manufac- 
ture, 1287, 4625 ; typical specimen, 
plate lacing 1345 ; use, 5306 

— sulphate : see Eerrou« sulphate 

— wrought, 2.31 ; aluniiiiiiim in, 5092 ; 

in art metal-wcrk, 5688 ; Bessemer 
process, 1045 ; in building, 1454 ; 
et)nii)osition and i)roi)erties. 3938, 
446.5 ; cold-short edness. 362 ; com- 
pressive strengtli, 1392 ; finery 
method of production, 46:J5 ; fric- 
tion data, 059 ; magnet, 560 ; 
manganese in, 362 ; n»aimfaeture, 
1044, 4635 ; puddling, 46:15, 4636 ; 
source, welding, 5688 ; specific 
gravity, 790, 1306; strength, 

1391-1393, 1:106, 1307 
Iron founders, employment, 2645 
Ironing, laundry, 2476, 2910, 2066, 
2967 

Ironmonger, business of, 47, 3572 
Ironplate workers, emxdoyment, 2647 
Irons, in bootmaking, 4018, 4140; in 
dress, 1.5.53: in tailoring, 1110; 
laundry, 2476, 2477 ; milliner’s, 
4565 ; shotmiakilig. 3875, 3876 
Ironsides, Croinw’eirs, 4553 
Ironstone, Iron ore, 231, 4466 ; w'orking, 
2848, 3771 

— miners. emjJoynient conditions, 2642 
Ironwood, strength of timber, 1260 
Ironwork, books t)n, 2764 ; builder’s 

structural, 5791, 5793, 5704, 

5795 ; (»rnan)ental building, kinds, 
5795, 5796 : see also Art metal- 
work ; ill earpentry, 3543, 3516; 
ugliness, 5688 

Irregular figures, in geometry, 12.52 
Irrelevant conclusion, in logic. 6100 
irrigation, 5843 ; agricultural, 1379 ; 
Babylonian system, 17 ; in early 
Egypt, 420 : Egyptian methods, 
:H51 ; in India, 2818; methods 
of, 4407 

Irritability, property of protoplasm, 276 
Irving, Washington, essayist, 3781 
Isinglass, from sturgeon, uses, 811, 
5300 

Isis, goddess, in Egyptian religion, 420 
Island, geographical definition, 460 
Island of rheil, in eerebruni, 2146 
Isobars, 300; of the w'orld, 297; vi 
British Isles, 985 
Isoclinic lines, definition, 4246 
Isochronous oscillations, 2017 
Isogonic lines, definition, 4216 
Isolalion, in evolution theory, 1030 
Isomeri.sm, in chemistry, 3141 
Isoprene, sources, use, 5311, 5,31 2 
Isosceles triangle, 404 ; definition, 4330 
Isothermal lines, of gases, 1806 
Isotherms, Asiatic, 2564, 2565 ; of 
British Isles, 985 ; of Europe, 
853 ; of Germany, 1974 ; meaning 
and uses, 297, 300 ; North 

America, 4064 ; of the world, 297 
Israelites, iii.story to Babylonian cap- 
tivity, 665 ; slavery in Egypt, 421 


Italian language, English importations, 
1770 ; idiomatic expressions, 4793 ; 
idioms with regular verbs, 3643 ; 
Latin and Greek root words, 6810 ; 
proimnclafion, 2043 ; tourist vo- 
cabulary, 1957 ; translation 
charges, 1920 ; traveller’s phrases, 
1957 ; titles of address, 6524 

— sixth, in harmony, 567 

— wareliouscnian, trade merged in 

grocer’s, 3041 

Italy, beer consumption, 3377 ; biblio- 
graphy, tourist’s, 948 ; climate and 
travel, 394 ; coins, w’clghts and 
measures, modern, 410 ; economic 
conditions, 5823 ; geography, 
2230; map, 2231; Gothic archi- 
tecture, 33/5, 3376 ; (iothic art, 
3518; Greek remains, 2859; 
l)opulation, 628 ; liomanesque 
architecture, 3231 ; silk industry, 
582 ; touring direct ions, 047 ; trade, 
5650, 5823 

— history, after Roman Empire, 2354 ; 

to riiiith century, 2945 ; in Middle 
Ages, 4320 ; 1529 to 1900, 6303 

— literature, 3780 ; influence on 

( haueer. 325 ; influence on English 
fiction, 2962 ; mmlern, 3781 
Item in hot-air systems, 1808 
Ivan II., Ill,, and IV. of Russia, 0200 
Ivory black, iiigmcnt, 812, 871, 1167 
Ivory, 6886; carving, 3518, 6299; 
Gougoexjmrts, 3583, .5380 ; dyeing, 
6767 ; fans, manufacture, 6300 ; 
imitation, 6299 ; for penknives, 
5474 ; of razor, manufacture, 
5478 ; sources and countries pro- 
ducing, 3583, 5121, 6299 ; sxicnifle 
gravity, 1704; substitutes, 6299; 
varieties, uses, 811 

— of teeth : see Dentine 

— vegetable : see Vegetable ivory 
Ivy, 353 ; growth, 504, 505 ; leaf 

mosaic, 505, 506 

JACK, liydraiilic, 1220, 5677, 5679 
Jack plane, use, 3385, 3387, 3756 

— telephone, arrangement, use, 5880 
Jackdaw, 2210, 2495 

Jacket, combing, 3591 ; man’s lounge, 
2752, 2753 ; sacque, 2470 
Jacquard, of looms, 4979, 4980 

— loom, 224, 3684, 3685 

-- textile machine, 3909, 3911, 8912 
Jalap, uses, 6886 

Jam, adulteration, 3718 ; making, 
4846 ; preservatives, 4847 
Jamaica, geography of, 4178 
Jambs, in building, bonding, 2784 ; 
window, 1949. 1950 ; quantity 

surveying, 6509, 6510 
James I., of England, reign, 4551 
.fames II., of England, reign, deposi- 
tion, 4841 ; Iri.sh campaign, 4842 
James, Henry, novelist, 378t) 

James, Brof. Wm., on acquisition of 
physical habit, 3183 ; on cases of 
imlomitablc will,” 2993 ; on 
conception, 2804 ; on emotion, 
2605 ; on habit and memory, 
2250 ; on pragmatism, 6470 
January, origin of name, 1182 
Japan, ancestor worship and family 
life, 4665 ; art training, 341 ; 
coalfields, 3161, 5650; coins, 

weights and measures, 410 ; cartli- 
qu.ikes, 1208; economic condition, 
5(550 ; geography, 3158 ; history, 
6601; increase of trades, 1150; 
landscape painting, 4302; popu- 
lation, 628; trade, 5379, 5659; 
trade with G.S., 5661 
wax, properties, use, 1033, 4835 
Japanese, art, brush drawing, 113; 
industrial skill, 3161 ; skull measure- 
ment, 1785 ; language, note on 
structure, 1789 ; stencilling, 5977 
Japanese leather papers, wall, 5828 
Japanners’ gold size, painters’, 5832 
Jargoons, precious stones 5852, 6853, 
5855, 6738 : see also /dreons 
Jurrah, 6886, acreage, W. AirAralia, 
;1235, 4658 ; timber, 57, 1261 
Jasmine, perfume extraction, 4969 

— cultivation, 6322 
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Jasper, precious stone, 5855, 6738 
Jaundice, 5842, 6038 ; remedies, 6038 
Java, coins, wcigiits and measures, 409 ; 

geography, 3161 ; nasal index, 1786 
Java sparrow, classillcation, 2200 
Jaw, of artltropod and backboned 
animals, 3361 ; as basis of anthro- 
pologicai classification, 1786 

— human, bones of, 1604, U05 ; condyle 

of, 577, 578 ; joint of bones, 1709 ; 
modelling, 1511 ; in singing, 6049 

— teeth cutting, 676 

Jaw, shearing machine frame, 4204 
“ Jaw crusher,” in building, 1682 
Jay, classification, 2210 
J eating, term in tailoring, 2874, 2875 
Jeffrey, Francis, Lord, statesman and 
litterateur, 2300 
Jeffreys, Judge, c-areer, 4841 
Jejunum, human, 576', 57.9, 580 
Jellies, fruit, kinds, manufacture, 4848 
Jelly-fish, 4083 ; description, 4086 
Jerboa, development of limbs, 1871 
Jerrold, Douglas, author, 1152, 3439 
Jerse^,^ ^Channel Is., 1367 ; liistory, 

Jersey, cattle, descripiion, 3667 
Jerusalem, captured by ^Icbucliad- 
nezzar, 667 ; the Crusades, 2674 ; 
taken by Titus, 1040 
Jerusalem articliokes, la creme, 2127 
Jet, 5856, 6886 

Jettison, in marine insurance, 4854 
Jetty, timber construction, 1453, 1454 
Jewel water filtration system, 4099 
Jeweller’s tofds, 6857 
Jewellers, business of, 47, 3732 ; com- 
bined with watctimakcrs’, 5788 ; 
employment conditions. 2647 ; sil- 
ver and electroplate department, 
5223 

Jewellery, 5858 ; books on, 5860 ; 
centres of production, 5856 ; hall- 
marking, 5860 ; hand and machine 
made, 5860 ; nations productive 
of best. 5521 

Jewels, goldsmithing, 5687, 6688, 5858 
Jewish ministry, 6602 
Jews, ancient art, 2660; continuity 
of race and family life, 4664 ; 
in England during William I.'s 
reign, 1060 ; ethnology, 1790 ; 
Hadrian’s attempt to suppress, 
2069 ; history of, 665 ; regard for 
parents, 4665 ; rising under Ves- 
pasian and Titus, 1940 ; in 
England in Middle Ages, 1 46 
Jib, of crane, 542 ; cast iron, 544 
-r cranes, in foundries, 2866 

— forces acting on, 416 
■—timber, 4044, 4645 
Jibboom, sending out and in, 6409 
Jig, in workshop practice, 3634 
Jigger, hydraulic, 5676, 6677 

— dyeing machine, 6368, 6370 

— in wireless telegraphy, 3895, 3897 
Jiggermast of sailing ship, 5399 
Joan of Arc, 3461 ; death, 715 
Jobmasters, business of, 4189; trade 

with undertakers, 5785 
Jockey club, perfume, recipe, 4972 
Joggle, use in carpentry, 3643, 3547 ; 
in building arch, 2781, 2783 ; 
cement, ,W35, 3037 ; secret, of 
joint, 3143 ; use in staging, 1173, 
1176 

Joggling, in masonry, 3035, 3038 
John, King of England, 2914 
John II., King of France, 3076 
John Dory, fish, shape of body, 3069 
Jolm of Daunt, patron of Chaucer, 326 ; 

stewardship, 3076, 3249 
Johnson, Dr. Samuel, biography, 
1150 ; criticism of the Chesterfield 
** Letters,” 2139, 2140 ; dramatic 
work, 1150; on health, 2664; 
on poetry, 304 ; on reading, 106 ; 

” Basselas,” 3132 

Joiners as undertakers, 5786 ; employ- 
ment conditions, 2B43 
Joine^, books on, 6349 ; building up, 
6296, 6299 ; cases, 5293 ; chamfers, 
6179, 6181 ; compared with cabinet 
making, 0579 ; curved work, 6295, 
5296 ; detail drawings, 6690, 6698 ; 
dbeawinga on rod, 5094, 5696 ; 


position of, 2514, 5181, 5182, 5183 ; 
joints : Joints ; marking out, 

5298 , 5299 ; panelled frames, 5293, 
52^6 ; quantity surveying, 6613 ; 
scope of modern, 5179 ; screws 
used in, 5294, 5295 ; splayed work, 
5296, 5297, 5299 ; timber used in, 
54 

Joint, rule, of flap table, 6588, 6589 
Joint-boards, in moulding, 2540 
Jointed-limbed animals, 3361 
Jointer, use, 3385 
Jointing, in pattern-making, 2456 
Joints, brazing, 3884 ; cottered, 3133 
8689, 8890 ; engineer’s copper- 
smithing, 3887, 3888 ; flush, 3884, 
3885 ; hydraulic test, 3964 ; in 
railway construction, 3607 ; sock- 
eted, 3884, 3885 ; soldering, 3884 ; 
in staging, 1175, 1176 ; in steam 
and hydraulic work, 3694 ; stone- 
ware sewer pipe, 4460, 4461, 4462 ; 
varieties and construction, in 
drawing, 5351, 5352 

— in carpentry, 3843, 4042 ; clamp, use 

in bridges, 4642, 4643 ; cogged, 

4042, 4043, 4044, 4115, 4116; 

doubled- notehed, 4043, 4044 ; 

dowelied, 3845, 3847 ; edge, 3844, 
3845, .3846; fished, 4115 ; glued, 
3844, 3845, 3846; half-lap, 4039, 
4041, 4111, 4112 ; in heavy car- 
pentry, 4/ 77-4/ /6* ; housed, 4042, 

4043, 4044 ; mitre, 4111, 4112, 
5296 ; mitred elbow, 5629, 5630 ; 
nailed. 3843, 3844 ; notched, 4043, 
4044 ; recessed, 4042, 4043 ; roruu 
partitions, 4448; scarfed, 47 75, 
4116; screwed, 3843; square, 
4115, 4116 ; stepped, 4043, 4044 ; 
stub-tenon, use in uniting timbers, 
4642, 4643; tenon, 4089, 4041, 
5293 ; tengued, 3846, 3847, 5293 ; 
trimming, 3848 ; wall plate, 4248, 
4249 

— geological, 1924 ; coast erosion, 

1813 ; in igneous rocks, 2066 ; in 
mining, 2377 

— human, 1709, 1710 ; leverage, 1797 

— in joinery, halving, 5294, 5295 ; 

hammer-headed key, 5181, 5182 ; 
in ringed woodwork, 5296, 5298 ; 
secret fixing, 5295. 5296 ; scribed, 
5 183 ; splayed and tongned, 5296, 
5299 

— in masonry, 2267, 2268 ; galleting, 

3036 ; heading, of masonry dome, 
3146 ; horizontal, 2168 ; Joggled, 
2388, 2783, 3038 ; mason’s, 3036 ; 
mortar, of rubble work, 3036 ; 
rebating, 3039 ; saddle-back, 3035, 
3039; straight, 2168, 2172; 

strengthening, 3038 ; sunk, formed 
by rebate, 2842, 3035; tabling, 
3038 ; V-form, 3035, 3036 ; vertical, 
2168, 3144; voiissolr, 2842, 3036 

— in moulding, 2337, 2339 ; open, 

2454, 2455 ; plane and non-plane, 
2111, 2113, 2114 

— in plumbing, 5032, 5627-5633 ; 

flushing up, 2262; lead burning, 
5032 ; wiped, 5627, 5629, 5630 

— in roof work, 4248, 4249, 4758 ; 

in purlins, 4251, 4252 ; rolled type, 
5051 

— Bee also Joinery 

Joint-stock companies: see Limited 
companies 

Joist section, in girders, 544 ; in 
plating shop, 3096, 3108 
Joism, ceiling, use, 4445, 4447 

— floor, 4446, 4446, 4447 ; use with 

concrete, 334; underpinning, 918 
Jollying, pottery manufacture, 6233, 
5235 

Jones, Inigo, architect, 3946 
Jonson, Ben, 845, 847, 849 ; import- 
ance as prose- writer, 1042 ; in- 
fluence of Lyly, 2963 
Jonval turbine, 1689, 1692 
Jordaens, Jacob, painter, 3948 
Josephus, historian, translation, 2141 
Joul^ energy measuring experiment, 
289 ; on magnetic sound, 4245 
Joule’s law of eleotfio heating, 3030 


Journal, bookkeeping, 079, 1467 : bad 
debt entries, 1568 ; compared with 
ledger, 1750; hotel bookkeeping, 
3568 ; and invoice guard book, 
2270 ; of limited company, 3187 ; 
old and new methods compared, 
1864 ; and petty cash book, 2201 ; 
relation to cash account and stock- 
taking, 2419 

— box : Bee Axles 

— design, 3137 ; axle-boxes, 3265 
Journalese style, instances, 4578 
Journalism, 162, 3810 ; choice of 

subjects, 4672; conditions, 3976, 
4672 ; early English papers, 2142 
earnestness, value of, 4581 ; eigh 
teenth century, 1901 ; free-lance 
career, 4671 ; ideal contributors 
4674 ; importance in literature, 
2308 ; incomes, 4676 ; missiofi 
of, 4820 ; newspaper editor, 4429 * 
newspaper, training for, 4681 
4674, 4675 ; relation to literature 
power of, 3810 ; preparation for 
3974 ; realities, interest of, 4673 ; 
rejected articles, 4674 ; relation to 
literature, 2685, 3559, 4232 ; 

women’s career, 322, 4875 ; writing 
for the Press, 4577 

Journalist, 3074, 4820 ; appeal to the 
public, 4581 ; books indispensable 
to, 4819 ; character and career, 
3810 ; collection of newspaper cut- 
tings, 4815 ; education, 3976 ; free- 
lance, 4671 ; organisation of know- 
ledge, 4815 ; in reporting experi- 
ence, 4190; system of work, 4815 
Journeyman, definition and work, 147 
Judah, kingdom of, history, 667 
Judgeship.'?, 6748 

Judgment, importance in life, 1945 
Jug, manufaciiire, 5233, 5235 
Jugular vein, 1195, 1190 
Julian calendar, explained, 226 
Julius Cnesar : Bee Ctesar, Gains Julius 
Jumped up, in iron-working, 235, 3108 
Jumper, in blasting, 2.584 

— little boy’s, drafting, 4355, 4356 

— mason’s tool, 532, 2837, 2838 
Jumping, physiological account, 1800 
Jumping-shrew, 1871 

Junction sections, telephone, 6881 ; 

apparatus, 6077-6080 
Jungfrau, 1838, railway, 131, 3816 
Juniper, 503, 6886 
Junk ring, engine piston, 4424, 4425 
Jupiter, moons, 2494; and nebular 
hypothesis, 620 ; satellites, eclipses, 
6404 ; in solar system, 11, 6702 
Jura Mountains, 1973 ; rocks, 2254 
Jurassic period, 2067 ; British Isles sub- 
mergence, 1817 ; rocks, 2254 
Jussive, subjunctive in Latin, 1183 
Justice, the end of the state, 5534 ; 

sociological and moral idea, 4275 
Jute, 6886; fibres, 68, 69, 718, 719, 
1026, 1389 ; carding, 1886 ; as 
carpet warp, 3991 ; dyeing, 5638 ; 
manufacture, 719, 1026, 1168, 1389, 
2100, 4345 ; microscopic structure, 
821, 822 ; sizing, 3491 ; sliver, 
1028 ; source, countries, import- 
ing, 5118; spinning, 2298, 2445; 
substitute fibres, 818; warping, 
in weaving, 3489 : yam count 
tables, 2896 

Jutland, Denmark, description, 1562 

KABUL, Afghanistan, 2817 
Kaffirs, ethnology, 1790 ; as labourers, 
6630; occtipations, 8580 
Kainite, as manure, composition, 690, 
6585, 5586 ; characters, 6739 
Kainozoic period, in biology, 1177 
Kalahari, desert, 626, 3586 
Kale, 1198 ; cows’ food, 3801 
Kaluga, fur of, 6427 
Eamak, temple of, 2619, 2522, 2523 
Kamala, In dyeing, 5907 
Kamptulicon, 1026, 1166, 5310 
Kandy, Ceylon, 2972 
Kangaroo, fur of, 6427 ; group, 1493 ; 
as pollen-carriere, 730 ; means of 
progression, 1870 

Kanghi, plant, distribution, fibre, 619 
Kansas, state, geography, 4174 
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Eftnt, Immanuel, his critical philo> 
sophy," 6255, 6256 ; genius 

inherited by society, 5388 ; nebular 
hypothesis, 0259; philosophy of, 
2013 ; Uieory of sciences, 30 ; space 
theory criticised, 2119, 2120 
Kaolin, characters, 6739 ; composition, 
1279. 5308, 5088 ; uses, 5100, 5308 
Kapok, floss, development and trade, 
817 ; in upholstery, 0716 
Karachi, India, 2821, 5381 
Karroos, Great and Little, 3584, 5660 
Kashmir goat, hair, 5119 
Kataboiism, of human body, 437, 430, 
2661 ; of men and women, 4827 ; 
variation, 3016 

Kathode, in electricity, 460, 3260 

— rays, discovery, properties, 4090, 

4103 

Kathion, in electricity, 3260, 4563 ; 

direction in electrolysis, 4022 
Kauri gum, 810, 1034, 5123, 5147 

— plncj, 6886; timber, 56, 1260, 1393, 

Keating’s cement, manufacture, 648 
Keats, John, poet, 1309 ; “ Letters,” 
2787; Shelley’s ** Adonais,” 1308 
Keel, bat’s breast-bone, 2038 

— of ship, 5609, 5610 ; laying, 5736 ; 

plating, 5740 

— bar, of sailing ship, 5400, 5736 

— block, 834 ; laying, 5735, 5736 
Keelsons, of sailing snip, 5400, 5401 ; 

drawing, 5615, 5616 
Keene's cement, 648, 1332 
Keep, axle-box, 3265 
Kelp, iodine from, 1369, 1446 
Kelt: see Celt 

Kelvin, Lord, absolute temperature 
scale, 1560 ; on atomic size, 
2028; on earth’s duration, 2027 ; 
energy dissipation theory, 1298; 
” ex nihilo nihil ” proof, 34 ; 
on ether-vortex theory, 936 ; 
mariner’s compass, 4246 
Kemps, of wools, dyeing, 5640 
Kennedy’s tube-bending machine, 5328 
Kent sheep, 2362, 2367 

— slab, Are-resisting material, 4760 
Kentish rag, 533 ; in masonry, 1452 
Kentledge, use in balancing crane, 

1 176 ; for cylinder sinking, 6495 
Kep, in mining, use, 3305, 3766 
Kepnir, 3536 ; preparation, 6441 
Kepler, John, life and discoveries, 602 ; 
laws of planetary motion, 2298, 
6241, 6242 ; telescope, 2949 
Keratin, albuminoid principle, 811, 1420 
Kerb stones, quarrying, 2955 
Kerbing, granite, 3214 ; overflow 
gullies, 2324, 2325 ; laying specifica- 
tion, 2327 ; marble, 3246 
Kerosene, 6148; production, 1164, 
6147 ; purification, 6147 
Kerry cattle, 2240, 3667, 3670 ; cross 
breeding, 2236, 2237- 
Kestrel, classification, 2213 
Ketch, type of rig, 5398, 6399 
Ketones, tertiary alchohols, 3142; re- 
lation to aldehydes, 3270 
Kettle drum, construction, compass, 
use, 5565 ; tuning, 5565 ; in 
orchestra, 5566, 5733, 5888 
Key, in tightening Joints, 4115, 4116 

— engineers’, 3003, 3007, 3008 

— fitting, 3687, 3688 

— of flute, 4669 

— In harmonium playing, 4179, 1180 

— In mechanical engineering, 831 

— in music, 2312 ; signature, 272 ; in 

tonic sol-fa, 805, 922 : see also 
Transposition 

— organ action, 3857 ; manual and 

pedal, 3862 

— planoMe, 1210 

— railway construction, 3430, 3431 

— structural ironwork, 5792, 5793 

— of ‘•’winged ” fruits, 911, 912 
Keyboard, of musical instrument, 1059 

— of organ, 3858 ; pedal, 3859 

— perforators, telegraphic, 5392, 5393 

— of pianoforte, 1210 

— telephonic arrangement, 5880, 5881 

— of t^ewrlter, 1527, 1529 
Key grooving, of shafts, 3403 
Key>seater machines, 3403, 5209 


Keyhole saw, use, 3385 5180, 5181 
Keying, in launching ships, 5923, 5924 

— in plastering, 5500 

— in sculpture, 1509 
Keynote, in music, 273 
Keystone of arch, 2762, 3039, 3144 
Keyway cutters, key-stmling, 3403 
Khasi Hills, 2972 ; rainfall. 2818, 4494 
Kiauchow, German port, 5658 
Kibble, use, 3190, 3305, 3307, 3457 
Kidderminster carpets, design, 3300 
Kidney cotton, length of staple, 386 
Kidney iron ore, 231 ; characters, 6739 

— vetch, 940 ; see also Vetch 
Kidneys, human, structure, 1602, 1603 
Kidneys ft la niaitre d’hdtel, 1737 
Kief, Russia. 1524 ; industries, 2408 
Kier, in “ wetting out ” cotton, 6197 
Kicsclguhr, in dynamite making, 3272, 

6761 ; in water filtration, 4100 
Kieserite, Stassfurt deposit, 5585, 6739 
Killarney, Lakes, 1366 
Killlgrew, Thomas, dramatist, 1149 
Kiln, brickmaking, 643, 645, 1278, 
1283, 1284 

— cement making, 647, 648, 1581, 

1728, 7729, 1730 

— char revivifying, 4452 

— iron smelting, 231 

— lime burning, types, 1456, 4161, 1164 

— muffle, in firing pottery, 5381, 5385 

— ore roasting, 3771 

— revivifying, in glucose manufacture, 

45.58 


— rotary, cement burning, 1728, 7731- 

1733, 1853-1858 

— terra-cotta manufacture, 5778 
Kilowatt, unit of electric power, 290 
Kilow'att hour, 291, 292, 2812 

Kilt, little boy’s, 4196 ; origin of Scot- 
tish, 69 

Kilting, in dressmaking, quantities of 
materials, 187; lace, ribbon, etc., 
making, 5620 

Kimrneridge shale, oil yield, 8151 
Kimono, infant’s, 3590, 3745, 3855 
Kindergarten teachers, women, train- 
ing and prospects, 323 
Kinematics, 422 : see also Kinetics 
Kinetic energy, in physi<*8, 290, 315, 
4133; of flywheels, 2018, 2020; 
human, and cerebro-spinal system, 
1941 ; molecular, in physiology, 
438 ; pciidnliim and spring, 3748 

— friction, defined, 958 

— stability, defined, 553 

— theory of gases, in physics, 1267 
of mind, 2115 

Kinetics, 422 : see also Dynamics 
King bolt, of roof truss, 4251, 4253 
King ebaiidron, shaft sinking, 3460, 3641 
King crab, classification, 3361, 3806 

— leg, of derrick staging, 1176 

— post, in r(K)f truss, 4250, 4251, 4252 ; 

ironwork of, 5792, 5793 

— roof, construction, 4247, 4249-4251 

— truss, 2446, 2447, 2497, 2199, 4249 
King’s scholarship cxamimition, 164 
King’s touch, auto-suggestion, 3663 
King’s yellow, nmmifactnrc, 5144 
Kingdom, in natural science, 380 
Kingfisher, description, 2211, plate fnc- 

ing 2209 ; food, 2493 ; nest, 2507 
Kingsley, riiarles, divine and novelist, 
3141 ; poems, 1438 
Kipling, Riulyard, novelist, 3557 ; 
poet, 1438 

Kippers, preserving, 5316 
Kirkcaldy, inilustry, 1066 ; shipping 
tonnage (1904), 6005 
Kitasatos porous tubes, 5765 
Kitchen, aspect of, 2131 ; care of, 
1002 ; utensils for, 1225 

— garden, proportion, aspect, 6205 

— maid, duties, 1003 

— range, management, 1220 

Kiwi, 2213, 2214 ; beak and nostrils, 
2494 


Kjedahl flasks, glue analysis, 5360 , 5362 
Klein laboratory filter, 5766 
Knapweed, perennial vreed, 1378 
Knee, of horse, 1870 
Knee, human, bones, 1708, 1709 
Knee-jerk, psychological account, 2994 
Knee-room, of motor-cars, 2557 ; of 
railway cars, 2556 


Knee-swell, in American organ, 3952 
Knickers, for boy’s suit, 1461, 1752 ; 
infant’s first, drafting, 3856 ; 
little boy’s suit, 1289, 1291, 4196, 
4357 ; school boy’s, 1551, 1552 

— underclothing, 3173, 3474 
Knife roller gin, cotton, 390 

Knitted fabrics, hand made, 4619, 
4620 

Knitting, 4620, 4621; hand. 4619; 
ribbing machine, 4621 

— frame, 4620, 4622, 4763, 4764 
Knives, basket-making, 5489 

— currier’s, 3219 

— flint, early Egyptian, 2519 

— jdasterer’s, 5497 

— plumber’s, 5029, 5030 

— scrieve, use, 5616 

— shoemaker’s, use, 3875, 3877 

— for sole cutting, 4540 

— table, manufacture, 5475, 5476 

— wood cutting, 4582, 4583 
Knopping, in textile manufacture, 2594 
Knotgrass, 880, 1378 

Knots, sailor's, kinds, 6406, 6407 

— in timber, 52, 3540, 3541, 4445 
Knotters, in naperniaking, 0398 ' 
Knotting, in house painting, 5834 

” Know Tliyself,” origin of the phrase. 
2012 

Knowledge, compared \rith belief, 28 ; 
criticism and science of, 6254, 6256 ; 
its llmlt-alions, 6256 ; Bcloiitiflc, 
rapid growth, 2553 

Knowles, .1. Sheridan, dramatist, 1161 
Knub, waste silk, 584 
Knuckle, joint, human, 1710 
Kohl-rabl, description, 942, 944 ; as 
live-stock food, 2704, 2906 
Kola nut, 3154, 4962, 6888 
Kolinski, fur and skins, 6427, 6430; 

' hair, for brushes, 6106, 6109 
Kominor, ball mill, 1583, 1853 
Koran, the, teaching of, 2243 ; Sale’s 
translation, 2141 

Korea, geography, 2977, 5659 ; language 
structure, 1789 ; history, 6694 
Kotyra, telegraphic .system, 5392, 5393 
Koumiss, production, 2880, 3653, 6441 
" Kraft ” paper, manufacture, 6401 
Krakatea, Mount, eruption, 1200, 1207 ; 

sunset effects, 3729 
Kronstadt, fort and port, 1524, 2408 
Kriipp, armour plate, 4750, 5984 
Kryptol, electric heater, 3031 
Kryogenes, dye, preparation, 5953 
Krypton, element, 401, 1296; in 

periodic system, 1446 ; possible 
cause of Aurora Borealis, 2027 
Kublai Khun, Mongol ruler, 218 
Kupferniekel, nickel ore, 5982 
Kuro Siwo, marine current, couraO) 
558 

Kurds, ethnology, 1790 
Kwangsi, province, China, 2976 
Kweidun mountains, China, 2502, 2974 


L. abbreviation in botany, 136 
L, in shorthand, 580, 837 
J.U FlOche, fowl, w’cight of egg, 5873 
La Plata, river, eo\irse, 4284, 4286 
” L’Allegro” (Milton), 991, 995 
Label, adhesive, gumming, 810 
T.abLals, in grammar, 122 
Labium, cockroach, 3363 
Laboratory, cheniiea!, description, 01 
Labour, civil euRiue<jring, 0629, 6630; 
efficiency of, factory expenses, 
6642; efficient, promotion of, 
6519 ; organisation, 6519 ; Oriental, 
6630; the three ends of, ,5096; 
unproductive, in production, cost, 
6642 ; unskilled, classes, 6629 ; 
waste by militarism, 6097 

— manager, duties, 6519 

— master, workliouse, 1928 
T.ab()ur-savlng machinery, beneficial 

effects, 6518 ; in factories, 6644 
Labourers, building, 307 ; farm, wages, 
2999 ; harvesting, 1666 ; London, 
4528 


Labourers Acts, in Ireland, 3002 
Labrum. cockroach, 3363 
Labyrinthodon, fossil footprints, 1817 
Lac resins, source and colour, 1036, 
6121, 5147 ; use in varnish, 5835 
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Lacp, 4877, 4980 ; guipure, 4980 ; 
hand-made. 4870 ; history of in- 
dustry, 224 ; imitation, 4878 ; 
knitting frame, 4879 ; • lappets, 
5021 ; machine-made. 4763, 4878 ; 
making, 4877, 4980 ; in millinery, 
5620, 5621 ; pillow, 4877 ; point, 
4877 ; in underwear trimming, 
3094 ; in vehicle trimming, 3624 ; 
washing and ironing, 2911 ; weav- 
ing and ornament, 3156, 3157 
Lacewing, 3365, 3366 ; plate facing 3361 
Lachrymal bone, human, 1604, 1605 

— gland, of eye, 2400, 2401 
Lacing stitch, milliner's, 4565, 4566 
Lacquer, 5148, 6373 ; Japanese, 6576 ; 

removal from brass, 3421 ; in 
varnishes, 5835 
Lacquering processes, 6573 
J^acteal, 1196; fat digestion, 676 
Lactic acid, 3534, 4782 ; in milk, 4036 
Lactometer, use, 798, 4034, 4038 
Lactose, 3534, 3653 ; properties, 3706 
Lacuna, in bone, 435, 436 
Ladbroke, landscape painting, 4301 
Ladder, fire escape, 2463, 6841, 6842 

— in scaffolding, 1 172 

“ Ladder of Learning," opiiortiinities 
for girls, 3505 

Ladle, in foundry work, 2864, 2865 

— plumbers’, 5029, 5030 
Ladybird, 3511 ; use, 4926 
Lady clerks, openings for, 192 
Lady fern, culture, 6493 

Lady’s finger, cross-pollination, 732 
’’ Lady of Shale tt,’’ picture by Holman 
Hurd, composition of, 722 
Lady’s maid, duties, 814 
Lady's mantle (botany), 506, 508 
Lady’s slipper orclud, 6533, 6534 
Lady’s smock, flower, 352 
Laclia orchids, culture, 0534 
Locvulose, sources, 3653, 3705 
l-ag, grey, classification, 2213 
Lager beer, dietetic value, 3315 
iiaggings, in building, 2385, 2387 
liagging. In mechanical enginepring,4201 

— in mining, 2666 
Lagging-up, in casting, 2338, 2454 
Lake, in physical geography, 458, 1815 ; 

prehistoric Britisii, 1817 ; for 
transport^ 4518 

— pigment, 5145 ; alumina, 1043 
Lake District, physical geography, 

1271 ; rainfall, 4024 

— dwellings, European art period, 2479 

— quillwort. structure, etc., 1118 
Lamarckianism, account, 653, 823 
Lamb, braising and stuffing, 1736 ; 

care of, 2304 ; carving, 5935, 5936 ; 
choice of, 3717 ; leg of, roasting, 
1487; rations for,' 2364, 2366; 
skins, use for fur, 6330, 6427 ; 
tawing skins, 3146, 3164 ; wool, 
1120 ; weaning, 2364 
Lamb, Charles, author, 2310, 2786 ; 

poems, 1307 ; portrait, 2619 
Lambing, in farming, 2363, 2364 ; 

straining after, treatment, 2625 
Lamellibranchia, 3284 : see also Bivalves 
Lamina, in cartilage, 435, 436 
Uiminic, in geology, 768, 1924 
Lamination planes, in geology, 530 
Lamp, brougham, 2829, 2831 

— cycle, 3779 

— electric, 2682 ; arc, 2414, 2683 ; 

books on, 4298 ; incandescent, 
2612, 3030 

— houseliold, care of, 1004 

— motor vehicle, repairing, 3325 

— outdoor, 6152 

— ship, 6152 

— table, care and use, 6152 
Uropblack, 1157, 5154, 6401 
Lampholc, drain, 734 ; of sewer, 4450 
Lamprey (fish), 3065, 3070, 307U 
Lamp shells, description, 3953, 3959 
Ivancashire, coalfields, 1271 ; cotton 

industry, 223. 385 ; felt industry, 
1997 ; iron indvistry, 1271 ; physical 
geography, 1272 ; police force, 1409 
Lancashire ooiler, 0874, 6875 ; (ialloway 
type, 3108 ; riveting and caulking, 
3104 

Lancashire and Yorks. Hly. mark, 5069 ; 
Bignalling system, 4688 


Lancaster, House of, Henry IV., 
Henry V., 3251, 3603 
Lance-corporal, rank, 4030 
Lancelet, hiok^y, description, 31, 3072 
Laucret, painter, style, 4118 
Land, cultivation, drainage, manures, 
430, 1220 ; distribution, 4403 ; 

manuring, 589; purchase of, in 
Australia, 3235, 3236, 3238, 3240, 
3167, 3469 ; Roman agrarian law, 
1382 ; valuation, 51.53 

— and estate agency, business of, 5286 

— measures, 1146 

— • property. Investment in, 3225 

— spring, 781 

Landau, axle dimensions, 3326 ; dimen- 
sions and weight, 2558, 2726 ; door 
section, 2727 ; dress, 3122, 3123 : 
head mechanism, 3022 ; lock and 
lever lifts, 3022 ; structure, 2465 
Landaulette, hood, 3623 
— motor, 2464 2465 ; doctors, 3904 
Landing board stays, of van, 2828 , 2829 
Landings, of ship, fairing and scrieving, 
56 i6, .5617 ; marking position, 

5739 ; .sheering, 5743 

— of staircases, 5300, 5301 
Landlord and tenant law, 6846 
Laiidor, Walter Savage, author, 1307, 

2451 ; portrait, 2619 
Landore, Siemens steel, 234 
Landowner, rights of, 1979 
Landrail, classification, 2212 
Landscape drawing, 343 

— painting, evolution and schools, 

4299, 4300 ; early nineteenth cen- 
tury, 4393 ; impressionism, 4302 
T.aiid.seer, Sir E., animal painting, 4393 
Landslip, destructive effects, 1505 
Lang, Andrew, author, 2687, 3129 
ljang(*, F. A., on emotion, 2695 
liangshan fowls, l>reeding, 4659, 4661, 
4859 ; points of breed, 4955 ; 
weight of egg, 5873 

Language, analysis of, value in logic, 
6001 ; written and spoken, 4578 
Languages, foreign, importance in 
travel, 514 ; for journalists, 3974 ; 
logical method of tcacliing, 5998 ; 
inuiii families, 1771 ; traveller’s 
pli rases, 1956 
LankenveUler fowl, 5090 
Lantern-fly, plate facing 3361, 3361 
Lantern lights, in joinery, 5185, 5187 

— slides, making, 6683 

" Laoeoon ’’ statue, 2930 
J..ap alloy, composition, 3940 

— joint, 2832, 4039, 4111 

— seam, in boiler-making, 3099, 3100 

— steam engine valve, 5642 

— winding, of dynamo, 1321, 1322 
Lapel, man’s frock-coat, 2754 

Lapis lazuli, characters, 5856, 6739 ; 

source of ultramarine, 4455 
Lapland, craniology, 1786 ; ethnology, 
1789 

T.appet, lace, in millinery, 5621 

— weaving, principle of, 3155 
Lapping, in hemp manufacture, 1885 
— 1 compared with grinding, 3408 

— in tailoring, 2207, 2208 

Larch, 503, 4676, 4679,0881; insect 
pests, 4926, 4297 ; tanning bark, 
1166, 6000; timber, 55; timber, 
strength, 1260 

— canker, 4926, 4927, 4928 
Lanrh-moth, size, 3516 

Lard, 4832 ; specific gravity, 1078 

— oil, production and uses, 1033 
Larkspur, carpel, 348, 349 ; classifiea- 

tiori, 352 ; garden culture, 6529, 
6534 ; nectar, 730, 731 
Larry, plasterer's tool, 1951, 5496 
Larvir, agricultural pests, 1666, 1667, 
1668 ; of ants, bees, wasps, 3722, 
3725 ; of various flies, 3721 
Laryngitis, symptoms and causes, 6132 
Larynx, human, 197, 577, 679, 2144 : 
construction with regard to speech, 
2537, 2638; mechanism, 2106; 
respiratory function, 1299 ; in sing- 
ing, 6047, 6048, 6190 
liaryngoscope, 2637 

" Las Hilanderas," Velasquez’s pic- 
ture, 723 

Last, boot, 4137, 4138, 4242, 4641 


” Last Supper,” fresco, by Leonardo da 
Vinci, 947, 8796 

Lasting, in boot-making, 4138, 4541 

— pincers, and tack, shoemaker’s, 3875 
Latch, vehicles, 3022 

Latent heat, discovery, 60 ; of evapora- 
tion, 1742 ; of fusion, 1740 
liateran, baptistery of, Rome, 3090 
Latex, of rubber, 6046 ; sulphur 
addition, 5203 

Lath, plasterer’s wood and metal, 5498 ; 
in slating roofs, 4806, 4867 ; in 
tiling, 4869, 4870 

Lathe, 4912, 6756 ; American type, 
4915, 4921 ; automatic, operation, 
3631 ; axle turning, 830, 4917, 
4922 ; bench, form, 4915 ; build 
and modifications, 4916-4923, 
4924 ; Clements’ driver, 830 ; 
compared with milling cutters, 
3402 ; engineers’, 4916 ; friction, 
964 ; back gear, 4913, 4916 ; in 
grinding, 5213 ; lead screw, 835 ; 
first milling machine, 5204 ; pulley- 
turning, 4922 ; rests, kinds, 4913, 
4919; running mandrel, 4912; 
saddle or carriage, 4913, 4910, 
4920 ; screw-cutting, 3629, 4919 ; 
sliding, 4919 ; specialised fprrns, 
4917-4923; tests, 3963, 3905; 
turner’s, in pottery manufacture, 
5233, 5231; in tooling, 3317, 
3319, 3321 ; turret, structure, 

and operation, 3621, 3632 ; wheel - 
driven, 4912 

Lathe-bed, casting, 2338, 2341, 2342 

— poppet, drawing, 2790, 2791 
Latliing, dovetailed metal, 4753, 4756 
Latimer, Hugh, martyrdom, 3834 
Latin language, 443; books on, 1617 ; 

diffusion in the West, 1768 ; 
J'higUsh Renaissance words, 1769 ; 
grammatical terms, 1616; idioms, 
miscellaneous, 1615 ; pronuncia- 
tion, 118 ; Roman calendar, 1182 ; 
Roman money, 1333 ; roots, 6810; 
supines, 1334 ; tense-formations 
compared with English, 7.58; 
ten.ses, sequence of, 1334 ; trans- 
lation fees, 1020 ; verse and metre, 
1766 

— literature, list of cla-ssics, 3781 
Latins, the, liistory of, and Rome, 

1135: a/so Romans, Rome 

Latitude, definition, 13, 6244 

— determination in navigation, 6659 

— in plotting surveys, 369 
Latrines, in building operatiens, 308 
J^attice, in framings of machinery, 208 ; 

of girder, 544 

— girder, in bridges, 208 ; under 

various conditions of load, 2227 
Latus rectum, of a conic, 6783 ; of 
parabola, 1412 

Laughing gas : see Nitrous oxide 
Laughing, pliysical explanation, 1303 
Launching ships, method, 5923 
Laundry, 2475-2477 ; work and busi- 
ness of, 1005, 2064, 2965 
Laundry maid, duties, 1005 
I^aundry work, 1005, 2964 ; women's 
training and salary, 322 
Lava, definition, 459, 1207 ; fertility. 

4497 ; in volcanic rocks, 1006, 2060 
Lavatory, quantity surveying, 6512 
Lavender, 6675, 6683 

— essence, use for pottery lustre, 5385 

— oil of, uses, 1033 

— water, recipe, 4350, 4972 
Lavoisier, services to chemistry, 61, 

1157 

Law, 675, 0844 ; aa a profession, 163, 
6746 ; dictionary of, 68.51 
Laws of friction, motion, etc. : see under 
Friction, Motion, etc. 

Laws of Nature, logical discussion of 
term, 6000 

Law Courts, London, architectural 
design. 2283, 2284 
Lawn, used for underclothing, 3094 
Lawns, making and mowing, 6319, 6320 
Lay, of hand-loom, 3492 
Layer, in papermaking, 6897 

— pit, in tanning. 3013 
Layette, articles for, 3744 

Le Bon, Gustave, on the atom, 2396 
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lie Sage, theory of ether, 939 ; 

theory of gravitation, 937 
Le Sidanier, intimist painting, 4395 ; 
style, 724 

Leaching, defined, 3770, 3771 
Lead, 368, 1160, 5985 ; alloys, com- 
position, 3941, 5987 ; analysis, 
4413 : ancient use, 5985 ; books on, 
5993 ; casting, shrinkage in, 1 397, 
2342 ; compounds, kinds, prepara- 
tion and uses, 5988 ; conductivity 
of, 1397, 3839 ; corrosion, 6985 ; 
cupellation, 4303 ; in cupellation, 
6848, 5987 ; deposition, 4303 ; 
deposits, Derbyshire, 2379 ; dis- 
tribution, 3771 ; in drawing, indi- 
cation, 2792 ; dust, condensation, 
5986 ; dust, diseases caused by, 
3798 ; evolution, theory, 239 ; in 
gold and silver extraction (ciipella- 
tion), 6848 ; micro-structure, 3039 ; 
plate preceding 3937 ; ore, lead, 
contents, 3835 ; ores, 5985 ; ore- 
hearth reduction, 5986 ; in pattern- 
making, 2456 ; Piuenix extracting 
process, 5755 ; physical properties, 
1396, 3837, 4303 ; in pottery 

f lazing, 5236 ; properties, 5985 ; 
Prussian deposits, 2379 ; refining 

? rocesses, 5754 ; relation to radium, 
916, 2392 ; in roof plumbing, 5029, 
silver recovery, 5987 ; smelting, 
4303, 5986 ; smelting, blast furnace, 
4125 ; “ softening," 5987 ; specific 
gravity, 799, 3838 ; test for in 
water, 4158, 4159; uses, 5987 ; 
water, action on, 1160; workings 
in U.K., 988 

— acetate, 1160, 3652; in dyeing, 
5779 ; painters* drier, 5832 
— In building, protecting horizontal 
surfaces, 5035 

— burning, 6454 ; joints, 5032 
— carbonate, 5988 : White Lead 

— cast of, in navigation, 6662 
— oxide, reduction, 358 
— pipes, mannfiicture, 357, 5326, 5627 
— plaster, production, 3707 
— poisoning, 1153, 1160; sulphuric 
acid antidote, 1720 
— in railway construction, 3611 
— red ; eee Ped lead 
— screw, defined, 688 ; of lathe, 835, 
4915, 4921 

— Of Steam engine valve, function, 5642 
— sugar of ; see Lead acetate 
— White : see White lead 
iieaded lights, making, 5840 
Lea<iing seaman, Navy, 4266, 4267 
Jieads, printers’, 5028, 5252 
l^eadwork of slate roofs and gutters, 
6031 

Leaf, alternate and opposite, 350 ; 
causes of fall, 728 ; in classiilcatiou 
of plants, 350 ; in classification of 
trees, 3542 ; competition f(»T iiglit, 
604 ; dripping points, 727 ; in 
plant structure, 169, 170, 171 ; 
prickly, protective function, 1114 \ 
reproductive and covering, 346 ; 
UKwalcs, 171, 173, 505, 506 ; of 
xerophytes, 727 
— of l(M)ra : see Ileald 
Leaf-buti' rfly, mimicry, 3515 
Iicaf-insect, plate facing 3361 , 3362, 3364 
Leaf scar, defined, 723 
Lean-to roof, construction, 4247, 4249 
Leap year, explained, 226, 227 ; Roman 
calendar, 1182 

Leapers, insects, description, 3363, 3364 
Leasehold tenure, effect on quality of 
building, 142 

Least commoti multiple, rules, 339 ; 
in algebra, 2892 

Leather, 2851, 6119 ; alum tannage, 
3163 ; artificial, American cloth 
manufacture, 1166 ; ammonia 
from, 4775 ; for belting, 3712; 
bleaching, 5646 ; bookbinding, 
6778 ; breaking - over, 2854 ; 
chrome tanning, 3162 ; as clothing 
material, 4256 ; colouring pro- 
cesses, 3456 ; cutting, 3713, 
4016 ; depilation, 2864 ; dictionary 
of, 5647 ; dressing, 3217 : dull 
lostre, recipe, 6646 ; dyeing. 


3164, 6649 ; fat-liquonng process, 
3162 ; fleshing and deJiming, 
2855, 2856 ; glover’s, kinds of 
skins, and preparation, 5479, 
5430 ; graining, 3221, plate facing 
3217 ; joining, 3714 ; lacing. 3714, 
3715 ; manufacture, history, 2751 ; 
mordants for dyes, 6650 ; oil tan- 
ning, 3164 ; polishing, 3455 ; re- 
cipes, 5646 ; riveting, 3715 ; 
shaving, 3713; splicing, 3714; 
stitching, 37i3, 3714 ; tanning, 52, 
1165, 3012; trimming, 3713; 

upholstery, 6716, 3479, 3621 

— ropes, strength, 1699 
Leather-jacket, larva) of crane fly, 3721 
Leblanc soda process, 4770 

Lebrun, Charles, designer, 4118 
lieclanch6 cell, electric, 464, 465, 466 
Lcclilcr’s spray, in papermaking, 6397 
Ledger, 433, 777 ; bad debt entries, 
1568, 3569 ; bank accounts, 1866, 
1967 ; bank bfK)kkceping, 4439, 
4440, 4442 ; classification of in 
large businesses, balancing systems, 
2980 ; in consignment accounts, 
3679, 3680 ; contrasted with 

journal, 1750 ; of contractors’ 
Dusiness, 3420 ; current, 6521 ; 
departmental accounts system, 
3416 ; of branch shops, 3417 ; 
hire purchase accounts, 3917, 3918 ; 
hotel bookkeeping, 3568 ; index- 
ing, 778 ; ill limited company, 
bookkeeping, 3186 ; loose leaf, 
6521 ; old and new metliods 
compared, 1864 ; relation to petty 
cash book, 2201 ; relation to 
trading account, 2500 ; in single 
entry, 3916 ; tabular, uses, 3567, 
3569 ; transfer, loose icuf, 6521 
Leeclies, description, 3056, 3958 
Leeway, in navigation, deftned, 6665 
J.efcbvre, painter, liis art, 868 
LelTel turbine, mechanism, 1689, 1692 
Left handedness, physiology of, 2301 
Leg, of bird, 2494 

— in cabinet work, levelling, 6588, 

6589 

Leg, human, anatomy, 100 ; bones, 
1708, 1709 ; leverage, 1798 ; 

muscles, 712; in sculpture, in- 
tbieuce of femur, 1351 
Leg of mutton sleeve, drafting, 188, 
522 

— room, of cars, 2557 
Legal apK'oinfments, 6748 

Legato, in music, 271 ; harmonium 
practice. 4132: in organ playing, 
3863 ; in singing, 6336 ; in viola 
and violin bowing, 1742, 2825 
Leger lines, in rnisic, 270 
liCgborn fowls. .Joints of breed, 4955 ; 
analysis of carcases, 5093 ; weight 
• of egg, 5873 ; usvless breed, 5624 

— black, brecdiitg, 4859 

— brown, 4659, 4660 

Legislation, character-making Its aim, 
4371, 4372 

Leguminous crops, 877, 881 ; suitable 
for milking cows, 3891 
Leguminosie, 940 ; food supply, 503 ; 
nitrifying bacteria of, 238 : see 
also Pea 

Leicester sheep, 258, 2362 
Leicestershire, wool, 71, 221, 224 
Lemon, 6886 ; areas of cultivation, 4876; 
citric acid from, 4782 ; clas‘*iflca- 
tion, 353 ; dietetic value, 3312 
expression of essential oil, 4969 

— perfume, source, 5469 

— squash, recipe, 2333 

— yellow pigment, in oil painting, 871 
Lemonade, elfect on blood alkalinity, 

3016, 3017 ; recipe, 2333 
Lemur, 1493 ; climbing, 1870, 1871 
Lenurd rays, and cathode rays, 4091 
Lenses, 2949, 6122; achromatic, 2951, 
4730, 6123, 6124 ; chromatic 

alx'Tration, 2950 ; concave, 2903 ; 
convex, 2902; defects, 6122; of 
eye, iiiiman, 2401, 2952 ; for 

long or short sight, 3179 ; manu- 
facture, 6122, 6123, 6124 ; mea- 
sure, Drayton, 6122, 6123 ; photo., 
6127, 6684 ; varieties, 2901, 6122 


Leo XIII, pope, character, 213 

Leo, sign of zodiac, 6251 

Leopard, aggressive coloration, 2157 ; 

fur and skin of, 6427 
Lepanto, battle of, 1571, 4397, 6447 
Iiepldoptera : see Moths, and Butter- 
flies 

Leptorhine races, 1786 

Lessing, philosopher, on truth, 6255 

Iicttcr of allotment, 3186 

— book, 776, 778 ; indexing, 193 

— of credit, banker’s issue, 4294 

— founts, classifleation, 6076 

— of bynothccation. banker’s, 4295 

— of iiKlication, in banking, 4294 

— ottlce, llling, 193 

— patent : see Patents 

— punch, cutting, 6073, 6075 

— writers, English, 18th century, 2139 

— writing, business correspondence, 

6350 ; common errors, 1472 ; In- 
capacity for, 3974 

Ijcttering, in drawing, system of, 1747 
’’ JjCtters of Junius,” authorship, 6550 
Leucocyte, 953, 954 ; effect of alcohol 
on, 3019 ; effect of quinine, ex- 
cretion of uric aci(i, 4013 ; evi- 
dence of consciousness, 3117; 
function, 6543, 6544 ; potential 
chemical energy in, 4013; in 
digestion of fat, 676; in lym- 
phatic glands, 1196 : see also 
Phagocytes 

Leucomaine, unsuitability of term, 
3826 

Leiicocytha*mia, symptoms, cause, 6037 
Levanting, leather, 3455 
J.ievels, in building, fixing, 309 

— in mining, 3190-3194, 3561 

— dumpy. 372 

— flying, 111 surveying, 373 

— spirit, 3386, 4701, 4703 ; plasterers’, 

5497 ; in theodolite, 267 

— statf, in surveying, 373, 711 

— in surveying, contouring, 591 

— " Y,” description, 372 
Levelling, in bootmaking, 4542 

— in building, method, 329 

— in erecting, 3691 

— of plates, boiler work, 3100 

— in surveying, 158, 372. 591 ; use 

of barometer, 592 ; gradients, 591 ; 
H.P.C’. method, 374 ; hypsomnter, 
593 

Lever, application in practice, 687, 828 ; 
Archimedes, 34 ; classes of, 684 ; 
jdijviological orders of, 1797, 
1798 ; principles of, 662 ; in 
theory of inacliiiies, 084 

— bevelling, use in sliipbuilding, 5738 

— brakes, mechanism, 3128 

— - of flutes, kinds, 4569 

— lilts, in landaus, 3022 

— spring, 830 

Leverage, in maoliinery, 828 ; in 
physiology, mechanism, 1797; tools, 
forms, and uses, 4586 
TiCver's, lace loom, 4978 
Levigation, of mineral pigments, 5141 
Lewes, (George Hy., autiior, 2616 
Lewis, cliain, mason tool, 2837, 2840 
Ley, 875 ; seed mixtures for, table, 877 
Leyden jar, 3581, 3749 
Liabilities, contingent, bills of exchange, 
1319, 1320; of limited company, 
bookkeeping, 3189 ; of parlia- 
mentary company, 3333 ; ranking 
on balance sheet, 2758 ; rent, rates, 
taxes etc., 2882 ; statement in 
bankruptcy, 3570 

Liability, Jimited, explained, 3185 : see 
also Limited companies 
Lias lime concrete, in construction, 1449 

— mortar, strength, 1521 
Liberalism, innovating force, 5530 ; 

place In organic evolution, 5388 
I.ibertarianism, doctrine stated, 2996 : 

see also Free will, Determinism 
Liberty, social, growth, 5388 
Librarian, public, 320, 6871 ; women’s 
training, 322 
Libraries, Babylonian, 17 

— public, 1495, 0871 
Licences, game dealers', 4712 

— liquor,- conditions, 3735 ; transfer 

renewal and forfeiture, 3736 

6963 
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Licences, wine and spirit, retail, 3046, 
5789 

LicensliiK Acts, 3734, 5789 
J.ioeiitiate of dental surgery, 5772 
LicM'ised viet nailers, business of, 3734 
Licliens, characteristics, 166, 1371 ; 

climatic limitation, 4493 
Licker-in, textile, 1543, 1546, 1886 
Liddell, Mark H., theory of poetry, 304 
Liebig, chemist, artificial manure, 203 ; 

on “ substitution,” 2714 
Lies, dealing with, 5530 
Lieutenant, Army, 4199, 4200 

— naval, training, pay, 4267, 4401, 4402 

— Royal Naval Reserve, 6366 
Lieutenant-colonel, promotion, 4200 
Life, animal and plant, geological agent, 

1499; biological account, 134; 
(’hinese ten periods, .5700 ; 
elixir of, 50 ; inter-relation of 
animal and vegetable, 4132 ; 
mystery of, 32S7 ; in Myers’s 
theory of personality, 3384 ; or- 
ganic functions of, 1491 ; origin, 
28, 2030 ; physical characteristics, 
275 ; pliysiologicnl, 95 ; psy- 
chological, 3664 ; scientific aspect, 
28 ; shortening of, 2794 

— assurance, principles, openings, and 

examinations, 4725-4729 
Lift, hydratilic, 1223 ; use in canals, 
5486 ; hydraulic ram, 1220 

— in mining, defined, 3562 

— pneumatic power, 5356 

— sewerage, 4463 

J4ft bridges, construction, 2889 

Lift-pump, 1080, 1141 

Lifters, of Hrett’s drop hammer, 2991 

— in moulding, 2110, 2112, 2697 
Light, absorjition, 2436 ; chcinica* 

action of rays, 3372 ; comple- 
mentary colours and colour re- 
production, 6483 ; corpuscular 
theory, 937, 2431 ; ditfraction, 
3368 ; dispersion and its correc- 
tion, 2734 ; distinction from 
vision, 3181 ; divergent and con- 
vergent rays, 2435 ; effect on 
human eye, 3226 ; electromagnetic 
theory, 3851, 3943, 4021 ; filters, 
in colour reproduction, 0483, 6484 ; 
and gravitation, 938 ; identity 
with radiant heat, 2060 ; intluence 
of magnetic force, 3618 ; intensity, 
2435 ; interference phenomena, 
2432, 3229 ; and matter, 938 ; 
measuring sun’s distance by, 
6404 ; measuring star distances 
by, 6696 ; necessity for plants, 
173, 504; Newton’s theory, 935; 
objective reality of, 2431 ; parallel 
rays, 2434, 2435 ; polarised, 2432 ; 
pressure, 36, 549, 937, 3619 ; 

radiation and N and Rontgen 
rays, 3943 ; radiation pressure, 
938, 3620 ; radiometer, 938 ; 

reys without heat, 3372 ; recti- 
linear propagation, 2432, 2434 ; 
reflection, 2436, 2599, 2736 ; re- 
fraction, 2432, 2599, 2732, 2899; 
relation to electricity, 2434 ; rela- 
tion to sound, 2433 ; scattering, 
2599 ; similarity of Rontgen rays 
ta, 4092 ; speed, 2433 ; in thera- 
peutics, 3372 ; total reflection and 
angle of incidence, 2599 ; trans- 
verse motion of waves, 2432 ; 
undnlatory theory, 3943 ; ultra- 
violet, in lupus and cancer, 3617 ; 
visible and iiPM^'ible, 4094 ; wave 
length and limit of vision, 3228, 
3229 ; wave lengths, shortest 
and longest ap,>reclable, 3369; 
wako lengths of various colours, 
3369; wave theory, 935, 2431, 
3849 ; wave vibrations and colour, 
3728 

— and shade : we Chiaroscuro 

— reflected, in cliiaroscuro, 1634, 1540 
“ Light of the World,” Holman Hunt’s, 

vlate lacing 624 
Light-year, astronomical, 6696 
Lighthouses, construction, 1452, 6498 ; 

staff and salaries, 1497 
Lighting, firtifleial, nature and qualities, 
5193 ; systems, 6024 

6964 


Lighting, in building, books on, 6349 ; 
Building Acts regulations, 6024 ; 
minimum, per unit area, 6025 

— methods in drawing, 1634 

— in mines, 3769 

Lightning, conductor, invention, 128 ; 
telephone poles, 6324 

— stage, lycopodium flash, 1310 
Lights, ship’s, varieties and uses, 6411 
Lightships, staff, 1498 ; use, 6498 
Lignite, characters, 6739, 1073 ; distribu- 
tion, 5305 ; paraffin from, 4837 

Ligiiomur, use for walls, 5828, 5830 
Lignum vibe, wo.)d, 57, 1260, 6687 
Ligule, grasses, 351, 355 
Jjikenesses, origin, in individuals, 484 
Lilac perfume, source, 5469 
Lillikins, milliner's, 185, 4565, 5036 
Lily, classification, 355 ; bulb, function, 
728 ; garden culture, 6487 ; sewage 
plants, 4549 ; varieties, 6488 
Lily of the valley, 355 ; culture, 6490 : 

pollen, protection of, 1114 
Lime, analysis, 143.>, 1459, 4415; in 
blast furnace, 1044 ; hrickmaking, 
1282 ; burning, 1458; blue lias, 
in cement, 1856 ; in cement 
manufacture, 1728, 1857 ; charac- 
teristics, 3941 ; ” fat,” 1457 ; 

intermediate, definition, 1458 ; in 
manures, artificial, 589 ; mortar 
matrix, 1952; preparation, 1455; 
in rubber manufacture, 5203 ; 
slaked, 844, 1456, 1457 ; slaking, 
1458, .5498; soil, effect on, 257; 
in sugar cane culture, 3654 ; sugar, 
clarifying, 3827 ; varieties, 647 : 
nee a/fto ('‘alciiim and Quick lime 

— cliloride of, 2590, 4777 

— concrete, mixing, 1449 ; testing, 1523 

— fruit, 6687 

— hardening of, 1578 ; slaking, 1457 

— milk of, formation, 844 ; manufac- 

ture, 4163; wood distillation 
product, 5456 ; uses, 4163, 5781 

— mortar, strength, 1521 

— order, classiflcatioii, 352 

— putty, plasterer’s, preparation, 5498 

— tree, 6687 ; attraction for bees, 353 ; 

dripping xmints, 727 ; pollen pro- 
tection, 911, 1114; “winged” 

seeds, 911, 912 ; wood, 57, 1260, 
.5800 

Lime-juice, 4876 ; for scurvy, 3704 
Limelight, 841 ; use of oxygen, 1204 
Lime-pits, leather, 2854 
Limestone, analysis, 4415 ; in brick 
clay, 1280 ; of Buxton deposit, 

1455 ; calcium in, St 3 ; carbon- 
iferous, 647, 1924 ; in cement 
manufacture, 1579, 1853 ; com- 
pressive strength, 1518 ; crystal- 
line forms of, 1074 ; deposits in 
England, 1455 ; for footpaths, 
2430 ; iriction data, 959 ; geo- 
logical classification, properties, 
1073 ; geological formation, 1815 ; 
in iron smelting, 232 ; jointing, 
192.5 ; quality of lime yielded, 

1456 ; marble from, 1075 ; quarry- 
ing, 3191 ; specific gravity, 
1518 ; in steel manufacture, 5013 ; 
varieties, classiflcatioii, 532, 535 ; 
weathered, 1502 

— sheep, 2363 

Lime-water, in infant’s milk food, 4682 
J.iniit gauges, use, 3694 
Limited companies, 6801 ; book- 
keeping. 3186 ; chartered accounts 
of, 3920; formation, prospectus, 
etc., 3185 ; function of ” sinking 
fund,” 2885 ; " guarantee ” com- 
panies, 3331 ; income-tax, 3335 ; 
loans on debentures, 3330 
Limmer, asphalte-stone, 1164, 2179 
Limoges enamelling, 3234, 5690 
Jdmonite, characteristics, 768, 6730 
Limousine, motor-car, 2464-, 2465 
Limpet, shell, 3114, 3116 
Lincoln, Abraham, life, 5676 
Lincoln, 1769 ; tramway system, 2274 

— Cathedral, 3144, 3147, 3374 « 

— sheep. 431, 2361, 2617 
Lincolnshire, geography, 1273; wool 

production, 71, 72, 221, 224 


kie-uci 

Lincrusta Walton, for walls, 5828 
Linden : see Lime tree 
Lindsay's flre-resistlng floor, 4753, 4766 
Line, in arehitecturo, balanced, 2284, 
2286 ; vertical and horizontal, 
2285 ; in Greek architecture, 2869 

— in art, uses of, 182, 5522 

— in design, 5818, 5820 

— in drawing, 108, 343 ; intersecting, 

1747, 1749 ; suggestive of form, 
2184, 2186 ; wavy, zigzag, 2321 

— drawing, Press illustration, 6102 

— engraving, 6111, 6112, 0114 

— in etching, 6113 

— in geometry, 4207 ; bisection, 470, 

4331 ; division in a given ratio, 
6338; parallel, 4623; theory of, 
4477, 4478 ; perpenalciilar, -472, 
4623 ; eegments, division, 6337 
Linear measure, table, 226 

— perspective, 595 

Tailed paper, textile, 2939, 2940 
Linen, as carpet warp, 3991 ; as 
clothing material, 4256 ; countries 
manufacturing, 5117 ; drawing, 
2098, 2099; dyeing, 5638, 5956 ; 
ironing, 2966 ; loom, 3912 ; manu- 
facture, 1025, 4363 ; in paper- 
making, fibres, 6279, 6280; in 
dressmaking, 3340 ; reeling, 2592 ; 
rubber coating, 5201 ; sizing, 
3491 ; Bpinniiig, 2444 ; for under- 
clotliing, 3094 ; warping, in weav- 
ing, 3489 ; waterproofing, 808 ; 
yarn counts, 2896, 2897 
ianer.s, of ship, shell plating, 5921 
Liniments, oil, 1032 
Lining, boot, cutting and sewing, 
4437 

— in dressmaking, bodice, 788 ; mate- 

rials for, 186 : knickers of boy’s 
suit, 1551; for skirt, 523 

— felt, 1169 

— mine shaft, process, .3457, 3459 

— in tailoring, princess robe, 2206 

— vehicle, making, 3623 
Lining-work, in vehicle painting, 3481 
Link, definition, 1147; enginemen’s, 

4600 : in linear measure, 226 ; 
of slide valve gear, 6139 
Link and cam work, described, 3404 

— motion, in machinery, 209, 3690 
Link-work, in applied mechanics, 88 
Linneus, his botanical classification, 

135 ; on man in Nature, 1788 
Linnet, classification, 2209 ; nest, 2506; 

plate preceding 2197 
Linoleum, in carriage trimming, 3621 ; 
cork in, 5898 ; laying, 6723 ; 
manufacture, 1026, 1166, 51 J 8, 

5122-5126 

Linotype machine, 5249, 5250 ; com- 
bination M’ith telegraph, 5395 
Linseed, as cattle food, 2907 ; micrO' 
photographs, of, 3893 ; oil in, 
2704 ; oil extraction, 4830 ; source, 
r.ll7 

— cake, as livestock food, 2704, 2907 ; 

micrographs, 2893 

— mcab as calves’ food, 2907 

— oil, for linoleum manufacture, 

1026, 5123 ; in paints, 871, 6116, 
5831 ; preparation, 1032, 1199, 
4830 ; source, properties, uses, 
4831, 4833, 6118 ; varnish solvent, 
5147, 5835 

Lintel, of arch, 2385, 2387, 3243 ; of 
floors, 4756 

Linville system, stresses, 2228, 2229 
Lion, ill Assyrian art, 2657, 2659 ; in 
Mycenaeaii art, 2857, 2868 
Lion, 1490 : African fauna, 3277 ; fur 
of, 6427 ; papillse of tongue, 2635 ; 
protective nair, 2156 

— head of, study, 2183, 2187 
Lips, modelling, in sculpture, 1511 
Lippi, Filippino, painter, 3793, 3795 
Liquation, in metallurgy, process, 8836 
Liquefaction, in physics, 1268 
Liquid, excess in numan body. 807 
Liquids, buoyancy, 1078 ; change or 

state, 3837 ; conductors of elec- 
tricity, 3260 ; definition and 
classification, 1076 ; expansion 
under heat, 1738 ; friction, 5 
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molecular motion, 1268 f physios 
of, 1142 ; sound transmitting 
medium, 2101 ; surface tension, 
1270 ; volatile, 1741 ; volume 
. measure, 63 
Liquorice, source, uses, 6687 
lisDon, 1134, 2234 ; earthquake, 

1208 ; shipping, 6823 : trade, 
4520 

List, in textile manufacture, 3489 
Listel; form of moulding, 6297, 6299 


' Listening Girl ” (Greuze), 4119 
Lister, Lord, antiseptic treatment, 202 
Literature, American, 3780 ; Augustan 
age, 1829 ; bibliography, 2787 ; 
classical, Greek and Latin, 3781 ; 
comparative, 3780 ; Continental, 
3781 ; English, birth of. 3077; 
historians, living, 2786 ; living 

{ )rose >vriters, 2685, 2785 • place 
n life, 103 ; poetry : see Poetry ; 
scholarship in eighteenth century, 
2141 ; scholars, living, 2786 ; 
technical, 5694 : see also Drama, 
Fiction 

Litharge, 1160 ; in metallurgy, 368 ; 

properties, uses, 5832, 5988 
Lithographic inks, 6636 
— stones, 5308, 6635, 6636, 6739 
Lithography, aluminium in, 5993, 
6638 ; books on, 6638 ; printing 
machinery, 6636, 6637, 6638 
Lithopone, composition, use, 1036, 5143 
Lithosphere, area, 302, 622 
i^itraus, 1158 
Litotes, grammar, 1616 
Litre, unit of capacity, 337, 422 
Liver, human, 676, 580, 077 ; diseases 
of, 6842 ; as thermogenic centre, 439 
Liver-rot. in sheep, 2625, 3959 
Liverpool, 1272 ; afforestation, 4603 ; 
trade, 6005, 6006 

Livestock : see Cattle, Pig, and Sheep 
Liverworts, 1311, 1368 ; classification, 
165 ; sewage plant, 4549 
Lizards, description, 2677, 2678 
Llama, distribution, use, 220, 628 
Llanos, distribution, 627 ; Mexican, 
4176 ; S. American, 4283, 4287 
Lloyd’s, 4853, 6363 
Lloyd's register, 6221, 6363 
Load, of beams, 1984, 1987, 2197 ; in 
bridge-building, 2762, 2763 ; build- 
ing materials, 1519 ; in engine 
frames, 4206 ; non-axial, 2200 ; 
steel-framed structures, 2226, 2227 
~ factor, in electricity, 2816 
Loaded governor, formula?, 2018, 2019 
Loading-gauge, railway, 5075 
— rack, of van, 2829 
Loaf, names of various, 3392, 3393 
Loam, in agriculture, 255, 258 ; in 
brick-making, 1279 ; in casting, 
2112, 2338, 2339 ; geological classi- 
fication, 1072 ; formation, 1815 ; 
“ sweeping-up ” patterns, 2459 
Loans, bank, 4167, 4292 
— intOTnational, in banking, 3973 
Lobelia, culture, 6320, 6491 
Lobes, of cerebrum, anatomy, 2144, 
2116 

Lobnitz rock cutter, 1826, 1827, 1828 
Lobster. 81 ; choice of, 3717 ; classifi- 
cation, 3361, 3806 ; cutlets, cook- 
ing, 1874 ; fishing, 4991 ; hatch- 
eries, 5314 ; sources, 5121 
Local aUihorlty, control of building 
work, 307, 308, 331 ; control of drain- 
la^ng, 733 ; control of engineering 
schemes, 1237 ; education scholar- 
ships, 481 ; engineers, surveyors, 
461 ; teacliers* inspectorships, 6479 
Local government, classification of 
authorities, 316 

Local Government Act, 1888, county 
councils, 317, 318 ; provisions, 80 ; 
roads, provisions, 1978 
— — • 1894, provisions, 80, 1979 
^ •*- (Ireland), 1898, provisions, 317 
Local Government Board, audit of local 
accounts, 816 ; control of munici- 
pal health departments, 697, 786 ; 
and municipal service, 82 ; direc- 
tion of poor law relief, 185 J ; 
nurses* appointments, 6172 


Locality indicator, locomotive 5105 
Locative case, Greek, 6668 ; Latin 754 
Lochs, formation, 080, 1354 : for 
separate lochs, see Ix}mond, etc. 
Loci, in geometry, finding, 4005 
Locks, canal, construction, types, 5486 

— in carpentry, 3547 

— of vehicles, 3022 

Locke, John, definition of memory, 
2304 ; empirical theory confirmed 
by modern embryology, 2110 ; 
origin of ideas. 6256 ; psychology 
of, 2013 ; works, 1641 
Locker, of stocking frame, 4620, 4622 

— system, in railway construction, 3816 
Lockhart, J. G., Scott’s biographer, 

2310, 3347 

Locking, of vehicles, 2557, 2558, 3122 
Locking-bar, railway, 3610 
Locking-frame, signal cabin, 4080 
Lockjaw ; see Tetanus 
Lockyer, Sir Norman, on coronium and 
atomic evolution, 4135, 4136 ; on 
education and instruction, 2603 ; 
transmutation of elements, 4561 
Locomotion, of certain bivalves, 3280 

— human mechanical laws, 1797 
Locomotive, electric, advantages over 

steam, 2086, 2087 ; In mining, 
3565 ; recent tractors, 2275 ; 
speed, 2085 

— railway, 6515-6517 ; Adams’s fun- 

nel, 520; axle-box, 3266, 3267; 
boilers ; see Boilers ; contractor’s, 
1821, 1823 ; driving wheels and 
counterbalance weights, 2021 ; fire- 
box, 3101 : management, 4592, 
4599 ; modern types, 4226 ; in 
mountain railway, 3815 ; oil-fed, 
5106 ; power transmission, 5353 ; 
pneumatic power, 5356 ; rack 
railways, 2275 ; shunting arrange- 
ment in temporary line, 3254, 
3255 ; testing plant, 5105 ; tests 
of power, speed, locality, work, 
etc., 5104, 5105, 5106 ; weight of, 
2274, 6517 

— superintendents, railway, duties, 4231 

— system, human, 1603, 1708, 1709 ; 

control by will, 5841 ; muscles, 
1710 ; organs, 197 
Locomotor ataxia, symptoms 2120 
Locus, in geometry, definition, 4724 
L(HJUst, 3277, 3364 

— bean, 6887 ; as livestock food, 2909 
Lode, in mining : see Vein 
Lodestone, 559 ; chemistry of, 1045 ; 

properties, 768, 4243 
Lodge, Sir Oliver, on persistence 
of “ self,” 3665 ; speed of elec- 
trons, 2028 ; wirele.s3 tclegrai)hy 
3895, 3896 

Lodge, Thomas, author, 1641, 2963 
Lodge-Muirhead wireless, 3898 
Loess, 1073 ; fertility, 4497 ; formation, 
1921 ; nature and cause, 1500 
Log-carriage, band saw, 5996, 6997 ; 

circular saws, 6144 
Log-feed, rope, 5996 ; steam, 6997 
Log-frame.s, varieties. 5000, 5901-5904 
Log-Jo.ader, construction and use, 5997 
Log-mill, driving arrangements, 6144 
Log-savang machines, 5S99, 5900 
Logarithms, 6500, 6627 ; Chambers’s 
tables, 6627 ; nautical use, 6659 ; 
proportional differences, 6627 
Logic, Bacon’s system, 6000; deduc- 
tion and induction, 5098, 6097; 
definition, 5999 ; fallacies, 6099 ; 
logical sense, 6099 ; Mill's system, 
6001 ; ii,aUire and value of, 5908 ; 
relation to other sciences, 5998 ; 
symbolic, 6099 ; value to student 
of science, 5998 

Logogram, in shorthand, position, 1235 
Logs, defined, 3544 ; board-cutters and 
band saws, 5994 ; breaking down, 
6900; circular sawing. 0743 ; saw 
loading and rolling, 69\>7 ; sawiiig, 
5899 ; stability conditions, 5968 ; 
weight estimation, 5964 
Logwood, 6687 ; in dyeing, 5145, 5903, 
6433 ; in textile printing, 4601 
Loin straps, of harness, 4836 
Lollards, th^ in JUchard II.’s reign, 
; Henry VL's reign, 3464 


Lombardy, geography, 2230 ; architec- 
ture, 3232, 3376 
Lomond, Locb, 1065 
London, Alfred the Great fortifies, 2355 ; 
basin, strata of, 528, 2255, 4156 ; 
bridges, structure, 2497, 2498, 
2499; children’s entertainment, 
6417; City of. Corporation: see 
City Corporation, London ; County 
Council : see London County 

Council, below ; education statis- 
tics, 319 ; geography, 1274 ; geo- 
logical formation, 628 ; harbour 
regulations and revenues, 6220: 
housing problem, 510 ; municipal 
enterprise, 318; omnibus statis-' 
tics, 2153; police. Metropolitan' 
and City, 320, 1400 ; poor law, 
asylums and hospitals, 1929, 1930 ; 
Fort of, administration, 320 ; 
road cleaning, 1980 ; roadways,' 
ancient, 1977 ; Homan occupa- 
tion, 2242 ; site, cause of, 4519 ; 
soil, peculiarity of, 143 ; subways 
for underground pipes, 2325 ; 
telegraphic intercommunication, 
5537 ; telephones, 5600 ; tram- 
way statistics, 319, 2153 ; transit 
trade, 6005 ; transport and traffic 
problems, 2153 ; water filtration, 
4097 ; water, supply, 4027, 4156, 
4158 ; water, underground, 4156 
London Bankers’ Clearing House, 
3971 

London Bridge, 2497, 2499 ; founda* 
tions, 2737 ; Thames, at, 1274 
London, Brighton & South Coast Rail- 
way, petrol motor-cars, 4812 
London Buildings Act, 519, 2201 
London Chamber of Commerce, exami- 
nations, 148 

— clay, classification, occurrence, 2254 
London County Council, architects, 

785 ; asylum olllcers’ salaries, 
699, 1496 ; careers offered by, 
318 ; ehcinists’ salaries, 787 ; 
clerkships aud salaries, 1214; 
education department, 1678 ; edu- 
cation scholarships, 481 ; electrical 
engineer’s salary, 573 ; engineer- 
ing works, 318 ; finance depart- 
ment salaries, 1007 ; tire Irigade, 
1497, 6837 ; gas meter inspectors, 
1498 ; history and duties, 318 ; in- 
dexers, women, 322; inspect orshij)?, 
minor, 788 ; medical officer’s 
salary, 698 ; offiriuls and salarit's, 
318 ; sanitary inspectors, 609 ; 
solicilor’.s sahiry, 1410; surveyors, 
455, 785 ; school teachers’ salaries, 
161; tramway manager’s salary, 
573 ; tramways staff, 1498 ; weights 
and inea.sures, inspector of, 788 
London & North-Western Railway, 
4801, 4802, 4800 ; coach slipping, 
4805 ; distinctive mark, 5060 ; 
dynamometer ear, 5104, 5105 ; 
engine gear, arrangement of, 4600 ; 
goods depot, 5073; passenger 
engines, shifts, 4598 ; rail rolling 
mill, 5103; short haulage, 6070 ; 
siiunter, 5070 ; signalling system, 
4688 ; time-tables, diagrammatic, 
4803 

London & South-Western Railway, 
engine gear arrangement, 4600 ; 
premium awards, 4594 ; track 
inspection, 4503 

— stocks, bricks, 1280, 1519 
London University, matriculation ex- 
amination, 140 ; sociology adopted 
as academic .subject, 4123 : see also 
University College, Lundoii 

Long clothes, infant’s, drafting, 3853 

— division, explained, 02 

— dog, carver’s screw, 5810 

— fiannel, infant’s drafting, 3851 

— primer, type, 5028 

— sight : Hypormetropia 

— stroke stationary engine, 5912, 5913 

— tandem engine, construction, 591 J 

— tom, in inihing, 2665 
Longcloth, uses, 3093, 6796 
Longevity, 2661, 2797 ; and heredity, 

2662 

Longhorn cattle, 2236, 2237 
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Longitude, explanation, 13, 14 ; in 
a&tronomy, 0244 ; deterii'ination 
in navigation, 6(J59, 6663, 6665 
~ diflference of, defined, 6665 
Longwall working, in mining, 3191, 
SUGO 

Lonk sheep, 2362, 2365 
Lonsdale waggonette, described, 2464 
Loom, avitomatic, :io:iG-30.37 ; Brus- 
sels carpet, 3990, 3992 ; Compton, 
3992, 3994 ; Dobcross, 5511 ; 

curtain, 4980; gauze, 3912', 
hand, 3492 ; Jaecpiard, 3684, 
3685 ; jute, 3912 ; lace, 225, 4879, 
4978 ; Lever's lace, 4978, 4980 ; 
linen, 3012 ; mechanism, 3684 ; 
powder, 3492, 3493 ; primitive, 
3488 ; velveteen, 3685, 3686 ; 

warp and w’eb beams, 3686 ; 
weaving shed, 3911, 3912 
Loom-pickers, inanufaeturo, 3715 
Loop, blind, underclothing stitch, 3337 

— of harness, making, 4887 

— letters in shorthand, 427, 587, 689 

— stitch, 150 

Looper, stick-caterpillar, 3514 
’ ooping wires, in carpet weaving, 3991 
Lx)8C-leaf system, in office work, 6521 
jLOOse pieces, in casting, 2338, 2341 
I.ofpiat, tree, 6687 
Lorain system of tramways, 2273 
“ Lorenzo and Isabella,” Millais* 
picture, 4394 

Lorraine, province, (icrmany, 1975 
Lots, auctioneers', 4984, 4985 
Lotus flower, 352 ; in architecture, 2520 
Lough, formation, 980 
Louis lx., of France, w'ar with Henry 
HI. of England, 3073 ; reign, 4101 
Louis XI., of France, wars, eneonrage- 
ment of learning, 4102 
Louis XJIL, of France, reign, 5110 
Louis XIV^, treatment of James II., 
4842 ; war of Spanish Succession, 
4951 ; and Peace of t’treeht, 
4952; reign and character. 5110 
Louis XV'., of France, reign, 5110 
Louis XVI., of France, character, 5111 ; 
execution, 51 12 

Louis the tireat, of Hungary, rule, 4309 
l^ouisiana, state, products, 4172 ; pur- 
chase by r.S.A., 5974 
Louping ill, sheep disease, 2025 
Lourdes, miracles of, explanation, 3603 
Louse-W’ort, description, 506 
Louvre, art collection, 870, 3040, 3949 
Love-bird, classification, 2211 
Low tiernian, classification, 1771 
Low-pressure lieating syst<mi, 6017, 
6022 

— temperature, c'liemist.'’, investiga- 

tions of Moissan and Dewar, 1444 
Lowell, ,1. Russell, on Cbaueer, 324; 

e.ssayist, 3780 ; on Pope. 993 
Lowestoft, harbour eonstriH-tion, 6330 ; 

herring industry, 1274 
Iiowinoor iron extraction, 4636 
Lubricants, for axles, 3328 ; ])etroleum, 
6151, 6152; varieties, 1032, 1033 
Lubricating oils, flash-x)oint test, 6149 ; 

production, 6147 ; varieties, 6148 
Lubrication, automatic, engine and 
t(.K)l, 5750 ; of shaft bearings, 
3264 ; importance, 2108 
Lucas, Seymour, painting by, plate 
facwg 2l.')3 

Lucca, oil, 2230 ; silk indiistry. 582 
Luce-Rozan .silver recovery, 5987 
Lucere (Italian verb), co!)jugation, 6378 
Lucerne, grass : see Alfalfa 
Lucifer matches ; Matches 
Lucknow, relief, 6552 ; manufactures, 
2820 

Lucretius, Roman poet, and atomic 
theory, 1596 

Lug-worm, description, 3956 
Luggage, railway trccntmcnt, 5108; 

touring parties, 1810, 1812 
Lumacheile marble, plate facing 480 
Lumbar plexus, human, 1941 

— vcrtebrrT, hnma?i, 1605, icoo 
Lumber, defined, varieties, 4657 

— trimmers of saws, 6358 
Lumbering, centres of, 5662 ; North 

American, 4065, 4066, 4068 
Luminous paint, manufacture, 1036 

eonti 


Lunacy . »ee Insanity 
Lung, in fish, 3070 

— frog’s, growth of, 2801 

— human, anatomy, 1299, 1300 ; blood 

circulation, 1192, 1195 \ function, 
in singing, 6048, 6049, 6052 ; phy- 
siology, 197 ; rest periods, 4391 

— pigs, inflammation, 2625 

— of reptiles, amphibians, etc., 30 
Lung-book of scorpion and spider, 3803 
Lung-fish, respiration, 3067, 3070 
Lung-.snail, breathing, 3115 

Luo (Dreck verb), conjugation, 5520, 
5657, 5808, 6094 

Lupine, pollination, 732 ; culture, 6529 
laipus, Finsen treatment, 3372 ; 
Rontgen rays treatment, 4093 ; 
ultra-violet light treatment, 3617 
Lustra cellulose, production, 6562 
Jiiistre-mereerisation, 6197 

— in pottery decoration, 5385 

— wor.sted material, warp, 2594 

“ Lute,” in balloon construction, 3978 ; 

in sulphuric acid plant, 4628 
Lute, strings of, 2968 

— sounds, in harp music, 3530 
I.uxor, obelisks of, 420 ; temple of, as 

artistic creation, 2519 ; wall paint- 
ing, plate facing 2041 
Lyall, Sir Alfred, as poet, 1138 
J^ycopodiuni powder, use, 1310 
Lydi.'i, Cyni.s’s conquest of, 20 ; (ircek 
eivili.Sfition, 28.58 
Lyddite, manufacture. 6765 
Lye, soda, soap manufacture, 4064 
Lyell, Sir Charles, doctrine of Fnifonni- 
tarianism, 1205 

Lyly, John, drama, 679, 849 ; drama- 
tist, inttiience on Shakespeare, 2963 
Lymph, 1195 

Lymi)hatie glands, physiology, 1195 
J^yinphatics, 1195 ; in fat digestion, 
676 

Lynx, .skims and fur, 6427, 6430 
Lyra, con.stellation, location, 6117 
Lyric p(M*try, characteristics of English, 
1307 ; meaning of term, 306 
Lysippus, sculptor, 2929 
Lytton, Edward Hulwer, Lord, plays, 
11.52; failure in poetry, 1309 

M8S.y illumination, 6275 
Mabuse, painter, style, 3948 
Macadam roads, 1977 ; const ruction of, 
2181, 2182 ; cost and life, 1980 
Macaroni, dietetic value, 3111, 3312, 
:1601 ; digestibility, 3314 

— h rAmcricHiiie, recipe, 2334 

— carver’s tool, 5809, 5810 
Macarthy double-roller, gin, 390 
Macaulay, Lord, 2619 ; criticism of 

FaCry Queen, 538 : on eighteenth 
century drama, 1149 ; poetry, 
1300 ; work.s, importance, 2015 
Macaw, 2211, pMe facing 2209 
Me^'arthy, Justin, historian, etc., 2785 
Vfaedonald, George, novelist, 3442; 
poems, 1 138 

McDougall, psychologist, feeling-tone 
theory, 2517 ; on ganglion-eells and 
associations, 2804 
Mace, 4721, 4722 

Macedonia, conquest by Pyrrhus of 
Epirus, 1203 ; Pwsian invasion, 
772 ; Pliilip ll.’s reign, struggles 
with (Jreece, 774 ; reign of 
Alex.ander the (»reat, 972 
Maehicoiili.s, military blockhon.se, 6273 
Machine man. printer’.s, work of, 5026 

— shop, 3316 ; departments, subdivi- 

sion, 3634 ; dictionary of, 3409 ; 
interiors, 3692, 3693, 3694, 5591, 
5593 ; turnery work, 3628-3634 

— t<K)lH, dictionary of the practice, 

5215 ; electrically driven, 5448- 
5452, 5453, 5455 ; in pattern- 

making, for casting, 2453 ; pneu- 
matic portable, 6452-5456 ; port 
able, fyi)cs and uses, 5275-5283, 
5448-5452 ; reciprocating and 
rotary, 4999 ; testing, 3963, 3905, 
3966 ; see also T^ithe 
Machinery, allow'ances against renewal, 
financial, 2880 ; concrete beds for, 
334 ; drawings of engine details, 
4423, 4428 ; in civil engineering, 


1821-1828 ; civil engineer’s know- 
ledge, 157; testing, 3961,. JS6J, 
3964, 3965 ; wear and tear, allow- 
ance, 2759 

— artificer, army, promotion, 4031 
Machines, arrangement in engineers’ 

shops, 5590 ; drawing of details, 
4323, 4329 ; factory expenses, 
6641 ; portable, 5448, 6455, 6456 

— theory, 85, 684; applications of, 828 
Machinists, army, 3840 

Macintosh, C., first w^aterproofs, 5045 
Macintosh clotli : see Waterproof cloth 
" Mack ” fire-re.sistlng partitions, 4759 
Mackerel, carving, 5936 ; choice of, 
3717 ; classification, 3065; fish- 
ing, 2527, 5121 ; grilling, 1873 
Macronucleus, of paramcecium, 381 
Macrurus, fish, description, 3070, 3071 
Macula lutea, in optics, 2402, 2954 
Mactear’s mechanical furnaces, 4634 
Madder, pignlent, 871 ; sources, use, 

. substitutes, 5118, 5906 

— artificial : see Alizarine 

— plant, classification, 354 

“ Madonna,” Botticelli’s picture, 3793 

— Correggio’s picture, 3796 

” Madonna with S8. Jerome and 
Dominic,” Lippi's picture, 3793 
Madras, presidency, 2818, 2972; 

ceded to England, 6549 ; exports, 
5381 ; siege raised, 5555 
Madras muslin, designs, 6593, 6594 
Madreporic disc, of starfish, 4081 
Magazines, eflect on book output, 2686 

— engineering, 5594 

“ Magdalen,” (!orreggio*s incture, 3796 
Magenta dye, 3711, 5908, 5953 
Maggots in sheep, symptoms, 2625 
M.agistraeies, stipendiary, 6748 
Magna Charta, 2915 
Magnesia, eharact eristics, 3941 ; proper 
ties, preparation, 1042 
Magnesian limestone, 234, 1073, 1520 
Magnesite, analysis, 4415; characters, 
6739 ; in Wellman furnace, 5017 
Magnesium, 1042 ; analysis, 4413 ; ex- 
traction and mamifaeture, 5756 ; 
))(‘reentage in earth’s crust, 239, 
624 ; lu’operties, use, 3837, 4307 

— carbonate, in brick clay, 1280 

— rlbb()n, maimfaeture, 4307 

— sulphate : see Epsom salts 
Magnet, 559 ; electro : see Eiectro- 

ina'znct; Faraday’s spark from, 
951 ; field : see Field-magnet ; 
induction by, 950, 951 ; natural 
and Sturgeon’s .Jiscovery, 129 ; 
properties, 4243 

Magnetic belts, impoteney of, 4245 

— - bias, in telegraphy, 5006 

— course, in navigation, 6661, 6005 

— dip, 4244, 4246 

— drag, in armature, 1591, 1592 

— eijuiitor, defined, 4244 

— eiiuilibrium, uiistahle, 5066 
-- field, 560, 3619 

— flux, 660 ; three-phase currents, 

1908 

— lines, 560 

— meridian, defined, 4244, 6665 

— lK)les, in navigation, defined, 6665 

— variation, correction in triangula- 

tion surveys, 594 

Magnetism, 4243-4246 ; books on, 
4298 ; effect on polarised light, 
3852 ; relation to light, 3617 ; see 
also Electro-magnetism 

— jiersonal, discussion of term, 4450 
Magnetite, 768, 1046, 6739; composi- 
tion, source, 4466 ; distribution, 
231 ; use in magnetite lamp, 2684 

Magneto-electric machines, inventions, 
129, 1104, 1325 

Magnets, Mayer’s, in chemistry, 2391 ; 

molecular, theory of, 4245 
Magnitude, absolute, in algebra, 1819 
Magnolia, 352 ; bed culture, 0630 
Magpie, classification, 2210 ; nest, 2507 
Magpie moth, chrysalis warning colora- 
tion, 3515 ; colour of adult. 3516 
Magyars, 2354 ; in Hungary, 2162, 2948 
Mahogany, 6887 ; for carving, 6809 ; 
in dyeing, 5906 ; strength, 1200 ; 
timber, 56 ; varieties and use, 
4658, 0579, 0582 
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MiUiomet : see Mohammed 
Mahrattas, 1790 ; Moguls overthrown 
by. 418 

Mahua butter, source of oil, uses, 4832 
Maidenhair ferns, cultiure, 6532 
Maignen’s Anti*calcaire, 4158, 4255 

— filter, report of 1894 on, 3380 
Mail axle, 3326 

— order business, 5930, 6861 

— phaeton, described, 2466, 2726 

— shells, 3113 ; description, 3286 

— under-carriage, 3123, 3124 

** Main de Dieu,” Rodin’s, 1675 
Main carriers, in sewage farming, 4549 

— distributing frame, telephonic, 6078 

— line circuits, telegraphic, 4607 
Mainmast, of sailing ship, 5399 
Mains, In water supply, distributing, 

sizes, construction, 4337 ; water 
pressure, 5675 

Mainspring, verge watch, 6082, 6083 

— watch, replacing and repairing, 6083 
Maize, 1108, 4874,6887 ; climatic condi- 
tions, 4493, 4874; cultivation, 855, 
1198, 4874 ; dietetic value, 3312 ; 
ensilage system, 1070-7971 ; cows’ 
food, 3890 ; extraction of starch, 
4556, 5364 ; grown for starch, 5364 ; 
improvement by selection, 637 ; 
as livestock food, 1198,2075,2904; 
2909 ; manufacture into glucose, 
4557 

— meal, cows’ food, 3892 

— oil, source, properties, 4831, 4833 

— starch, 5364 ; micrographs, 5365 
Major, in tonic sol-fa notation, 924 

— chords, 363 ; in setting melodies, 631 

— premise and term of syllogism, 6098 

— scale, in music, 272 

Malachite, characters, 4127, 6305, 6739 
Malacostens, fish, 3070, 3071 
Malar, cheek-bones, structure, 1604 
Malaria, causes, and protection from, 
3721, 4089, 5410 ; 

Malay Archipelago, ethnology, 1788; 
geography, 3160, 3161 

— Peninsula, geography, 2973 
Malays, fowls, 4954, 4957 

Malays, race, distribution, 527, 629 ; 
ethnology, 1789 ; skull measure- 
ment, 1787, 1786 
Male fern, structure, 1116 
Malic acid, occurrence, natural and 
artificial, 3704 ; in plastered wines, 
2879 ; source, 3112 

MaUeability, of metals, 240, 1375 ; in 
art, 5523 

Malleable cast iron, shrinkage, 2342 
Malleiii, definition, 2620 
Mallet, 3388, 4584, 4586 

— carver’s, 5599, 6810 

— compositor’s, use, 5457 

— mason’s tool, 2837, 2839 

— plumber’s, 5029 

— in quarrying, 532 

Malleus bone, of ear, 2533, 2534 
Mallow, 349, 352 ; as weed, 1378 
Malm bricks, description, 1047 
Malpighian corpuscles, kidney, 1602 

— layer, of epidermis, 1420 

Malt, 874, 2880 ; in brewing, 6228; 
grinding in brewing, 6057 ; as live- 
stock food, 2704, 2908 

— beer, how to make, 3315 

— comos, 874 ; cows’ food, 3892 ; 
' as livestock food, 2704, 2908 

— extracts, in breadmaklng, 3394 

— flours, in breadmaking, 3394 
Maltose, conversion from starch, 3085 
Mammals, 29, 30 ; adaptability of 

limbs for progression, 1869 ; brain 
development, 2165 ; chronological 
order, 2155 ; circulation and respira- 
tion, 2155 : classification, 380 ; 
coloration, 2166 ; comparative ana- 
tomy, 98 ; egg-laying, abandon- 
ment of, 2156 ; milk diet of young, 
2166 ; orders, characters of, 1493 ; 
means of progression, 1869 ; shim- 
ming apparatus, 2038 ; tempera- 
ture of blood, metabolism, 439 ; 
weapons and colours, 2155 
; Mammoth, engravings on bone, 2479, 
2480 ; ivory from Northern Siberia, 
811 ; prehistoric portrait on Ivory, 
2256, 6299, 6300 


Man, air used in repose, and at work, 
3801 ; anatomy, 97, 1603, 1708 ; 
arboreal ancestry, traces of, 1871 ; 
brain development, 2155 ; brain 
weight, 2144 ; in classification of 
animals, 1788 ; influence of climates 
on, 4494 ; future evolution, 
3118; geological agent, 1814; 

height and weight, 4528, 4529 ; 
interdependence, 5100 ; length of 
life, 4527 ; materialist’s view of, 
3065 ; period of developnient, 

2255 ; physically perfect, 4527 ; 

place in animal kingdom, 1493 ; 
power of, 5011 ; prehistoric, cirly 
art, 2478 ; prehistoric imple- 
ments, 2255 ; product of pro- 

gressive natural selection, 5387 ; 
psyciiological differentia, 2373 ; 
respiration, 1301; strength statis- 
tics, 3049 ; tripartite division, 4527 
Man, Isle of, geography, 1367 ; his- 
tory, 2610 

Manatee, description, 1762, 20.39 
Manchester, cotton industry, 223 ; 
industries, 1272 ; linen iiidiistiy, 
1025 ; municipal staff salaries, 4.52, 
573, 698 ; shipping, 6005 

— Ship Canal, construction. 5486,5467 ; 

cost, 4519 ; engineering, 1826 
Mandible.s, of beetles, 3510, 3511; 

cockroach, .356*5 ; of crayfish, 3807 
Mandoline, 4308; manufacture, 6707 
Mandrel, of capstan lathe, 4913, 4917 ; 
in dead-centre grinding, 3408 ; 
of lathe, 4913, 4916 ; in pipe bend- 
ing, 5629, f»630 ; plumber's, 5029, 
50.30 ; in tube manufacture, 5321 

— block, in coppersmitlilng, 3884, 3889 

— press and stand, use, 5214 
Manet, Edouard, painter, 4394, 4595 
Manganese, 1043 ; in Be.s.senuT pig 

iron, 4907 ; distribution, 3772 ; 
in iron and steel, 234 ,.362 ; propor- 
tion in earth’s crust, 239 ; in 
puddling, 4637 ; in steel, 4747, 5014 

— bronze, properties, uses, 3940, 6309 

— dioxide, for chlorine, 4776 
Mange, in liorscs, 2621 

Mangel, 9/2-944 ; cultivation, 1230, 
1232, 1233 : drilling, 1847; har- 
vesting, 1665 ; as livestock food, 
1198, 2704, 2904, 3891 ; manuring, 
589, 590 ; poultry food.s, 5436 
Manger, in cattte house, 2997, 3672 
Mangle, in laundry work, 2475 
Mangling, cloth manufacture, 4.345, 4345 

— rollers, in shipbuilding, 5920 
Mangrove, trees, bark for tanning, 6066 
Manhole cover, 734, 3213, 5797 
Manhole.s, of boilers, 3103, 3106 

— in drainage, 571, 736; construc- 

tion, 734 ; of house drain pipes, 
505 1, 5052 ; of sewer, construction, 
4458 ; specification of construc- 
tion, 2324 

Manicurists, business of, 3738, 3739 
Manifolding, in typewriting, 1698, 1919 
Manilla, fibre, 5639 ; in plastering, 
5498 

— hemp, 6887; dressing, 1389, 5118 

— rope, in scaffolding, 1170, 1699 
Manioc, cassava, cultivation, 4959 
Manitoba, agriculture, 3206 ; geo- 
graphy, 4066 

Manna, 6887 

Maniiesmann tube-making proce.ss, 5524 
Mansard roof, 4253, 4758 
Mantissa, of logarithm, 6627 
Mantle, of mussel, 3284 

— Welsbach burner, 6026 
Manufacturer, development from re- 
tailer, 5926 ; hire-purchase ac- 
counts, 3917, 3918 ; stocks for 
wholesalers, 6207 

Manufacturer's agent, 659 
Manure, 256 ; analysis, 433 ; artificial. 
589, 5585 ; books on, 3471, 6689 ; 
cotton cake, 1032 ; farmyard, 
constituents, 5587 ; garden, 6204, 
6836; liquid, 3890; nitrogenous, 
589, 6.587 ; phosphatlc, 589 ; 

manufacture, 5586 ; poultry, 6874; 
Rothamsted experiments, 1378 
Maories, ethnology, 1789 ; nasal index, 
1786 ; in S. Australia, 3230 


Maple, 3.53, 6887 ; " keys,” seed- 

dispersal, 911, 912 ; timber, 57, 
1260 ; sugar from, 4351 
Maps, 457-459 ; enlargement and re- 
duction, 494 ; equal-area projec- 
tion, 4514, 4520 ; Mercator’s pro- 
jection, 4514, 4620 ; survey, 158 
Marathon, Rattle of, 772 
Maranham cotton, 384, 1701 
Marble, 3245 ; artificial, 6636 ; as 
building material, 3245; dyeing, 
6766; formation, 1075, 13.55; 

in (Jreek buildings, 142 ; in lime- 
making, 1455 ; in paving, 2516 ; 
quarrying, 2955, 2956 ; sculptur- 
ing in, 1675 ; staircases, steps and 
thresholds, 3248 ; varieties, 533 ; 
weathering, 28;i5 
Marbles, glass, manufacture, 4736 
Marconi, wireless telegraphy, 3896 
Marco Polo : see Polo, Marco 
Marcus Aurelius, Roman emperor, 2070 
Margarine, adulterant of butter, 3333, 
3716 ; boric acid as preservative, 
3820 ; countries prodneing, 5119 ; 
dietetic value, 3311 ; digestibility, 
866 ; manufacture, 1032, 4832, 
4833 ; sale of, 1624 
Margin pljite, of ship, fitting, 5741 
--in slating, 4866, 4867 
Marine boilers : see Boiler 

— engines, crank, 2021 ; triple ex- 

pansion, 0293, 6294, 6295 

— glue, use, constituents, 811 

— insurance, principles, 4849, 4853 

— superintendent, railway, 4227, 4231 ; 

of shipping, 6361 
Marine surveying, 159, 1016 
Marinoni printing machine, 5869 
Marlelen Sec, 461 

Market-gardening, -6673-6677, 6835 
Marketing, domestic shopping, 1227 
Marking, cotton for, 3093 

— out, in joinery, 5298, 5299 

Marl, 258 ; in cement manufacturing, 
1579 ; coloiirH from, 5776 
Marlborough, Duke of, character and 
career, 4843, 4950 

Marlborough, Sarah, Duchess of, 4950 
Marlowe, dramatist, 679, 849 
Marmalade, manufacture, 4847, 4848 
Marmot, fur and skins, 6427, 6430 
Marquetry, defined, 6583 
Marriage, American, 4663 ; animal, 
relation to monogamy, 4538 ; 
antiquity of, 4535 ; beat age and 
comlition, 4529 ; biological sanc- 
tions, 4538 ; books on, 4539 ; in 
Braliinanism, 418 ; failure of 
false systems, 4539 ; a funda- 
mental institution, 4372 ; historical 
development, 4536 ; indcstructi- 
hility, 4539 ; intiiicnee of Christian 
('hnreh, 5531; law of, 6848; 
” lea.sehold,” 4537 ; sociological 
evolution of, 3871 ; sociologist’s 
attitude, 4538 ; aid to .survival 
of the fittest,” 4539 ; upheld by 
conservative forces, 5389 
Married Woman’s Property Act, 6849 
Mars, planet, 6250, 6567 ; canals, 6669 ; 
artificial production of similar 
appearance, 3181 ; nebular hypo- 
thesis, 620, 6702; position in 
solar .system. It 

Marsh cranesbill, seed dispersal, 910 

— gas : see Methane 

— test for arsenic, 4630 
Marsh-inallow, classification, 352 
Marsilia, fern, full account, 1118 
Marsupialia, order of mammals, 1763 ; 

development of extremities, 1871 ; 
species of, 1494 

Marteh^, violin bowing, 2742, 2743 
Martens, skins and furs, 6427, 6430 
Martin, classification, characteristics, 
2210 ; food, 2493 ; nests, 2507 
Martineau, Harriet, authoress, 3439 
Martin’s cement, 5500, 5506 
Marty nia, seed dispersal, 911, 012 
Marvell, Andrew, poet, 992, 995 
Marver, in bottle-making, 4735 ; in 
crown glass manufacture, 4634 
Mary, Queen, reign, 3834 
Mary, Queen of Scots, affianced to 
Dauphin, 3833; life, 3997 



QBNBRAL INDBX 
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Masculine crcsura, defined, 806 
Mash, brewer's, 6228 
Mash-tun, brewing, 6057 
Masharn, silk waste utilisation, 585 
Mason, importance of his w’ork, 2635 
Mason’s scaffold, 1171 
Masonry, architect’s detail drawing, 
6695 ; books on, 6349 ; construc- 
tion, in civil engineering, 1452 ; 
dictionary of, 1954, 2843 ; loading 
factor of safety, 210; materials, 
tools and processes. 2836-2H42 ; 
protection from frost and injury, 
3245 ; shoring in, 920 
Mass, in architecture, 2286, 2288 

— in drawing, function, 108 

— in physics, defined, 312 : force, rio2 * 

new conception of, 4883 ; unit of 
measurement, 422, 428 
Massage specialists, business of, tl739 
Masseter muscle, 578 
Massicot, preparation, uses, 358, 5988 
Massinger, Philip, dramatist, 846 
Masson, paper bleaching tower, 6284, 
6285 

Mast, engine frame, load calculation, 4206 

— of ships, kinds, 5398, 5399 
Master, workhouse, 1928 
Master and servant, law, 6845 
Mastic, appearance, use, 810, 5835 
Mastication, process of, 577, 674 
Mastodon Am(>ricanus, skeleton, plate 

facing 2065 

Matchbox, making, 5471 
Matches, manufacture, 362, 5470, 5471 
Matching : see tirooving 
Mate, 6804, 6805 ; H.N.Jl., 0300 
MateS Paraguay tea, 4407, 4901 
Materialism, 2016, 6257 ; controverted 
by study of energy, 2064 ; in 
modern philosophy, 6465, 6466 ; 
replaced l)y “ monism,” 6259 : 
iiineteentli century, 0259 ; oppose<i 
to idealism, 6487 ; and problems 
of life, 3664 ; and modern physics, 
1376; and psyeliical plieiioiiiciia, 
4450 ; psychical research and, 
3384 ; refuted by physics, 6537 
Materials and structures, books on, 
2034, 2704, 5595 ; civil eiigiiHior’s 
duties, 157 ; of engineering, 2107 ; 
stability of structures, 1084, 1987, 
2570, 2760 ; characteristic strength, 
210; testing strengths, 210, 1391, 
1517, 1699 

Materials, dressmakiJig, widths, 186 
Mathematics, actuaries' hooks, 4730 ; 
astronomical rennirements, 6243 ; 
books on, 6790 ; deductive 
science, 6002 ; in early Cliina, 216 ; 
Galileo’s services, 35 ; nature of 
its truths, 2806 ; relation to modern 
physics, 36 ; value to shinbuilder, 
5254 ; see also separate branches, 
€.g.. Algebra, Geometry 
Matriarchy, theory of, 4825 
Matrix, in concrete, 332 

— in inetailurgy, 2378, 3835 

— In printing, 5556 ; linotype, 5249, 

5250 ; making, justifying, 6073 
Matron, hospital, in colonies, 374 ; Poor 
Law, 1929, 1930; prison, 3001; 
workhouse, 1928 

Matter, in physics, atomic theory, 312 ; 
chemical and physical differences, 
1144 ; conception, new, 4883 ; 
corpuscular theory, 2294 ; defini- 
tion, 312 ; dematerialisation, 2395 ; 
divisibility, 1265 ; electrical theory 
of, ‘2028, 2294, 2395, 2551 ; electri- 
cal stimulation, response to, 4561 ; 
electricity, negative, 313 ; elec- 
tricity, relation to, 4105 ; energy, 
relation to, 313 ; ether, relation to, 
935 ; as ethereal vibrations, 2396 ; 
evolution of, 313 ; inertia and 
mass, 312, 4104 ; molar and mole- 
cular force, 1144; molecular 
motion, 1266; nature of, 4021; 
properties, 1144, 1265, 1374 ; the 
states of, 1268 ; ” ultimate atom ” 
and modern investigation, 1376 ; 
” ultimate unit ” of, 2395 

— In philosophy, defining, 1833, 3287 ; 

mind contrasted with, 2115; 
mind, interaction on, 6538 ; mode 

6968 


of energy, 6465 *, philosophic 
controversy, 6254, 6405 
Matter, conservation of : see Conserva- 
tion 

— and force, in engineering, 86 

— and form, in poetry, 305 

living, chemistry: see Vital chemistry 
Mattresses, upholstering, 6715, 6726 
Maxilla, structure, 1604, 1605 
Maxillie, of crayfish, 3807, 3808 ; cock- 
roach, 3363 

Maximilian, Emperor of Mexico, at- 
tempt to govern, execution, 5240 
May, Phil, drawing, 343, 344 ; press 
illustration, 6102, 6104 
Mayer, Prof., experimental atoms, 2295 
May-fly, description, 3365, 3366 
Maynooth College, Ireland, 48:1 
Mead, production of. 2880 
Meadow, ngricultural, cultivation, 1378 : 
see also Pasturage 

— foxtail, description, 875 

— grass, lor pasturage, 875, 879 

— saffron, perennial weed, 1378 

— sage, cross-pollination, 730, 732 

— tliistlp, weed eradication, 1378 
Meal, oil, extraction, 4830 

Meals, children’s, 4864 ; invalids, 
serving, 6178 ; regularity and kind, 
3601 ; tourist vocabtilary, 1962 
Meander, «isc in design, 5820, 5821 
Measles, 5409 ; evolution of, immunity 
from, 1030, 6543, 6782 ; symp- 
toms, infection, 5411, 5412; 

symptoms and treatment, 6260 

— in pigs, 2626 

Measurement, (luaiitity surveying, 6500 

— standards, kinds, 4701, 4702 , 

Measures, bootmakers’, 4015 ; decimal 

system, 1148: see also Weights 
Measuring machines, 688, 4705, 4710 
Measuring scale, use by compositor, 5459 

— tools, classification, description, 4701 
Meat, boiling, 1485; carving, 5935, 

5936 ; choosing, 1227 ; cold, 
using, 1530, 233.5 ; cooking, 1736, 
1872, 3313 ; desirability as food, 
3600 ; dietetic value, 3112 ; digesti- 
bility, 866, 3314 ; excessive eating, 
3601, 370,>, .5841 ; extracts of, 
stimulants, but valueless as food, 
.370.5 ; industry, countries engaged 
in, 5119; nutritive value, 3381; 
refrigeration, 5404, 5405 ; tinned, 
poisoning, 5408; unsound, 1429; 
wiiolesome and unwholesome, 3717 
Mecca, 2817 ; and Mohammedanism, 
2243, 2244 

Mechanical advantage and disadvan- 
tage, 684 

Mechafiioal engineering, 83 ; books on, 
5596 ; dietionaries, 5596 ; mate- 
rials and mechanisms, 205, 211 ; 
training, 5592 ; unity of practice, 
5580 : see also Machine tools. 

Smith’s work, etc. 

— powers, the six, 684 

Mechanics, applied to mechanical con- 
struction, 411 ; books on, 2764, 
5595 ; fiindamental principles of 
maciiinery, 85 ; scope of, 314 , 
statics, 1833 : see also Machine, 
elementary theory, and Motion 
Mechanism, defined, 205 ; materials, 
206, 209; rigidity and elasticity, 
209 ; tests of fliilslied, 3962, 3964 
Medici 1 otficer, qualifications, 82, 320, 
697 

Medical profession as a career, 162, 
5422 ; colonial, 5428 ; London 
p(X)r law appointments, 1928 ; 
women’s training, 322 
” Medici Venus ” statue, 2932 
Medicinal barks, kinds, 6067 
Medicine, administration, 6178 : books 
on, 5424, 5427 ; forensic, books on, 
6424 ; the profession, 5422-5432 
Medicine-man in religious, 0774 
Mediterranean Sea, currents, 558 ; 
French coast, 1681 ; geography, 
460, 653 ; geological formation, 
1815 ; temperature, 664, 555 ; 
tidelessness, 556 

— countries, economic conditions, 6822 

— peoples, ethnology, 1786, 1790 

— type of land, prooucts, 5660 


Medlar, fruit, 6887 

Medulla, human, 197, 2144, 2299 \ 
nerves, 1941 

Medullary rays, 51, 53 ; in stem, 169 

— sheath, of nerves, 1942, 1943 
Meerschaum, 1042, 6740, 6887; use, 4378 
Megacephalic skulls, defined, 1785 
Megatherium Amerkanum, skeleton, 

plate facing 2035 

Melancholia, psychological symptoms, 
2119 ; in pessimism, 2517 
Melanesians, craniology, 1786 
Meldola, Prof., on relation between 
fatty and aromatic hydrocarbons, 
3708 ; on vitalism, 2710, 2712 
Melicerta, wheel-animalcules, 3967 
Melilot, common, weed, 883 
Melinite, mami/acture, 6765 
Melodic minor scale, harp music, 3524 
Melody, setting, 631 ; transposition, 
1057 

Melons, culture, 6677 
Melon cactus, 727 

Meinbraneo, of brain, anatomy of, 2144 

— send -permeable, 4562 
Membrane- w’inged insects, 3302 
Memlinc, painter, 3948, 4299 
Memorandum of association, 3185 
Memorial, in bookkeeping, origin, 1467 
Memory, T/Ocke’s definition, 2304 ; 

psychological account, 2259 ; rela- 
tion to reason, 2803 ; compared 
with reflection, 2137 ; training of 
2304, 2372 

— drawing, 341 

— images, explained, 2259 
Menai ilridge, engineering, 2408 

— Straits, tidal power, 5128 
Mendol^eff, I). I., on mercury, 1447 ; 

on periodic law, 400, 1440 ; petro- 
leum formation, liypothesis, 5915 
Mendel’s law’, 1481 ; statement of, 1483 
Mendelssohn, organ compositions, 3866 ; 

“Songs without Words,” 2023 
Meningitis, symptoms of, 6261 
Meniscus, in burette, 63 
Men's hats, making, 6154^6375, 6160 
Menservants, duties and wages, 761 
764, 815, 1001 

Mental energy, nature of, 6466 

— work, and physical energy, 6460 

— inertia, obscTvations, 425 
Menu terms, dictionary of, 5937 
Mercantile law, 146, 6751, 6844 

— marine, 6365, 6803 ; entrance to 

>'avy from, 4265 ; service in, 6366 
Mercaptaiis, properties, products, 3140 
Mercator's projection, 4514 

— sailing, rules for, 6660 
Mercerisation, of cotton, 5636 ; in 

paper-making, 6501 
Merchant, definition of term, 650 
Merchant bar, in iron w'orking, 232 
Merchant Shipping Act (1894), scope 
and provisions, 6363, 6364 
Merchant Taylor’s (London) School, 481 
Merchantmen, construction, 5256, 5259 
Mercury 301, 1447, 4307, 6740 ; analy- 
sis, 4414 ; Boyle’s law, 1802, 1804 ; 
capillarity, 1374 ; distribution, 
3772 ; electrical resistance, 672, 
3838 ; electrons in atom, 2295 ; 
in gold and silver extraction, 3836 
.5847 ; occurrence, 839, 4307 ; 

libysical i)foperties, 1396, 1738, 
3837 ; in silvering mirrors, 4932 ; 
in thermometers, 1564 ; uses, 4932, 
5308 

— planet, 6402, 6702 ; distance from 

sun, 6121, 6250; nebular hypo- 
thesis, 620 ; orbit and revolution, 
6121, 6403; phases. 6403, 6405 ; 
position in solar system, It 

— vapour lamps, electric, 2682, 2683 
Merecfith, (ieorge, 3555 ; critical work, 

2686; on “leasehold’* marriage, 
4537 ; as poet, 1438 
Meridian, explained, 14, 6115 ; celes- 
tial, 6243, 6244 , , 

— in navigation, 6665 ; calculation, 

6660 ; prime, defined, 6665 

— in surveying, 369, 709 
Meringues, recipe, 2002 
Merino sheep, 70, 72, 221, 1121 
Mermaid’s purses, 8066, 6071 
Merry thoiignt, of bird, 2494 , 
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Mersey, river, harbour revenue system, 
6220 ; transporter bridge. 2889 
M^ryon, C., etching, 0112, 6li:i 
Merz, Dr. J. T., “ Kuropean Thought in 
XIXth Century,” 2062, 2553, 3371 
Mesaticephalic races, 1786 
Mesenteries, of 8e.a‘anemonc, 4083 
Mesh-grouping of dynamo windings, 1907 
Meshing, by lace loom, 48S1 
Mesmer, A., 3363 ; theory of animal 
magnetism, 4449 ' 

Mesmerism, 4449 : »ee also Hypnosis 
Mesocephalic races, 1785 
MesogTiatliuus races, 1786 
Mesohippus, fossil horse, 1177 
Mesozoic period, in biology, 1177 

— rocks : see Secondary rocks 
Messa di voce, in singing, 6336 
Messengers, State service, 2252, 2575 
Messina, Antoriello da, introduction of 

oil painting, 3705 

Metabolism, of human body, 437 ; cell- 
life, 199 ; of protoplasm, 275 
Metacarpal bones, human, 1708 

— hand of pig, 1869 
Metacarpus, bones of, 99^ 1708, 1709 
Metacentre, in hydrostatics, 1080; of 

ship, 800 ; of ship, calculation of 
height, 5.97/ 

Metal, expanded : see Expanded metal 

— road, method of qiuirrying, 2955 
Metal-work, 4521 ; art, 5521, 5687 ; 

Mycensnan Age, 2858 
Metal-working, tools, 4151 
Metallic minerals, list, 3835, 6731 
Metallography, 235, 3937 
Metalloids, in chemistry, 240, 362, 1161 
Metallurgy, 3835 ; books on, 5860, 
5993 ; microscopy in, 3937 ; pro- 
cesses, olassi flea lion, 3836 
Metals, 356, 362 ; alloys, 3939 : see also 
Alloys ; in art-metal work. 5523 ; 
boiling out, 5528 ; brittleness, 3839 ; 
bronzing, 6576 ; casting : see Tast- 
ing ; chemistry of, 239 ; cleaning, 
5528, 6573 ; coating and colouring 

f )roces8es, 6571, 6*57^1 ; coloration, 
nstre, and transparency, 3837 ; 
conductivity, 2061, 3839 ; con- 
traction in cooling, 1397 ; crystal- 
line structure, 4560 ; defliiition, 
240; ductility, 5169 ; electrolytic 
deposition, 3421 ; forging, 3839 ; 
furnaces, 2862 ; fusibility, 239, 
3837 ; grain, varieties of, 3839 ; 
hardening, 210 ; in human body, 
438 ; malleability, 239, 3838 ; 

microscopic exannnation, 3937 ; 

fi hyaical properties, 3836 ; pick- 
ng, 5528, 6573 ; polishing, 6573 ; 
recovery processes, 4303 ; series in 
spectra, 3618; sheet, dimensions, 
5524 ; sheet manufacture, 5524 ; 
sheet rolling, 5522, 5524 ; solder- 
ing, 360, 3839 ; strength, 1393, 
1396 ; structure and fructnres, 
3839 ; temperature testing, 3835 ; 
tensile testing machine, 5888 ; 
texture problems, 1405 ; welding, 
r>839, 6453 ; working proctisscs, 
5r, 22-5525, 5526 
Metamorphic rocks, 898, 1074 
— sy.stem in geology, 530, 535 
Metamorphisni, in geology, 1074 
— in i.oofogy, butterfly, 3514 
Metaphysics, 6253 ; birth of, in fireece, 
34 ; Haeckel’s monism, 6464 
Metatarsus, bone.s, 1348 , 1349, 1700 
Metazoan, in biology, defined, 380 
Meteorites, 6570, 6695, 6696\ orbits, 6250 
Meteorology, present scope of the 
science, 1900; law in, 4882 ; sun- 
spots and, 6252 ; see also Eainfall 
Meters, electricity, 2812, 2813, 2814 
— river, current, 5116 
— telephonic caJl, 6079 
7/ wa^er, use, 4337 
Methane, chemistry of, 2713, 2876, 
6817, 6827 ; in mines, 3768 ; 
production, 5758 
Methyl acetanilide, uses, 5469 

alcohol, wood spirit, production, 
properties, 2877, 5464 ; rectify- 
ing, 5466 

— chloride, 2876 ; action of, 3142 
theobromine, caffeine equivalent, 4008 


Methylated spirit, 1035, 2817 ; manu- 
facture, 5147 

Metre, poetry, 305 ; Chaucer’s, 325 ; 
English, 328; Latin, 1766; Words- 
worth’s theory, 1305 
Metre, unit of length, 337, 422, 1148 
Metric system, 337, 501, 1148 : English 
equivalents, 11 18 ; table of weights 
and measures. 409 
Metronome, explanation and use, 41 
Metropolitan Asylums Hoard, consti- 
tution, rnnetions, staff, 320, 1929 
Metropolitan Eire Brigade, 1497 
Metropolitan Police, 320, 140 ; river 
and mounted, 1407 ; surge<»n, 699 
Metropolitan-District Railways, sig- 
nalling system, 4688 
Metropolitan Water Board, 320 
Mexico, coal deposits, 4176, 530.5 * geo- 
graphy, 4061, 4173, 4176: Maxi- 
milian, Emperor, 5240 ; war with 
r.a.A.. .5975 

Meynell, Alice, essays, 1438, 2785 
Mez(‘reon bark, source and use, 6068 
Mezza maniea, violin, 2411, 2412 
Mezzo-forte, in mu.sie, 271 
Mezzo-piano, in music, 271 
Mezzo-soprano clef, 1059; voice, cliarac- 
tcristics and compass. 6050, 6183 
Mezzotint, engraving, 6114, 6289, 6290 
Mica, 1007,Cu4() : in electric condenser, 
3580 ; as electric insulator, 672 

— group, propcrtic«, varieties, 768 

— schist, 530, 535 

Michaelangelo, painting, 3796 ; stylo 
and works, 3674, 3678 
Mierob(*s : see Bacteria 
Mierocephalic races, 1785 
Micronuder, screw. 688, 855 
Mjeromicleus, of paranuecinni, .5’.?/ 
Microscopes, kinds and construction, 
2902,6126,6727; flshery, 5IS9\ 
metallurgical, 235, 3938, 456(' ; 

res»»lution of. 3227 ; use in textile 
trades, 820 

Microscopic examination of food, 3893 
Midden, sewerage system, 4457 
Middle term, of syllogism, 6098 
Middleton, T., play wTight, 846 , 847 
Middlings, cattle ftaid, 2704, 2908, 

3892 

— in milling, 3078 

Midland Railway, distinctive mark of 
sheets, 5069 ; goods depot, .5073 
Midnight sun, appearance, 1560 
Midsliipman, training, pay, 4401, 6365 ; 

R.X.R., qnaliflcatious, 6366 
Midwifery, student’s training. 5421 
Jdignard, painter, portraiture, 4118 
Milan, cathedral, 3375, 3376; as a 
state, 2945 ; touring, 947 

— Duchy of, independent state, 4322 , 

wars for po.sse.''sion of, 1306 
Mildews, 166; destruetioii, 4927] 
stains, 2590 

Mile, foreign miles, 1118; linear, 226; 
nautical, 6665 

Militarism, and industrialism, 2393, 
5096, 5097 ; iiumieal to society, 
1371 ; decay, 4664 ; social con- 
ditions under, 5095 ; stage in 
social evolution, 2393 
jMilitary band, instruments, pitch, 1058 

— engineer, training and duties. 6265 

— - engineering, active service, 6205 

— s]>irit, destruction of, 5100 
Militia, eommissions, 4199 

Milk, adulteration, 3716 : bacteriology 
of, 3273, 353 4, 1036; analysis, 

4038 ; casein in, 4033 : in cheese- 
making, 4492 ; ehemical classifica- 
tion, 3111 ; coagulation by rennet, 
4489 ; cooling and aerating, 4034 ; 
condensed and i>rcscrvcd, 3552 ; 
constituents, 4033 ; dietotlc value, 
3311; digestibility, 860, 3314; 
fat ill, 4035, 4038 ; fermented, 
infant deaths, 353.5 ; heating, 4571; 
as infants’ fooii, 4681 ; lactic acid 
in, 3534, 4782 ; nutritive Value, 
3381,3.599; pasteurisation, 4037 : 
pasteurised infants' food, 4681 ; as 
ponltrv food, 5433, 5436 ; preser- 
vation, 3819, 1037, 5405 ; refriger- 
ating, .5406 ; sale of, 2218, 35.53 ; 
sour, 2336, 3.536 ; .specific gravity, 


709 ; sterilisation, 4035, 5407 ; test- 
ing, 4034, 4038, 4281 ; see also 
Dairy fanning 

— bread, recipe, 3393, 3394 

— cart perambulator, 2832 

— condensed, 4681 ; Swiss, 1839 

— fever, in cattle, 2623 

— glands, of mammals, 30 

— human, dietetic value, 3311 

— hiiiimnised, iiifant.s’ food, 4681 

— viowdor, manufacture, 4556 

— skimmed, 4637 

— sugar, 4033 ; composition, 4035 

— teeth. 576, 578 

.Milky Way, 2949, 6700-6702 ; location, 
6117 

Mill, .Tolin Stuart, compared with Bacon, 
6001 ; on the ether, 936 ; on 
free will, 2995 ; definition of 
matter, 312; on logic, 2081, 
5999 ; “ System of Logic,” 6001 
-Mill, in briekmaking, 1282, 1285 
- in cement -grinding, 1734, 1853 

— ill metal rolling, 4638, 5522, 5524 

— in milling, 3078, 3082, 3085 

— l)ug, earthenware, 5162 

— rubber rolling, 5199 

— wire-making, 5168 
Millais, Sir .1. E., painter, 4394 
Millerite, nickel ore, 5982, 6740 
.Millepora, coral, 4086, 4087 
Millers, workshop, tests, 3903 
.Millet, .1. E., painter, 342, 868,4301 
Millets, cultivation, uses, 4875, 6887 
Milliners, biisinoss of, 47, 3739, 4564 
Millinery, 4564 ; examinations, 6042 ; 

instruction, 3739, 3740 ; renova- 
tion, 6040; requisites, 4565; 
stitches, 1565 ; w'omen’s training 
and prospect.s, 322 : see also under 
separate suhjpcts — ?.g.. Hats 
Milling, in elotli-inaking, 4106, 4107 
™ flour, systems and machinery, 3078 

— cutter, compared with slot-mill, 

3403, 3405 ; forms and construc- 
tion, 42.59. 4261 ; uses, 3630, 
42.59, 5201 ; macliines, forms, 

3320, 3401, 5208, 5210 ; portable, 
5278, ,5820 ; screw’, 835, 3648, 
5280; use, 5448 

Millipede, description, 3361, 3362 
.Millstones, cement, 1582, 1734 
Milton, .lohn, poet, 991, 995 ; ” Areo- 
pagitiea,” 1641 ; influence of works, 
4762; travels, 212 
Minieography, speed and fees, 1919 
Minietesite, 398.5, 6740 
Miinicry, 2157 ; butterfly, 3515 ; snakes, 
2679 

Mimosa, bark in taiiiiing, 1166 
Miiiil, action on matter, 6538 ; Berke- 
ley's idealistic idea of, 6469 ; and 
body, 2014, 6537 ; BOehner’s 

ddfinitioii, 6259 ; dual nature of, 
3288 ; elementary forms ot, 3117 ; 
evolution theory of, 1588, 1705, 
3119; fallibility, 6537; kinetic 
tlieory, 2115 ; and matter, physio- 
logical account, 198 ; nature of, 
6466 ; necessity of rest, 3183 ; 
parallelism with brain and matter, 
6538 ; psychological problems, 
2014; psychology of: see P.sy- 
ehology ; p.sycho-physical interac- 
tion, 6336, 6337, 6338 ; relation 
to brain, 6533, 6536 ; speculations 
concerning, 6465 ; subconscious 
element in, 3183 
Miner’s actinomycosis, 3768 
Mineral deposits, proving, 2582 

— glue, 4931 

— oils, 1033 

— traffic, railway, 5068 

— wafers, dietetic value, 3379 ; 

domestic and automatic aeration, 
6393, 6394 ; manufacture, 6391 
Mineralogy, 765, 6730 ; books on, 2256 
Minerals, characters, tables of, 6731 - 
6745 ; chemical elements, 624 ; 
crystal systems, 765, 6370 ; dcfliii- 
tion In respect of shape, 275 ; 
distribution, 3771 ; dyes, 6766 ; in 
earth’s crust, 76.5 ; general charac- 
teristics as oppased to animals and 
plants, 27.5 ; geological definition, 
624; mining of, 3304-3310: see 

6960 
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alio Miniiijt ; rock-forming, 765 ; 
tables of, 6371 ; weathering, 3771 
Mines, accidents in boring, 2846 ; 
Home Ofhce inspectorships, 3300 ; 
lighting, 3769 ; machinery, 960, 
37GG ; plan and action, 3306, 
3309 \ sinking, 3190 \ surface 
works, 3706 ; surveying, 159, 803 ; 
ventilation, 3767, 5356 

— in military engineering, 6273 
Miniature painting, 1061, 1002, 1063 
Mining, 2840, 3304 ; adits and day 

levels, 3192 ; aided by faulte, 1925 ; 
books on, 8772 ; boring, 2682 ; 
development, 2375 ; dictionary of, 
2588 ; plant, 3760 ; prospecting, 
2581 ; quarrying, 2955, 2960 ; 

shaft-sinking, 3193, 3457-3462 ; 
surveying, 159, 803 ; terraced 
workings, 2849, 2850 ; under- 

ground working, 3190 ; vein 
mining, 3192 

— stocks, cautions as to, 3484 
Minium, 1036, 5832, 5988, 6740 
Mink, skins and fur, 6427, 6430 
Minor, in tonic sol-fa notation, 924 

— chords, 363 ; in setting melodies, 631 

— premise, and term of syllogism, 6098 

— scale, in music, 272 ; chords, 364 
Minorca fowls, breeding, 4858, 4950 
Mint, 354, 909, 6675 

Mints, London and branch, 5851 
Minuet, guitar, 3763 ; sonata, 634 
Minute, in architecture, 2135 

— in physic, geography, 14 

— in time measurement, 226 

— in trigonometry, 6085 
Miocene system, 2067 ; rocks, 2254 
Miohippus, fossil horse, 1177, 1178 
Miracles, bath theory, 3652 
Mirage, explanation of, 2734 
Mirbane, essence of, 5468 

— oil of, 4971 

Mirrors, 2901 ; silvering, 361, 4932 
Misfit, in tailoring, 3014, 3015 
Mispickel, 1162, 6740 
Mississippi, river, 4061 ; current move- 
ment, 1816 ; deepening, 5333 
Mist, definition, 1900 
Mistletoe, description, 505, 506 
Mistral, effect on agriculture, 4495 
Mitaflfl, cotton, 383, 384, 386 
Mites, kinds, habits, 3804, 3805 ; para- 
site of red ant, 3727 
Mltis castings, 235, 5992 
Mitral valve, 955, 956, 957 
Mitre, in vehicle construction, 2833 ; 

— block, 3386; in joinery, 4112; 

plumbers, 5029, 5630 ; in sawing- 
boards, 3754, 3755 

— box, 3386 ; bamboo, 5725 ; in 

joinery, 4112, 4113 

— shoot, in joinery, 4112, 4113 
Mitring, in cornice work, 5501 

— tools, plasterer’s, 5496, 5497 
Mixer, in brick-making machinery, 

1282 

— biscuit-making, 3593, 3594 

— metal, steel manufacture, 5017 
Mixing, in cement manufacture, 1583, 

1855 

— in paint-making, 5143, 5147 
Mixing-box of paper machine, 6390 
Mixture, in chemistry, 692 
Mizzen-mast, of sailing-ship, 5399 
Mnemonics, defects and dangers, 2304, 

2372 

— in telegraphy, 4606, 4902, 5242 
Moa, description, 2214 
Moabites, David’s conquest, 666 
Mocking-bird, classification, 2210 
Mode, in tonic sol-fa notation, 923 
Modelling in clay, 1216, 1345, 5980 
Model drawing ; see Object drawing 
Models, in sculpture, engagement, 1512 
“ Modern Commerce,” picture by 

Brangwyn, plate facing 4657 
Modification, acquired characters, 485 
Modified vowels, in German, 252 
Modulation, in music, 568, 922 
Modulator, in tonic sol-fa. 806, 923 
Module, in architecture, 2135 
Modulus, in engineering, 86, 3964 

— of elasticity and rupture : see 

Elasticity and liupture 
Mob»ir sheep, wool, 71, 72 

•»TP . 


Mohammed I., of Granada, 2946 

— the Prophet, history of, 2243, 2353 
Mohammedanism, in Africa, 3279 ; 

and art, 3092 ; distribution, 629 ; 
compared with Hinduism, 419; 
influence in Middle Ages, 2354 ; 
teaching, 2243, 2244 
Mohammedans, art, 3002 ; invasion 
of India by, 418 
Mohr’s Burette, 62, 63 
Moissan, H., electric furnace, 3031 ; 

fluorine researches, 1444 
Moisture, measurement, 4414 
Molar teetli, human, 576, 578, 1605 
Molar force, in physics, 1144 
Molasses, 3831, 4116, 4353, 4164 
Mole, 1765, 1870, 1871 ; development 
of digging f laws, 1871 ; skin and 
fur, 6427 

Mole-cricket, plate facing 3361, 3364 
Molecular attraction, 1144, 1269 ; com- 
bination law', 605 ; motion, 1266 ; 
weight, 402, 694 

Molecule, 134, 695 ; Avogadro’s law, 
696, 1914 ; dissolution, 4608 ; 

mean free path, 1267; motion, 
1266; structural formiilse, 2714 
Moleskins, finishing processes, 4342 
Mollusca, bivalves, 3113-3110, 3284- 
3286 ; characters, 1492 ; geological 
agents, 1814 

Molluscoida, characters, 1492 
Mollwelde, equal-area projection, 4520 
Molybdenum, distribution, 3772 ; 

effect on steel, 4748 
Moment, in mechanics, 415, 661 ; of a 
plane, formula, 5969 

— bending of beams, 1984, 1987, 2197 

— of buoyancy, ships, 5970 

— of force. 1834 

— of inertia, of beams, 1985, 1987 

— of resistance, of beams, 1984 

— of volumes, calculation, 5970 
Momentum, in physics, 551 
Monarchy, unprogressive form of 

government, 5533 
Monazife characters, 2581, 6740 
Mond gas, 6818, 6828, 6785; nickel 
prot!esS, 4306, 5982 
Monet, Claude, painter, 4302 
Money, standard and token, 3969 ; 
Buman scale, 1333 ; saving, 3223 ; 
English, 226 ; in travelling, 515 
Mongoloid races, ethnology, 1789 
Mongols, craniology, 1785 ; distribu- 
tion, 6*27, 629 ; early civilisation, 
215, 218 ; at Delhi, 418 
Monism, 6259, 6464 ; supported liy 
psycho-physical parallelism, 6538 
Monkey, 1763 ; ciimbiug, 1870 ; fur 
and skin, 6427 

— driving totil, in mining, 2667, 2609 

— in pile driving, 1558, 1453, 4642 

” Monna Lisa,” Da Vinci’s picture, 
3796, 3797 

Monochord, principles of, 2104, 2105 
Monoclinic system of crystals, 766, 6730 
Monocotyledom 350, 355 
Monogamy, effect on infantile mor- 
tality, 4537 ; factor in social evolu- 
tion, 3871 ; influence on character, 
4537 ; importance to race, 4539 
Monolith paving, laying, 2426 
Monotheism, religion, 6773 
Monotony, psychological and socio- 
logical problems, 2548 
Monotremata, 1765 ; species, 1494 
MonotyiM) composing machine, 5251 
Monsoon, 294, 290 ; bursting of, 2715 ; 
influence on rainfall, 2818 

— lands, economic conditions, 6380 
Monsters, extinct, plate facing 2065 
Month, lunar and sidereal, 6121 
Months, In Homan calendar, 1182 ; 

Spanish names, 2041, 3792 
Montreal, 4068, 4520 ; touring, 1650 
Mood, in grammar, English, 116, 608, 
755 ; French, 3211, 3353 ; German, 
3502 

Moon, 0564-6567 ; compared with sun, 
6250 ; declination, 0604 ; eclipse, 
11 ; evolution of, 621 ; Galileo’s 
study of, 2949 ; heat, radiation, 
2060 ; motions, 6121, 6243 ; tidal 
friction, 620 ; and tides, 555, 556, 
1017 ; volcanoes in, 12106 


Moonwort, structure, 1118 
Moorish art, 1182, 3002 
Moors, history and origin, 215 ; in * 
Spain, 2946, 4396 
Moraine, 450, 1636 
Moral ideas, westermarck on, 4124 
Morality, sociology, 4121, 4275, 4277 ; 

relation of religion, 6773 
Morality plays, account of, 678 
Moray, James Stuart, Earl of, rebellion 
against Mary, 3007, 3908 
Mordant, definition, 1721 ; in dyeing, 
5779 ; in textile printing, 4501 ; 
varieties, 5779 

— colours and dyes, 5956 
Mordente, in singing, 6336 

— in violin playing, 2508, 2509 
More, Sir Thomas, author, 1609 ; poet, 

328 ; political career, 3832 
Morocco, geography, 3270, 5822 

— leather, finishing, 3456 ; grain, 

plate facing 3217 

Morphine, 3824, 4006, 4960 ; poisoning 
antidote, 1043 

Morphinomanla, psychological pheno- 
mena, 2993 ; symptoms and 
treatment. 4006 

Morphology, scope, 95 136, 278 
Morris, William, poet, 1438 
Morris decoration, criticised, 6103 
Morse code system, 4382 

— telegraph sounder, 4904 
Mortality tables, graduation, 4731 
Mortar, in brickw'ork, 1952, 1953 ; 

composition and manufacture, 
648, 649, 1952 ; disintegration, 
1502 ; preparation, 1458, 1952 ; 
strength, 1521 

— board, use, 1953 

— mill, 647 

Mortgage, bond, security, 4294 ; con- 
ditions of sound investment, 3225 ; 
debentures, 3330; valuation, 5151 
Mortise chisel, 3386, 3387, 4040, 4150, 
4151 

— and tenon joint, 1176, 4039, 4041, 

4044, 5180-5764, 5294, 6585 ; in 
fences, 4640 

— saw, 3385, 3387 
Mortising machines, 0754, 6755 
Mosaic, Byzantine, 3091 : Greek, 2931 
Mosaic gold, composition, 3940 

— law, inoral code, 665 

— leaf, 171, 173, 505, 506 

— in paving, 646, 2516, 5776 
Moscow, geography, 2408 ; Napoleon’s 

capture, 5238 
Moses, history of, 665 
Mosque, architecture, 3092 
Mosquitoes, 5721 ; agent in dissemi- 
uating disease, 203, 4089 
Mosses, in classification, 165 ; colonies, 
1368 ; as farm weed, 1378 ; 
structure, generation, etc., 1311 
Moss-polypes, description, 3956, 3958 
Moss-spores, 1312 

Moths, 3362, 3512, 3516 : colour in 
courtship, 3516 ; distinguished 
from butterflies, 3514 ; eggs, 3513, 
3514 ; as pollen carriers, 731 
Mother-of-pearl, carving^ 6300 ; dyeing, 
6769; sources, 5308 
Motherhood, importance to race, 4667, 
4828 ; legal protection of, 4976 
Motion, amoeboid, 054 

— in harmony, 365 

— laws of, 424, 549, 920; Galileo’s 

and Newton’s contributions, 3536 

— perpetual, principle of, 2062 

— in^ physics, 86, 290, 316, 422, 546, 

— planetary. 662 

— in psychology, 2115 

Motive, in relation to will, 2994 
Motor, electric, 949, 1104, 1590; 

alternating, 1595 ; back-voltage, 
1503 ; continuous, 1690 ; con- 
struction, 1592, 4296; Faraday’s 
Invention, 129 ; induction, 1909 ; 
portable, SHO, 5449 ; single- 
phase, reversal, 2089 ; three- 
phase, 1907, 1908, 2089, 2090 ; 
railway, 2087, 2088 ; series, 1694, 
1931; shunt and series w'onnd, 
1694, 1931 ; starter, automatic, 
1594 *, tramway, 1031 
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Motor-bicycle, 2153, 2463; trade in, 
3878 

Motor-’bus, 2273, 4187 ; structure, 
2403, 3004 

Motor-ear, 2557, 3903 ; basket, 5603, 
5564 • chassis diiiiensioiis, 2557 ; 
classiftcation, 2403, 2106 ; coin- 

luercial traveller’s use, 3904, 6212 ; 
einbellishiueiit, 3006; petrol rail, 
4801, 4812 ; passenger road, 4802, 
4812 ; pneumatic power, 5356 ; 
steam rail, 4801, 4810 

— dealers, business of, 3878 

— fishing boats, 4980 

— nerves, human, 1943, 2117, 2143, 

2302 

— traction, 6078, 6079 

— spirit, production, 6147 

Motor vehicles, 2153, 2728, 3023 ; 

brakes, 3128; metal-work, 3325; 
painting, 3479 

Mottled soap, manufa(;ture, use, 4964 
’Moufflon, skins and fur, 6427, 6430 
Mould, brick, 1950, 1961, 2782 

— cheesia : gee Penicilliuin glaucum 

— ciieesemakiug, 4572, 4674 

— on food, cause, 5403 

— gelatin, in sculpture, 1509, 1673 

— plaster, pottery manufacture, 5234 

— sand, in easting art metal, 5526 

— terra-cotta, 5777 
Moulder, carvers’, 6809, 5810 
Moulders’ tools, forms and uses, 4685 
Moulding, casting, 2109, 2237, 2467 ; 

dictionary of terms, 2545 ; machine, 
2540, 2543 ; pattern construction, 
2453 ; tool«, 2457 : gee algo 
Casting and Founding 

— architectural ((Irwk), 5980 ; draw- 

ings, 5692, 5698 ; functions of, 
2129, 2288 

— in joinery, 4111, 5180, 6181, 5297 

— machines, 2540, 2541, 6655, 0060 

— in masonry, 3037, 3039; sbjpped, 

2784 ; string courses, 2266 ; 
underside, 2837 ; of vaulting ribs, 
3145, 3747 

— Roman and Greek 2567, 2609 

— tools, definition, 4149 

— wood-carviiig, 0130 

Moulding-box, 2110, 2641, 6319 ; 

types, <'-onstruction, 2697 

— cutters, 962 

Moulds, characteristics, 166 
Mound builder, 2212 ; non-sitters, 2506 
Mountain, atmospheric temperature, 
294; systems, 861, 866 

— chains, elevation, subsidence, 1922 
Mountains, 458, 4405 ; harriers of, 

effect on rainfall, 290, 298, 4495 ; 
erosion, 458 ; geological formation, 
1355, 1922 ; highest, compared 
with deepest sea, 12 ; upheaval, 
2254 

Mounted police, duties, 1407 
Mousebird, classification, 2211 
Mouth, human, digestion in, 073, 674 ; 

modelling, 1511 ; structure, 576 
Mouthpiece of cornet, 5441 

— of triinipet, 6437 
Moveii'.cnt, in nnisii^l form, 634 

— in art work, representing, 5522 
Mowing, methods, 1629 ; machine, 1848 
Mozart , sonatas, 634 

Mucous membrane, 675, 676 
Mud, deposition, 1814 

— fever, in horses, 2621 

Mud flsh, respiration, 3007, 3070 
Mud lava, formation, 1207 
Mudge, G. P., on bathiuic theory of 
evolution, 653 ; on hydra, 382 ; 
on evolution of horse, 1177 ; 
on laws of chance, 650, 651 
Mudguards, of motor vehicles, 3325 
Muffle furnace, 357, 359, 3942 ; assay- 
ing. 5849, 5850 ; enamelling, 6575 
Muffs, fancy, 6775 ; fur, making, 6435 
Mulbeny, 865, 6888; uses, distribu- 
tion, 4876 

Mulberry, silk moth, 582 
Mule, labour in construction, 6631 

— spinning, cotton, 2441, 2442 ; doub- 

ling threads, 2594 ; wool, 2444 
Mullein, description, 351, 354 
Muller, painters', 4147, 5829, 6830 
Mulling, in milUnery, 4767, 4769 


Mullion, 6185, 5186 ; terra cotta, 
2781, 2783 

Multinoiiiial, in algebra, 1818 ; stpiare 
of, 2150; square rmd, 3411, :1412 
Multiple jkroportiiins, in clieinistry, 695 

— tools, advantages i>f, 3322 
Multiplication, in algebra, 1993 ; in 

arithmetic, 00, 93 ; coinpouiul, 
229 ; of fractions, 548 ; of reeiir- 
riug decimals, 885 ; table, 9() 
Multipolar nerve cell, definition, 1942 
Multitiibnlar boilers, 0870, 0877 
Miiinps, treatment, 6261 
Municipal civil service, 80, 316; ad- 
vice to candidates, salaries, ex-; 
Hiniiiatioiis, 451 ; analysts, 786 ' 
asylum otticials, 1496 ; baths and 
washhouses, 1496 ; chemists, 78<l ; 
clcrkslups, 1214 ; colonial, 3741 ; 
coroner, 1495 ; draughtsmen, 1214 ; 
education department, 1677 ; ele<*- 
trical, water and gas enginccTs, 
573 ; engineers and surveyors, 
452, 573 : hallkeepers, 1498 ; junior 
clerks, 1213; municipal treasurer, 
1087 ; parks and ganiciis, 1496 ; 
police, 1406 ; p(K)r law officials, 
1851, 1926 ; public hhraries, 1495. 
6873 ; salary system, 2158 ; water 
inspectors, 1408 ; town olerk, 989 ; 
weiglits and measures insp(*etf»r, 
787 ; wf linen typists, 1215 ; see algo 
London County Council 
Mnnieipal trading, 80, 317, 1067 
Muntz metal, 360, 1396, 3940 
Mural decoration, Assyrian, 2658 ; 
fresco, 1024 ; history of wallpaper, 
1168; Pompeian trps<*oes, 2933 
Muriatic acid : see Hydrochloric acid 
Murillo, painter, 4120 
Mus<’le, human, changes accompany- 
ing psychic phenomena, 2094 ; 
chemical composition, 1712; <*on* 
tractihility, 1711 ; co-ordination 
in simplest movement, 2120 ; 
leverage, 1797 ; reflex action in 
psychology, 2117 ; striped and 
unstrilMjd, 956 : varieties, struc- 
ture, 1349, 1710 

Muscovite, mica, uses, 768, 812, 6740 
Muscovy duck, points, 5706 
Muscular sensation, importance, 2118 

— tissue, of hiiinaii body, 196 
Museums, state appointments, 3302 
Mushroom, 166, 6888; with buttered 

eggs, reeipe, 2331 : culture, 6674 ; 
curried, recipe, 2126 ; growth and 
structure, 1371 

— coral, JO 84 

Music, 37, 270 ; abbreviations and 
rests, 6131 ; and applied mathe- 
matics, 2103 ; classics, prices, 2024 ; 
copying band parts, 5134, 5891 ; 
dictionary of terms, 41 ; examina- 
tions and diplomas, 2025 ; as a 
jirofession, 163 ; reading, 274, 
2024 ; salon, composer recuin- 
inended, 2023 ; sheet, sale of, 
3881 ; teachers’ guides, 2023 

— dealers, business of, 3879-3883 
Miisi<*ul forms, 634 

— instrument makers, business, 3879 

— instruineiits, brass. 5726 ; brass, 

acoustical properties, 5444 ; inann- 
factiire, 6621, 6704-6774; or- 

chestral, classiflcation, 5726, 5733 ; 
sale of, 3881 ; stringed, 5726 ; 
transposing and non- transposing, 
1060, 5728 ; wo<Ml-wind, 5726, 5728 
.Musicians, touring eiigageineiits, 6867 
31usk, 4971 ; artificial, 4971, 5469 

— beetle, description, 3612 

Muslin, design, 598U, 6593; waslhng, 
2088 

Musquash, skins and fur, 6427, 6430 
Mussel, 3113, 3284, 3285 

— edible, fixture, 3285 
Mussel-shrimp, description, 3809 
Must, of grapes, fermentation, » 
Mustard, adiilteratimi, 3718, 5o81 ; 

cultivation, 1198, 4721 ; proper- 
ties, 4717 ^ , 

— and cress, classiflcation, 3o2 

— hedge, 882 

— oil, composition, 5469 
Mutotion, JJe Vries’ theory, 1181 


Mutilation, in law of heredity, 1586 
Mutton, carving, 6036, 5936 ; <‘hoice 
of, 1228, 3717; cooking, 1736; 
dietetic value, 3112, 3599 ; digesti- 
bility, 3314 ; exporting countries, 
5119; ialtening, 2:i60 
Mycelium, in cheese <*urd, 4492 ; in 
white mould, 1372 

Myet na*, ancient dome structure, 3146 ; 
Hreba'ological remains, 1526 ; Lions 
gate, 2857, 2858 

Myendenna aeefi action, 3021, 4719 
Mycorrliiza, fuuctjons, 503, 606 
Myers, F. W. H., personality theory, 
3287, 3382 ; on spiritual evolu- 
tion, 3665 : on subliminal self, 
3183 ; on want of study of the soul, 
3625 ; on ghostly phenomena, 
9625 ; on the term “ telepathy,” 
3661 

Myopia, 3179, 4862 ; cause and correc- 
tion. 6264 ; testing for, 4143 
Myrtle, :453 ; wax, 1033, 4835 

N-RAY8, alleged discovery, 3181,3943 
characteristics, 3943 
Xoboiiidos, llabylonian Sovereign, 20 
Xails, in carpentry, 3643, 3546 ; iu 
fiirnit iire-making, 0681, 6584, 6591 ; 
in jointing wiMulwork. 3S43, 3846 ; 
in plumbing, 5030 : in roof slating, 
4868 ; wire, manufacture, 6173 

— human, structure, 1419 
Nail-bnisli boards, lllliiig, 0110 
Xail-licad, iu geometneal drawing, 

2321, 2322 

Xaiitcs, edict of, conllrmed by Henry 
IV., 5110; purpose, 4320 ; revoca- 
tion, economi<* effect, 1025 
Xantille, lake, S. Wales, 1277 
Nantwich, industry, 1272 ; salt, 708 
Xaphtba, production, uses, 1164, 5462, 
6150 

— deodorised : see HenzuUne 
Naphthalene, 3824, 5463, 5953 
Napier’s diagram, use, 6664 

Naples, earliest history as a State, 2945 ; 
independent, 4322 

Naples, Hay of, geological history, 1353 
Naples yellow, pigment, 871, 5144 
Napoleon Bonaparte, life and career, 
5238 ; aids Irish rebellion, 5973 ; 
Spencer’s opinion <»f, 4121 
Napoleon, Fing»hie bonis, 5240 
Napoleon. Louis (IIL), career, 5239; 

Fra neo-Prussian war, 6445 
Nareissu.** : see Daflbdil 
Narcotic poisoning, cause of, 1303 
Nareotii’s, aliiisc, 5672 
Nare.s, Iniinan ‘<ens(‘ of smell, 2536 
Narwhal, elongated incisor, 2156 ; 
ivory from, 811 

Nasal bone, human, 1604, 1005, 2144 
Nasal index, explained, 1786 
Nasal cavities, function in singing, 0049 
Nascent elements, in chemistry, 693 
Nasmyth’s ineinbrane, 577 
Nasturtium, 353 ; leaves, 5581 
Natal, economic conditions, 5660 ; gco- 
grapiiy, 3586 ; police, conditions 
and w’ages, 3550 ; rainfall, 3580 
National Assembly, Krench, 5112 
National civil service ; see L'ivil Service, 
and separate headintjg 
National Dent, British, basis of, 1262 ; 

establishment, 4843 
Natural, in music, 38 
Natural history, dictionary of, 174 ; 
.s(*ope and problems, 6 : gee also 
Bioiogv, Botany, Geology, /oology 

— philosophy, 33 : see algo Physics 

— scale, in music, 272 

Natural selection, law, applied to atom, 
2295 ; civilisation, effect of, 1029 ; 
Darwin’s theory, 823 ; Darwin’s 
and Reid’s theories compared, 
1180; illustrative of the law of 
progress, 5386 ; and infection and 
immunity, 1029 ; law of, 5386 ; 
applied to human race. 4826 ; in 
iniini development, 31t9 ; applica- 
tion to radtnin, 2030 ; in Ho<*ial 
evolution, 3872; see also Evoiu- 
tion , ^ 

Naturalism, Gothic seiilptnrc, 3517 
Naturalists, businesa of, 4055 

6971 
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Nature, . continuity of, 2554 ; energy, 
economy of, 211 ; logical inter- 
pretation, Bacon’s induction, 5999 ; 
orderliness and intelligibility, 2553 ; 
laws, generalisations, 3000 ; plie- 
nomiena, relations of, 6253 ; prob- 
lems and philosophy, 6 ; study 
by artist, 5522 ; uniformity, 
assumption of, 6001 
Nature-worship, 6772 
Nautical almanac, astronomical tables, 
6243 ; in navigation, 6658 ; in sur- 
veyhig, 709 

— instruments, 6658, 6664 

— rules, 6659 

— terms, dictionary of, 6413 
Nautilus, pearly, shell, 3116 

Naval officers, training and pay, 4400 
Nave, in architecture, vaulting of, 3231 
Navicular disease, in horses, 2621 
Navigation, 6658 ; dictionary, 6605 ; 

training of officers, 4401 
Navvy, machine, steam, electric, 1822 
Navy, British, Admiralty appoint- 
menta, 3195 ; assistant clerk- 
ships, 3196 ; bandsmen, 4269 ; 
branches of the 8c.rvice, 4401 ; as 
a career, 163, 712 ; Civil Service 
posts, 2575 ; entrance, 4265, 5427 ; 
medical service, 5427 ; 'officers* 
career, 4400, 4402 ; ll.N.B., 6366 
Neap tide, cause of, 556 
Nebuchadnezzar, life, 18, 600, 667 
Nebidap, 6699, 6100 

Nebular hypothesis, 620. 1923, 6701; 

originated by Democritus, 6259 
Neck, human, 214i ; bones of, 1605 
Necking-tool, bottle, 4735, 4136 
Necklace, gold wirework, 5859 
Necro‘?is, toxin action, 6544 
Nectar, in botany, 347, 348,. 130, 
731 ; of Christmas rose, 
lacing .728 ; insects, 731 ; pro- 
tection from insects, etc., 1115 
Needle, dressmaking, 185, 3093 ; manu- 
facture, 5112 ; milliner’s, 4565 

— of knitting frame, 4621, 4622 

— lace loom, 4979 

— system, in telegraphy, 4903, 4904 
Needle-shedding fungus, pest, 4928 
Needlework, accessories, 185, 187 ; 

plain, 150, 3093 ; for women, 323 
Negative, Esperanto, 4800 ; French, 
1476, 6088 ; German, 3502 ; in 
Oreok, 6669 ; Italian, 2046 

— electricity, defined, 288 

— photo, 6679 ; in photo reproduction, 

6481-6484 

— quantity, in algebra, 1819 
Negroes, distribution, 621, 629, 3279 ; 

ethnology, 1789 ; as labourers, 
6630 ; skull measurement, 1785 ; 
thumb of, 4310 

Nematlne worms, 3072, 3956, 3960 
Neo-Darwinism, compared with Lam- 
arckian theory, 825 
Neolithic Age, implements of, 1015 ; 

condition of man, 2255 
Neon, discovery, 401, 1296; in 

periodic system, 1446 
Neptune, U*mple at Piestiim, 2859 

— planet, 0250, 6569 ; discovery, 552, 

6097 ; and nebular hypothesis, 
020, 6701 ; orbit and revolution, 
6121 ; position in solar system, 11 
Nernst electric lamp, 2682, 2683, 
2684 

Nero, Emperor of Rome, 1937 
Neroli, artificial perfume, 4971, 5469 
Nerve cells, anatomy, 1942, 1943; in- 
divisibility of, 3118 

— currents, physiological account, 1943 

— deafness, cause, 2103 

— diseases, organic, functional, 6201 

— fibre, anatomy, 1941, 1942 

— impulse, electrolytic theory, 4699 
— , motor, paralysis by alkaloids, 3825 

— spinal, 2143, 2302 

Nerves, human, 1747, 1941 ; brain, 
2141 ; centripetal and centrifugal, 
2117 ; toxin action on, 6544 
Nervous debility, causes, 6261, 6263 
— Bystem, human, 101, 197, 1941; 
brain the centre, 29 ; control by 
will, 6841 ; effect of alcohol, 3377 ; 
preservation and expenditure of 
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force, 3048 ; functions, 2299 : 
psychological study, 2116 ; and 
instinct and emotions, 2694 
Nervous temperament, value, 6263 

— tissue, human, 196 

Nesfleld's process, purification, water, 
4158 

Nest, ant’s, 3126 : birds, p/a/cs follow- 
inq 2496, 2506 ; water spider, 3804 
Net, of balloon, 3978. 3979 

— in drawing, kinds, 2320 

— in fishing, 4989, 4990, 6184 

— joining, 5621 

— in lacemakiiig, 4819, 4881 

Net profit, compared with gross, 2271 
Netherlands, history, 2948, 4397. 4051, 
5554, 6304 ; trade, 5664, 5825 
Nettle, 345; farm weed, 1378 ; fertilisa- 
tion, 729 ; fibres, 720, 817 
Net-winged insects, 3362, 3364 
Neural tube, anatomy, 30, 101 
Neuralgia, remedy, 5469 
Meurasthenia, 6263 
Neurites, cause, treatment, 6261 
Neuroglia, in anatomy, 1942, 2143, 
2147 

Neuron, injury to, 2991 
Neuroptcra : see Net-winged insects 
Neuter verb, 608 

Neutral axis, beams, 1258, 1984, 1987 

— equilibrium, in mechanics, 661, 1080 
Neutralising, in tanning, 3162 

NBv6 (firm), caiLse, 1636 
New Calcdohia, geography, 3902 ; nasal 
index, 1786; the Papuans, 1788 
New England States, 5844 ; geography, 
4172 ; economic conditions, 5664 
New Guinea, geography, 3697 
New Orleans, TT.S.A., attacked by 
English, 5975 ; cotton export, 4174 
New Soutli Wales, agricultural i)ro- 
ducts, 3238, 3701 ; economic con- 
ditions, 3238, 6660 ; geography, 
3700, 3101 ; gold discovery, 6552 ; 
wool industry, 3237 
New World, continents and oceans, 460 
New York, foundation, 5344 ; port, 
4172 ; touring, description, 393, 
1648 

New Zealand, clerical service, restric- 
tion, 3548 ; climate, 3466 ; coal, 
3902, 5661 ; commercial oppor- 
tunities, 6212 ; economic condi- 
tions, 5661 ; farming, 3466 ; flax 
industry, 817 ; geography, 3900, 
3901 ; land purchase laws, 3467 ; 
Maories (q.v.), 1789 ; teachers in, 
3741 ; trees, 620 ; wool, 221, 3237 

flax : see Phormiura 

pine, W’ood, 55 

Newel, in building, 3241, 3243, 3244 

— post, of staircase, 5300, 5301 
Newfoundland, fisheries, 4172 ; geo- 
graphy, 4069 

Newlands, J., relation of elements, 401 
News, in journalism, treatment, 4233 

— paper, manufacture, 6396, 6398, 6401 

— in telegraphy, classification and dis- 

tribution, 4669 ; wires, 4605, 4669 
Newsagents, business of. 1098, 4057 
Newspaper, character of headings, 4233 ; 
contrast between dull and bright, 
4232 ; criticism by journalist, 
3975 ; effect on output of books, 
2686 ; ideal, 4429 ; ideas for copy, 
4672 ; outaide contributions, 3975 ; 
power and function, 3810 ; organ- 
isation of office. 4232 ; reporter’s 
work, 4190 ; salaries of staff, 4431 

— ciiftings, treatment by journalist, 

4816 

— printing machines, 6557, 5809-5871 : 

see also Printing 
Newsvendor, stock-in trade, 45 
Newton, Sir Is^c, conservation of 
energy, 206Z ; gravitation, 662, 
038, 6242 ; inductive logic, 6002 ; 
laws of motion, 924 ; spectroscopy 
experiments, 3370 ; theory of 
light, 935, 2431 

Newton’s laws ; see Motion, laws of 

— rings, 3867 

Niagara Falls, 1633, 4068; power- 
schemes, 1573, 6012, 6586, 6679 
Nibs, roofing, 4870 
Nicholson’s hydrometer 


N4it-.lior 

Nickel, 1044, 4305, 5981 ; alloys, 3940, 
5983 ; in art work, 5524 ; books on, 
5993 ; impurities, 5983 ; magnet- 
ism, 651, 5981 ; occurrence, 839, 
1043, 37X^, 5981 ; ores, 4305, 5981 ; 
properties, 1306, 3837, 3839, 5981 ; 
reduction processes, 4306, 5982, 
5983 ; solder for, 6623 ; in steels, 
4747, 6983 ; strength, 1396, 5981 ; 
uses, 360, 5981 

— carbonyl, formation, 6982 

— plating, 3422, 6578 

— silver : see German silver 

— steel alloys, manufacture, properties, 

strength, uses, 234, 1044, 6983 
Nicker chisel, 4151, 4162 
Nicking, in mining, 3560; die, 2989, 
2992 

Nicol prism, construction, 3849, 3850 
Nicotine, alkaloid, 3825 ; properties, 
4010 

Niello engraving, 5529 
Niger, river, 3452, 3453 
Nigeria, government, 3278; resources, 
3154 

Night, cause of, 11 
Night-soil, as manure, 590 
“ Night Watch,” Rembrandt’s, 724 
Nightdress, making, 3475, 3588 ; girl’s, 
4472 ; infants’, 3744, 3746, 3584 , 
layette, 3744 ; young child’s, 4050 
Nightingale, classification, 2210 
Nightshade, black-berried, 883 

— deadly, 354 ; tropine from, 4009 
Nihilism, Russian, 6301 

Nile, 3275, 3450, 3451 ; Assuan dam, 
1402 ; cataracts, 3450 ; delta, 3452 ; 
importance to Egypt, 3280 ; irriga- 
tion works, 5483 
Nilgherry nettle, fibre from, 819 
Nineveh, 500 ; bronzes, 6161 ; Cyax- 
ares’ coiKpiest of, 502 ; reliefs from, 
2657, 2059 

Ninth, discord of, in harmony, 361, 566 
Niobe, statue by Scopas, 2929 
Nippers, dental, 6027, 6028; metal- 
worker’s, 5521 ; mason's, 2837, 
2840 ; millinery wire, 4564, 4665 
Nirvana, in Buddhism, 417 
Nitrates, distribution, 3772 ; exhaus- 
tion of supply, 238 ; food supply 
of plants, 604, 1599 
Nitrating plant, 6769, 6761 
Nitre : see Saltpetre 
Nitric acid, chemistry of, 1718 ; electric 
formation, 3032 ; effect on iron, 
231 ; manufacture, 4633. 6760 ; 
salts, 5588 ; specific gravity, uses, 
4633; tests, 4411, 5588 

— ether : see Etliyl nitrate 

— oxide, 60 ; formation, 5588 
Nitrification, soil, bacteria, 255, 6440 
Nitrites, estimation. 6588 ; formation, 

1719 ; physiological effect of, 
3273 ; in soil, 277 ; in water, 4158 
Nitro colours, manufacture, 5953 
Nitro-benzene, 3710, 6468 ; dye pro- 
duction, 5468, 5953 
Nitro- benzol, discovery, 5908 
Nitro-ootton, manufacture, 6763 
Nitrogen, 1161 ; in atmosphere, 239 ; 
comjiounds, 438 ; discovery, 60 ; 
earth’s crust, 239 : fixation, 238, 
5588 ; as element in living things, 
275 ; in human body, 438 ; in arti- 
ficial manures, 580 ; occurrence, 
839 ; oxides, 1161 ; oxides, electric 
formation, 5588 ; plant con- 
stituent, 167, 2702, 6685 
Nitro-glycerin, 2587, 6769-6761 ; chem- 
istry of, 3272 ^ 

Nitrometer, Lunge's, 6587, 5588 
Nitrous acid, composition, 1719, 3141 

— oxide, In air, 3720 ; as ansesthetic, 

1710, 3139 ; chemistry of, 695,1161 
Node, electric oscillators, 3895, 3897 ; 
in sound vibrations, 2105 ; In 
stem-structure, 170, 173 
Noil, manufacture, 2898 ; felt, 1997 ; 

silk, 1247 ; wooUeu, 71 
Nomination, civil service, 2161, 2252, 
2576 

Nominative case. In grammar, 246 
Non sequitur, fallaby, in logic, 6100 
Non-conductor in electricity, 464 
Nordenfelt, submarine navigation^ 2280 
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H .trie’s tables of logarithms, 6659 Novelists, present day, 3555 Obsidian, rock, 766, 767, 6741 ; vol- 

iMormal, in conic sections, 57^3; of “Novum Orgaiium “ (Bacon), 5900 came glass, 1008 

ellipse, 1411 Nucelliis, of flower, 347, 348 Obturator, in gun construction, 6612 

Norman architecture, 3232, 3233 Nuclco proteids, in animals and plants, Oc.'iriiia, manipulation, 4569, 4370 

— comiuest of England, 2358; effect 4008; uric acid from, 3704, 3705 Occinit.'U bone, structure, 1604, i6‘66 

on commerce, 69, 146; cfftct on NuHeo proteins, classillcation, 4134 — lobes, of cerebrum, 2746 

English language, 117, 324, 1608, Nucleus, of animalcules, 40SH; of cells, Occipito-frontalis, position, 1350, 1351 

1708 199, 1953; plant crIIb, IHS, 348 Occlusion of hydrogen, 841 

— kings, England under, 2674 Nuisances, inspector of, 699 ; law con- Occupations and longevity, 4528 

Normandy, and Channel Islands, 2111; cerniiig, 5056 “ Oceanic,” stpamshi]>, boiler, 3764, 3106 

cotton manufacture, /247 ; Kng- Number in grammar, 116 ; hi English, Oceanography, causijs of change of 


land loses, 3465 ; Henry I., wars 245 ; verb inflevion, 758 
with, 2674, 2675 ; and the Hun- Numbers, in mathematics, 89 
dred Years War, 3463 ; jirodi cts, Numerals (Esperanto), 4943, 5232, 


1681 ; and William the Comiue.'or, 
2358 

Norsemen, the, nationalities of, 2354 

North America, area, 460 ; climate., 
4064 ; coalfields, 5302, 5305 ; 

cotton production and trade, 22 *, 
383, 384 ; economic conditioiii , 
5661 ; fauna, 628 ; forests, 626 ; 
furs, 4065 ; geography, 4061, 
4003 ; petroleum deposits, 5306 ; 


level, 1355 ; chart of depths, 457. 
459. 554 ; temperature, 555 ; tides, 
550 


5654 ; French, 1619, 1772; (ter- Oeca*i, 460 ; chemistry of, 555 ; depths, 


man, 2('50, 3063 ; (Jreek, 5952 ; 
Latin, 601 • Si>anish, 2768 
Numeration explained. 89 
Numerical adjeetives, Italian. 2910 
Nummulites, in limestone, 4088, 4089 


554 ; period of distribution, 2254 
Octagon, geometry of, 744 ^ 

Octahedron, 705, 766, 1747, 1749 
Octave, 270 ; in tonic sol-fa, 807 
Octavius: see Augustus 


Nuremberg, architecture, 3374 ; centre Octavo slices in printing, 54.57, 5458 
of arts and crafts, 3947, 4117 Octopus, 31 1 5, 3110 

Nurse, duties, 1093, 6172 ; hospital, Odontograph, In drawing, 346(>, .1467 


6172; training, 
ro(|uisitps, 5491 


6171, 6172; 


physical features, 4061; races, ro(|U . . 

4065; vegetation, 4065: see also Nursery, infants , hygienic, 4683 
Canada awd Ihiitcd States — sylvicultural, 7677 

North Eastern railway, autocars, 4801, Nurseryman, business of, 68.14 
4812, 5078, 5079 \ signalling ^ 

system, 4688, 4090 \ traffic man- » ^t. . , 

agement, 4230 


Nor(‘' ‘dand, N.Z., geography, 3900, 
3902 

Norii., Miagnetic, orientation, 267 
North Pole, day and night, 293 ; 

position, 13 
North Hca, 460 

North, true, ascertaining, 265 
Northern hemisphere, 13 
Northmen, invasions of, 2354 
iSorthrop loom, 3035. 3030 
Northumbria, and Alfred the ( treat. 

2355 ; Malcolm 111. invades, 2674 
Norway, " ^ 


Odoiitoglossum, culture, 6534 
Odontoid process, of vertebra, 1000 
Odontolite. 585:t, .5856 
Odour, anirtial, recognition by, 21,57 
Oersted, discoveries in electricity, 129, 

. . _ 562, 4902 

:t47H;' Wths, 6286; branches of, (Esophagus, description, .57<J, .57.9 
6172 ; Colonies, opening.s in, :i742 ; Offal, in flour milliiig, 3078, 3282 
home, 6172 ; night diitios, 6175 : Olliee, business, staff and departments, 
poor law asylums and hospitals, 659; management, 6518 
1929 ; poultices, 6286 ; sick-room, — hoy, duties and career, 192 
rare of, 6174 ; municipal hospitals, -- keepers, appointments, 2252, 2575 
1496 ; training, fees, etc., 323 Oflicer.^, army, commissions, pay, 4197 
— mercantile marine, 6803 
Official receiver, in bankruptcy, 3569 
otf-set, rainwater pipe. 5793 : survey- 
ing, 158, 262, 370 ; of wall, 3033 

... ....... arch, introduction, 3092, 309‘3 

pared, 276; physiology of, 865; Ohio, geography, 4174 ; history, 5974 
in Weismanns theory, 1180 Olini, elcetncal unit, 671, 789 

Ohm’s law, in electricity, 670 

ness, 47, 4059 
operation, 0780 


training, 

Nut. oils, painters’, 5832 
— patterns, 2540, 2541 
Nut-haleh, 2210, 2492 
Nutmeg, 4721, 4873 
Nutrition, of animals and plants, com' 



ties, 1771'; timber, 54, 4602; 
touring directions, 859 ; union oi 
Caluiar, 2948 

— maple, dripping points, 727 

— spruce, timber, 55 

Norwegian language, translation, 1920 
Nose, breathing through, 2538; diseases, 
6132 ; in race elassilleation, 1786 ; 
respiratory function, 1299, 6132; 
in sculpture, 1511 ; sense of smell, 
2536 2537 ; structure, 1604, 1005 
Noseband, 4886 ; making, 5057 


1165, 3012, 6065; classitlcation, — seeds, of fibre plants, uses, 5118 
355; g.all8, 301:{, ;3722 ; insect — shale, 1073; occurrence, 6009; 
post, 4926, 4927: soil, 4««)4 ; yield, 6149 ; industry, 6149, 0150 

woodplantiiig, 6317 — volatile: Essential ohs 

— timber, annual rings, 51, 53: in wells, Baku, description, 6009 
building shores, 917; in cabinet- Oil-tanning process, 3164 
making, 6579; for carving, .5809: Oil-cak(‘, 2/04 ; niaiiiifacturc, 10.12. 48..»0 
cutting, .55’, 55; friction data, 959; Oilcloth: .vcc JJnoleum 
fuming, 6i:i8, 6653; sccomlary Oil-liclds, gcologiral strata, .5910 

importance of, 3542 ; .strengths of Oil gas, 6818, 6824, 6825, 68^.9 


varieties, 1260, 1261, 139.3 


Nostril, human, 2144 : '\n breathing, 

1209 ; position of, 577, 579 Atneaii, .1276, .1280 , Etfjptiam 

Notation, in mathematics, 89 ; in 
music, 37, 805 


Notching, 2832 ; wood -carving, 6044 
Notes, in banking, 3970 ; issue, 4440 
Notice, by servant, law of, 611 
Notional verbs, English, 902 
Notochord, of hack-bone, 29 ; verte- 
brate animals, 3070, 3072 
Notre Dame, Paris, 3374, 3375 
Noun, 110 ; English, 247 ; adverbs, 
form.-tion, 1185; classiffcation, 
122 ; verbal, 755 

— Esperanto, 4512, 6381 

— French, 5512; gender rules, 905, 

1052, 5512 

— German, gender forms, 1054, 1180 ; 


3452 ; irrigation, vegetation, 627 
Oat. grass, 875 ; cows' hnid, 3890 

— starch, micrograph, 5305 

— straw, as livestock food, 2909 
Oatmeal, food value, 3.381 ; production, 

26, 873 

Oats, 873 ; climatic conditions, cultiva- 
tion, areas, 874, 12:10; die'etie value, 
3312, 3599; fungous pests, JOO'i , 
1669 ; gerniiiiation, 635; gooil 
seed, 6;t6; harvesting, KWt ; as 
livestock hKid, 1198, 2704, 2909 ; 
rolled, preparathm, 3084 ; struc- 
ture, 351 

Obelisk, Assyrian, 2000 : Egyptian, 
420 ; quarrying blocks for, 29.>.> 
jeet (grammar), in analysi.*., 1618 


Oil.-^j aeiil constituent, 3485; adul- 
teration, 4060; analysis, 4414; 
animal, constants, 4833 ; books 
on, 4834 ; chemistry of, 4829 ; 
in dyeing, 5780; essential: see 
Essential oils : llxed, 1032, 3485 ; 
illuminating, 1164; as insulator 
in electricity, 672 ; light, dis- 
tillation fractions, 5463 ; as 
locomotive fuel, 5106; marine, 
kinds, 4833 ; mineral, constitu- 
ents, 5193 ; iiainters’, kinds, 5146, 
5831 ; ; in power proihiction, 5127 ; 
pressing, extraction, rendering, 
4830] reservoirs, 2108; separa- 
tors, 5214, 5764; tests, 4834; 
tree, varieties, uses, 4658 ; vege- 
table, 4833 

Old «gc, care of, 4530; teniponiturc in, 
410 


SSViof 73«^ 7»4, „„ ,«-riod doflnod, 1770 

dSS’ 1621 Ol'l 6»me fowls, 4054; comb, 

(rreek 5375*5518 5655 5951 separate headings (uibe 4957 

— Itaii'ao. gender rules, 2192; plural Ohjectiyo case in Englieh, 247 Old Red Sandstone^ depiwition, 1817 •, 

forms 2846 2485 • AiifftycH 3209 — gciiltive, 111 Latin, 901 description, 22;).t, fossil, 22o4 , 

Latin declension of ’ 118 242*442" — mind, Iliidson’s theory, 3288 relation to coal measures, 2067 

Imgular Ust 753* ’ ’ ’ <)blivte Old World, in physical geography, 

— SmniRh olnrnl *«nil oendPT o-jin 3792 Oblique motion, ill harmony, :46;> continents and oceans, 460 

Novrscotia - muscles, of eye, 2400, 240 / Oleflant gas : flee Ethylene 

Novd ^>^^7 constrnetloii, playing, 4^97, chemistry of, 3706 

2961 foS 5V20 ; m.annfacture, 6624 ; in acid, chemistry of, 3707, 4837 

teve k Smalities ’ 3986 - ^ orchestra. 5887, 5892 Oleo-margarine, manufacture. 4832 

3667; jSstorical, 3668;, modern^ Oboe d'amore, basso and 
excellence of, 3655 ; problem, relation to other Jnstrumoits, 
harmful views, 4685; society, 4895 , 

chief writers 8558 * qIi^o Observation# value, training, scope, OliKoccnc Systcni, 20n7, Zma mg%c% 

i4t««t«re Si ; value in logic. 6902 Ollgocaee felepar, 8741 ; cleavage. 768 

697.3 
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OUve, cultivation, 4403, 4876, 6888 ; 

tree, oil from, 1032, 4830 
Oliver, miniature artist, 1061, 1062 

— typewriter, 1528 
Olives, stiilTed recipe, 2003 
Olivine, characters, 768, 5855, 6741 
Omnibus, 2153 ; dimensions and, 

weight, 2726 ; employees, 4185, 
4186; lighting, 3025 ; suspension, 
3121, 3124 ; various types and 
structures, 2463, 2465, 2466 

— motor ; see Motor-bus 

Onion, 355 ; culture, 6673 ; market 
returns, 6836 ; sauce, recipe, 2004 
Ontario, agriculture and farming, 3205 ; 

geography, 3203, 4066, 4068 
Ontology, use of term, 6253 
Onyx, atone, 767, 6741 
Oolite, 844 : varieties, 533, 535 
Opal, 766, 767, 5308, 5855, 6741 

— glass, recipe, 4533, 4930 
Opaqueness, meaning, 2436 

Opener, cotton machine, descriptif)n, 
1241, 1242 \ wool, 1123, 1124 
Open-hearth furnaces, constniction 
and w-urking, 2864, 5013-5017 

— process, steel production. 234 ; in- 

fluence on machinery ciesign, 209 
Openings, quantity surveying, 6508 
Opera, glass, construction, 2903 
Operatic salaries, 6868 
Ophthalmia, in children, 6264 
Opie, John, portraiture, 4393 
Opinions, banker’s inquiry, 4293 
Opium, 4006, 6888 ; abuse compared 
with alcoholism, 5672 ; cultiva- 
tion areas, 4960 ; sources of, 352, 
4960 ; traffic, in China, 6690 
Oporto, 2234, 2946 ; touring, 1 1 34 
Opossum, 1763 ; skins and fur, 6428, 
4430 ; swimming apparatus, 2038 
Optative subjunctive, Latin, 1183 
Optic chiasma, 2401 

— nerves, anatomy, 2146, 2147, 2400 
Optical instruments, 2949, 3369 

— square, surveying, 158, 263 
Opticians, business of, 4717, 4143 
Optimism, in mental evolution, 3110; 

physical and rational causes, 2517 ; 
physical basis, 2374 
Ozan^, sources, 4844, 6888 

— coloiir, symbolism, 725 

— marmalade, recipe, 4818 

— oil. expression of, 4969 

— pekoe tea, 3378 

— tree, 4876, 6888 ; classification, 353 
Orgnge, William, Prince of, leader of 

Netherlands against Spain, 4397 
Orange-tip butterfly, 3516 
Orange iliver Colony, geography, 
3587 ; history, 6693, 6694 ; toacli- 
ers’ openings, 3741 
Oratio obliqiia, in Greek, 6670 ; Latin 
. rules, 1048 
Orbit of earth, 15 

— human, function, 2400 
Orbital index, 1786 
Orchards, culture, 6676 

Orchestra, 5726 ; full, instruments 
and conducting, 5885 ; reading 
score, 1660; small, 5889 
Orchestration, art of, 5726-5734 
Orchid, 355 ; epiphytes, 506 ; genera, 
chief, 6534 ; culture, 6534 ; seed 
dispersal, 910 

Order, in architecture, 2S5S, 2859 

— cheques, explained, 3482 
guard book, explained, 776 

— in natural science, 380, 6254 
Orders, retail business, systems, 6055 
Ordinal numbers, French, 1620 ; Gor- 
man, 3063 ; Italian, 2920 ; Latin, 
601 ; Spanish. 2768 

Ordinary seaman, mercantile, G803 

— survey, 158, 1146, 1238 ; railway sur- 

veying, 801 ; maps, 370 ; triangula- 
tion of U.K., 1145 
Orderlies, ll.A.M.C., pay, 4031 
Ordinary shares, 1262, 3185, 3484 
Ordinate, in conic sections, 5783 ; of 
ellipse, 1411 

Ore, electric, prospecting, 2582 ; kinds, 
3836 ; roasting, 3770 ; sampling, 
4416 ; w'orking deposits, 2847, 
3304, 3306, <3805 

Oregon, ptate, 4175 ; ownership, 5976 
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Oreidc, properties, 8940 
Orford nickel process, 5982 
Organ, 3858, 8866 ; construction, 3857 ; 
manufacture, 6712, 67i4 ; recitals, 
3868 ; tuning pitch, 1058 

— American, 3950, 3952; bellows, 6714 
Organic chemistry, 135, 516, 2554, 

2710 ; intelligibility, 3138 ; reason- 
ableness. 3142; simplicity, 3138 

— compounas, synthesis. 2711 

— evolution : see Kvolution, Varia- 

tion, etc. 

— molceities, asymmetry, 3534 

— sensation, relation to self-conscious- 

ness, 2374; in psychology, 2118 
Organist, 3860, 3868 
Organ-pipe, overtones, 2106 
Organ-pipe coral, 4086, 4087 
Organs, liomologous and analogous, 
1492 

Organzine, manufacture, 2597, 5640 

Oriel window', 3374 
Orientalists, painting school, 4395 
Origin point, in surveying, 369 
“ Origin of Species,*’ 486, 823, 3783 
Original entry, bookkeeping, 777, 1467 
Orizaba, volcano height, 4064, 4175 
Ormolu, in cabinet-making, 6584 
Ornament, in design, 5818, 5820 \ 

geometrical, 2320-2322, 2398, 2566; 
lines, curves, and plant, 5821 

— bookbinding, 6776, 6779 

— in singing, 6336 
Ornamentation, in architecture, 2288 

— in music, 271 
Ornithorliynchus, 2038 
Orohippus, fossil horse, 1177, 1178 
Orpinient, 6741 ; pigment, 871 
Orpington fowls, breeding, 4858, 5623 
OrMioclase, mineral, 768, 6741 
Orthophoaphoric acid, 4779, 5580 
Orthoptera : see Straight-winged In- 

Orthorhombic system, 766, 6730 
Osborne College, admission, 4400 
Oscillation, electric, conditions, fre- 
quency, etc., 3748, 3749, 3894, 3895 

— mechanical, 3747, 3748 
Oscillators, Hertz, Lodge, etc., 3894, 

3895, 3897 

Osiers, for basket-work, 5488 ; sewage, 
crop, 4549 

Osier, Prof., on alcohol, abolition, 5815 
Osman kiln, in brickmaking, 1281 
Osrniridium, gold alloy, use, 5849 
Osmium, chemistry of, 517, 1446 ; 

in electric lamp, 2682 ; wire, 5171 
Osmosis, 168 • in digestion proces.s, 675 
Osmotic pressure, laws of, 4562 
Osprey, feathers of, use, 6040, 6608 ; 

footl, 2493 ; skeleton, 2494, 2495 
Osseous system, human, 1603, 1708 
Ossification, of bone, cartilage, 436 
Ostrich, 2212, 2214; feathers, 0608; 
nesting habits, 2500 ; skeleton, 
2494 ; toes, 2495, 2490 
Otter, description, 1764 ; skins and 
fur, 6428, 6430 ; swimming ap- 
paratus, 2038 

Otter shell, siphon, 3284, 3285 
Otto of roses, 4968, 4969 
Ottoman, in upholstery, 6719 
Otway, I’homas, dramatist, 1150, 1151 
Ounce, avoirdupois, 226 ; troy, 226 

— system, in yarn counts, 2896, 2897 
Ouse, river, Yorks, 984, 1272 
Outcrop, in geology, 1921, 1924, 2379 
Outdoor relief, 1851 : see also Poor law' 
Outerside, geological section, 1354 
Outfall, in drainage, 781 

— flap, in drain pipe, 671, 572 
Outlet, of sinks, basins, etc., 5633, 5634 
Ontleta, of water reservoir, 4332, 4333 
Outrigger liinge, in vehicles, 2829, 3022 
Outward flow turbines, definition, 1691 
Ovary, of flower, 347, 348, 349 ; of 

hydra, 381, 382 
Oven, baker’s, output, 932 

— breadmaking, type, 3395 
--kitchen, management, 1226 

— steam, in analysis, 4412, 4413 
Oven-bird, nest, 2507 

OveraU, girl's, 4473, 4474, 4475 
Overcasting, needlework, 150, 161 ; 

for underclothing, 3338 
Overcoat, boy’s, 1764 ; man’s, 2372 


Overdraft, in ledger, 1967 ; ledger 
loans in connection with, 4292 
Overgraining, in painting, 5834 
Overlays, in printing, 5867 
Oversewing, milliner’s, 4666, 4566 
Overshot wheels, principle, 1690 
Over-tones, production of, 2104, 2105 
Overture, in musical form, 634 
Oviparous, explained, 30 
Ovipositor, of insects, 3722 
Ovo-viviparous, explained, 30 
Ovules of flowers, 347, 348 ; in gym- 
nusperms, 503 ; of pine, 506 
Ovum of hydra, 381, 382 ; of plants : 

see Egg-cell ; germination, 1316 . 
Owl, description, 2211 ; food, 2492 
0.\, horns of, structure, 811 ; labour 
in construction, 6631 ; power, 5011 
Oxalates, uses. 4782 
Oxalic acid, antidote, 3704 ; chemistry 
of, 3704 ; manufacture, 478, 4928 ; 
reagent and test, 4410 ; sources, 
3112, 4781 

Ox-eye daisy, 354 ; weed, 1378 
Oxford, Vnivorsity, first charter, 3073; 
scholarships, 482 

— clay, 1279 ; use, 643 

Oxidation, 1205 ; geological, 1502 ; in 
metals, 356 ; physiological, 439 ; 
in plants, 173 

Oxides, reduction, in metallurgy, 3836 
Oxus, river, course, 2563, 2564, 4495 
Oxygen, in air, 3719 ; atomic weight 
discussed, 518 ; chemistry of, 
1294; discovery, 60, 849; in 
earth’s crust, 239, 624 ; as element 
in living things, 275 ; in food- 
stuffs, 3109 ; molecule, 696 ; 
necessity of life, 277 ; occurrence, 
839 ; percentage in human body, 
438; and plants, 167, 171, 172; 
prei)aration, 1294 ; res[)iratory 
tunctlon, 1301 ; standard of atomic 
weight, 694 ; utilisation by living 
organisms, 1491 ; in water, 4159 
Oxyhiemoglobin, formation, 953, 3018 
Oxyhydrogen jet, 841 ; w'elding, 6455 
Oyster, description, 3113, 3285 ; choos- 
ing, 1228; culture, 3286, 5310; 
chising, 3284 ; dietetic value, 3311, 
3381 ; disease, communication, 
5315; fishing, 2527; pearl-bear- 
ing, 5856 ; sources, 5121 
Ozokerit, ch.iracters, 1165. 6741 ; 

nature, 4835 ; mining, 4014 
Ozone, chemistry and production, 093, 
1295, 5760 ; in air, 3719 
Ozoniscr, In water sterilising, 5760 

PACIFIC ISLANDS, geography, 3902 
Pacific Ocean, 460 ; currents, 558 ; 
Continental shelf, 301 ; dcfith, 
302 ; geological formation, 1815 ; 
principal deeps, 554 
Pacinotti’s dynamo armature, 1323 
Packers, railway, 4692 
Packing, in hydraulic jacks, 1220 
~ in key-seating, 3403, 3687 

— in mining, in blasting, 2584 

— wholesaler’s, imperfections, 6208 
Padding, in textile dyeing, 4502, 6370 

— in tailoring, 1111, 1112 
Paddle-wheel, ship’s, 6226, 6227 
Page, doinostie servant, duties, 816 

— printed, make-up, 5159, 6459 
Paid-up capital, explained, 3185 
Pain, sense of, 1422 ; psychological 

theory, 2517 ; value, kinds, 5539 
Paint, antl-foiiling, 6571 ; chemistry 
of, 5141 ; house, 1035, 5831 ; 
protective, 5148 ; stains, removal, 
2590 ; tests, 5146 

— spraying machine, 6831 

Painter, liouse, duties, 6830; employ- 
ment conditions, 2644 ; tools, 
5829, 5830 ; wages, capital, 47 

— brushes, 6108, 6110 

Painters and decorators, business, 41 4 j 
P ainting, in art, Barbottlne, 5382 ; 
Barbizon School, 4301 ; composi- 
tion, colour, symbolism, _722 ; 
decorative wall, 4395 ; Dutch 
School, 3948: early Christian, 
3091 ; Flemish School, 3947 ; 
’’Empire School,” France, 4394; 
German 15th century, 4117 ; 
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Greek schools, 2030 ; impression* 
ism, France, 4394, 4395 ; modern, 
351«, 4393 ; Norwich School, 4300, 
4301 ; Orientalists, 4396 ; pre- 
Baphaelite, 4394 ; as a profession,, 
164 ; Henajssance, 3793 ; Roman, 
ancient, 2933 ; in Spain, 4119 
Painting, in building, 1035, 5829, 5835, 
6513 

— of vehicles, 2730, 3479 

Palaces, Florentine, 3675, 367 G, 3678 
Palseolithic age, instrument, 1075 ; 

condition of man, 2255 
Pabeontology, 279 ; bearing in geology, 
2066 ; books, 2256 ; geological 
evidence, 1031, 1177 ; relation to 
evolution, 1031 

PalflBozoic period, in geology, 1177 
Palatal bone, human, 1004, 1605 

— index, 1786 

Palate, human, 2144 ; function in 
singing, 6049, 6190 ; soft, 577 
Palatine arch, function in singing, 6049 
j»alestine, geography, 27 H) 

Palette, cleaning, 871 ; setting, 1020 

— knife, painter’s, 5829, 5830 
Paley, William, 2141, 4884 
Palgrave, Francis Turner, poems, 1438 
Palings, of fences, construction, 4646 
Palisade layer, of plants, 170, 171 
Palladium, 1446 ; alloy with hydrogen, 

1722 ; in art work, 5524 ; proper- 
ties, 1397, 3837, 3839 
Pallets, of clock, 5712, 5714, 5715 \ re- 
pairing, making, 6882 
Palliasse, upholstering, 6721 
Palm, Carnuuba wax from, 4835 

— coconut, sugar from, 4352 

— date, 351, 4352; sugar from, 3652, 

Tplate facing 3640 

— Palmyra, description, sap, 4352 

— sago, sugar from, 4352 

— oil, source, 1032, 4831 
Palm-kernel oil, 4832 

Palmitic acid, in cod-liver oil, 3486 
Palinitin, in milk fat, 4035 ; in tallow, 
1032 

Palmnut cake, as livestock food, 2704, 
2908, 3892 ; oil in, 2704 
Palpitation, of heart, causes, 578, 6039 
Pamirs, Asia, 2560, 2562, 2563 
Pampas, Argentina, 627, 4283 
Pamphleteers, English, 1641, 1901 
Pan, mining prospector's, 2380 
Panama Canal, dredgers used in, 5336 
Pancreas, 576 ; ferments, 3486, 3706 
Pancreatic juice, description, 580, 675 
Panel, cabinet work, 6586, 6587 

— of doors and screens, 5179, 5181 

— geometrical design, 2321, 2398, 

2399 ; proportion, value of, 5980 

— glazed, 5840 

— of motor vehicles, material, 3325 

— of saddle, making, 5340, 5342 

— saw, defined, 3385 

— sunk, mouldings for, 1949 

— in vehicle construction, 2834 

— wood carving, 0043, 6135, 6136 
Panelled frames, 5293, 5295 
Panelling, wood, fire-resisting, 4752 
Paiigenesis, Darwin’s theory, 1314 
Pangolin, scales, 1871, 2156 

Pansy, cla‘'si float ion, 352 ; culture, 
6489. 0490 ; nectar, 730, 731 
Pantechnicon, 2463 ; dimensions, 2726 
Pantheon, Paris, architecture, 3946 

— Rome, dome, 3147 

Pantiles, roof, description, 4869, 4870 
Pantograph, in surveying, 158, 371 
Papacy, the, earliest history, 2945 ; 
independent state, 4322 ; political 
power ended, 6303 

Paper, books on, 6689 ; use in clothing, 
4257 ; dyeing, 6650 : as electric 
condenser, 3580 ; filter, solvent 
for, 6560 ; as insulator in elec- 
tricity, 672, 6795 ; manufacture, 
1167, 6278, 6395-6395; repre- 
sentative papers, 6401 ; standard 
sizes, 5467 

•“hags, manufacture, 6557-6562 
-rbox making, 0560, 6562 

— currency, in banking, 8970 
-“drawing, 109, il8, 1640, 2730; for 

brushwork, 2691 ; for pencil 
sbaoing, 2188 ; preparation, 1798 


Papermakers, employment, 2654 

— photographic, 04016, 6081, 6688, 

6686 

Papering, problems, 1547 
Papin’s enghie, 5415 
Papuans, ethnological account, 1788 
Papyrus, how made, 355 ; plant, 1167 
Par of exchange, 3681 
Para rubber, production, 808 
Parabola. 1412, 1413, 5943; in conic 
sections, 5783 ; in designing, 
2198, 2199 ; development, 4934, 
4935 ; drawing, 1411, 1413 
Parachute, description and use, 3982 
Parachutes, birds, 2490; in mammals, 
2037 

Paradigm of Greek verbs, 6096 
Paraffin, as electrical insulator, 672 ; 
manufacture, 1164, I8;i7 ; ])ro- 

jjorties, 4838 ; refinement, 4837 ; 
solid, classed as wax, 4834 ; uses, 
5306 

— lamps, burners, 6152 

— oil, 1164, 61.'>0 

— wax, 6147 ; nature, 4835 ; source, 

5306, 6149 

Paraffins, in chemistry, 2876 ; de- 
rivatives, 3138, 3705 ; fonniihr, 
3020; unsaturated compounds, 
3706 

l*aragraphing, in business letters, 6351 
Paraguay, economic conditions, 5660 ; 

geography, 4282, 4288 
Paraguay, river, course, 4284, 4288 
Paraldehyde, hypnotic, 4128 
Parallax, 266, 6404, 6665 
Parallel forces, in dynamics, 414, 1833 

— roads, geological explanation, 1353 

— sailing, in navigation, factors, 6660 

— straight lines, theory of, 4477 
Parallelogram, 4723; area, 1251, 4905 

— of forces, 411, 552, 1833, 1834 

— of velocities, in mechanics, 552 
Para-magnetic metals, list of, 4214 
Paramopcium, reproduction, 381 
Paranucleus, of animalcule, 405^, 4089 
Parapet, field trench, 6270, 6267 

— wall, 1949, 2267 

Parasites, 166, 3958, 3959, 6441 : in 
live stock, 2626, 2627 ; plants, 
505-508 ; spore-producing, 4089 
Paratylciie, acetylene production, 6025 
Parcelling, of ship ropes, 6408 
Parcels post, difficulty of working, 5102 
Parchment paper, 6401, 6560 
Parent and child, in biology, varia- 
tions, 652 ; law of, 6850 
Parentage, Irish ideal, 4665 ; natural 
selection and mental evolution, 
3120; racial obligations, 4603 ; 
sociological value, 4665 
Parciilal responsibility, limitations, 4666 
I’arenthesis marks, in letters, 6352 
Parging, in buiUling, 2387, 2390 
Parian cement, manufacture, 648 

— ware, descripUun, muiuifacture, 5607 
Parietal bones, structure, 1604, 1605 

— layer, of pleura, anatomy, 1300 

— lobes, of cerebrum, 2144, 2146 
Pariefales, group, 352 

Paring, ill boot making, 4139 

— chisel, 3386, 3387, 4150, 4151 
Paris, ilescription, 1682; geological 

strata of basin, 2235 ; na.«ial index 
of inhabitants, 1786 ; tourist 
directions, 715 

— history of, Roman times, 2242 ; 

capital of France, 2916 ; recovered 
from England (1436), 3465 ; re- 
sistance to Charles X., 5239 ; com- 
merce, 5240 ; oceiipied by Prus- 
sians, 5240 ; Peace of (1763), 5846 ; 
Treaty of (1898), 5976 ; capture 
by Prussia, 6445 

Parish, in local government, 316 

— council, and meeting, duties, 316 
Parisyllabic (Latin nouns), 442 
Parks and gardens, staffi 1496 
Parkes, silver recovery, 5987 ; vulca- 
nisation method, 5045 

Parkesine, description, 5310 
Parliament, Barebones, 4761 ; first 
of Great Britain, 4952 ; opposition 
to Charles I., 4552 ; origin, 3073 ; 
Simon de MontfOrt, 3073 ; stand- 
ing orders on private bills, 1237 
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Parliament, Houses of. 1275 
Parliamentary powers, in civil engineer- 
ing, account of and varieties, 1237 

— work, in surveying, 1237 
Parlourmaid, duties of, 1004 

Parrot, 2211 ; toes and beak, 2492, 
2496 ; vegetarian fec<ler, 2494 
Parsing, grammar, 760, 1617, 1618 
Parsley, 349, ;ir>3 ; culture, 6675 
Parsnip, 353 ; cultivation, 945, 6673 ; 
harvesting, 1066; as live-stoek 
food, 2704, 2905, 3892; market 
garden returns, 6836 ; neetar, 731 
Parson’s steam turbine, 130, 5011 

J*art playing, pianoforte, 1891 
Parthenon, Athens, 1525, 2858, 2929 
Participial adjectives, Esperanto, 6237, 
6380 

— adverbs, Esperanto, 6381, 6382 ; 

'Spanish, 4222, 4797 
Participle, English, 756 ; Esperanto, 
6237 ; French, ;1854 ; (ierman, 
134; Greek, 6094, 6095, 6096; 
Latin, 604 

Parting, in assaying, 2377, 5849, 5850 

— tool, carver’s, 5809, 5810 
J’artition, in mathematics, 229 
Partitions, between rooms, 4447, 4448 ; 

fire-rcHi.sting, 4752, 4757, 4769 ; 

(piantity surveying, 6510 
Partitive article : see Article 
~ genitive, in Latin, 900 
Partners’ drawings, ledger entries, 1569 
Partnership, in banks, 4167; book- 
keeping, etc., 2978 ; profit, division, 
2756 ; in shopkeeping, 702 
Partnership Aet (1890) provisions, 2978 
Partridge, 2212 ; carving, 5934 ; salmis 
of, cooking, 1875 

Partridge, Bernard, line drawing, 6103, 
6105 

Parts, in music, 364 ; (counterpoint, 632 
Parturient fever in sh(*ep, 2625 
Pascal, Blaise, hydrostatic investiga- 
tions, 1076, 1141, 1801 
Pass-book, bank, 778 ; bookkeeping, 
4443 ; current dt'positor’s, 4291 ; 
discount debit entries, 1466 ; Eng- 
lish and Scottish, 1966, 1967 
Passenger agent, railway, 4230 

— traffic, railway, 4801 ; accouuta, 

5101 

— vehicles classification, 2402 
Passengers, ship’s, regulations, 6365 
Passes, Alpine, notable, 1838 
Passing notes, 567 ; in setting incclodies, 

631 ; tonic sol-fa, 925 
Passive voice, English, 608 ; German, 
3355; Latin, 603; Spanish, 4222 
Passivenosa, importance in mental 
'activity, 3183 
Paste gems, 358, 5852 
Pasted work, 1061 

Pasteur, Louis, bacteria classification, 
1294 ; (lisicovery of first germs, 
202 ; laetiec acid fermentation, 
3535 ; theory of life, 28 ; re- 
searches, 3273 

Pasteur-Ghauberland filter, 3380 
Ihisteuriscr, milk, use, 4037, 5405 
“ Paston Letters," account of, 1609 
Pastry, making, 1530 
Pasturage, cultivati(jn of, 1378-1380; 

gras.ses for, 875-880 
Patella, human, 1709 
Patent agent, (lualillcations, fees, 1610 
“ Patent ” leather, manufacture, 3455 ; 
recipe for keeping soft, 5646 

— medicine, meaning of term, 1400 

— office, appoiriTineiits, 3302 ; advice 

to patent ors, 1399, 1400 

— offices, in United Kingdom, 1401 
Patents, J 398 ; in bookkeeping, 2759 ; 

exploiting, granting, taking out, 
1010 ; foreign and colonial, list, 
1611 ; typical agreement between 
patentee and manufacturer, 2270 ; 
void, law as to, 1401 
Pate-sur-pate, pottery, 5607 
Pathology, 5424 
Paths, garden, 6318, 6310 
Petrarch, Italian poet, the sonnef, 537 
Patricians, and the rise of Plebeians, 
1136; and land reform, 1382; 
struggles with Plebeians, 1201, 1383 
Patriotism, Spencer’s views, 4121 

6975 
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Patronage, State service, abolition, 2160 
Pattern, in casting, 2109, 2337, 2542 ; 
construction, 24S3; in moulding 
machine, 2543 ; shrinkage of 
metals, 2342 

Pattern 'maker, boot factory, 4433 
Patterns, geometrical, 2320-2322, 2397 

— textile, 6608-6511 
Pattlnson silver recovery, 6987 
Pattsburg shaft sinking process, 3461 
Pauperism, asylunm and hospitals, 

1929 ; children, schools and cottage 
homes, 1930 ; relief systems, 1852 ; 
officials, 1926 

Pavia, Italy, architecture, 3232 
Paving, artificial stone, 2428, 2429 ; 
asphalt, 2179, 2425, 2516; As- 
syrian, 2658 ; brick and tile. 644, 
2426, 2427, 2515 ; by-laws respect- 
ing setting, 2425 ; concrete, 332, 
2428 : dictionary of, 1954 ; granite, 
3244 ; granolithic. 2516 ; regula- 
tions re, 1978 ; stone, 3243 ; tessel- 
lated, 5776 

— blocks, wood sawing, 6358 

— stones, cleavage planes, 1925 
Paying-in books, bank, 778, 1966 

— slip, 1966, 3482 

Pawl, casting, 2113, 2114 
Pawnbrokers, business of, 47, 4346 
Pea, classification, 353 ; climatic con- 
ditions, 4962 ; cross pollination, 
732 ; cultivation, 874, 1230, 6674 ; 
dietetic value, 3312 ; digestibility, 
866, 3314 ; harvesting, 1664 ; 

leaf and tendrils, 505 ; as live- 
stock food, 2704, 2908 ; market 
garden, returns, 6836 ; Menders 
experiments, 1481 ; nutritive value, 
3381 ; root nodules, 505 

— soup, recipe, 1 735 
Peace, effect on society, 5098 

Peach, 6889 ; canning, 4846 ; culture, 
6677 ; cream, recipe, 2001 ; dried, 
4845 ; packing for market, 6678 
Peacock, classification, 2212, plolc 
facing 2209 ; tail feathers, 2505 

— butterfly protection of larv®, 3515 
Peanut : $ee Arachis 

Pear, culture, 6675, 6670 ; packing for 
market, 6678 ; preserving, 4846 

— essence, source, 5469 

— wood, use, 57, 5809 

Pearl, 5856, 6889 : imitation, 5853 ; 
sources, 5308 

— “Orient,” and tapeworm embryos, 

3960 

Pearl ash, form of potash r 843 

Pearllte, in steel, 3938 

Pearson, Karl, biological work, 1791 ; 

on sex and variation, 652 
“ Peasants at an Inn,” Van Ostade’s 
picture, 182 

Peasants’ revolt (1381), 3249, 3250 
Peat, angle of repose, 2572 ; termation, 
5302 ; garden, 6203 ; geological 
classification, 1073 : soils, 258 
Peccaries, limbs, 1870 ; recognition 
odour, 2157 

Pedagogy : see Education, applied 
Pedal, harp, 3399, 3400, 3524, 3525 

— organ, 3861, 3862 ; swell, 3860 

— pianoforte, 1211, 1891 
Pedestals, of van, 2828, 2820 
Pedrail locomotive, descrihed, 2275 
Peel, Sir Robert, administration, 6690 
Peele, George, dramatist, 679, 849 
Peeling iron, bark peeling, 6065 
Peewit : see Lapwing 

Peg box, violin, 2121 



khan transfers his capital N), 218; 
surrender to foreign powers (1900), 
6603 

Peking duck, points, 5706 
Pelargonium, classification, 353 ; gar- 
den culture, 

Pelican, order, classification, 2218 
Pelisse, infant’s, 3856 
Peiton wheel, principle, 1688 , 1691 
Pelvis, human, 1708 ; kidney, 1602 
Pen drawing, 113, 843, 6102, 6103-^ 
6m ; shading, 1534, 2188 
— I QUlU, for illumination, 6275 


Pencil, lead, advantages in drawing, 
109, 2185 ; shading medium, 1533, 
2184 

Pendant, jewellery, design, 5859 
Pendant, vaulting, in masonry, 3146 
Pendentive, dome support, 3147, 3148 
Pendulum, expansion, compensation, 
1739 ; isochronism of, Galileo's 
discovery, 35 ; kinetic and poten- 
tial oscillation energy, 3748 ; 
mathematical formuhe, 2017 ; os- 
cillation, 3747 

— clock, function, 6712 5715 
PenicUlium glaumm, 1371, 1373, 4492, 

4574 

Penknife, manufacture, 5474, 

Pennine range, 1271 ; fossils, 2254 
Pennsylvania, state, foundation, 5844 ; 

minerals, 4172 ; deposits, 5305, 5663 
Penny banks, system explained, 3482 
Penology, scientific study, 4276 
Penguin, 2214 ; food, 2492, 2493 ; wings 
as propellers, 2496 

Pensions, army, 4032 ; banker’s pay- 
ment, 4293; civil service, 2160; 
L.C.G. clerks, 1215 ; old age, 
3224 ; old age, effect on filial 
responsibility, 4665 ; police, 1408 ; 
poor law, 1852 

Pensioners, army, employments, 4032 
Penstock, of sewer, 4457, 4458 
Pentameter verse, 1767 
Pentland hills, 98 1 ; rocks, 2253 
Penumbra, in light, defined, 2435 
Pepper, 3718, 4720; cayenne, 4721 ; 
perfume from, 5469 

— plant, cla.ssiflcation, 354 

Pepsin, 4135 ; in gastric juice, 578, 
074 

Peptic glands, action in digestion, 674 ; 

function, 578, 579 
Peptones, formation, 674 ; 

Pepys, Samuel, diarist, 1641 
Per pro, signification, 6351 
Perambulators, construction, 3126, 3127 
Percentage, rules, 999 
Perception, psychopgical account, 2803 
Perch : see Rod 

— suspension, of vehicles, 3122, 3123 
Percliing birds, classification, 2209 
Percipient, in telepathy, 3662 
Percolation, gauge record, 4020 
Percussion drilling, petroleum, 6011 

— instruments, 5565, 5569-5571 

— tools, forms and action, 4149, 4584 
Perflation, ventilation by, 6020 
Perforated work, wood carving, 6137 
I’erforations, brickwork, 2513 
Perforator, dentist.s’, 6028, 6029 
Perforators, telegraphic, 4386, 5391 
Perfumers, business of, 4348 
Perfumes, of animal origin. 4971 ; 

artificial production, 5468 ; books 
on, 4972 ; manufacture, 496« ; oils 
used ill, 1032 ; recipes, 4972 ; 
sources, 5469; synthetic, 4971 
Pcrgainuin, school of sculpture, 2930 
Perianth, 346 ; variations of, 3.)2 
Pericardium, anatomy, 198, 9.56 
Pericles and Athens, 774 
Peridot, characters, 5852, 5853, 6741 
Peridotite, rock, 1009 
Perigynous flower, 350, 347 
Perihelion, defined, 640.> 

Periodic law, in chemistry, 238, 401, 
2082 ; application to atomic 
theory, 2082, 229."> ; applied to the 
halogens, 1446; bearing on valency, 
1914; confirmation by corpus- 
cular theory, 2296. 2298 ; relation 
to argon, helium, etc., 1297 
Periodicals, in 19th century literature, 
2308 : see also Journalism 

— vehicle construction, 3908 
Periosteum, in anatomy, 436 
Peripatus, description, 3361, 3362 
Peripheral nerves, 2147 
Periphrastic conjugation, Latin, 1616 
Peristaltic movement, 678, 674 
Peripteral, in architecture, 2859 
Peritoneum, human, 1710 
Peritonitis, defined, symptoms, 6843 
Periwinkle, plant, 354 ; growth, 604 

— shellfish, respiration, 3113 
Perkin, Sir W. H., discovery of coal- 

tar colour production, 3710, 5908 


Permanent way, construction, 3429; 
inspection, 4592 ; rails, 3436 ; 
sleepers, 3430 

Permian system, in geology, 2067, 2254 
Pernam cotton, 383. 384 
” Peroxide hair,” 693 
Perpendicular, in geometry, 4207 

— style, architecture, account, 3374 
Perpetual motion, 426 

Perrotihe, construction, working, 4499 
Perry, 3315 

Persia, and Alexander the Great, 972, 
973 ; early art, 2659 ; ethnology, 
1790 ; geography, 2817 ; Mongol 
supremacy, 218 

Persian berries, use in dyeing, 5907 

— carpets, 3357 

Persian Gulf, surface temperature, 555 

— language, 1770, 1771 
Persians, anthropology, 501 
Persistence of force, 2063 ; Spencer’s 

theory, 313, 2063 
Person, in grammar, 116, 758 
Personal law, 6847-6851 
Personalities, prevalence in conversa- 
tion, history and fiction, 3985 
Personality, development of the idea 
in children, 2373 : modern theories 
of, 3287 ; Myers' theory, 3382 ; 
relation to rea.son, judgment, 1946 ; 
sociological value, 5248 
Perspective, linear and aerial, in art, 
505 ; in Greek paintings, 2930, 
2931 ; in drawing, 282, 595 
Perspiration, of skin, composition, 
1423 ; evaporation of, 1900 
Pertinax, Roman Emperor, 2071 
Peru, cotton industry, 383, 384, 385 ; 
geography, 4282 ; na.sal index, 1786 

— balsam, properties, uses, 4969 
Penigino, Pietro, painter, 3794, 4299 
Peruvian bark : see Cinchona 
Pessimism, 1884 ; physical and rational 

causes compared, 517, 518 ; sup- 
posed physical basis, 2374 
Pests, agricultural, 3512 ; forest, 
extermination, 4925, 4927, 4928 ; 
fungous, 1667, 1668 ; insect, 1666, 
1667 ; of mankind, 4515 
Petal, of flower, 346, 347 
Peter 1., the Great, of Russia, reign, 
62 ()() 

Peter Ilf., of Russia, dethroned, 6202 
Peter the Hermit, and Crusades, 2674 
Peterhead, granite, 529, 1518 
Petitio principii, fallacy, in logic, 6101 
Petition of Right, stipulations, 4552 
Petrarch, poet, biography, 4322 
Petrel, order, dc.scription, 2214 
Petrie, W. M. Flinders, archajologist, 
2786 ; comparison of Egyptian 
and Engli.sh fiction, 2962 ; travels, 
213 


Petro-cells, Schron’s discovery, 4561 
Petrol engines, types, 6785, 6786, 6787 
Petroleum, 1033, 6915, 6147 ; Baku 
region, 2718, 2719 ; books on, 
6689; distribution, 1164, 3771, 
6305; 5916, 6007 ; drilling plant, 
6011; English, 6011 ; flash-point, 
5193, 6010; formation, hypothe* 
Bis, 5915; generic name, 591 5 ; 
geological classification, 1074 ; as 
locomotive fuel, 6106, 5107; 

paraffin from, 4837 ; products, 5306, 
6147 ; sale regulations, 4059 ; 
Boli<liCving agents, 6152 ; sohible, 
6152 ; specific gravity, 799 ; U.S.A. 
centres, 5663 ; uses, 6010, 6151 ; 
working, 3100, 3191 

Petroleum Acts, definition of petroleum. 
6915; flash-point test, 6148; 
inspectors, 788 : licence, 4059 

— crude, 6009, 6010 ; refining, 6147 ; 

transport, 6014 

— ether, production, 6148 

— lamps, burners, 6152 

— proQiicts, tests, 6148 

— residuum, uses, 6153 

— rig, American, 6011, 6013 

— spirit, production, 6147 ; us®! 

— wells, urilling, sinking, etc., 6012 

4472, i473 ; tor layette, a7«. • 

Intant’e, 3SSS ; young child e, 4Wff 
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Petty canli, bookkeeping, 403, 2201 ; 

payments, entry, 1669 
^book, use, 977, 1408 
Petty officers, marine, 0803 ; Navy, 4266 
Petunia, culture, 6493 
Pewter, composition, 1160, 3941, 5987 ; 
electroplating, 3422 ; solder for, 
6623 ; soldering, autogenous, 6454 
Peyer’s patches, in anatomy, 679, 053 
Pfeifer, on osmotic pressure, 4562 
Ptliiger, Prof. E., molecular energy, 
2031 ; bio-chemical action, 4135 ; 
origin of living matter, 3538 
Phaeton, classification and description, 
2464. 2466 ; dimensions and 

weight, 2726 ; mail, hood, 6623 ; 
nnder-carriage, 3123 
Phagocytosis, theory, 6543 
Phalangers, 1763 ; feet adapted for 
grasping, 1871 

Phalanges, anatomy, 1708, 1709 ; 

proportion, in modelling, 1348 
Phanerogams, classification, 165 
Phantasms, in psychical research, 3625 
Pharmacist, business of, 1652 
Pharmacology, science of, 3017, 3018 
Pharmacy, apprenticeship, 1651, 1652 ,• 
books on, 5423 ; as a career, 101, 
1652 ; career for wonwm, 32 ; 
shopfltting, 1652, 1663 
Pharaoh Dynasty, conquer Phcenicia* 
501 ; and Israelite slavery, 665 
Pharsalia, battleof (48u.c.), 1514,1670 
Pharyngitis, symptoms and causes, 6132 
Pharynx, human, 677, 579, 2144, 2538 ; 
diseases, 6132 ; in singing, 6048 

— of vertebrates, 29 

Phase : see Single and Three phase 
Pheasant, classification and varieties, 
plate facing 2209, 2212 ; carving, 
5934, 6935 ; cooking, 1874 ; 

digestibility, 3314 ; plumage as 
courtship aid, 2505 
Pheidias, sculptor, art, 774, 2929 
Phenol : see Oarbolic acid 

— dyes, 5468, 5933 
Phenomenon, philosophic term, 6256 
Phenylamine : see Aniline 
Philadplphla, F.S.A., 1640, 4172 
Philadelphia Convention (1787), forma- 
tion of federal constitution, 5816 

Philip II. of Spain, 4397 ; end of rule 
in Netherlands, 0304 ; marriage 
with Mary, 3834 ; Armada, 3999 
Philip of Macedon, life, 774 
Philip Augustus, of France, 2914, 4110 
I’hilil) 111. of France, reign, 4101 
Philip IV. of France, wars witli Edward 
1. of England, 3074; reign, 4101 
Philip JJuke of Burgundy, alliance w'ith 
Henry V. of England, 3463 
Philippi, battle of, 1672 
" Philippics." the, 775, 1671 
Philippine Islands, acquired by IJ.S.A., 
5976 ; geography, 3161 
Philistines, Israel’s wars with, 666 
Philology, defects of as a science, 1607 
Philosopher’s stone, 59 
Philosophy, books on, 5816, 5817 ; defi- 
nition and scope, 2016, 6253 ; 
dependence on physics, 4882 ; dic- 
tionary of, 2015 ; eighteenth cen- 
tury philosophers, 2054 ; function 
of psychology (g.v.), 3117; ideal- 
ism, 6467 ; materialism, 6463 ; 
Nature and problems, 6253 ; new 
school of, 6470 ; nineteenth een- 
tury philosophers, 2618 ; relation 
to the new cnemistry, 2552 ; rela- 
tion to physical science, 33 ; in 
religion, 6773 ; service to mankind, 
6S39 ; synthetic, Spencer’s, 4122 
Phlebitis, causes and symptoms, 6036 
Phlogiston, in Stahl’s theory. 60, 61 
Phoenicia, liistory, 501 
Phoenicians, art of, 2660 ; character- 
istics of, 1204 ; ethnology, 1790 ; 
in Spain, 2946 ; shipping, 6254 ; 
silk trade of, 682 ; trade in Britain, 
plate before 1, 146; traditional 
settlement in Ireland, 2608 
Pneenix, silver recovery process, 5735 
Phonetic speUing, rules of, 122 
Phonography : see Shortliand 
Ihormmm, fibre industry, 365, 817, 
6889 ; fibres, dressing, 1389 
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Phosgene : see Carbonyl chloride 
Phosphates, analysis, 4414; in manures, 
5586, 5587 ; as poultry food, 5434 
Phospliatic rock, in manure, 5586 
Phosphine : see Phosplioretted hydro- 
gen 

Pliosphor-bronze, eompositioii, 3040 ; 
preparation and uses, 1447, 0309 ; 
properties, 360, 396 

— tin, preparation, 6309 
Phosplioretted hydrogen, 1722 
Phosphoric acid, in iiianiire, 433, -589 ; 

sources, prepanithui, 4779 
Phosphorite, uses, 4770, 5580 
Phosiihorus, JI61; allotropy, 1040; 
compounds, 1161,1722; distribu- 
tion, 239 ; in human body. 438 ; 
in Iron, 234, 4007, 4910; manu- 
facture, 4779, 4780 ; in nerve 
matter, 1942; oxides, 1161 
plant, constituent, 167, ur>8r> , 
proportion in earth’s crust, 239 ; 
in puddling, 1637 ; red and yellow, 
1161; retorts, 4779 \ sonrees, 
4778; in steel, 234, 101.5, 4747, 
5019 

Photo-engraving, proces.ses, 6481, 6486 

Photogrammetry, use, 663 4 

Phot ogra pliers, apprenticeship, 4417 ; 

business of, 47, 4417 
Photographic dealers, business, 47, 4419 

— apparatus, 6679 

— paper, inanufactiire, 6401 ; printing, 

6681 

— plates, 6682 ; physics of, 3228 
Photograplis, copyright, 4418 
Photograpliy, principle of, 6679, 6684. 

6685, 6687 ; application to phono- 
graph, 2319; amateur versus pro- 
fe.ssif)nal, 4417; books on, 6689; 
colour, 4.527 ; developers, 5467, 
6080; lenses, 6127; portraiture, 
6681, 6687, 6688; press, 4419, 
6102, 6686; surveying by, 663 4; 
telescopic use, 6247 ; women’s 
training and prospects, 323 
Photogravure, pna'csses, 6486 
Photo-litliography, process, 6183 
Pliotometer, use, 2435, 4810 
Photometry, bwiks on, 4298 
J*liraseogriUn.s, iii shorthand, list, 1464 
Phrases, in harp playing, 3398 
Phrasing, in pianoforte playing, 1889 

— ill singing, 6337 
Phrenic nerve, human, 1491 
Phrenology, origin, method, 2010 ; 

compared with psychology, 2011 
Phthisis, causes, 3798, 5409, 6134 ; 
diagnosis, Runtgen rays in, 4093 ; 
and heredity, 1587, 2602; im- 
munity, evolution of, 1030, 6781 ; 
prevention, 5409 ; mortality, 5409, 
5412 ; symptoms, 6134 ; voice pro- 
duction as preventive, 2.538 : see 
also Tuberculosis 

Phylum, in botany, 165 ; in zoology, 
1492 

Physical culture, women’s training and 
prospects, 323 

— energy, unrelated to psycliical, 6466 
Phy.sical geography : see Geography 
Phy.sical science, limitations of, 3287 
Phy.siciaus : see Medical profession 
Physicists, notable, 3850 

Physics, books on, 4884, 5422 ; com- 
pared with chemistry, 58 ; de- 
velopment of higher, 4450 ; inter- 
play of Nature’s laws, 551 ; rela- 
tion to cliemistry, 402, 1144, 2080, 
2084, 2391 ; relation to otlier 

sciences, 4882 ; relation to 
psychology, 2012 ; technical terms, 
3121 

Physiology, books on, 5423, 5771 ; 
dictionary of, 102 ; relation to 
various parts of biology, 95, 137 ; 
relation to physics, 33 ; scope and 
definition, 95, 137, 279 
Physique, effect of exercise, 4387 
Pi, numerical value, 6085 
Pia mater, membrane, anatomy, 2145 
Piano : see Pianoforte 
Plano, term in music, 271 
Pianoforte, 1210; compositions, 1211 ; 
construction, 1210 ; examinations, 
2025 : graded studies, 2032 


'* laying " a scale in tuning, 
6442 ; manipulation of keys, 
1415; manufacture, 6708, 6710, 
6711; octave tuning, 6442; as 
organ substitute, 8858 ; praidice, 
2025 ; registers, 1 (»59 ; string 
adjustment and chipping up, 
6442 ; teaching, 2024 ; tuning, 
3880, 6442, 6709, 6712; wire, 
5170 

— makers, employment conditions, 2656 
Piassava, source and uses, 5118, 6889 
J*iat furnaces, construction, 2863, 2865 
Picaresque novel, origin, detlnilion, 2962 
Picariie, order of birds, 2210 
Pjcchettato, in singing, 0336 
Piccolo, musical instrument, compass, 
4568, 5729 ; orchestral u.se, 5729 
Pick, kinds, in mining, 2580, 2583 

— mason’s, 2837, 2838 

— in railway work, 3172 

— scabbling, serrated, 532 
Pickaxe, in raiUvay work, 3172, 3172 
Pickling, metals, 5528, 6169 

Picks, in textile industry, 2939 
Picric acid, 6765 ; in dyeing, 5468, 
5908 ; manufacture, 3709, 6765 
Piets, invasions ot Britain, 2241 ; in- 
vaded by the Scotti, 2607 
Picture framers, biislncis of, 4600 

— frames, making, 4610 

— postcard dealers, business of, 4611 
Pictures, auciont Egyptian, 2522 ; 

diversity of values, 5151 ; scale 
by framer. 4609 
Pieuciilcs, nest, 2.507 
Piddock, boring apparatus, 3284, 3285 
Piece mould, in sculpture, 1509, 1510 

— work, 6613 

Pier, in building, 2168, 2171 ; bonding 
of, 2175 ; crib, 6268 ; Dover, 
6333, 6335 ; foundations, 332 ; 

harbour, 6220 ; shoring, 920 ; 
stagings used in construction, 
1172; underpinning, 918 

— in ma.sonry, dome supporting, 3148 

— of suspension bridge, stresses, 2764 
Pierhead, construction, 6260 

Piers, seaside, uses. 5580 
Piezometer, for testing pressure in 
water-pipes, 1574 

Pig, 1761 ; black, 216.5. 2368, 2369 ; 
books on, 3 471 ; breeding, 2367- 
2371 ; even-toed, digits of band, 
1869 : exhibitions, Smithfleld, 

2371 ; fanning in (treat Britain, 
2365, 2369 ; bousing, 2370, 2998 ; 
large black, 2386, 2369 ; large 
white, 2.307 ; middle wdiite, 2365, 
2367 ; ringing, 2370 ; small wiiite, 
2365, 2368 ; sucking, age for 

market, 2370 ; w'hite, 2367 

— hed, in iron smelting, 232, 4470 

— iron, 232, 1044 ; lifting, 563 ; for 

puddling, 4637 

— in laundry w'ork, material, 2476 

— skin, grain, plate faring 3217 
Pigeon, 2211; carving, 5934, 5935 ; 

digestive apparatus, 2 192, 2494 
Piginont.s, in art, 725 ; in building, 
1035 ; copiicr, 6307 ; manufac- 
ture and prt)per1ies, 5143 ; in oil 
painting, colours to be avoided, 
871; organic, 5145; in paints, 
5141, 5831 ; setting the palette, 
1020 ; test, 5146 

Pike, bony, classification, 3066, 3067 
Pileb, infant’s, ;(746, 3856 
Pile, of Itrussels carpet, 3992 

— cloth, weaving, 3156, 3157 
Pile-driving, 2022, 4642 ; wedge, 835 

— engine, 1453, 1454 

— screw, principle, 835 

— fowl, 5089 

Piles, 1173 ; In bridge construction, 
2737, 2738 ; in building founda- 
tions, 335 ; in carpentry, 4642, 
4645 ; hydraulic, 2767, 2768 ; 

materials, 4642 ; reinforced con- 
crete, 1557. 1558, 1643, 1645 ; 
timber, 1454 

" Pilgrim’s Progress,” 1640, 2963 
Pillar plate, of brougham, 28?9, '1831 

— and stall working, 3191, 3561, 3562 

— steel construction, strength, 2226 

— of vehicles, 2725, 2727, 2739, 2829 

6977 
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Pillar, verge watch, repairing, 60S2 
Pillars, clock, 5884 

— electro-magnetic drilling, 5450^ 5453 
Pillow lace, 224 

Pillows, materials, in upholstery, 6722 
Pimento, source, 4720^ 4T22, 6880 
Pin, in carpentry, 3546 

— of crank, 828 

— verge watch, 6081 
Pinafore, child’s, 4050y 4473 
Pincer tongs, 2984, 29^5 
Pincers, use, 3388, 4586 
Pinchbeck, composition, properties, 3940 
Pine, tree, 4657 ; in building shores, 917 ; 

class! ticat ion, 503 ; cutting, 53, 57 ; 
distillation products, 5465, 5466 ; 
evergreen condition explained, 728; 
oil, production, 1034 ; pests, 4926, 
4927, 4928 ; its timber, 54 ; 

strength, 1260 ; wood fibre, in 
papermaking, 6280, (i281 

— dwarf, distribution, 625 

— Hootch : see Hootcli fir 

— Weymouth and white: see Wey- 

moutli pine 

— yellow, strength of timber, 1260 
Pineal gland, 2400, 240:i 
Pineapple, 6889 ; canning, 4846 ; 

distribution, 4876 ; essence, source, 
5469 ; leaves as fibre, 818 
Pinion, of clock, 5711 ; repairing and 
making, 5717, 5719, 5884 

— leaf, watch, repair, 6084 

— engine, action of, :isi4, 3815 

— raw-hide gear, 3921 

— of toothed gear, 36:18 

Pink, flower, 3 )1 ; lertilisatioii, 730, 732 ; 
order of, 35 1 

Pink-eye, disease, in ln)r8es, 2620 
Pinking iron, in upholstery, 6722 
Pinnacle, in architecture, 3373 
Pinnipedia, species of, 1494, 1765; 

suitability for aoualic life, 2038 
Pins, materials, manufacture, 3J70 

— clock pillar, making, 5717 
PInturIcchio, painter, 3794 
Pinus sylvestris : see Scotch fir 
Plombo, Sebastiano del, painter, 3790 
Pipe arch bridge, structure, 2739, 2740 
Pipe-fish, form of body, 3069, 307 J 

— nails, use in foundry, 2547 

— pattern, for moulding, 2435, 2457 
Piperin, source, 4717, 4720 

Pipes, anti-syphonage, 5031, 5634 ; 
drawing, 5041, 5042 \ bending, 
5029, 5630 ; copper, pliiiiiber's, 
5627 ; copper, working, 3884, 
3HS5\ drainage, 569, 571, 

736, 5051 ; drainage, road, 2323 ; 
flanged, manufacture, 5320 ; hot- 
water, arrangement, 6022; hot- 


bettom type, 5641, 5643 ; speed 
in locomotive engines, 6516 ; triple 
expansion marine, 6294, 6295 
Piston rod, 5641, 6643 ; diametor for- 
mula, 4425 ; triple expansion, 6 

— glands, drawing, 4203, 4205 
•— valves, 5749, 6515, 6516 

Pit, bell, in mining, working, 3190 

— railway locomotive shed, 4599 

— sand, constituents, 647 

— saw, use, 3385 

Pitch, in coal-tar distillation, 5462 ; pro- 
dtictioii, 1163. 5465 ; source, 4658 ; 
specific gravity, 1704 ; for timber 
and iron coating, 5836 ; testing, 
1702; uses, 1163, 5464 - 

— of gears, 3656, 3923, 3924 

Pitch in music, 37, 1058 ; pianoforte, 
tuning, 6442 

— of screw, forms, 686, 835 

— l)ine. 54 ; cutting, 53, 57 ; in stag- 

ing, 1176: strength, 1260, 1393 

— in sound, 2102, 3620 

— of voice, 6047 ; niodulation of, 2538 
Pitch blende, radium from, 2028, 2031, 

2581 

Pitclier, in haymaking, defined, 1630 
Pitcher-plant, 507, 508 
Pitching tool, niiison’s, 532, 2837, 2839 
Pitclmtone, rock, 1008, 6742 
Pith, plant, 170 ; in trees, 51, 53 
Pit-ljead gear, mine construction, 3767 
Pitman. Sir Isaac, shorthand system, 48 
“ Pitman’s ,Ionrnal,” 403 
Pitot’s tube, stream velocity, 1576 
J*its, i?» mining, working, 2847 
Pitt, William, ministry, 5555, 5685 
Pitt, William. Earl of Chathanj, minis- 
try, death, 5554, 5555 
Pitti Palace, Florence. 948, 3675, 3078 
Pivot, of clocks, repairing, 5716, 5718 

— of gates and doors, 5795, 5797 

— lioles. of clock, 5883 ; watch, 6083 
Pizzicato, double-bass, 3170, 5728; 

violin, 2572, 2744, 5727 
Place bricks, 643, 1947 
Placket fasteners, 185 ; n»aking, 654 
Plagi(jciase felspar, cleavage, 768 
Plague (1665), nH)rtality, 4762 
Plaice, fish, 3069, 3070 ; choice of, 3717; 
fisheries, 5190 ; fishery, value, 
4089; floating eggs, 5189, 5190; 
frying, 1873 

Plains, diluvial and alluvial, 4497 ; 

of Europe, 854 ; fertility, 4497 
Plait, in bordering baskets, 5562. 5504 
Plan, in architecture, 2129, 2283 ; of 
architects’ detail drawing, 5093, 
5698 

— in bfifldiiig, 5542, 5543 

— in drawing, 1747, 1749 


Flank, curving, 3539, 3541 ; dis- 

tinguished from board, 3544 
Plankton, in fishery, 5189 
Plano-milling machine, 3324, 5205, 5207 
Plans, of building, 2790, 5542, 6543 

— mine, 3306, 3309 

— in surveying, 370 
Plant; Plante 

— depreciation allowance, 3420 
Plant form, in design, 5821, 5978, 6979 
Plantagenet kings, England under, 2913 
Plantain, 882; cows’ food, 3890; 

seed dispersal, 910 

Plantation, making, 6317 ; rating, 4603 
Plant-bug, plate facing 3361, 3363, 3364 
Plante’s accmnulator, 3086 
Plant-lice, description, 3365 ; attacked 
by ichneumon fly, 3722, 3723, 3720 
Plante, atmosphere and, 1298 ; bio- 
logical classification, 29 ; car- 
nivorous, 607, 508 ; collectors and 
dissipators of energy, 4132 ; chem- 
ical manures, 5585 ; desert and 
moorland, 727 ; disintegrating 
effect on soil, 1814 ; classification. 
165 ; extinct marine, 535 ; fer- 
tilisation, 346; food, 276, 2702 ; 
general characteristics, 275 ; gym- 
nosnerms, 503 : inw’ct pollina- 
tion, 346, 731; limitation of range, 
493 ; iiifiiience of water, wind, 
animals, insects, 727-732, 908 ; 
in living-rooms, 1159 ; male, fe- 
male, and hermaphrodite, 73 o ; 
nitrogen absorbed, 238 ; oxygen 
given off by, 171 ; parasites. 
505 ; protection against wind and 
animals, 7774 ; reproduction, 346; 
structure and food, 100-173 ; 
synthetie chemical processes, 2711, 
4014, 4133 

Placpie, copper, enamelled, 6691 ; eloc- 
Irotyping, 3422 

Plasma, of blood, properties, 952, 954 
Plasscy, battle of, 5555, 6549 
Plaster bedder, in firing china, 6606 

— cast, colouring, 1673 

— easting in, 1218, 1509 

— fire protection, 4754 

— in mural decoration, 1024 
Plaster-of-Parls, 648, 1041 ; in bronze 

casting, 1674 ; dentist’s use, 5862, 
6863, 6028 ; manufacture, 5497, 
5586; in moulding, 2110 ; quarry- 
ing, 2850 : see also (lypsum 

— of walls, 5499 ; air permeability, 

6020 ; repairing, 5829 
Plasterers, employment, 2644 
Plastering, in building, 648, 5496, 5497, 
5498, 6513 ; books on, 6349 ; climate 
effect, 6349 


water, fitting, 5627 ; hydraulic, 
strength formula, 1701 ; iron, 
plumber’s, 5627 ; in mining, de- 
fined, 2378, 2670, 2071, 5310; 

overflow, 5029, 5632 ; plumbing, 
ll.xing, 5632 ; rain-water, 781 ; 
rain-water, quantity surveying, 
6512 ; roof, kinds, 5793, 5794 ; 
sewer, 4460 ; soil, 5053 ; soil, 
jointing, 5628 ; soil, connection, 
5631, 5634 ; tobacco manufacture, 
4378 ; waste, use and fixing, 5633 ; 
tests, 1082, 3964 
Pipette, in chemi.stry, 1140 
Piping, in carriage trimming, 3622 

— in dressmakirfg, 152, 153, 863; of 

widow’s bonnet, 5774 
Pipit, classification, 2210; nest and 
eggs with cuckoo egg, 2507 
Pique, in glove sewing, 5482 
Pisa, 2230 ; cathedral and leaning 
tower, 3231-3233 ; sculpture, 3518 ; 
touring, 947 

Pisano, Andrea, painter, 3519 
Pisano, Giovanni, sculpture, 3518 
Pisano, Vittore, medallist, 3678 
iMstil, of liower, 347, 348; male, 
female and hermaphrodite, 730 ; 
nectar production, 5731 
Pistols, Browning's, 6418 ; Colt, 0418 ; 

Mauser, 0417 ; present type, 0415 
Piston, of pneumatic tools. 1803, 1806 

— of steam-engine, 4424, 5414 ; Bei- 

liss engine, 5750, 5751 ; Brother- 
hood engine, 6071, 6072 ; Rams- 


rianarian W'ornis, classification, 3959 
Plane, of crystjils, 766 

— curves, problems in, 1411, 7/73 

— in drawing, 1747, 1719 

— faces, of envelopes, 4521, 4523 

— figure, ill geometry, 4208 

— in geology, 1024 ; formation, 1816 

— irons, kinds and use, 3757, 3758 

— tool, varieties and uses, 3:i85, 3387, 

3756, 3757, 3845, 3848. 4151, 41.52 ; 
“hollows” and “rounds,” 4151, 
4153, .5179, 51 SI 

— table, in surveying, 159, 504, 710 

— tree, 6889 ; strength, 1260; shear- 

ing cut, 4584 ; use for carving, 5809 
Planers, machine tools, 3319, 3377, 
3321, 4909, 5002, 0451, 6654, 67;, 56 ; 
compared with milling cutters, 
3401 ; portable, 527f\~5279 ; ro- 
tary, 5205 ; test,s, 3963, 3965 
Planetary motion, laws of, 662, 6241 
Planets, 77; plate facing 6241; com- 
parative statistics, 6250; gravity, 
action of, 6242 ; heat radiation, 
2060 ; list of, 6116 ; inovcmonts, 
6115, 6241, 0242 ; nebular hypo- 
thesis of, 620, 6701 ; order, 6250 ; 
revolution, 6121 ; satellites, 62.50 
Planimcter, river section area by, 5115 ; 
in ship calculations, 5966 ; in 
surveying, 158, 370 
Planing machines : see Planers 

— metal, tools, 4151, 4153 

— wood, 3756 ; according to grain. 

3540; inverted plane, 6581, 0585 


— wines, 2879 

Plastic clay, in sculpture, 1217 

Plasticity, definition, 1375 

Plate, face, for lathe testing, 3963, 3966 

— girders, stresses, 2198, 2199 

— glass, manufacture, 4734 ; polishing, 

4735, 5837 ; recipe, 4533 ; strength, 
1702 ; vans for, construction, 2558 

— moulding, described, 2540, 2541 

— Old Hlieffield, manufacture, 6860 

— reversing eccentric, 5644 

— ship’s, strength, 6221 

— verge watch, removal, 6081 
Plateau, advantages, disadvantages, 

4497 

Plate-bending machine, 5920 
Plated work, in machine building, 206 
Plate-edge planing machine, 3098 
Platelayer, railway, duties, 4230, 4591 
Platen printing machine, 6872 
Plates, boiler, working, 3097, 8100 

— china, manufacture, 5606, 5007 

— circular, wooden, 5296, 5299 

— earthenware, pressing, 5233 

— in joinery, 4115, 4116 

— metal, drawing, 5042 ; thickness, 

3006 ; see further under Plating 

— photographic, use and varieties, 

6679 ; collodion, 6481 ; in photo 
reproduction, 6482, 6435, 6486 

— shell, of ship, 5918-5922 

— steel, test pieces, 3961 
Platform, of dress landau, 3122, 3123 

— railway, dimensions, 3616 

— in scaffolding, 1170 
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Plating, Z09& 

— ghell, of ship, 5.9/r, 

— shop, 3098, 3109 

— silver : «e« Electro-plating 

— of vessel, 56' 

Platinoid, 672, 3837, 3941, 5984 

Platinum, 4305, 5849 ; books on, 5860 ; 
chemistry of, 1446 ; conductivity, 
1397 ; electrical resistance, 672 ; 
in electrolytic apparatus, 2I0; 
expansion under heat, 1738 ; leaf 
burnishing;, 6277 ; in metallurgy, 
361 ; micro-structure, 3939 ; ylalQ 
preceding 3937 ; occurrence, 839, 
5849; ore, sources, 5849 ; strength, 
1396; tools for, 552/, 5524; 

welding, 6454 ; wire, use, 5171 
' Plato, coiicoptiou of society, 5210; 
life and teachings, 976 

IMatypus, 1765 ; skin, 6428 

Play, problem, harmful, 4535 

Playwriting, 6866 

Pleasure, ccsthetic value, 180; in 
philosophy : nee Hedonism ; 

physiological causes, 2517 ; sense 
of, 1422 

Pleat, for dressing gown, 3590 ; in 
girl’s skirt, 246^, 2409 

Pleating, in millinery, 5620, 5621 

Plebtians, the, and agrarian reforms, 
1382, 1383 ; Decern virate, 1201 ; 
rise of, 1136 

Plectrum, mandoline, 4308, 4309 ; 


zither, 3763 
Pleiades, 2949, 6700 
IMcistocene, geology, system, 2067, 2255 
IMesiosaurus, 2677; occurrence, 2254; 

skeleton, pMe lacing 2065 
i^leiira, human, 197, 1300, 1710 
Pleurisy, 6133, 6134 

in horses, treatment, 2621 
Pleiiro-pneumonia, in cattle, 2623 
Pliers, function, 4586 ; dental varieties, 
6028, 0029 ; metal-worker’s, 5521 ; 
in saddlery, 4784 ; slide, 5521 ; 
smith’s, 2984, 29S5 
Plimer, miniature by, 1003 
Plimsoll mark, of ships, 6364 
Pllntli, in building, 2266 ; binding of, 
2177, 2178 ; bricks for, 1943, 1949 

— in joinery, 5293, 5295 
Pliny the Elder, death, 2068 
Pliocene system, 2067 ; rocks, 2254 
Pliohippus, fossil horse, 1177 
Pli<iue i jour, enamelling, 5687, 5090 
Plotting, in surveying, 264, 369, 591 
Plough, in agriculture, JS46, 1349, 

1850 ; steam, 430 

— in tramway conduit, 1936 
Ploughing, systems of, 430, 1200 ; for 

cereals and root crops, 1229, 1233 
Ploughman, wages, duties, etc-, 2999 
Ploughshare, 1849 

Plover, order, 2212; nesting, 2506; 

recognition markings, 2505 
Plug and featticrs, tool, 532 
Plum, cultivation, 855, 4875 ; garden 
culture, 6076, 6678 

— cake, recipe, 2331 
Plumatclla, description, 3958 
Plumb bob, use, 4703, 4706 

— line, in erection, 3089, 3090, 3091 ; 

in mine surveying, 804 

— rule, use, 4703, 4706 
Plumbag^o, 1157 ; in foundry work, 

2547 ; source, 6308 ; snecifle gravity, 
1704 : see also tlraphite 

— plant, sticky fruit, 911, 912 
Plumbers, business of, 47, 2218, 4612; 

employment conditions, 2644 ; 
Navy, 4265, 4269 ; tools, 5029 
Plumbing, books on, 4615, 6349 ; 
business of, 4612 ; external, 5029- 
6035 ; internal house, 5627 ; 
internal, quantity surveying, 6512 
Plummer block, 3263. 3264 ; cutting 
process, 3317, 3320, 3324 
Plumule, of barley, 874 ; of plant, 347, 
350, 636 ; of wheat, 913, 915 
Plunger and bucket pump. 1081 
Plural, in English, 245 ; PTench, 1187 ; 
German, 1878, 2488, 2638 ; Italian, 
2346 ; Spanish, 2349, 2481 
Pluralism, in philosophy, 6464 
Plush, upholsterer's' varieties, 6710; 
weaving and design, 3166, 3157 


Plutonic rocks, 1008, 2065, 2067 
Plymouth, breakwater, 6335 ; harbour 
regulations and revenues, 6220 
Plymouth rock fowls, 4857, 5623 
Pneumatic chemistry, origin of, 00 

— drill : see Drill, pneumatic, etc. 
Pneumatics : see Hydrostatics 
Pnoumogastric nerves, 1944 ; and 

digestion, 674 

Pneumococci, in bacteriology. 6540 
Pneumonia, 0133 ; (iiimiiiiisation dur- 
ing, 6544 ; organisiiiH, 0540 

— in cattle, 2623 

— in horses, symptoms, 2621 

— in sheep, 2624 
Pockets, of trawl net, 4990 

— in dressmaking, making, 655 

— ill mining, 2378 

— prints, in casting, 2340, 2341 

— of sliding sash, 5133, 5186 

— in tailoring, 1289, 1292 \ boy’s 

suit, 1400, 1552, 1754 ; lounge 

jacket, 2753 

— wall, in floor construction, 4446 

Pocket-knife, manufacture, 5t75; 

plumber’s, 5029, 50:i0 
Pod-plants, 165 : see also Angiosperms 
Podophylliii, 6889 

Poetry, 303 ; American, 3780 ; llrown- 
ing's theory, 1436; Elizabethan 
age, 536 ; Elizabetlian jlraina, 

678, 845 ; English nineteentli cen- 
tury. 1304 ; English, Milton to 
Cowper, 991 ; English l{est(»rati()n 
drama, 1149 ; influence on modern 
Engli.sii pnxse, 2309; i>re-Eliz.‘i* 
bethan, 324; Tennyson'.s tbeor>, 
143t ; value of learning to write. 
4577 ; Victorian poets, 1431; 
Wordsw'orth’s theory, 1305 
Poot.sch .shaft sinking process, 3460 
piusoned wounds, treatment, 6472 
Poisoning, treatment, 6473 
I*oint, in geonudry, definition, 4207 

— mason’s tool, 2337, 2839 

— path, and instantaneous centre, 88 
Pointed arch, introdueli(»n, 3092, 3002 

— architecture, history, 3373-3376 

— paper, textile, 2939, 2940 
Pointer, in measuring sculpture, 1070 

— of typewriter, 1529 
Pointing, in sculpture, 1676 
Points, in optics, corresponding, 3182 

— railway construction, 3003; inter- 

locking with signals, 4646; rack, 
on Abt .system, 3310 ; on tem- 
porary line, 3253 

— in printing, 5868 
I’ointsmen, tramway, usages, 4189 
Poisons, antidotes to, 3704, 3537, 3823, 

4006 ; effect on body temperature, 
440 ; most powerful, 4012 
Poland, craniometry, 1786 ; gr()graj)hv, 
2408 ; history of, 2948, 6202 
Polar bear, skins and fur, 6426, 64;50 

— di.«!tance, in astronomy, 624 4, 6665 

— regions, 5379 ; physical con(liti«»ns, 

4494 

Polarisation, of light, 3849 ; effect of 
magnetism, 3852 
Polariscope, 3850, 4554, 4555 
Polarising angle, 3850 
Polarite, in filtration, 4097, 4100 
Pole, of field magnet, 1106 

— arms, telephone, construction, 6324 

— plate, of roof, 4249, 4250, 4251 

— roof, construction, 6324 

— socket, ill futchell carriage, 3125 

— spring, in mining, 2669, 2070 

— star, 62.50; in determining latitude, 

700, 6663 ; position, 6110, 6117 

— of van, structure and fittings, 2828 

— tie, sleeper, defined, 3434 

— ctdestial. defined, 6116 

— geographical, 11, 293, 625 

— magnetic, 569, 1357, 4244 ; re- 

versing, 1324 

— telegraph, and telephone, 6323, 0324 
Police, colonies, 3549 ; London and 

provinces, 81, 320, 1406 ; civil 

appointments, 2576 ; railway, 
5108 ; Boman, 1829 

— siurgeons, salaries, 699 

Policies, accident insurance, 4852 ; 
fire insurance, 4849 ; life a.ssurance, 
4727 ; marine insurance, 4853 


Policies, value, explanation, 4728 
Poling, in copper smelting, 356 

— boards, in building, 330, 331 
Polish, fowls, varieties, 4855, 4957 
Polishes, boot, etc., recipea, 5149, 5150 
Poh.shing, art metal work, 5528 

— in boot making, process, 4545 

— cabinet-making, 6591 

— of metals, 3937, 5528 
Polisliing machines, 3455, 5214 
Political economy, Adam Smith, foun- 
der of, 2055 ; Hindu, 418 ; in 
Assyria, 501 

Politics, foreign, false ideas, 5100 
Pollajuolo, sculptor, 3678, 3793 
Pollard, in milling, 3079 
Pt.Hen, in flower .structure, 346 ; In 
gymnosperins, 503 ; carried by 
water, wind, animals. 729 ; pro- 
tection from damp, 1114 

— flowcr.s, insect.s, 731 

— grains, 346, 347 

— sacs, 346, 347 ; of Scotch pine, 505 

— - tii»)e, 346, 347, 348 
Pr>llinatir»n, 318 ; w'heat, 913 
Polliniimi, of spotted orchis, 730, 732 
Polo, Mari’o, at Khan’s court, 218 
Polo pemy, deseription, 2074, 2075 
Polonium, 1917; radio-activity, 2029 
I’olyandry, in marriage, 4536 
Polycleitus, sculptor, 2929 
Poljdoros, sculptor, 2930 
Polygamy, effect on infantile mortality, 

4537 : in history of marriage, 4536 
Polygon, 739, 2321, 1330; circles in- 
serit)c(l and circum.scribcd, 744, 
1013 

— of forces, stated, 412, 553 
Polygonal forms, drawing, 5163, 5165 
Polyhalite, 6712 ; deposit. 5585 
Polynesian laugiiage, importafious, 1770 
Polynesians, ethnology, 1789 ; skull 

measnremeut, ITH.*) 

Polype, 3953, 4030 ; coral, 4084, 4086 
Polypetake, defined and elassifled, 352 
Polypi, treatment, 6132 
Polypody, 1115, 1116; culture, 6493 
J\)lytheism, in Babylon, 17 ; in 
Phu'iiieia, 501 

Pomegranate, bark, source and use, 
0068 

Pomimd, of saddle, manufacture, 5340 
Pomi>eii, destruction, 2008 ; oxcava- 
tion.s at, ‘2932 ; fresco paintings, 
2933 ; wall decorations, 2930 
Pompey, U. 31., jareer, 1514, 1670 
" Pond,” Corot’s picture, 4300, 4301 
Pons varolii, of brain, 2144, 2146 
Pont d'Evcque cheese, 4490, 4576 
Pontoon Ijridges, construction, 2889 

— of docks, 6497, 6498 

I*oop, of sailing slnp, 5400, 5401 
Poor law otticials, 1851, 1926, 1930 
-rate, administration, 1851 
Pop-gun, in band, 5509 
Poiie, Alexander, .nithor, 668, 993 
Pope, 4320; in Early Middle Ages, 2241; 
patrons of art, 3675 ; transfer 
to Avignon, 4101, 4320 
Poitl.'ir tree, 6889 ; bark as tanning 
agent, 3013; timber, strength, 
1260; timber, use, 57, 2827; 

wood fibre, in paper making, 
6280 

Poplin, design, 2940, 2941 ; dyeing, 
6503 

Poppet, of lathe. 1912, 4913 
Poppy, 349 ; eradication, 1378 

— oil, painter.s’,55118, 5146, 5831; in 

varnishes, 1035 
Porphyry, rock, 529, 1008 
Porpoise, 1763; swimming-apparatus, 
2039 

Porridge, oatmeal, recipe, 2331 
Porbeagle shark, skeleton, 3065 
Porcelain, English, 5606 ; in dentistry, 
5553, 6033 ; as insulator, 672 
Porch, Gothic, 3517 

— stone, lead work protection, 5035 
itorcupine, quills, 1762, 2156, 2157 
Pore, of skin, structure 1422, 1423 
Pork, choosing, 1228, 3717 ; carving, 

5935, 5936;. dietetic value, 3112. 
3381 ; digestibility, 675, 8314 ; 
measly, cause, 3960 
Port cylinder, 5642 ; marking out, 3318 

6979 
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Portamento, in saxhorn playing, 5138 ; 
in Binging, 6336 ; in viola bowing, 
2S25 ; in violin playing, 2412 
Porter, alcohol in, 1035 

— bar, of gluts, 3096, 3108 

“ Porlor ” bee escape, use, 5960, 590J 
Porters, railway, 4S04 
Portland, breakwater, 6335 ; harbour 
regulations, 6220 

Portland cement, 1856; analysis, 
; in damp course of walls, 
2265; manufacture, 648. 157s ; 
matrix for mortar, 1952 ; 
plastering, 5500 ; standard speci- 
ileation, 1862; testing, 1521; 
use, 1332 

— concrete, 334 : in construction, 1449 

— screw, fossil. 2836 

— stones, .^33, 535 ; Jurassic, 2254 
Portmantcaii makers, 2649 
Portraits, plmtographic, 6689 
Portraiture, Pritish, school, 4392; 

in Roman plastie art, 2932, 2933 
Ports, British, shipping (1904), 6005; 

sites, causes of, 4520 
Portugal, coins, weights and measures, 
410; economic conditions, 5822; 
exports and imports, 5823 ; geo- 
gra))hy, 2232, 2233 ; history, 

medijeval, 2046 ; from discovery 
of Braz to the present time, 5397 ; 
navigation in Middle itges, "256 
population. 628 ; possession 
Spain, 5397 ; settlements in India, 
5397 ; Spanish trade, 5823 ; tour- 
ing directions, 1133 
Portuguese E. Africa, geography. 3584 
- language, English importations, 
1770 

Positive, in grammar, 116 

— electricity, 288 
Positivism, account of, 3869 
Possessive case, in grammar, 246 

— genitive, Latin rules, 900 
Post, of paper, 6397 

— boy, in olliees, duties, 193 

Post olllce, growth, 2807 ; staff and 
salaries, 2150, 2472, 2807 ; women 
clerks’ salary, 321 

corps, recruits’ standard, 3840 

savings bank, rules, 3222 

sub-agents, business of, 4617 

telephone call offices, 5599 

Postage account, bookkeeping, </03 , 2204 

— book, in business oftiee, l!f4, 977 

— stamp dealers, business of, 4615 
Postal orders, crossing, 1966 
Postcards, picture, trade in, 895, 4419 
Poster, designing, 6860 ; printing, 5872 
Posting, ledgers, 490; cautions, 2503 
Postludcs, list of, 3867 

Postmen, appointment of, 2252; ex- 
aminations, 2811 ; as sorters, 2800 
Postulates, in geometry. 4208 
Pot-pourri, recipe, 4972 
Potash, use in glazing potash, 5236, 
5237 ; sugar cane culture, 3654 ; 
in live-stock excreta, 433, 842 ; 
as manure, 590, 4048, 55Av; ; 

sources, 55S5 ; see also Potassium 

— alum, 4780 : as mordant, 1721 
Potassium, 842, 5756 ; extraction, 5757 ; 

food of plants, 167, 5585 ; pro- 
portion in earth’s crust, 230, 624 

— bichromate, ions movement, 4563 ; 

use in electric cells, 467 

— bitartrate, uses, 1675, 4782 

— chlorate, 843 ; manufacture and uses, 

4778, 5760 ; use. 5586, 6758 

— chloride, from carnallite, 5586 

— ■ cyanide, 3538 ; in electroplating, 
3421 ; in gold extraction, 5756 
~ ferrocyanide, 3537 ; in dyeing, 5781 

— ferrocyanide, characters, 3537 

— formate, formation, 3021 

— iodide, showing starch in plants, 172 

— iiitrate ; see Saltpetre 

— oxalates, use, 4782 

— permanganate, 1043, 2590, 5055 ; in 

opium poisoning, 4006 

— sulphate, use, 5586 

— salts, 5585 ; distribution, 3771 
Potato, boiling, 1485, 2126 ; choosing, 

1228; croquettes, recipe, 2335- 
cultivation, 94£, 6674 ; cultiva- 
tion area, 4959 ; cultivation for 


spirit, 2879; dietetic value, 3312, 
3381, 3.599; digestibility, 866, 

3314; disease, 1372, 1373, 1669; 
harvesting, 1665 ; as livestock 
food. 1198, 2704, 2905 ; manuring, 
589, 590 ; market garden, returns, 
6836 ; planting, 431 ; plough, 
1665 ; raisers, machines, 1847, 
; reproduction, 346, 347 ; 

starch from, 3706, 5364 ; starch, 
underground branches, 909 
Pot ito, kidney, cultivation, 945 

— plant, 351 ; classification, 354 
Potential, in electricity, 291 

— energy, 60, 315, 4133 ; pendulum 

and spring, 3748; physiological, 
438 

— sulqunctive, Latin, 1183 
Pots, crab and lobster, 4991 

— glass, manufacture, 4531 
Potter’s fire-resisting floor, 4756 
Potter’s w’heel, use, 5233, 5234 
Pottery, architectural, 5776 ; biscuit, 

5606 ; crushed mortar aggregate, 
1952; Chinese, 5385; classes, 
5778 ; dealing in, 893 : defined, 
5160; firing, maimfaclure, 5160, 
5233, 5382-53A5, 5606 ; books 
on, 5778 ; modern examples, 
pfrtte fonng 5233 
Pouched mammals, 2037 
I'onlterers, business of, 4711 
Poultices, uses and varieties, 6286 
Poultry, breeding, 4659, 4855 ; breeding 
for utility, 5622 ; breeds and their 
points, 4659, 48.55, 4953, 5089 : 
carving, 5934, 5935 ; choosing, 
1228, 3717 ; cooking, 1874 ; 4957 ; 
<TOss-breeding, 4857 ; cn)ss-breed8, 
5623; exhibition fowls, 4856; 
fattening, 5877 ; feeding, 4662, 
5093, 5433 ; food, proportion to 
carcase, 5094 ; foods, 5433, 5873 ; 
hatching, early, 5626 ; the incu- 
bator, 5263 , killing, 5877 ; man- 
ure, 3010, 5874; parasites, 5091, 
5693 ; preparing for market, 5877 ; 
rearing, 509J ; small breeds, 5625 ; 
sfiurees of, 4712; table, ])Oints, 
4660, 5624 : tailless, 5625 : types, 
5089 ; useless breeds, 5624 ; see 
also Fowls 

— brooders, construction, 5876, 5877 

— farming, methods, 5873-5877 

— fatting pens, construction, 5876 

— houses, materials, eonstruetion, 

varieties, 5091, 5092, 5874-5877 

— pens and coops, 5875 

— rearers, construction, 5876 

— runs, 5873 ; fencing, 5876 
Pouring-stick, in soldering, 5628 
Poussin, Gaspard, painter, 4299 
Poussin, Nicolas, painter, 4118, 4299 
J’owder, use in demolitions, 6274 
Power, definition, 290, 1590, 5010 ; ani- 
mal, 5011 ; development and 
utilisation, 4516, 5010; electric, 
measuring, 2812 ; electrical trans- 
mission, 5355 ; hydraulic trans- 
mission, 5356 ; liquid air transmis- 
sion, 6356 ; newer forms, 5010 ; 
pneumatic transmission, 5355 ; 
shafting transmission, 5353 ; 
sources, 5010, 5127 ; transmission 
in future, 5011 ; transmission, 
methods, 5353 ; water, 5011 ; 
wind, 5012 

— in algebra, definition. 1818 

— hammer, in forging, 2984 

— house, for electric traction, 1031 

— installations, engineers’, 5589 

— loom, 224, 3492, 3493 

— magnetic, stating, 1592 

— in physiology, definition, 1797 

— in theory of machines, defined, 684 
Powers, rules and symbols, 1264 
Poynting, Prof., theory of radiation 

pressure, 939, 3619 

Pozzolana, 648 ; cement, 1578 ; in 
Homan building, 142 
Practice, in arithmetic, rules, 886 
Praesepe, star cluster, 6699, 6700 
Pragmatism, in philosophy, 6470, 6535 
Prairies, American, 4064 
Pratt truss, 2228,»mP 
Prawn, classification, coloration, 3806 


Praxiteles, sculptor, 2929 ; statue of 
“ Hermes,” 345 

Prayer-book, Cranmer’s edition, 1640 
Praying mantis, 3363, plate faeing 3361 
Pre-Ilaphaelite painters, 4394 
Precious metals : see Gold, Platinum, 
Silver 

— stones, 5852-5^54 : books on, 5860 ; 

identification, 5853 ; imitation, 
5852 ; kinds and sources, 5308 ; 
setting, 5859, 5860 ; sluicing, 2959 
Precipitate in chemistry, 1162 ; forma- 
tion, typical, 4404, 4405 
Precision grinders, description, 3405 
Predicate, in grammar, 608, 760, 1618 
J’rcdicative dative, in Latin, 900 
J’n‘fcrence shares, 1262, 3185, 3484 
I’refix, in shorthand, 1102 
Prefixes, in chemical notation, 1045 

— Esperanto, 4656, 5373 ; of German 

verbs, 1878 

Premium, foreign bills, 3682 ; instir- 
aiicc, 3223, 4726 ; stock at, 1262 

— payment, plans, 6643, 6644 
Preparation, of discords, 566 
Pn*positi(uial phrases, Fr(‘uch, 5227 ; 

Spanish, 5086 

Prepositions, English, 116, 117, 1336; 
Esperanto, 4655, 5805, 6667 ; 

French, 5227, 6089 ; German, 

1342, 1774, 2489; IJreek, 6382; 
Italian, 2045, 5225, 5368, 6234, 

6378, Latin, 119, 1470 ; Spanish, 
5085 

Presbyopia, 3179 ; correction, 6264 
Presbyterian Church, ministry, 162, 6607 
Present w’orth, explained, 1129 
Preservatives, chemical, 5408 
Press agencies, list, 4669 

— bookbinding, 6776, 6777 

— cylindrical printing, 5383, 5384 

— hay and straw, 1848 

— illustration, 6102'«1(?5, 6728 

— photographic, agents, 0088 

— photography, 6080 

— mould, in electrotyping, 6559 

— liberty of, 4843 

Pressed glass, manufacture, 4736 
Presser-hoarcl, of moulding machine, 
2541, 2542 

Pressing, in eloth-making, 4106, 4110 

— felt hats, 6377 

— in iron working, 236 

— pad, in dressmaking, 1843, 2059 
Press-spahn, eleetri(;iil insulation, 072 
J*ressure, of gases, Boyle’s law, 1804 ; 

’ DaltoiCs law, 1805 

— in geology, 898 ; action on limstonc, 

1355 ; underlying strata, 1356 

— in mechanics, definition, 1833 

— in physics, correlation with tem- 

perature, 1740, 1741 

— sensation of, physiology, 1421’ 
Preventive service, customs, 2767 
Prevention of Corruption Act (1900), 

quotation, 6211 
Price book, use, 776, 6522 
Price cutting ana maintenance in 
shoi)kceping, 179, 3575, 6208 

— lists, wholesalers’ periodical, 6209 
Prices, cash and credit, 703 
Pricing, in shopkeeping, window, 509 
Prickling irons, saddlery, 4784 
Priesthood, in Buddhism, 417 ; Egyp- 
tian, 419; origin of, 6774 ; Roman 
C’atholic, 6604 

Priestley, discovery of gases, 60, 840 
Primary rocks, 2067 ; palceozoic, 2253 
Primates, characters, 1493, 1763, 1871 
Prime, aritiimetical term, 338, 1715 

— costing, in bookkeeping, 2419, 2420 

— movers, dictionary of, 6297 : see 

also Pow’er, Engines, eU. 

— vertical, in navigation, 6665 
Primer, of guncotton, 6274 
Priming, painters’, 5834 
Primitive air breathers, 3361 
Primitive Methodist ministry, 6606 

— plants, in classification, 165 
Primrose, 349 ; pollination, 908 ; 

thumb-eyed and pin-eyed, plate 
lacing 728 

Printing, books on, 6076 ; branches of, 
5026; dictionary of, 6253 ; inven- 
tion of, 3004 ; jobbing, 5871 ; litho- 
graphic, 6635 ; machines, modern 
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types, 6026, me, 5746; 5867; 
margins, 5458 ; newspaper work, 
5871 ; office “ style ’ and new 
spelling, 5460 ; paper process 
6556 ; press, Caxton's, 3605 ; 
presses, hand, 5744, 5867 ; sizes of 
paper, 5457 ; stereo-printing, 5556, 
5559 ; women’s training and pros- 
pects, 323 

Printing drum, in carpet manufacture, 
3350 

— floorcloth and linoleum, 5125 

— inks, 1037, 6367 

— photographic, 6679, 6681 

— phototype, 2798 

— pottery, 5383 

— textile, 4499, 4500, 4501, 4502 
Prints (clothes), coloiu'ed, washing, 2688 
Prior, Matthew, poet, 993 

Prism, 27H\ achromatic, 2951 ; com- 
bination of three, 8369, 3370 

— in drawing, 1747, 1749, 2005, 2007, 

2008 ; sheet metal, 4524 

— powder, manufacture, 6759 
Prismatic compass : see Compass 
Prison commission, appoinl inents, 3301 
Private, army, 3840, 4030 ; R.A.M.C., 

4031 

— coaching, fees, 6479 

— ledger, definition and function, 778 

— schools, conditions and masters, 6477 
Privet hawk-moth, 8518 

Privet, garden hedge, 6318 
Probate valuation 5151 
Proboscidea, mammals, 1494, 1762 
Proboscis, butterfly, 8514 \ moth, 8515 
Process blocks, 6481 ; in printing, 5872 
Producer gas, 6818, 6829 ; use in fur- 
naces, 2863 

Product, in algebra, 1818, 1994 ; in 
arithmetic, 90 

Production, cost of, on balance sheet, 
2756 ; factory work, 6642 
Products, natural, 5379, 6880-6891 
Profession, choice of, 161-164 ; com- 
mercial, examinations, 148 ; medi- 
cal, 5422 : see also Clerkship 
Profile cnttlng, processes, 8402 
Profile, dam, formula}, 4334, 4885 

— in sculpture, measuring from, 1510 
Profit, falsification, 2421 ; gross and 

net, 2271 ; calculation, 2420 ; rela- 
tion to dividend, 2421 ; relation of 
stock, 2418 ; sharing, 6644 

— and loss, arithmetic rules, 999 ; 

in partnership concerns, 2978 

— — accounts, bank bookkeeping, 

4440, 444 L ; classification, 2755 ; 
company balance sheet, 3189 ; 
debentures, 3331 ; relation to trial 
balance, 2201, 2502 
Prognathous races, 1786 
Prognosis, defined, 5540 
Progress and evolution, 650 ; and 
natural selection, 5386 ; promoting, 
5390 ; sociological law, 5336, 5388 
Progression, in harmony, 364 

— of mammals, 1869-1871 

— In mathematics, 3913 
Projectiles, nickel steel, 4747 : see also 

.Ammunition 

Projection, in drawing, 1747, 1749 

— in geography : see Maps 

— in geometry, 5473 : envelopes, 4528 ; 

eneet metal, 4522 
Projector, in drawing, 1747. 1749 
Promiscuity, In history of marriage, 
4536 

Promoters, company, defined, 1262 
Pronouns, English, 116 ; classification 
and personal, 447 ; demonstra- 
tive, interrogative, relative, 605 ; 
indefinite, 607 ; formation of 
adverbs, 1185 

— Esperanto, 6616 ; personal, 4665 ; 

possessive, reflexive, 4943, 5049 
Pmnch, demonstrative, 2194, 6800 ; 
indefinite, 2348, 5802 ; personal, 
2046, 5653, 5800 ; possessive, 
2195 ; relative and interrogative, 
2633, 5801 

— German, demonstrative, 2350 ; in- 

definite, 2776: interrogative, 2488 : 
personal, 745, 1056 ; possessive 
1842. 1878; reflective, 2049; 
lelative, 2776 


Pronouns, Italian, demonstrative, 4503; 
indefinite, 4504; interrogative, 4648; 
personal, 3642, 3784, 4070, 4215 ; 
possessive, 4504 ; relative, 4647 

— Latin, 242, 601 ; interrogative, 444 ; 

relative, 443 

— Spanish, 2917 ; demonstrative, 3056; 

iiidefiiiitc, 3207; personal, 2917; 
possessive, 3056 

Pronunciation, in singing, 6388. 6388 
Proof, printed, correction, 4190, 4193, 
5159 

— reader, duties, qualifications, 5459 

— spirit, 3314 ; production, 2879 
Propellers, aluminium bronze, 5992 ; 

screw, 835, 5258 ; steamer, number, 
5402 

Property, estate agency business, 5285 , 
interest, 5152 ; investment in, 
3225 ; auction, 5086 ; valuation, 
5151 

Pn)portion, in algebra, 3695 

— in architecture, principles of, 2135 

— in arithmetic, rules, 996 

— in design, principles, 5977 

— in drawing, 468 

— in geometry, 5337 ; problems, 5473 

— in modelling, 1351 
Proportional parts, rules, 998 
Proportionals, in geometry, 472, 478 
Propositions, in geometry : see (leo- 

metry 

— of syllogism, 6008 

Props, in mining, use, 8560, 8565 
Propyl alcohol, preparation, 2877 
Prose, and poetry, 304, 2309 ; general 
characteristics, 1607 
Prosody, defined, 1766 
Prospector, mining, equipment of, 2380 
Prospectus, of limited company, 1262, 
3186, 6801 ; debentures, 3330 
Prostyle, temple, in architecture, 2859 
Protasis, Latin syntax, 1183 
Protection, methods of mammals, 2155 
Proteids, animal food, 4133 ; composi- 
tion, classification, 3110; excess 
in human body, 867; digestion 
of, 673 ; in meat, 866 ; physio- 
logical chemistry, 438 ; relation to 
protoplasm, 135; source, 3111 
Protein, 4133 ; groups of, 4133 
Protestantism, English, during reign 
of Elizabeth, 3997 ; Marian per- 
secution, 3834 ; massacre of St. 
Bartholomew, 4102 

Prothallus, club moss, 1310 ; ferns, 1116 
Proto, in chemistry, 4136 
Protohippus, hwsil horse, 1177 
Protoplasm, 134; anueba, 278; cell 
formation, 29 ; in chara and 
spirogyra, 1370 ; in human body, 
199 ; effect of hydrocyanic acid 
on, 3537 ; in living cell, 1370 ; 
nutriment of, 167 ; peculiar to 
living things, 275 ; in plant 
reproduction, 348 ; in plant roots, 
167 \ poisons, list of, 3017 ; re- 
production, 881 

Protozoa, 4087, 4089 ; characters of, 
1493 ; life phenomena, 276 
Protozoan, in biology, defined, 380 
Protractor, 284 ; kinds, 4708, 4706; 

in plotting surveys, 369 
Proving, in breadmaking, 3283, 3392 
Provision merchants, business of, 4713 : 
see also (Irocers 

Provisional protection of patent, 1610 
Provisions, economical purchase and 
use, 5581 ; in season, table, 1531 
Prunes, 6889 ; drying, dipping, soften- 
ing, 4845 ; nutritive value, 3599 
Prussia, history (1511 to 1786), 6302; 
Jfapoleon’s victories over, 5238 ; 
war with France (1870), 5240, 
6445 ; war with Au.stria, 6445 
Prussian blue, 871, 3536, 5145 
Prussiate of potash : see Potassium 
fcrrocyanide 

Prussic acid : see Hydrocyanic acid 
Pseudo-aconitine, powerful poison, 4012 
Pseudo-astatic governors, 2020 
Pscudopodium, 276 ; of ammba, 4088 
Psychical activity, definition, 6259 

— energy, unrelated to physical, 6466 

— research, 3287 ; ghostly phenomena» 

3625; telepathy, etc,, 3601 
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Psychics, distinct from the physics, 
4450 ; value, 5532 
Psycho-physics, theory, 2014, 2894 
Psychology, 3287, 3382, 365, 3661 ; 
comparative, value of, 4123 ; dic- 
tionary of, 2015; differentiation 
from physics, 1563; in evolution 
theory, 1588, 1705 ; relation to 
biology, 137 ; relation to physio- 
logy, 97 ; subconscious mental 
activity, 3183 

Psycho-phyaicnl interaction, and paral- 
lelism, 6536 

Ptcranodon, skeleton, plate facing 2065 
Pteridophytes, cliaractcrlstics, 165 
Pteropod, muscular fins, 8113 
Ptolemy Philadclpiius, strife witli Cleo- 
patra, 1514 

Ptolemaic system, in astronomy, 6118 
Ptolemy ’.s tlieorem, in geometry, 6636 
Ptomaines, discussion of term, 3826 : 

see Alkaloids, animal 
Ptyalin, 577 ; action on food, 674, 
3706 

Public, analyst. : see Analyst, public 
Public health and hygiene, 2663 : local 
goveruinent duties, 316 ; London, 
319; officials, salaries, 82, 697; 
women's work, 700 

Public Health Act (1875) provisions, 
1978, 2422, 6213 

Public Health Acts, urban district 
powers, 316 ; Ireland, 317 

— houses, free and tied, 3734 

— libraries: see J.ibraries, public 

— schoolmaster, qualifications, 6476 

— s(^hool8, boarding - houses, 6477 ; 

masterships, 6476, 6477 

— speaking, voice production, 2538 
(Miblicans, business of, 3735, 3737 
Pud(!ing-.stone, structure, 897, 1072, 

1078 

Puddings, 1485 ; recipes for, 2001 
Puddle wall, of earthen dam, 4333 
Puddled bar, in iron w'orking, 232 
Puddlers' mine, in iron refining, 232 
Puddling iron, 232, 1044, 4635 ; furnace. 
282, 4686 

Puering leather, 3010 
Pug-mill, l)rick, 843, 1281, 1823 
Pugging, ill floor construction, 4446 
Pullets, care of, 5093 ; feeding, 5433 
Pulley, diameter of, and speed of belt, 
3269 : with belting, 962 ; blocks, 
684, 834 ; cone, 5212 ; high speed, 
governors, 2021 ; key-gnK)ving, 
:i404 ; metal, in belt driving, 3.532 ; 
practical applications, 687, 834 ; 
systems of, 685 ; in theory of 
machines, 684 ; of shaft belts, 
5353 ; types and speeds, 8423, 
3424 : in wire rope driving, 5355 ; 
use of gearing chain, 4000 
Pulling, in llax preparation, 1385 
I*ulling-over, in boot making, 4641 
Pulmonary artery, anatomy, 953, 955 

— circulation, account, 1192, 1195 

— veins, 955, 956, 957 

Pulp cavity, of human teeth, 576, 578 

— papermaking, treatment, 6893, 6398 

— papers, for walls, 5827 

— yarn, manufacture, 6400 ; u.ses, 6400 
Pulper, in agriculture, 1847, 1849 
Pulse, human, 1194 ; beats, 1192 

— plants, 874 ; kinds and cultivation, 

4962 

— in tonic sol-fa, 807 
Pulsometer pump, 1824, 5932 
Pumice, classification, texture, 1008 
— stone, structure, 1006, 1037, 6573 
Pump, air : see Air-pump 

— centrifugal, principles, 1686, 1687, 
1808, 6060 
— dredging, 5336 
— engine, 4427, 4428 
—force: see Force-pump 

— handle, carriage, 2820, 8124, 

— liydraulic, 5677, 5678, 5679 

— oil-extracting, 3191 

— rotary, construction, 1688, 1687 
Pumping, appliances, 1824, 1825, 1826 ; 

dock construction, 6496 ; engines, 
6034 ; windmill power, 6061 
Pumps, principles, varieties, and work- 
ing of, 1080, 1141, 5981, 6060 ; 
books on, 5596 


6981 
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Punch, use, 3108, 3388 ; mechanical 
action, 4684, 4585 ; temper, 4746 

— cartridge maiiuiacture, 6615^ 6617, 

— centre, form and use, 4585, 4586 

— in dressmaking, 185 

— mason’s, 2837, 2839 

— props, in mining, 3457 

— shoemaker’s, 3876 
Puncheon, quarrying tool, 3,32 
Punching, 2987, 2990, 3095, 3097 ; in 

bootmaking, 4437 ; hydraulic 
machinery, 1222 ; machine, 37d5 

— in telegraphy, 4.380 
Punctuation, book on, 6352 ; in business 

letters, 6351 ; compositor’s marks, 
6168 ; English, 1471 ; French, 
449 ; German, rules, 4363 ; Greek, 
6375 ; laws of, 1338 ; in prinfing- 
odices, 5460'; Spanish, 2041 ; 
in typewriting, 1696 
Funic wars, 1204, 1381, 2946 
Punishment, determinism, theory 2996 
Piinjaub, province, India, 2820 ; pro- 
ducts, 5380 

P^ntato, violin bowing, 2742, 2743 
Pupil, of eye, anatomy, 2400, 2952 
Pupil teachers, in elementary schtwls, 
6474 ; under L.C.C., 1679 
Purbcck marble, 533, 536 
Purchase department, faetory, 6G09 

— record book, 6522 
“Purchases,” of ropes, 6408 
Purfling, violin, 2 121 ; tool, 6706 
Pnrkinje’s figures, in optics. 3181 
Purl, in sewing, 163 

Purlins, of king post truss, 4249, 4251 ; 

roof, 5792, 5793 ; trussed, 4253 
Purple dyes, 5905, 5907 
Purple madder, pigment, 871 
Purpose, in grammar, English rules, 
756 ; Latin, 1183 

Purser, mercantile marine, 6365, 6806 
Pus, corpuscles, in, 953 
Pusher, of lace loom, 4881 
Puss-moth, 3513, 3515 
Putrefaction, bacteria of, 3536 : causes 
of, 2851, 2878 ; of food, 5403 
Putty, fire-resisting, 1036 ; glazier’s, 
composition and use, 5838, .5839 
•—lime, in gauged work, 1953 

— in plastering, manufacture, 649 

— powder, composition and use, 1036 
Pygmies, African, 3278, 3279 
Pylon, Egyptian architecture, 2521 
Pylorus, .576’, 578 ; in digestive pro- 
cess, 674 

Pyramid, in drawing, 1747, 1749 ; geo- 
metrical problems, 2006 ; perpen- 
dicular and slant, 4.522 

— in sheet- metal, drawing, 4522-4520 
Pyramidal cell, cause of knee-jerk, 2994 

— figures, apex inaccessihle, 4525, 

4526 

Pyramids, Egyptian, 419, 2520 ; 

approximate date, 2519; brick 
of, 1278 ; mortar in, 1458 
Pyrene oil, production, 1032 
Pyrenees, France, 1682, 2232 
Pyrethmins, culture, 6320, 6491 
Pyrites, burners, coiislnictioii, 4626 
Pyrites, copper, 768, 4127 
Pyrites, iron : see Iron pyrites 
Pyrogallol, 3822, 5366 ; uses, 5467 
Pyrography, in caliinet making, 6584 
Pyroligneous acid, preparation, 3021, 
5464 

Pyrolusite, 6742 ; chlorine, 4776 
Pyrometer, in galvanising, 6169; use 
and construction, 4468, 6129 
Pyrope (stolie), 5833, 5855, 6742 
Pyrosoda, use and cost, 6680 
Pyroxylin, manufacture, 3140, 5470 
Pyrrhotite, nickel ore, 5981, 6742 
Pythagoras, on shape of eartli, 34 ; 

sound ratios, 2311 ; thcop-m, 5043 
Pythons, limbs, crushing power, 2678 

QUAD, in telegraphy, defined, 4668 
Quaderno, In bookkeeping, 1467 
Quadrant, in astronomy, 6244 

— in mathematics, explained, 13 
Quadratic equations : Mee Equations 
Quadrilateral, 4330 ; propositions on, 

4723 

— figures, geometry of, 496 

Qua( druped, characteristics, 30, 136 


Quad^ru^plex circuit, telegraph, 4668, 

Quail, 2212 ; carving, 5934 
Quantitative chemistry, origin of, 60 
Quantity surveying, nature of, 6505 
Quantity surveyor, 1911, 6505 
Quarantine certificate, ship’s, 6806 
Quarries, legislation, 1978 ; stone, 528, 
532; working, 2375, 2847, 2955- 
2900 ; ventilation, 3768 
Quartering, timber, 52, 3544 
Quartermaster, Army, 4030 ; marine, 
6804 

Quartz, 6742 ; in building stones, 529, 
530 ; crystals, plate facing 1346 ; 
disintegration, 1813; fundamental 
form, 767 ; gold deposits in, 360 ; 
precious stone, varieties, 5853, 
5855 ; refractoriness, 3941 ; sand 
in firebricks, 1285 

— glass manufacture, 4931 
Quartzite, 1075 ; road material, 2182 
Quaternary rocks, order. 2067 

Quay, walls for dock, 6494 
Quebec, bridge, dimensions, 2739, 
2740 

— province, agriculture, 3205 ; geo- 
graphy, 4068 

Queen bee, 5957, 5959, 5960 

— colls, of beehive, 5958, 5960 

Queen post, ro?-f truss, 2446, 2447, 
2497, 2499, 4251, 4252 
Queensland, economic conditions, 5660; 
export trade, 3237 ; fanning, 3237 ; 
geography, 3700, 3701 
Quercia, .lacopo della, sculptor, 3676 
Qucrcua and varieties : sec Oak 
Quick bead, in jointing 3845, 3818 
Quicklime, 60, 844 ; in brickwork, 647 ; 

in farming, 257 ; slaking, 1457 
Quicksilver : Mercury 

Quill leathers, sources, treatment, uses, 
6609 

— lace, making, 5020 

Quillaia, source and uses, 5781, 6068 
Quillwort, structure, habitat, 148 
Quince, oil, source, 5469 
Quinine, 4012, 4286, 6067 ; source, 354, 
4012, 4286 : gee also Cinchona 
Quinsy, symptoms and treatment, 6133 
Quittiu*, in liorses, 2621, 2622 
Quoins, use in building walls, 3033, 
3035 ; binding of, 2177 

— compositors’, 5457, 5459 
Quotation marks, in letters, 6352 
Qiujtient, in arithmetic, explained, 91 
Quotition, division process, 229, 230 

R in ehorthandy 586, 837 
Jtabbi, diploma, preparation for, 6602 
Eabhit, 2155 ; Australian pest, 3698, 
3702 ; carving, 593 1, 5935 ; choos- 
ing, 1228; dietetic value, 3311; 
digging claws, 1871 ; fur and skin, 
6428 ; teeth, skull, 1762 

— down, unholsterers’, 671.5 
Hal)elais, Franeois, author, 2962 
liabies, Pasteur’s treatment, 3274 
Raccoon, 1764 ; skins, 6428, 6430 
Race-development, bacteriological, 

6782; evolution, 1705 
Racehorses, 2073 ; breeding, 827 
Races, African, 327.9 ; S. African, 3586 ; 
Asiatic, 2716 ; bacteriological evo- 
lution, 6782 ; ethnology of, 627 
Rack, 3921, 3.922 ; in railway construc- 
tion, 3814, 3815, 3810 

— bench, circular saw, 6143 

— railway, construction, 2275, 3814 ; 

in United Kingdom, 2276 
•— strub railway, 3810 , 3817 

— tail, of clock, 6883, 5884 
Racking back, in vrall building, 2385 

— square, use in brewing, 6057 
Radial winding of dynamo, 1322 
Radian, in trigonometry, defined, 6085 
Radiation, 4090, 4093 ; animal heat, 

1900; in design, 5819; human, 
440; laws of, 2060, 4094 

— pressure and gravitation, 939 ; of 

light, 938 ; of moving body, 3619 : 
gee algo Light, pressure of 
Radiators, electric, construction, 3031 

— water-heating system, 0017, 6022 
Radicle, of barley, in malting, 874 

— plant, 347, 350 ; wheat, 913, 916 


Radio-activity, and ablogenisls, 2564 : 
earth's crust, 2061 ; human, 4449 ; 
of metals, 4104 ; universality, 
2029, 2031 

Radiobes, culture, 2031, 2032 
Radiolarians, description, 4088, 4089 
Radiometer, 938, 939,1266 
Radish, 352 ; culture, 6675 

— wild, weed, 1378 i 

Radium, 2027, 2395, 4104 ; action on 

living matter, 2030 ; alpha rays, 
2028,4104 ; analysis and synthesis, 
4131 ; antiseptic, 2030 ; betnrays, 
4104 ; compounds, 2030 ; Mme. 
Curie’s exiieriments, 2028 ; dis- 
covery, 203, 1 297 ; disintegration 
theory, 2029, 2393 ; duration, 

1916; effect on physical dogmas, 
313; electrons m atom, 2295; 
energy, 4105 ; emanation, 1916, 
2392, 2553, 4106 ; evolution, 239, 
1916 ; gamma rays, 2028, 4105 ; 
heat rays, 2028, 2393 ; and inertia, 
424, 2063 ; instability of atom, 
2295 ; and Rdntgen rays, 2028 ; 
spectrum, 2027 ; in siin, 2553 
Radius, of circle, definition, 4208 

— human, 1708, 1709 ; of rhinoceros, 

horse, tapir, 1179 

Raeburn, Sir Henry, painter, 4392, 4393 
Rafters, con.stnictioii and varieties, 
4247, 4249, 4253, 5794 
Rag holler and cutter, paper, 0278 

— t carer machine, 2897 

Rags, in paper manufacture, 6225, 
6278 : in textile industries, 2897 
Rail mill, arrangement, 5019 

— section, in plating-shop, 3096 

— welding, tramway, methods, 3752 
Railing, In masonry, 3038 ; Axing, 5795, 

5797 

Rails, of door frame, 5179, 5181 

— in railway construction, 3429, 3607 ; 

arrangement at small station, 36 10; 
construction and laying, 32,52. 
3254 ; cross -over arrangement, 
.3009 ; expansion and contraction, 
1500 ; fractured, examination, 
5103 ; function, 3436 ; guide, use, 
3609 ; joints, 3607 ; ” keying up,” 
4591; laying, 343/, 3432; length, 
3437 ; nickel steel, two and wear, 
5019 ; steel for, 4747 ; steel, 5019 ; 
stiffness, 3607 ; tests, 3607, 3962 ; 
wear of, 34,37 ; weight, 3611 

— of tramway, setting, 3751, 3752 

— in vehieJe coiKstruction, 2830 

— of waggon, light, 2829, 2830 

— of window sash, 5183, 6184 
Railway beetle, emission of light, 3511 

— carriages : gee Railway rolling stock 

— companies, administrative depart- 

ments, 4227 ; clerical staff, 4230 ; 
election of directors, etc., 4227; 
engineers, 4231 ; general manager, 
duties, 4227 

— construction, 157 ; hooks on, 3908 ; 

cost, 3052 ; embankment, 3253 ; 
coach, rails, 3429 

— engineer’s inspection, 4593, 4694 

— rolling stock, axle-boxes, 3265 ; 

axles, 3325 ; bogie frames, 3121 ; 
brakes, 960; construction, books 
on, 8908 ; design, 2555, 2727 : 
double-decked cars, 2462 ; heating 
and lighting, 3025 ; makers, em- 
ployment conditions, 2653 ; ma- 
terials, 2827, 3906 ; passenger, 
2462 ; springs, 2726 ; ventilation 
problem, 3024 ; wheels, 3126 

— stock, 3488, 3484 

— stations, 3610 ; paving, 2181 ; roofs, 

2448 

— waggon makers, employment, 2053 
Railways, block system, 4685 ; branch 

line enterprise, 2276 ; Britlsli 
mileage, receipts, etc., 2274; 
cartage departments and staff, 
5070 ; catering, 4810 ; Colonial 
appointments, 8548 ; earthworks, 
3171 ; economics, 3051 ; engineer- 
ing books, 5596 ; laboratories, 
6102; maintenance cost and re- 
ceipts, 2276, 3054; merchandise 
imme, 5068-5073 ; mileage total, 
4517 ; relaying precautions, 4592 ; 
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Railways— 

servants, occupations, 4880 ; sliopa, 
carpentry, 4640 ; speed, 2274 ; 
Stan divisions and conditions of 
employment, 4379 ; suburban, 
tramway competition, 2274 ; sur- 
. veying, 159, 801 ; traffic apparatus, 
regulation, i6d2 ; as transport 
means, 2154 ; w'aggons, and car- 
riage of goods, 5068 ; water sup- 
ply and tanks, 3.615 ; waterways, 
3613 ; working expenses, 3053 

— electric, 2085, 2090; books on, 

4298 ; continuous- current system, 
2088; first invented, 128; modern 
forma, 2085 ; intra-iirban, 2085 ; 
multiple unit control, 2090 ; 
single-phase system, 2088, 2089 ; 
speed, 2274 ; third-rail and over- 
head wire compared, 2276, 2277 ; 
thrce-phaae system, 2089, 2090 ; 
Zossen experiment, 131 

— mountain, 22/6 ; adhesion and rack 

systems, 3817 ; construction, 58/5 ; 
rack railways, 2275, 5814 

— tube : see Tube railways 

Rain, blood-coloured, 1500 ; effect on 
building stones, 2835 ; formation, 
impurities, 4155 ; as geological 
agent, 1501 ; health value, 3799 ; 
mechanical effect, 1503 ; influence 
of mountains on, 4495 ; meteoro- 
logy, of, 294, 295, 4024 ; relation 
to climate, 4494 ; and water 
supply, 4026 

Rainbow, cause of, 2899, 2900 
Raindrop, formation, 1900; internal 
reflection of light, 2900 
Rainfall, 294, 4020 ; affected by forests, 
1814 ; available, defined, 4025 ; 
calculation, 781, 4024 ; cause, 294, 
295, 296 ; distribution and fluc- 
tuation, 295, 4494 ; drainage, 738 ; 
economic value, 5660 ; effect on 
rivers, 5113 

Rain-gauges, varieties, 4024, 4994, 6131 
Rain-water, 4155, 4158, 5760 ; drain- 
age, 569, 738, 780 

Raise, in mining, 3194 ; drills in, 3457 
Raised beaches, cause, 1353 
Raisin, 4844, 4876, 6890 
liaising, in shcct-metal work, 4521 

— gig, cloth making, 4109 
Hake, haymaking, 1630 

Kaleigh, Walter, author, 2687, 2962 
Ram, hydraulic, 1220, 1685, 1686, 
6932 ; of force pump, 1081 
Ramie, 720, 5118; cultivation, 720; 
dyeing, 5639 ; fibres, 68 ; making 
sliver, 1724 ; manufacture, 721, 
1390, 2100 ; microscopic structure 
of fibres, 821 ; substitutes, 817 
Rammer, small bench, 2157, 2458 
Ramming, in founding, 2111, 2360, 
2540 ; soft, 2547 

Ramsay, Sir. W., discovers argon, 237, 
1296 ; discovery of helium in 
radium, 1916 ; on practical train- 
ing, 156 ; atom synthesis, 4131 
Banding, in basket-making, 5489 
Random work, masonry, 1452 
Range, kitchen, management, 1220, 1227 
Ranges, in building, setting, 2390 
Ranging poles, in levelling, 374 ; in 
traversing, 368 

— rods, in surveying, 262 
Rangoon oil, defined, 5915 
Rankine, Prof., on Boyle’s law, 1805 
Ransome’s /trtificial stone, 1520 
Bantering, stitch In tailoring, 1111 
Rape of the Sabines, 1057, 1135 
Rape, classification, 352 ; cultivation, 

1198; as livestock food, 2704, 
2905 ; micrographs, 5893 

— cake, as livestock food, 2704, 2908 ; 

as manure, 589, 500 

— oil, source, 1032, 4831, 5118, 6148 

— seed, 1032, 5118; oil extraction, 

4830 

^per’s tables of logarithms, 6659 
Raphael, architect, 3676 ; painter, 
^ place in Italian art, 3796, 4299 
^phides, function, 1114 
Raritan river, swing bridge, 2887, 2888 
Rasp, bamboo, 5726 

— plumber’s, 5029, 5030 


Raspberries, canning, 4846 ; culture, 
0078, 6890 ; pulp, source, 4846 
Rat, omentum, 437 ; owls’ food, 2498 
Hatchet, iu motor vehicles, 3128 

— brace, in screw driving, 3844 
Rate-collecting, bookkeeping, 3569 

— collector, qualifications, d dies, 1069 
Rates, on balance-sheet, 2882 

Ratio, in algebra, 3695 ; in arithmetic, 
996 ; in geometry, 5337, 56a.) 
Ratiocination, in logic, defined, 0098 
Rationalism, in logic, 6097 
Rattlesnakes, structure of rattle, 2679 
Rave, of vans, 2828, 2829 
Raven-Hill, L., pen-drawing, 6103 
Rawhide belts, tannage, 3712 
Ray, fish, 3065, 3067, 3069 
Rayleigli, Lord, scientific work, 36, 
1296, 2315 

Rayonnant style, in architecture, 3374 
Razor shell, boring apparatus, 3285 
Razors, manufacture, 5477, 5478 
Reaction turbines, principle, 1680, 1691 
Reactions, chemical, 4403, 4400 
Readers, proof, duties, 4430, 5026, 5459 
Reading, educational value, 103, 2037 

— aloiui, art of, 1474 

Reagents, in chemical analysis, 4404 
Real, in philosophy, unknowableness, 
6465 

Realism, in art, ISiC, Chaldean, 2G57 ; 
prehistoric Egyptian, 2519 ; Greek, 
2930, 2931 ; Roman, 2933 

— in philosophy, crude, 6253 
Reality, eternity of, 6539 
Iteamering, 3095, 3097, 3317, 3319 
Reamers tools, types, use, 4264 
Reason, importonce in theory and 

practice, 1946; noii-rational side 
of life, 3288 ; psychological account, 
2803 ; in relation to judgment, 2404 
Reaumur scale, 6128 
Rebate, use, 3385 
Rebating masonry joints, 3035, 8039 
Recapitulation theory, stated in rela* 
tioii to mental growth, 3117 
Receiver, telephonic, 6681 
Receiving order in bankruptcy, 3569 
Receptacle, of flower, 340, 347 
Reciprocal diagram, machine d('sign, 
415; stress, girders, 2227, 2228 
Reciprocating machines, types, 3319 

— tools, 3401 
Recitative, in singing, 6340 
Recognition, methods, animal, 2157 
Recreation, 2672 ; value, 2548 
Rectangle, geometry of, 496, 1086, 

1251, 1442, 1549, 4723 
Rectangular measure, 6085 
Rectilineal figures, 4330, 3472 
Rectum, 576, 679 
Recurring decimals, 884 
Red cedar, wood, 55 
Red Indians, distribution, 627, 629 
Red lead, 1160; manufacture, 358, 
1036,5144; uses, 5988 

— pine, timber of, 54 

— poll cattle, 432, 2236, 3666, 3667 
Red Sea, currents, 658 

Redcaps, fowls, points, 4957 
Red-hot poker, 355 ; culture, 6529 
Redoubts, construction, 6271, 6272 
Red-shortness, iron, 234, 1046 
Reducer, photographic, 6682 
Reduction book. In surveying, 368, 
370 

— of plans, 370, 371 

— in sculpturing, 1676 
Redwoods, kinds, as dyes, 5906 
Reed, sewage plant, 4540 
Reeds, in joinery, 6179, 5181 
Reed-fish, clas-siflcation, 3066, 3071 
Reef, saddle, 2377, 2379, 3304 
Reeling, silk, 2598 

— textile, 2692, 2593 

Reflection, importance in education, 
2136 ; in Locke’s theory, 2013 

— in light, 2599, 2735 

— sound, 2101 

Reflex action, 2301 , 2303 ; mutual inhi- 
bition, 2258 ; psychological im- 
portance, 2117 ; and instinct, 2694 ; 
and will. 2993 

— sves, scheme of process, 2117 
Retorm Bill, history of, 5686 
Reform, function of sociologists, 4276 


QINCRAL INDIUC 

Reformation, coincidence with Re- 
naissance, 3520 ; history of, 3650 
Refraction, in light, 2599, 2732, 6665 : 

double, 2432, 3849, 4654 
Refractive index, definition, 2732 
Refractory materials, properties. 3941 
Refreshment stalls, railway, 4801, 4810 
Refrigeration, 4316 ; food, 5403 
Refrigerator, brewery, 6068, 6059 ; 

creamery, 4281 
Refuse, house, dispo.sal, 6020 
Refuse de.striictor, types, 5020, 5025 
Regelatioii, phenomenon of, 1740 
Register stove, construction, 6015 , 6017 
Registers, voice, 6182, 6193 
Registry office, servants’, 609 
Regulator verge watch, 6081 
Reichert’s gas regulator, 211 
Reid, Dr. Archdall, on alcohol problem, 
56J2 ; on bathmic evolution, 652 ; 
on heredity, 1313 ; on mental 
evolution, 1589, 1705 ; reversion 
theory, 1180 

Reinforced concrete, 1554 ; compressive 
stre.s.s, 1640 ; tensile resistance, 
1616; uses, 1643 
Reins, manufacture, 1886, 5057 
“ Reisert " filter, 5765 
Relapsing fever, bacillus, 6260, 6541, 
6512 

Relay, telegraphic, 4606, 5065, 5244 

— frame, telephonic, 6079 

Reliefs, aiieient Egyptian, 2520, 2523 ; 

Roman, 2933 ; in sculpture, 1345 
Relief : see Poor Law 
Relieving officer, duties and salary, 1927 
Religion, influence on art, 2480 ; books 
on, 6773 ; in Assyria, 501 ; 
Babylonian, 17; Egyptian, 419; 
in Egyptian art, 2519 ; ostablishod. 
social force of, 5531 ; geographical 
distribution, 629; Hindu, 418; 
history of, 6771-6774 ; inttiience 
on development, 1700 ; of the lower 
races, 1788; lowest forms, 6771 ; 
practical versus metaphysical, 6256; 
primitive, 6771, 6772; relation to 
morality, 6773 ; service of philo- 
sophy to, 6539 ; women, attitude 
to, 4825 

Beligious persecution, Buckle on, 6099 ; 

in history of religion, 6774 
Rembrandt, painter, 724, 3949, 4290 
Remedies, of disease, 5541, 5690; 

psychic, 5699; synthetic, 5469 
Remington typewriter, 1528, 1529 
Remittent fever, cause, remedy, 6260 
Renaissance, 3519, 36.50; effect on 
J*:nglish laTiguagc, 1769 ; iiainting, 
3793 

Rendering, plastering, 649, 780, 5499 
Rennet, 4491 ; action on milk, 4489 
Renold chain, 4001, 4002 
Kent, on balance-sheet, 2882 ; dead, 
3919; ground, 5153; proportion 
to income, 3222 

Repeat, in design, 5819, 5977, 6592 
Repeaters, telegraphic, 5535 
Repeating coil, of telephone, 5878 
Repertory, acting companies, 6865, 
6868 

Repetition, geometrical, 2321, 2321 
Reporter, 4190 ; salaries, 162, 4431 
Reporting, iiew.spapcr, 4190 
Repose, angle of : see Angle of friction 
Repousse, art metal-work, 5526 
Reproduction, 1315 ; amoeba, 278 ; by 
fl.ssion, 381 ; of plants, 346 

— f«M», photographs, 6687 

Reptiles, 29, 30, 2677, 2798 ; extinct, 
skeletons, p/a/e faHnu 2066 
Re-.saws, circular and band, 6145 
Reserve account, bookkeeping, 2881 

— Navy, service with, 4265 
Reservoirs, water, 4025, 4333 ; rein- 
forced concrete, 1554, 1555 ; ser- 
vice, 4334 ; sewerage, 4462 ; sta- 
bility of walls, 2573 : see also Dams 

Resin, 810, 1034, 5147 ; as electrical 
insulator, 672 ; in varnislies, 5835 

— fossil, 1034, 6147 
Resins, varieties, uses, 6890 
Resistance, electric, 670 ; heating 

effects, 3030 

— box, electric, 790 

— sense of, in psychology, 2118 

6983 



QKNKRAI. INDEX 


Re«— Ron 


RoBolutiori of forces, 411, 551, 1833 
Kesoiiance, electric, 3749i in sound, 
21 U4 

Respiration, 1294 ; aid to blood circula- 
tion, 1104 ; control, 5841 ; day 
cycle in health, 4529 ; physiology 
of, 441, 1299 ; of the skin, 1422 : 
see also Breathing 

Respiratory organs, 196 : diseases, 6132 
Rest, value and curative effect, 4389 

— in physics, 553 

Restaurants, catering and management. 

5583 ; tourist vocabulary, 1962- 
Restoration, the, 4762 ; drama, 1149 
Rests, lathe, kinds, 4913^ 4019 

— in music, 38, 921 

Resultant force, defined, 411, 11^33 
Retail business, expansion, 5925 ; man- 
agement, organisation, 6054 

— shops, wholesalers’, 6208 

— trader, definition, 43 

Retaining walls, hydrostatics of, 1077 ; 

stability of, 257 J, 2573 
Rehirdation, in mt!chanics, 423 
Retina of eye, 2402, 2403, 2053, 3226 ; 
meehanical function, 839, 1882; 
persistence of image, 2259 ; physics, 
3226 

Retort furnace, principle, use, 4126 
Retroussage, in i)rinling etching, 6112 
Retting, of flax, 1168, J3S5 ; silk, 1246 
Returns inwards, 1572, 2272 : 

Return-tube boiler, 3096-3100, 3105 
Reveals, in building, 2173, 2174, 2176 
Revenue olflee, dei)artrnents staff, 2765 
Reverberatory furnaces, 232, 3108, 4125, 
4120 ; construction and working, 
2864 ; lor galena, 357, 358, 5980 
Revers, in tailoring, making, 2206 
Reversion, biology, 1180, 5389 
Revetments, military eivgineering, 6271 
Revolution, French, history, 5111 
Revolvers, types, construction, 6415 
Reynolds, Sir Josluia, painter, 4393 
Rhamnus, dye, 5907 ; bark, 6008 
Rhea : see Ramie 

Rheostats, telegraphic, 4606, 5241, 5242 
Rheumatic fever, 5540, 6038 ; cause and 
remedy, 3819, 5410 

— gout, causes, symptoms, 6C38 
Rheumatism, remedies, 5469, 6068 

— ill pigs, 2626 

Rhine, river, basin, 450, 1838 ; course, 
1835, in Roman history, 1830 
Rhine J’roviiices, 1975 ; architecture 
of, 3233 ; industrial area, 5826 
Rhinoceros, 1179, 1490, 1609, 1870 
Rhizome, of ferns, 1115, 1116 
Rhodes, island, 6447 ; sculpture, 2930 
Rhodes scholarships, 482 
Rhodesia, 3587 ; police, 3549 
Rhode Kleiidroiis, classi float ion, 354 ; 
culture, 0310 ; nectar-guides, 730, 
731 ; poisonous to cattle, 2624 
Rhomboid, geometry of, 496 
Rhomhiis, 496, 4723 ; geometry of, 
1084 

Rhone, river, course, 1682, 1838 
Rhubarb, 6890 ; culture, 6675 
Rhumb-liiie, defined, 0005 
Rhus vennici/era, lacquer from, 6576 
Rhyme, first use in English comedy, 
1149 ; function in poetry, 306 
• Rhythm, in p(M*trv, 305 
Rib, human, 1300, J004 ; in singing, 
6046, 6052 

— moulded, in building, brick for, 1949 

— vaulting, in masonry, 3145, 3146 
Ribbands, in shipbuilding, 5617, 5740, 

5742 ; marking position, 5739 
Ribbon, stiffening and cleaning, 6040 

— typewriter, price and varieties, 1528 
Ribera, painter, 3798, 4120 

Rice, areas of cultivation, 4875 ; Chi- 
nese cultivation, 2974, 2976, 5668 
climatic conditions, 4493, 4873 , 
rookery, 2335 ; dietetic value, 
3312, 3599 ; digestibility, 3314 
starch, 4556, 5364 ; uses, 6890 

— meal, as live-stock food, 2704, 2909 
Richard 1., 2914 

Richard II., reign, 3249 
Richard 111., life and reign, 3603 
Richardson, Samuel, novelist, 3129, 
Richelieu, Cardinal, career, 5110 
Hicketii, causes, remedies, 5409, 6037 

6984 


Rickshaws, use, 2153 

Riddles, drain-pipe, 5777 

Riddling, in fishing, 5314 

Ridge, of roof, 4253, 4870, 5185, 5187 

— plate, of roof, 4248 , 4249, 4250 

— tiles, roof, 4867, 4869, 4871, 4872 
Riding, as means of locomotion, 2152 

— harness, dimensions of, 4986 
Riffle, metal chasing tool, 5526 
Riffles, use in mining, 2959 

Rifles, types and construction, 6418- 
6421 

Rifling, guns, 6419, 6420 
Rigging, ship’s, working of details, 6409 
Righi, detector and oscillator, 3895 
Righi railway, construction, 3814, 3615 
Right angle, degrees, 6085 
Right-angled triangle, 494, 4330 
Right and left-handed, discussed, 3535 
Right ascension, in astronomy, 6245 ; 

in navigation, 6665 
Right of w’ay, legislation, public, 1979 
Righting arms, of ship, 5970, 5971 
Rigidity, of materials, 209 ; in me- 
chanics, 86, 1375 
Rigs, of sailing ships, types, 5396 
Rim, of pulleys, measurements, 3423 
Rimer, ii.se, 5723, 5725 
Ring, in building, 2386 

— doubler, thread manufacture, 2707 

— jewellers’ manufatdiire, 5859 

— segmental, pattern, 2454, 2455 

— spinning frame, 2442, 2593 

— wooden, building, 3540, 5206, 5299 
Ringbone, in horses, 2622 

Ringed worms, description, 3956 
Rings, tree, rate of formation, 168 

— of trachea, human, 2144 
Ringworm, of cattle, 2627, .3672; in 

horses, treatment, 2622 
Rio Janeiro, description, 4268 
Rip saw% use, 3385 
Ripper, slater’s, 4865, 4867 
Rippling, of flax, 1385 
Kisers, of stairs, mitring, 5300, 5301 ; of 
stone staircase, 3241 
River, 456 ; bank facing, 5579 ', bar- 
riers to communication, 4496 ; 
bed, cross sections, 5115; as 
communlcaiiou routes, 4496, 4517 ; 
effect on civilisation, 4497 ; dis- 
charge, 5114 ; embankments, 1613; 
engineering works, 5333 ; exca- 
vation by, 1634 ; fall rate and 
maximum floods, 5115 ; gauging 
methods, 5114 ; hydraulic ihean 
depth, 5115 ; hydraulic works, 
5333 ; industrial centres, 4497 ; 
irrigation, 4497, 5483 ; power 

source, 4495, 4497 ; sediment de- 
posit, 1816 ; self purification, 4547 ; 
sewage pollution, 4547 ; slope, 
influence of, 4495 ; tidal divisions, 
5113; tidal works, 5333, 5334; 
tide observations, 1017 ; veloc’ity 
finding, 5116 ; water characters, 
4156, 4158; weirs, 5333; width, 
measurement, by military engineer, 
6265 

— police, duties, 1407 

Rivet, engineer’s, types, 3003, 3007, 
5351, 6352 ; in ironwork, 1453; 
in sheet metal work, 5352 ; ship- 
building, types, 5922 

— holes in girder, 450 ; in metal plates, 

3095 ; of ship plates, 5910, 5739 
Riveter, pneumatic, 1803, 1807 ; port- 
able hydraulic, 5676, 5678 
Riveting, 5351, 5362; by compressed 
air, 5356 ; hydraulic, 1220, 3100, 
3105, 3106 ; plating, 3095 ; in 
shipbuilding, 6917, 5922, 6221 
Road, rule of, in driving, 4185 
Roads, 157; construction and main- 
tenance, 2179, 2182, 2422 ; drain- 
age, 572, 2323 ; gradients, 591 ; 
laws and regulations, 1977 ; mili- 
tary, 6270 ; steam rolling, 2325 ; 
watering, 2326 

Roasting, in cookery, 1486, 1487, 3313 

— ill metallurgy, 231, 356, 3836 
Robbia, Luca della, sculptor, 3676 
Kobe, layette, 3744 ; princess, 2205 
Robespierre, revolutionist, 5112 
Robey Smith, bevel gear cutter, 3631 
Robey spring governor, 2019, 2020 


Eoburite, ingredients, 6765 
Rochelle salt, 3704. 4782 
Rochester mechanical recorder, 6643 

— dove^ classification, 2211 

— elm, timber, 56 

— garden, making, 6315, 6320, 6321 

— rose, classification, 352 

— salt, 1074, 4718, 5585 ; source, 1600, 

1817 

Rocker piece, of light waggon, 2829 
Rocket, smoke, drain testing, 783 
Rocking, in mezzotint engraving, 6289 
Rocks, bearing power, 330 ; breaker, 
3835 ; cutting and drilling 
machinery, 1826-1828 ; in founda- 
tions, 331 ; definition, 624, 896 ; 
disintegration, 1500, 1502 ; 

geological systems, 896, 2067, 

2253-2255 ; kinds, 2377 ; relative 
age of, 2066 ; sedimentary forma- 
tion, 1071, 1816, 1921 ; solidifica- 
tion of, 1816 ; stratified, mining, 
2581 ; tilted strata, 1921, 1922 ; 
weathering, 1500, 1501 
Rocky mountains, 4062, 4069, 5662 
Rococo, art period, 4118, 5521 
Rod, unit of measurement, 226, 1147 

— in door making, 5180, 5181 

— boring tools, mining, 2666-2669 

— forging, 207, 2984, 2987 
Kodentia, 1493, 1762 ; digging claws, 

1871 ; flying, 2037 ; swimming, 
2038; teeth, 577, 578 
Rodin, M., sculptor, 1675, .3729, 430.5 
Rods and cones, of retina, 2402, 3226 

— of Corti, of ear, 2534, 2535 

— in slide valve gear, 6140, 6141 
Rogers, Samuel, poet, 1304 

Roll, boiler making, bending, 3104, 
3106; construction, 3098, 3108 
Rolled joists, as stanchions, 2198, 2199, 
2200 ; stability of, 1987, 1988 

— sc'ction.s, in braced structures, 544 ; 

in plating shop, 3096 

— steel piles, 2737 ; pulleys, 2022 
Roller, in agriculture, 1847, 1848, 

1850 

— bearing, 964 

— bolts, of brougham, 2830 ; of 

splinter bar, open carriage, 3125 

— casting, 2338 

— feed benches, saw mills, 6145, 6146 

— felting machine, 1998, 2000 

— gin, 387, 388 

— Hyatt flexible, 4326, 4328 
Rolling bridges, structure, 2886, 2887 

— friction, 958, 964 

— load, stress diagram, 2197, 2199 

— mill workers, employment, 2645 
R(;lling stock : sec Railway rolling stock 
Romainville, plaster quarry, 2850 
Roman architecture, 142 ; order, 2035 

— Catholic church, patronage of mar- 

riage, 5531 ; priesthofHl, 660;j, 
4660 ; religious orders, 6604 

— cement. 648 ; manufacture, 1578 

— law, in England, 146 

— mosaic, in modern flooring, 646 
Romance nations, ethnology survey, 

1790 

Romanesque architecture, history of, 
3231 

Rome, 2231 ; touring, 048 

— ancient, architecture, 2134 ; art of, 

2931 ; basilicas, 3089 ; cause of 
fall, 3871 ; early Christian art, 
3089 ; philosophic barrenness, 
2012; roads, 1977 

— Emperor of, Clerman title, 4398 

— history, to the tribunes, 1135 

growth of the democracy, 1201 
from last Punic war to death oi 
8ulla, 1381 ; Julius Caesar, 1518 
to Augustus Caesar, 1670 ; Augus- 
tan age, 1829 ; Claudius Nero, 
(ralba, Otho, Vltellius, Vespasian 
1 937 ; Titus to Constantine, 2068 
early Papal power, 2945 ; in 
middle ages, 4320 ; sack, 4322 ; 
capture in 1527, 4396 ; ceded to 
Italian rule, 6303 
Romney, George, painter, 4393 
Romulus, and founding of Rome, 1135 
Romeo duplicator, 1698, 1919 
ROntgen rays, 3943, 4091 ; effect on 
cancer^ 3617 ; tube apparatus, 4104 
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Roof, carpentry in, ^2il-42Si ; con> 
Crete in, 832; copper eheeting, 
6035 ; fire-resisting, 4758 ; iron 
and felt, construction, 4872 ; lead- 
covered, construction, 5032, 5033 ; 
quantity surveying, 6511 \ re- 
inforced concrete, construction, 
3647; removal of, in building, 
309 ; slating, 4865, 4H67\ steel, 209 ; 
supported by posts, 4251 ^ 4253 ; 
temporary, 4872 ; tiling, 4869, 
4870; timber construction, 1453, 
1454, 4247, 4249 ; zinc work, 5033, 
6035, 6168 

— in mining, definition, 2377 
•—principals, putting together, 5792 

— tiles, 644, 645 

— trusses, 545; mechanics, 415; 

stresses in, 2446, 2447 

— of the world : see Pamirs 
Roofing, felt, 1169; slate, 530; zinc, 

359 

Rook,' 2210, 2495 ; nest, 2507 
Roosevelt, Theodore, President, T^.S.A., 
5976 

Root, in algebra, 1818, 2381 ; in arith- 
metic, 1264 : see aim Powers 

— of chord, in music, 363 

— in grammar, explained, 117 

— climbers, description, 504, 505 

— crops, 3891, 4959, 6673 ; cultivation, 

1230, 6673; culture in Kurope, 
856 ; market garden returns, 6836 

— hairs, explained, 168 

— rot, fungous p<;st, 4927 

— of plants, 167; of ferns, 1116; in 

mosses, 1312; mycorhiza, 503, 
505 ; shallow and deep, 503 ; in 
xerophytes, 727 

— words, Latin and Creek, derivation 

rules and derivatives, 6810 
Roots, blower, description, 1686, 1687 
Rope, cotton, use, 5354 
- for driving, power 
-fibres, 819, 1168 

— manufacture of, 1027, 2445, 5290 

— in mining, 3308, 3560 

— testing of strength, 1699 

— trail, balloon, use. 3979, 3982 

— and twine operatives, 2652 

— wire, 5173, 5355 ; on cranes, 545 ; In 

mining, 3766 

Rope-feed, of saw bench, 6144, 6145 
Rope-socket, in rope boring, 2815, 2846 
Rope-walk, described, 1028, 5291 
Rope- wheel, moulding, 2867 
Rosa Salvator, painter, 4299 
Rosaniline, colours from, 3711 
Rose, 349 ; classification, 349, 353 ; 
climbing, 6322 ; culture, 6487, 
0490 ; designs, 5978 ; grown in 
Bulgaria, 2167 ; perfume, 5469 
Rosechafer, description, 3510, plale 
facing 3361 

Rosemary, culture, 6576 

Roses of Jericho, seed -dispersal, 910 

Rosette, in botany, 171, 173 

— in millinery, lace, 5621 ; styles, 5505 
Rosin ; see Resin 

Rossetti, Dante Gabriel, poet, 1 437 ; 

pre-Rapliaelite painting, 4394 
Rot-ary drilling, petroleum, 6011 

— printing machines, 6809-5871 

— puddling furnace, 232 

— pumps, types, 1686, 6060 

— tools, milling and grinding, 3401 
Rotation, of crops, cereals, 872, 1199 

— in applied mechanics, 87 

— motion of, in physics, 315 
Rothamsted, agricultural experimental 

station, 1378 

Rotifera (wheel animalcules), 1492, 3958 
Rotor, induction motor, 1909 
Rouen, architecture, 3374 ; cathedral, 
3374, 3517 ] Henry V. of Knglaiia 
besieges, 3463 
Rouge, use, 5528, 6573 

— marbles, plate facing 408, 633 
Rough cast, in plaster work, 648, 5502 

cutting, in building, 1951 
Roughing, in flax manufacture, 1386 
Roughness, coefficient of, in measuring 
^ stream velocity, 1576 
Rouleau, in millinery, use, 4861, 5329 
Ronmanin, geography, 2165 ; econo- 
mic conditions, 5709 ; trade, 5709 


Round, tool, use, 3385 
Round-nose chisel, 4151, 4152 
Rounding, in wood-carving, 6046 
Round seam, in glove sewing, 5481, 5482 
Round-worms, description, 3956, 3958 
Rousseau, Theodore, painter, 4301 
Router, use, 3386, 5809, 5810, 6045 ; 

ill veneer work, 6581, 6581, 6586 
Roving frame, mechanism, 2290 
Rowe, Nicholas, poet, 993 ; dramatist, 
1150 

Rowing, value as exercise, 4389 
Royal Academy, stiidentsliips, 164 

— Academy Schools of Art, 848 

— Academy of Music, 163, 2024 

— Army Medical Corps, service, 3810, 

40;il 

— C’ollege of Art, training, fees, 1 64 

— ('ollege of Music, 163, 2024 

— College of Surgeons, dental ex- 

aminations, 5769, 5770; P.H.l). 

examination, 701 

— Engineers, duties, 6265 ; ofiicers* 

pay, 4198, 4199; technical crafts- 
men, 4030, 4031 

— Female SelicHil of Art, fees, 164 

— fern, 1116; eullure, 6493 

— Institute of Public Health, eurrieu- 

Inm, 697, 699 

— Irish Constabularv, 788, 1406, 

1409, 2575 

— Marines, pay, serviee, 4266, 1269 

— Military Academy, 4197 

— Naval Reserve, 6366 

— SchcMil of Art Ncedlewrirk, fees, etc., 

323 

— Veterinary College, London, 163 
Royalty, in bookkeeping, 3918 
Rubbed and ganged work, in building, 

1950-1953 

Rubens, INder Paul, painter, 3917, 3948 ; 

landscape painting, 4299 
Ruliber : see India-rubber 
Rubbing stone, in building, use, 1950 
Rubble," use for breakwaters, 6335; 

in walling, 3034, 3035 
Rubies, artifieial and reconstructed, 
5853 ; distribution, 3772 ; pro- 
IHTties, 5852 ; source, 5308, 5855 
Rucliings, in millinery, 968, 6621 
Rudder, 6227 ; wooden and Dutcli, 
2129, 21.33 

Ruff, feather frill of, 2505 
Rugs, manufacture of, 2897 
Ruhr coaJtleld, nmp, 1974 
Rule, measuring tool, use, 4701, 4702 
Rules, plasterer's, 5496, 5497 
Ruling, in bookkeeping, 6522 
Rum, 3315 ; colouring, 4165 
Ruminants, 1761 ; climbing fr>ot, 
1870 ; stomachs of, 578 ; teeth, 577 
Run, in scaffolding, 1171 
Runners, insects, classification, 3363 

— in joinery, for drawers, 5294, 5295 

— of strawberries, function, 340, 7 

Running, physiological account, 1800 

— department, railway, 4593, 4595 

— stitch, 150, 3336, 4)65 

Rupture, modulus of, 1258 ; of beams, 
1984; in building-stones, 1517; 
in materials, 1984 ; in metals, 
1396 ; timber, 1260 
Rural District Council, 316 
Rush, in basket -making, 5488 ; farm 
weed, 1378 ; sewage plant, 4549 
Ruskin, John, 2619 ; influence, import- 
ance, 2616 ; on learning to draw, 
109 ; nre-Raplmelitism, 4394 ; 
value of numan produce, 4828 
Russia, climate, 2406; coalfields, 
5302, 5304 ; coins, weights and 
measures, 410 ; craniology, 1786 ; 
economie conditions, 5707 ; 
ethnology, 1790 ; geography, 
2406-2409; government, 630, 
4369; ivory, 811; literature, 
3780 ; oil-wells., 6008 ; population, 
628 ; timber, 54 ; touring direc- 
tions, 1524 ; trade, 5659, 5707, 
.5825 ; waterways, 2406 ; woollen 
industry, 72, 221 

— history, Mongol supremacy, 218; 

to 15th century, 2948 ; invasion 
by Napoleon, 5238 ; wars with 
Gustavns Adolphus and Charles 
X1I-, 5397 ; 1481 to Alexander I., 


6200 ; Alexander I. to 1907, 6301 ; 
wars with Turkey, 6447 ; Crimean 
War, 6692 

Russia ill Asia, geography, 2716-2719 
Russian Turkestan, geography, 2718 
Russo-Japanese War, 6302, 6694 
Rust, fungi, life liistory, 1667, 1669 

— of iron, cause, 6571 
Rust’s vitrified marble, 534 
Rutherford, magnetic detractor, 3898 ; 

radium in earth’s crust, 2027 
Rutter, water filtration, 4097 
RuyKdael, painter, 4299 
Ryder, forging machine, 2991 
Rye, 874 ; elimatie limitation, 4493 ; 
dietetic value, 3312 ; as cattle food, 
2704, 2904, 2905, 3890; fungous 
pests, 1667, 1669 ; uses, 4874 
Rye-grass, 875, 879 ; as liay, 1629 ; 
micrograph, 5365 ; as livestock 
food, 2904. 2909 ; sewage crop, 4549 
Rye House JMot (1083), 4762 
Rycland slicep, 2361 

8, in shorthandf 427, 587 
Sabien, timber, 57 

Sabines, Roman wars, rape of. 1135;; 
plate facing 1057 

Sable liair, for brusiies, 1020, 6106, 
6109 

Sables, furs and skins, 6427 
Saccharin, 5470 
Saccharoinctcrs, use, 6230 
Sacchar.mvjces : see Veast plant 
Saccliarose, sources, properties, uses. 
3652 ; plate facing 3649 ; change 
to dextrose, 3706 

Saeeopharynx, fish, description, 3070 
Siicculina, parasite of erab, 3807 , 3809 
Sucking, paper yarn, 6400 
Sac(iue, shapes, 3591 
Sacred l>ark : see Cascara sagrada 
Sacrum, human, 1604, 1605, 1708 
Saddle, manufacture, 5339. 5342 
Saddle boiler, construction, 6017, 6018 

— of lathe, forms, 1913, 4914, 4923 

— of planing machine, operation, 4999 

— use in ]u)ttery manufacture, 5237 
Saddle-cloths, material and use, 5342 
Saddlebags, npliolstering, 6718 
Sucldlers, business of, 47, 4890 
Saddler’s wax, recipes, 5646 
Saddlery, manufacture, 5057, 5151 i 

5339 ; machines and tools, 4783, 
5057 

— makers, employment conditions, 2649 

Safes, lead, making, 5629, 5632 
Safety, factor oG 86, 1258, 1395; 

in machinery, 206, 210 
Safety-lamps, mine, 3768, 3769 

— valve : see Valve 
Safflower, in dyeing, 5907 
Saffron, source of colour, 5145 

Sage, classification, 354 ; culture, 6675 ; 

glutinous fruit, 912 
Saggers, pottery 5235, 5237 
Sago, dietetic value, 3312 ; digestibility 
of. 3314 ; starch extraction, 4556 ; 
starch, micrograph, 5365 ; palm, 
cultivation, uses. 4873 
Saliara, description, 626, 1500, 3280 
Sailing ships : se^ Ships 
S.-iil-inaker, mercantile marine, 6803 
Sailor, apprenticeship, 6406 ; mor- 
eantile marine, 6803 ; Civil Ser- 
vice posts, 2575, 2809 
Sails, of ships, 5250, 5259, 5.399, 

6406; creosoting, 5464 : reducing 
and setting, 6409, 6110 
Saintoin, grass, 881 ; cultivation, 1197 ; 
as liav, 1629; as livestock food, 
2704, 2904 

St. Anne’s marble, plate, facing 480 
St. Bartholomew’s Day, massacre, 4102 
“St. George,” Donatello’s statue, 3676 
St. George, Order of, origin, 3077 
St. Gotthard, mountain and pass, 
1838 , 1839 ; rivers rising in, 4495 
St. John, N.B., 4068 
St. Lawrence, river, ooiuse, 4061, 
4518 ; bridge over, 2739, 2740 
St. Mark, Clnirch of, Venice, archi- 
tecture, 3090 

“ St. Matthew,” Rembrandt’s picturt, 
3949 

St. Paul, conception of society, 6246 
6985 
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St. Paul’s Cathedral, London, 1275, 
3146, 6946 

St. Paul's Church, Rome, 30S9, .3147 
St. Peter's, Rome, 948; cupola by 
Michael Angelo, 3674, 3676 
St. Petersburg, 2406, 2408 ; foundation, 
6201 ; tourist description, 1524 
Saint-Simon, Influence on Comte, 3869 
St. Sophia, Constantinople, 3090, 3092 
St. Thomas Aquinas : see Aquinas 
St. Vitus’s dance : see Chorea 
Saintsbiiry, G. E. B., critic, life and 
work, 2687, 2787 
Sal volatile, use, 4777' 

Salamander, description, 2800, 2801 
Sal-ammoniac ; Ammonium chloride 
Salary, distinction from wages, 1090 

— book, futiction, 778 

Sale by auction, procedure, 4984 

— of real cst-ate, 4986, 4987 

Sale of Food and Drugs Acts, 45 ; 
milk prcsqrvatives, 3820 ; need 
of revision, 3822 

Sale of Goods Act, 1893, provisions 
of, 6751, 6752, 6753 ; acceptance 
and delivery of goods, 68 i 1 

— and purchase, law of, 6751 

Sales account, in bookkeeping, 490 ; 
iiire-purchase accounts, 3917, 3918 

— clearance, shopkeeping, 175, 2224 

— journal, use of, 777 

— ledger, functions, 778 

Salesmen, duplicate bill system, 3416 ; 

function and position, 659 
Salicin, use, 3819, 4013, 6068 
Salicylic acid, chemistry of, 3818; 

food preservative, 3819, 5408 
Salisbury boot, of dress landau, 3122 
Salisbury Cathedral, 127.5, 3374, 3375 
Saliva, 577 ; digestive action, 674 
Salmis of game, cooking, 1875 
Salmon, classiflcation, 3065 ; care of 
young, 3069 ; carving, 5.93.5, 5936 ; 
choosing, 3717 ; digestibility, 3314 
Salt, in chemistiy, delluition, 59, 210, 
844, 1045 ; in electrolysis, 3260 ; 
state In solution, 4407 

— bay, manufacture, 4718 

— brine, manufacture, 4717, 4719 

— cake, production, 4633. 4770 

— common, chemistry of, 839, 1600; 

distribution, 3771 ; bods, 768 ; in 
dietetics, 3111, .3380; in human 
body, 438 ; mines in England, 988 ; 
as preservative, 5408 ; in sea water, 
555, 1636 ; effect on seashore 
plants, 728 ; sources, 5308 : see 
also Sodium chloride 

— licks, herbivorous animals and, 1600 

— pan, eonstniction, 4717 

— table, preparation, 4717, 4718 

— t-ax, India, 1600 

Saltato, violin bowing, 2744 
Salting, in butter-making, 4281 
Saltpetre, 843 ; deposits, 5587 ; occur- 
rence, 6741, 6757 : see also 

Potassium nitrate atid Chili salt- 
petre 

Salts, effervescing, preparation, 4774 

— of lemon, uses, 4782 

— of sorrel, uses, 3704, 4782 
Salvage, pumping engine, 6060 , 6062 
Sample and warranty, law of, 67.53 
Ban Vitale, Church of, 3090, 3091 
Sand, angle of repose, 2572; bearing 

power, 330 ; in brick making, 
643, 1282 ; In concrete, 332 ; de- 
position, 1814 ; dyeing, 6767 ; 
eroding action, 1501 ; formation, 
1072, 1813 ; use in founding, 
2110, 2111, 2337, 2339 ; in founda- 
tion, 332 ; in machine moulding, 
2458, 2541 ; use in mortar, 1459, 
1952 ; pillar-and-stall working, 
3191 ; in road-paving, specifica- 
tion, 2180; utilisation, 5767; 
varieties. 1704; in water filtra- 
tion, 4096 

— casting, art metal work, 5690 

— dried, m moulding, 2110 

— dune, formed by wind, 1449 

— rammers, pneumatic, 5456 

— table, of paper machine, 6396, 6398 

— white, refraotoriness, use, 3941 
Sampling, in ehemlcal analysis, 4416 ; 

fgofaoroa, 5850 


Samson turbine, mechanism, 1689, 1692 
Sandalwood, 6890 ; in dyeing, 5906 ; 
source, use, 4658 

Sandirac, 6890 ; varnish, 1035, 583.5 
Sandbags, in revetting, 6267, 6271 
Sandbanks, formation, 1816, 5578 
Sandby, Paul, aquatint, 6112, 6114 
Sand crack, in horses, 2662 
Sand-drier, locomotive, 4595, 4599 
Sand-flea, habits, 3722 
Sandhills, formation, 1499, 1500 
Sand-hopper, structure, 3898 
Sanding, on railways. 6515, 6517 
Sand-joints, in plate moulding, 2541 
Sandpapering, in bootmaking, 4140, 
4545 ; machines, 6755, 6756 
Sand-piper, classiflcation, 2212 ; nest, 
2506 ; p/afe foUomng 2496 
Sand-reel, in rope-boring derrick, 2845 
Sand-sedge, 351 ; depth of root, 503 
Sandstone, classiflcation, varieties, 530, 
896, 897, 1072 ; action of sea on, 
1817 ; erosion, rate, 1814 ; jointing, 
1925 ; in masonry, 1452 ; ipmrry- 
ing, 2956; strength, 1517, 1518 

— Old Red : see Old Red Sandstone 
Sanitary authorities, 1980 

— inspectors, 82, 699 ; in the colonies, 

3^1 ; women’s training, 323 
Sanitary Institute, examinations, 699 

— papers, for walls, 5828 

— science, books on, 2034 ; diplomas, 

697 : see also Public Health 
Sanitation and death rate, 2662 ; 
domestic, dangers, .5054 ; law of 
nuisances, 5056 ; roads, 1980 
Sans, obsolete in English, 1.336 
San.scrit, clasfsiflcation, 1771 
Sansovino, Andrea, sculptor, 3678 
Santa Maria Novella, Florence, 3145, 
3147 

Sap, elaborated, explained, 170, 172 
Sap, in trees, 51 ; nature and supply, 
168, 170, 173 ; rising, 1374 

— flowers, insects, 731 

— of siege works, construction, 6273 
Sapocarbol, from creosote oil, 5403 
Saponifleation, chemical process, 3485 
Sappers, in Royal Engineers, 4031 
Sapphires, artificial, 58.53 ; distribu- 
tion, 3772; physical properties, 
5853 ; source, 5308, 5855 

Saprophytes, 166, 1372, 6441 
Saracens, art and architecture, 3092 ; 
influence on European architecture, 
3373 ; the Crusades, 2674 ; in- 
vasions of, 2354, 2946 
Sarcin, constituent of meat, 3705 
Sarcolactlc acid, dcsicription, 3534 
Sarcoleinma cells, 1710 
Sarcophagi, Roman, 2933 
Sarcous elements, of muscular fibres, 
1710 


Sardinia, 22.30, 2232 
Sargent, J. S., picture of Ellon Terry, 
722 

Sarrusophone, musical instrument, 
5129 ; manufacture, 6624 
Sarto, Andrea del, painter, 3796 
Sash-bar, of window. 5183, 5184 
Sash tool, u.se in glazing, 5839 ; painters, 
5829, 5831 

— tool brush, manufacture, 6109 
Sashes, of windows, 5183, 6186 
Saskatchew'an, agriculture and farming, 

3206 ; geography, 4086 
Sateen, in dressmaking, 186 ; mattress 
ticking, 6720 ; weaving, 5509 
Satin papers, for walls, 5827 

— glass, manufacture, 4931 

— twill cloth, design, 2941, 2942, 

3153 


Saturation, of vapour, definition, 294 
Saturation point, atmospheric, 1899 
Saturn, 6121, 6250 ; formation, 6701 ; 
and nebular hypothesis, 620 ; 
Xiosition in solar sytem, 11 ; rings, 
2392, 2949, 3620 
Satinwood, source, use, 6890 
Sausages, making, process, 1430, 1431 
Savage, testing apparatus, 4824 
Savages, psychology, 3117 
Savanas, 627 ; African, conditions, 3278 
Save, river, 1838, 2164 
Savings banks, practical value, 3822 
Savouries, recipes, 2003 


Savoy, 352 ; oultivation, 1197 ; market 
garden returns, 6836 
Saw, band, re-saws, 6367 ; brick cut- 
ting, 1960, 1951 ; carpenters', 
varieties of, 3386, 3387 ; carvers', 
6809, 5810 ; combination machines, 
6360 ; concave, 6451 ; cross-cut, 
varieties, 6367, 6358 ; cylinder, 
6451 ; dimension, 6359 ; drunken, 
6449, 6450 ; equalising, 6358 ; 
forms and action, 4481, 4483 ; 
grooving, 6450 ; hand, 3907 ; 
heavy carpentry, used in, 4646; 
hollowground, 6450 ; log and 
timber sawing, 5899-5904; pattern- 
making, 2453 ; in saw mills, 
kinds, .5668 ; setting, 3754, 3755 ; 
sharpening, 37.54, 4583 ; in smith’s 
work, 3107; straightening, 37.56 ; 
swaged, 6450 ; teeth, varieties, 
6449 ; tempering, 4746 ; varieties, 
3773-3755, 5899 

— benches, feeds, varieties, 6144, 6146, 

6146, 6358, 6359 

— circular, 3908, 6143, 0449; shaft 

bearings, 962 

— cros.s-cut, masons’, 2837, 2838 

— frame, masons’, 2838, 2839 

— liand, use, 532, 3753, 3755 

— machine, types, uses, 6209 

— stool, use, 3386, 3388 

— tin, use, 1950, 1951 
Sawdust conveyors, use, 5997 
Saw-fly, 3722, 3723, 4926, 4927 
Saw-frame, construction, 6994, 5996 
Sawing, in carpentry, 3753, 3755; 

with inverted saw, 6581, 6585 

— smiths’ work, of rolled sections, 3108 

— tools, 4481, 4483 

Sawmill, (Jainsborough, 6666, 6669 ; 
lay-out, 5667 ; Midland Railway 
Works, 5666, 5669 ; position, 5667 ; 
riverside, 6668, 5669 ; side elevation 
and plan, 5669, 5668; typical, 5666, 
5608, 5669 ; for waterborne logs, 
5668 ; work of, 5667 

— Operatives, employment, 2662 
Saw-tooth roof, construction, 4253 
Saxhorn, musical Insf rument,6180-5/3^ 
Saxon architecture, ceilings, 3233 
Saxons, Charlemagne wars with, 2915 ; 

comiuest of England, 146 ; inva- 
sion of iiritain, 1709, 2241 ; origin, 
2355 ; take possession of Isle of 
Wight, 2611 ; wool industry, 69 
Saxony, imperial electorate, 2947 ; 

industrial area, 1974, 5825 
Saxony wool, 72, 221, 1120 
Saxopnone, mu.sical instrument, 5265, 
5730 ; manufacture, 6624 
Scabbing, in casting, 208, 21 1 2, 3962 
Scabbling hammer, 532, 2837 
Scaffold, in shaft sinking, 8458 
Scaffolding, in building, 145, 1170, 1454 
Seala media, tympani and vestibuli of 
ear, 2534, 2535 
Scalds, treatment, 6472 
Scale force, waterfall, 619 

— in music, 271 

— in ordnance maps, survey, 1145 

— in sound, ratio of notes, 2103 
Scale-insects, products. 3363, 3365 
Scalene, trian^e, definition, 4330 
Scales, architects’, drawing, 5419, 5420 

— of butterfly’s wing, 3512, 3513 

— climbing, in tails of animals, 1871 

— of fishes, etc,, 30, 3065 

— in geometry, 492, 493, 2788, 2789 

— measuring tool, use, 4701 , 

— in music, coiistituent elements, 39, 

271; art of playing, 8628: see 
also separate ipstrumerUs 

— platform, cost, 4848 
Scaling, of boilers, 8107 
Scallop, foot and shell, 3285, 3286 
Scalloping irons, saddlery, 478.3, 4889 
Scandinavia, economic conditions aim 

trade, 6708; geography, 1560, 
1561; history of, till Sweden 
becomes a kingdom, 2948 ; litera- 
ture, 3782 ; rainfall, 864 ; see further 
Denmark, Norway, and Sweden 

— languages, influence on Engllsn# 

1769 ; internal affinities, 1428 
Scantlings, in construction, 41?^^^ 

— of ship, specification, 8612, 6221 



acA— 8«d 


QENKRAL INDEX 


Scantlings, in timber felling, 52 
Scapula, human, 1654^ 1709 
Scarab, description, 3510, 3511 
Scarf joint, described, 2987 
Scarf weld, 233, 236, 2987 
Scarlet fever, immunity from, 6543 ; 

symptoms and treatment, 6260 
Scarlet runner, 635 ; climbing, 504 ; 

cross-pollination, 732 
Scents : see Perfume 
Scepticism, in logic, 6097 ; philosophic 
use of term, 6257 

Schcele, isolation of glycerin, 4967 ; 
oxygen discovery, 840 ; phlogiston 
theory, 61 

Scherzer rolling lift bridge, 2886, 2887 
Schist, 530, 535, 898, 1075; cause of 
stratification, 2066 
Schistose structure, 1075 
Sclileswig-Holstein, history of, captured 
by Prussia and Austria, 6445 
Schneider kiln, in cement burning, 1729 
Scholarships, county, university, 
481 ; pupil teachers, 6474 
Scholastic professions, 6474 ; future 
prospects, 6480 

School Board, London, work, 319 

— children, meals for, a social problem, 

4124 ; women inspectors, 4974 

— masters, training and salaries, 164 

— room, analysis of air, 3801 
Schools, boys’ secondary, 1777; girls’ 

secondary, 3505 ; hygienic con- 
struction, 4862 ; law affecting 
disease, 5056 ; for pauper children, 
1930; public: see Education, 
Elementary, Voluntary, Board, etc.-, 
technical, boys’, 1782 ; ventihation 
by perflation, 6020 
Schooner, type of rig, use, 5398, 5399 
Schumann, musician, study of, 2023 
Schwann, cell theory, 199 ; nerve 
fibres, 1942 

Sciatic nerve, 1941 ; affections, 1944 
Science, agnostic, dogmatic and mater- 
ialistic views, 6257 ; American au- 
thors, 3781 ; and commercial enter- 
prise, 3228 ; comparative method, 
value of, 4123; conflict with 
religion, 5531 ; difficulty of accu- 
rate observation, 3944 ; in early 
Chinese civilisation, 216 ; inter- 
relation of, 4882; limitations, 6256; 
modern, beginnings of, 3605 ; 
in religion, 6773 ; service of nhi- 
losophy to, 6539; Spencer’s defini- 
tion, 59 ; value of observation 
and experiment, 6002 : see also 
under separate sciences 
Scientific instrument dealers, business 
of, 4993 

Scientific instruments, manufacture, 
6122-6131 

— knowledge, England’s want, 3711 

— “ law,” 401 

Scissors, manufacture, 5477 ; mechani- 
cal action, 4584 ; milliner’s, 4565 ; 
needlework, 3093 ; temper, 4746 
Sclerotic coat, of eye, 2401, 2402 
Scoop, of railway water trough, 3614 
Score, in music, orchestral, 1060, 5891 ; 

reaaing in parts, 3955 
Scorifler, in assaying, 5849, 5850 
Scorpio, sign of Zodiac, 6251 
Scorpion, 3361 ; anatomy, 3803 
Scotch fir, 54, 1163, 1166, 4604, 4678; 
cun^s, 505 ; fertilisation, 729 ; 
pests, 4926, 4927 ; ’* winged ” 

seeds, 911, 912 

— Highlands, formation, 2253 

— kiln, for brick-btirning, 643 
Scotia, moulding, 5297, 5299 
Scotland, banking, 1466 ; cattle farm- 
ing, 987 ; climate, 984, 985 ; 
coal-fields, 987, 988, 6302 ; educa- 
tion, free scholarships and schools, 
483, 1777 ; farm servants’ wages, 
3001 ; flax cultivation, 716 ; fores- 
try, 4608 ; geography of, 1064 ; 
h^hlands and lowlands, 083 ; 

• ifVands, 1064 ; local government, 
817 ; nasal index, 1786 ; police, 
140§, 1400 ; sea-lochs, geology of, 
186^1 ; sea fishery regulations, 
6818 ; shejsp farming, 986, 987 ; 
iuurian rocks, 2253 ; siibme 


gence to 600 ft., 982, 983 ; wool 
yarn counts, 2895 

Scotland, history, to death of Malcolm 

III. , 2607 ; wars with Edward I. 
and If. of England, 3074, 3075 ; 
Ttichard II. invades, 3250 ; Henry 

IV. wars, 3251 ; rebellion against 
William III., 4813 

Scott, Sir Walter, novelist, 3344 ; 
Carlyle and Macaulay's judgment, 
2615 ; as essayist, editor, etc., 
2309 ; iK)em8, 1307 
Scott-Moncrieff, sewage testing, 4824 
Scour, cattle disease, treatment, 2624 ; 
in sheep, 2364 

— formation in harbours, 6220 
Scourer, in leather manufacture, 3218 
Scouring, in cluthmaking : see Braying 

— paste, recipe, 1226 

— in plastering, 5500 

— stone, use, :t218, 3219 

— wool manufacture, 1121, 1122 
Scrape, plane surface testing, 3688 

— turner’s, 4259, 4261, 6854 
Scraper, cabinet-maker's, 6581, 6383 

— for cleaning drains, 784 

— mezzoiint engraving, 6289 
Scraping, wood and metal, 4259, 5667 

— tools, definition, 4149 

Scratch tools, plasterer's, 5496, 5497 
Screeds, in plastering, 5499, 5501 
Screen, brickmaking, 1282 

— in building, use, :109 

— dLspensing, chemist’s, 1653, 165i 

— glazing with wood beads, 5839 
-half-tone. 6482, 6481, 6485 

— plasterer's, 5497 

— wrought iron, plate farina 5521 
Screw, of Archimedes, 35 ; theory 

of, 684 ; application, 687, 835 

— bell, boring tool, 2666, 2667 

— block, in basket-making, 5489 

— of boring tools, u.se, 4479, 4481 

— conveyer, sugar, 4160 

— loft-haiuled, cutting, 3629 

— jack. 835; in underpinning, 918 

— maciiines, automatic types, 3628, 

4914, 4921, 4922, 4924, 5209 ; cams 
for, 4323, 4324 

— piles, in bridge building, 2737, 2738 ; 

in building, .335 

— propeller : see. Propeller 

— threads, forms of, 3003-3005 ; tools 

for, 4480 : see also Screw' machines 
Screw-cutting, calculations, 3628 ; 

machines, 4914-4924 
Screwdriver, use, 3388 
Screwing, in turret practice, 3633 

— tools, 4480, 4481 
Screw-plate, metal-worker’s, 5521 
Screws, carpentry, kinds, 688, 3543, 

3546, 384:3, 3845, 4040 ; in 

furniture-making, 6581, 6584 

— tapered, lathe for, 4920 
Scribbler card, of w(x>l spinner, 1545 
Scriber, use, 3319, 4703, 4700 
Scrieve board, for small vessel, 5616 
Scrim, of linoleum, 5123 

— upholstery, 6716, 6718, 6719 
Scroll, in design, 1413, 2397 

— of viola, 2823; violin, 2/2/ 

— work, in veliicles, 2729 
Scrubber, in coal-tar distillation, 5462 
Scrubbing brn.shc.s, manufacture, 6109, 

6110 

Scuffler, in agriculture, use, 431, 1849 
Scullery maid, duties, 1003 
Sculpture, 184, 1217, 1509 ; Assyrian 
reliefs, 2657, 2659 ; early Christian, 
:3091 ; Egyptian, 2520, 2522 ; 

French, 17th century, 4119; Gothic, 
characteristics, 3517 ; Greek, 2857, 
2929-2931; 19th century, 4395; 
originality in, 1675 ; outfit, model- 
ling, 1.345 ; Persian relief, 2659 ; as 
profes.sion, 164 ; I{eiiai8.sance, 3676, 
3677, 3946; Roman, 29:32 
Sculpture d'applique, method, 6046 
Scurvy, cure, 3704 ; prevention, 3312 
Scutching, cotton, 1243, 12 14, 1385 ; 

felt, 1996, 1998; flax, 1385 
Scutellum, of wheat, 913, 915 
Scye, in tailoring, 2752 ; misfit, 3015 
Scythe, ousted by machinery, 1630 
Sea, depths, 12, 457, 459; encroach- 
ment on land, 5577 ; erosion of 


bed, 5577 ; geological function, 
1813 ; influence 6n atmosphere, 
1159, 1298; influence on health, 
5274 ; level, change of, 1352, 1364 ; 
reason for salinity, 555, 1636 ; 
effect on temperature, 294 ; trans- 
port by, 4519 

Sea-anemone, description, 4083 ; plate 
faeinff 4081 

Sea-bottom, movement of, 6219 
Sea-breeze, cause, 296 
Sea-cucumbers, description, 4081, 4082 
Sea-eagle, food, 2493 
Sea-holly, storage of moisture, 728 

— fishery, law, 5317 : see also Fishery 

— otter, skins and fnr, 6428, 6430 

— w'ater, 5188; chemisfry of, 5.55; 

geological result of salt in, 1600; 
Isotherms and isohalines, 5188 ; in 
road watering, 2326 
Sea-holly, plate foxing 728 ; root, 503 ; 

protection agaiiist slugs. 1115 
Sea-horse, fijrm of body, 3067, 3069 
Sea-island wtton, 225, 3H3, 384 
Sea-lilies, description, 4081, 4083 
Sea-mat, de.scripMon, 3958, 3959 
Sea-mou.se, description, 3956, 3957 
Sea-pic : see Oyster cafdicr 
Seashore plants, description, 728 
Sea-squirt, description, 31, 276, 3072 
Sea-urchins, 4081, 4082, 4083; com- 
])arp(l with ammonites, 1179 
Sea-walls, coustruction, 3.577-5.57'S ; 

reinforced concrete, 1557-1558 
Seakale, culture, 6674, 6675 ; market 
garden returns, 6836 
Seal, 2037, 2039 ; skin and fur, 6428, 
6t.S0, 6431 ; teeth of, 1765 
Sealskin, furs, dressing, 6430 ; dye- 
ing, 6433 

— in drain i)ii)(‘, 570, 572, 5052 
Seam, in dressmaking, 474 ; coat, 

pressing, 1842; French, 154; 
stitching, 527, 2207 ; twisted, 

cause, :5015; in underclothing, 
3:336 

— roller paperhangers’, 5827, 5829 
Seaman, legal rights, 6364; Royal 

Navy, service, 4265 
Seamanship, Ixxik on, 6410 
Seams of boiler, riveting, 3099, 3108 

— in mining, 2377, 2666, 3.307 

— in sheet metal, jointing, 5351, 5.362 
Seas, geology of, 1815 ; inland, com- 

munieatiop, value, 4498 
Seascape painting, evolution of, 4300 
Season land, meaning of term, 257 
Seasoning, wood, 52, 3540, 3541 
Seasons, 15, 6405 ; effect on body 
temperature, 440 ; Spani.sh names, 
2041 

Seat of brougham, 2829, 2831 ; motor- 
cars. 2557 ; railway carriages, 2556 
Sentiiig.s, boiler fittings, 3097, 3105 
Seaw'eed, 1386; edible, 1369; as 
manure, 590, 5587 
~ weather guide, 6131 
Sebaceous glands, function, 1423 
Secant, in trigonometry, 6231 
Secateur, use, 6315 
Secliwan, river, basin, 2976, 5658 
Second, arithmetical term, 171.5 

— in trigonometry, 6085 

— unit of time, 14, 226, 422 
Secondary schools, 1778, 178:3 ; girls', 

3505 ; masters’, 164, 6476 

— rocks, 2067, 2254 

“ Secoiid.s,” in china dealing, 1894 
Secretaries, private, clerical and poli- 
tical, 6480; women, 323 
Secretary bird, snake eating^ 2493 
Secretory organ.s, 197 ; limits of con- 
trol by will, 5841 

Section, drawing in, 1747, 2006, 2007, 
2009, 2790 

Sectional balancing, ledgers, 2980 ; in 
relation to trial balance, 2503 

— elevation and plan, definition, 2006 
Sections, for comb honey, 5960, 5962 
Sector, drawing instrument, 494 
Securities, acceptance by bankers, 4293 
Sedge, as farm weed, 1378 ; sewage 

plant, 4549 ; structure, 35 / 

Sedge w’arbler, nest, 2607 ; plate 
pre.eeding 2497 

Sediment, transport by rivers, 1035 

6987 
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Sedimentary rocks, 808, 1074, 1921 
Seed-barrow, 1233, 572, 1847 

— beetle, description, 3512 

— coats, defined, 347, 848 

— colour, Mendel’s law, 1481 

-- drill, 432, 1847 ; for mangels, 1230 

— drilling, 432, 637, 1231 

— harrow, construction, use, 1849 

— lac, production, 1035 

— plants. 350 ; dispersal, 909 
Seeding, in sugar manufacture, 3831 
Seedless plants : see Cryptogams 
Seedlings, tree, transplanting, 4677 
Seeds, 165, 635, 638 ; bird food, 2494 ; 

cataiiiilt, sling, and filpidng fruits, 
910, 911 ; •• dormant " life, 277 ; 
forage crops. 1197 ; in gardening, 
economy, 6833 ; germination, 347, 
350 ; grain and grasses, 872 ; 
preservation, winter, 728 ; jiro- 
duction of, 3i7, 348 ; root crops, 
942 ; of trees, 4677 ; winged, 911, 
’ 912; transported by wind, 1500 

Seedsmen, business of, 4995 
Seer of Guhr, of palm sugar juice, 4353 
Segmental, pattern construction, 2154 
Segregation, in metal, 4747 
Seidlitz powder, Kocliclle salt in, 4782 
Seine, river, banks, 1643, 1645 ; basin, 
1081 

Seine net, description, use, 4990 
Seismic wave, speed ami directicni, 1208 
Seismology, volcanic action, 1208, 1355 
Selection, in agriculture, 637, 638 

— germinal : see Germinal 

— natural : see Natural selection 
Selective absorption, astronomy, 6249 

— agents, biology, d(?ftned, 826 
Scleiiita, crystal of, /tlafe faring 1345 
Selenography : see Moon 

Self, in Hindu philosophy, 418; war- 
fare in society, 5247 ; in psycho- 
logy : see Personality, also Ego 
Self-acting incline, in mining, 3566 
Self-balancing ledgers, 2503 
Self-colours, in dyeing, 6504 
Self-control, and health, 2663 
Self-consciousness, connection witli in 
ternal sensation, 2374 ; in psycho- 
logy, importance of, 2373 
Self-education, contrasted witli in- 
struction, 2602 
Self-heal, farm weed, 1378 
Solf-pollination, of plants, 348, 909 
Selim I. and III., Sultans of Turkey, 
6447 

Seller's disc, 962 
Selling price, explained, 999 
Seltzer w'ater, composition, 6393 
Semicircle, definition. 4208 
Semicircular arch, thrust ftom, 2761 

— canals, of oar, 2534 
Semicolon, use, 1338, 6351 
Semi-deponent verbs, in Latin, 900 
Semi-diameter, defined, 6665 
Semi-girder engine, construction, 5911 
Seml-lunar valves, anatomy, 957 
Semites, etlmology, 1790 ; distribution, 

627 

Semitones, in music, 2721, 2311-2313 
Semolina, production, 3078, 3084 
Senna, source, uses, 6890 
Senate, Roman, 1201 ; (iracehus* re- 
forms, 1382 ; under Augustus, 
1672 

Sensation, elementary forms, 278 ; 
feeling-tone theory, 2517 ; in- 
hibition phenomena, 2258 ; in 
Locke’s philosophy, 2013 ; in 
lower organisms, 3117 ; organs 
of, 20 ; physiological, 1421 ; psy- 
chological account, 2116; in 
psychology, defects, 2012 ; re- 
lation to reason, 2803 

— reflex, physiology of, 23C2 ; in 

psy etiology, 2117 

Sensations, relativity ol, 1563; sub- 
jective symptoms of disease, 5539 
Sense-organs, diseases, 6264 
Senses, the five, criticism of division, 
2118 ; psychic theory, 3288 
Sensori-motor, 2117; function, 1943 ; 
of spinal cord, 2143 

— organs, structure, 1419 
Bent-enco, in grammar, 115 ; analysis, 

760 ; composition, 608, 4579 


Sepal, of flow’er, 346, 347 
Separator, use in dairy farming, 4211 

— in milling wheat. 3079, 3080 
Sepia, pigment, 871, 3116 ; drawing 

with, 1534, 1792 
Septicsemia, cause, 6544 
Sequences, in harmony, 366 
Seraphine, musical instrument, 5569 
Serfdom, Russian, 6200 ; ended, 6301 
Sergeant, Army, 3840, 40.30 ; police, 
qualifications and salary, 1407 ; 
in Royal Marines, 4266, 4269 
Serglng, stitch in tailoring, 1110, 1111 
Series distribution, electric, 2245 

— parallel distribution, 2246 
Series- wound dynamo, 1322, 1324 
motor, electric, 1931 ; for electric 

traction, 2088 

Serpent leather, • grain, plate facing 
;3217 

Serpentine, mineral, 768, 6743 

— rock, 529, 1009; formation, 1356 
Serum, 954 ; disease treatment, 6781 
Servant, domestic, 761, 814, 1091, 

1094 ; law of position, 609. 684 1 
Servia, 5709 ; freed from Turks, 6447 ; 

geography, 2165, 2167 ‘ 

Sesame, 5118 ; uses, 2704, 4833, 5118 
Set iron, in shipbuilding, 5738 
Set-squares, architect’s, 5420 ; draw- 
ing instrument, 284, 1748, 4644 
Sett hammer, 2983, 2985 
Sotting machine, leather, 3219, 3220 

— in plastering, 649, 5500 

— saws. 3754, 3755 ' 

— in turnery, 3317, 3319 

— rule, compositor’s, 5156, 5158 
Settling backs, in brickmaking, 1285 

— machine, for felting hats, 6375, 6376 
Setts, chisels, 4151, 4152 

— granite, description and use, 3244 

— paving, quarrying, 2955, 2956 

— of smithy, described, 2983, 2985 
Se-ven bishops, trial of, 4841 
Seven Years War, 5554, 6302 
Severn, river, 1276, 2066 ; tide, 556, 

5128 

S(;verns, Roman emperor, career, 2071 
Sewage, ammonia from, 4775 ; in 
buildings : see Drainage ; corn- 
Ijosition, 590 ; dcodorisation. 3262 

— disposal, 4547 ; bacterial treat lucnt, 

4742, 6541 ; chemical precipita- 
tion, 4549 ; contact purification 
system, 4743, 4745 ; in country 
houses, 780 ; distribution, sys- 
tems, 4549 ; distributors, auto- 
matic, 4821, 4824 ; engineer’s 

duties, 157 ; irrigation, 4548 ; out- 
falls, 4547 ; percolation beds, 4745 ; 
precipitants, 4550 ; pumping, 4462 ; 
purification, 4744, 4821 ; quality, 
4548; into the sea, 159 ; upward 
filtration, 4742 

— farming, chemistry of, 4548 
Stnvcr, construction and varieties, 

4,45 S ; level of, 784 

— gas, dealing with, 781 ; diseases 

produced by, 5054 ; prevention, 
570 ; removal, 4459 
Sewerage, of isolated buildings, 4457 
laying out, 4457 ; see also Sewage 
disposal 

Sewing, dressmaker’s accessories, 185 

— keys and press, bookbinding, 6776 

— machine, use of, 154 ; bootmaking, 

3875, 4017, 4434 ; glover’s, 5480, 
5482; saddlemaking, 4784, 5342 

— machine dealers, business of, 4997 
Sewing-maid, duties, 1092 

Sex, elementary signs, 384 ; funda- 
mental distinction, 4827 ; pro- 
blems of variation, 651 ; repro- 
duction in higher animals, 484 

— in botany, 730 

— equality, social conditions, 4826 

— predisposing cause of ill-health, 6700 
Sextant, 159, 1016 ; construction and 

use, 6658, 6664 ; in survey, 594 

— box, in surveying, 158, 267, 1018 
Seymour, Edward, Duke of Somerset, 

protectorship, execution, 3838 
Shactdock, fruit, 6890 
Shade, in colour, cause, 3780 ; in 
drawing, degree, 1534 
Shades of electric lamps 2613, 2614 


Shading, in drawing, 1533, 1535, 1540 ; 

pencil, 2184 ; in carving, 6135 
Shadow, in drawing, degree of, 1534, 
1794 ; edge of, in physics, 3368, 
3369 ; in perspective, 600 
Shadows, umbra and penumbra, 2435 
Shaft bar, of brougham, 2830 

— bearings, 962 

— engine, drawing, 4204 

— furnace : see Blast furnace 

— in mining, 3306, 3193 ; excavating, 

3457 ; exploratory, 2666, 2667 ; 
sinking processes, 3306, 3310, 

3347, 3457-3462 ; timbering, 3193, 
3308, 3310 

— of portable electric drill, 5449 

— of vehicle, leather trimming, 3622 
Shaftesbury, Earl of, reforms, 6691 
Shafting, forms, calculations and draw- 
ing, 3133, 3137 ; nickel steel, 
5984 ; power transmission by, 
5353 ; of saw-mill. 5668, 5669 

Shag tobacco, manufacture, 4373 
Shagreen, origin and use, 3065 
Shake, in music, 271 ; clarionet, 4789 ; 

pianoforte, 1892 ; violin, 2508 
Shakes, in timber balks, 52, 3541, 3545 
Shakespeare, William, 679, 847 ; in- 
stance of psychical variaiion, 
5387 ; as prose writer, 1641 ; 
relation to English literature 
generally, 848 : use of Anglo- 
Saxon words, 1771 ; his women 
characters, 2451 

Shale, 1073 ; in cement manufacture, 
1579, 1853 ; source of paralflii, 
4837 ; tar yield, 5461 

— miners, employment conditions, 2642 
Shale oil, 1164 ; retorts, 6149, 6150 
Shamoying, leather, 3165 ; see also 

Ghamois 

Shanghai, port, 2976, 5658 
Shanks, of drills, 5007 
Shannon, river, course 984, 1366 
Shapers, 3401 ; portable, 3319, 5278- 
5282', tests, 3965 
Shapes, millinery, 4860, 4861, 5036 
Share, ledger of limited company, 3186 
Shareholders, limited company, 3185 
Shares, limited company, 3185, 6801 
Sharks, classification, use, 3065 
Sharp, in music, 39, 1212; in tonic 
sol-fa notation, 924 
Shave, basketmaking, 5489 

— hook, plumber’s, use, 5029, 5030 
Shaving, m leather, 3218 

— knife, leather, 3218, 3219 

— in vehicle decoration, 3024 
Shaw, George Bernard, 1152 
Shawl, for layette, 3744 

Shea butter, source of oil, uses, 4832 
Shear legs, boring, use of, 2668 
Shearing, action of tools, 4149, 4584 

— machine, boiler shop, 3105 ; design, 

4204 ; hydraulic, 1222 

— sheep, 220, 2366 

— stress, in beams, 1257, 1360, 2197, 

2199 ', Dlied joists, 1987 ; wrought 
iron, 1392, 1393 
Shears, basketmakirig, 5489 

— dental, 6027, 6028 

— metal work, 6522, 6524 

— paperhanger’s, 5827, 5829 
Slieatliing, of passenger coach, 2834 
Sheave, of pulley, 684 ; in pattern- 
making, 2454, 2455 

— wheel, casting, 2337, 2339 

Sheep, 257, 2360-2365 ; books on, 
3471; diseases of, 2625; distri- 
bution and food, 72 ; fattening, 
2360 ; feeding, 2904 ; gestation 
period, 2364 ; norns of, 811, 2155 ; 
insect parasites in, 2626, 2627 ; 
intestines, length of, 578 ; rations 
for, 2364, 2366 ; skins used for 
fur, 6428; teeth, 2366; urine, 
analysis of, 433 ; washing and 
shearing, 220, 224 ; weights, 2367 

— farming, 2363 ; in early times, 68 ; 

In Great Britain, 2360-2365 ; 
N.8.W., 3701; N.Z., 3467; 8. 
Australia, 3899 ; U.K., 9S7; 

Victoria, 3702 

— hurdles, construction, 2364 

— ked, and maggot fly, 2626, 2627 

— Merino, development, 5120 
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Sheep, scab, 2366, 2627 

— tick, destruction, 2626, 2627 

— wild, even-toed foot, 1870 
Sheet (pll, in textile industries, 1886 

— glass, manufacture, 4531, 4.5.14, 5837 

— lead, manufacture and uses, 5987 

— metal bodies, elementary forms 

and combinations, 4521, 4623 

— printer’s, sizes, 5457, 6775 

— signatures, in printing, 5469 6776 
Sheetings, in building, dcscxiptioii, 330 
Sheets, in books, sizes, foiding, 6775 

— patient’s, arrangement, 6177 

— washing, 2965 

Shell, of boiler, 3097 ; furnace, 3102 

— carving, processes, 6300 

— of flre-box, construction, 3103 

— in mining, boring tool, 2666, 4480 
Sliellac, 810, 1035, 5147, 6890; in 

bronzing casts, 1673 ; in ins\ilation, 
672; in mortar, 1853; origin, 
3365 ; varnish, 2456, 5835, 6591 
Shell-expansion plan, of ship, 6917 
Shelley, Percy Bysshe, poet, 1308 
Shellfish, choosing, 1228; classifica- 
tion, 3113-3110, 32S4\ dietetic 
value, 3311 ; disease communica- 
tors, 5315 

Shells, armour piercing, 6619; cast 
steel, 6620 ; manufacturer, 0019 

— bivalve, 3284 

— cameo, kinds, 6300 

— of sea snails, 3113 
Shelves, fitting, 0631, 6585 

— bookcase, adjustment, 0689, 6590 

— glass, uses, 6S38 

Shepherd, duties, wages, etc., 3000 
Shepherd’s purse, weed, 880, 1378 
Shcrardisiiig metals, process, 6170 
Sheridan, Kd. Brinsley, plays, 1161 
Shetland Islands, geography, 1064 

— pony, description, 267.1, *2074 
Shield fern, culture, 6493 

Shield, hydraulic, in tubular railway 
construction, 5677, 6079 
Shift key, typewriter, 1627, 1528 
Shifts, In guitar playing, 3761 
Shim, in railway construction, 3437 
Shin, human, 1708; ossification, 430 
Shingle, angle of refxisc, 2572 ; forma- 
tion, 1072 ; and foreshore erosion, 
5577 

Shingles, roofing, 4870 
Ship articles, 6806 

— boy, meroa-ntile marine, 6803 

— British, defined, 636 1 

--- cockroach, classification, 3363 

— chandlers, business of, 5220 

— cook, mercantile marine, 6807 

— frames : see Frames 

“ Ship’s husband,” duties, 6362 

— jack, 1222 

— log, records, 6806 

— management, 6361 ; dictionary of, 

6413 ; merchant service, 6803 

— money, levy by Charles 1., 4552 

— stores, management, 6363 

— timbers, wood-working, 5996 

“ Worm, boring through wood, 3285 
Shipbuilding, areas, calculation of, 
59 '^5 ; bending moment, 6223; 
buoyancy, distribution, 0222 ; 
centre of gravity, 5969, 5972, 6222 ; 
employment conditions, 2644 ; dead 
weight capacity, 6964 ; displace- 
ments, 5964, 5900, 5967 ; fun- 
damental requirements, 5964 ; 
history of the art, 5254 ; hogging 
moment, 0222, 6223; ineriia 

moments ol sections, 6223, 6224 ; 
metacentre curve, 5972 ; modcils, 
experimental tanks, 6226 ; owner's 
requirements, 5964 ; practical 
training, 5402 ; righting arms, 
6970, 6971 ; sagciiig moments, 
6222 ; shell plating, 6917-6922 ; 
shipyard work, 5735-6743 ; sta- 
bility conditions, 5968 ; straining 
tendencies, 6224 ; strength and 
speed, 6221-0227 ; structural ma- 
terial, distribution, 6222, 6224 ; 
Tyne and Tees industry, 1272; 
volumes, calculation of, 5900 ; 
water resistance, friction, 6225 ; 
jjve-making, resistance, 62*25, 


Shipping, British supremacy, 6361 

— clerk, duties, 6363 

— owners, liabilities, 6365 
Shippers (bricks), 1947 

Shipyard, drawing-office, 5608 ; situa- 
tion and arrangement, 5736 
Shipwrights, Navy qiialiflcatiuns, 4268, 
Ships, auxiliary, 5398; builder’s cer- 
tificate, 6364 ; cellular construc- 
tion, 5*262 ; civilisation spreading 
function, 5*254 ; clinker built, 5255; 
completion, 5924 ; composite, 5257, 
5398 ; instruction, 5256, 52,57 ; 
declaration of ownership, 6364 ; 
double bottom, 5262 ; early, 5254, 
6266 ; forces acting on, 6222 ; 
horse-power, 62*26 ; iron, con- 
struction, statistics, 52.59 ; lacquer 
coating of hulls, 6577 ; modern, 
classes of, 5398, 5401, 5402 ; 

official mimber, 6364 ; paint for 
bt»ttomB, 6572 ; permanent magnet- 
ism of, 4246 ; propulsion, methods, 
5256 ; registration, 6364 ; speed, 
6224, 6227 ; steamers, 5258 ; 

steel, construct MJii, statistics, 5260, 
5261 ; steering, 6227 ; strength, 
6221 ; wtK)d, eonstruetion, 5259 ; 
statistics, 5201 : see also Steamers 

— design : 5008-6614 ; areae.aleiila tion, 

5905 ; difficulties in, 6227 ; draw- 
ings for, 5608-5019 ; general eon- 
(iitions, 5964 ; laying-off lines, 
5613 ; midship section, .5609, 6011, 
5612; model, .5614; ordering 
materials, 6008 ; plans, 5608, 
5009, 5610; structural beauty, 
5924 ; trial trip, 5924 ; tumble 
home, 5609 ; volume ealenlation, 
5900 ; water-line, 5608 ; weight 
ealenlation, 5964 

— sailing ; aiq>ear.anep,5398 ; American, 

.52.57 : apprentices, 0804 ; con- 
struction, 5256, 5257, 5400; con- 
struction plans, 5019 ; deck lines, 
5616; deck plan, 6019 ; decrease 
of, 5398 ; direction at nigiit, 6411 ; 
floor-plates, 5017 ; frames, 5018 ; 
fuU-ngged, type of rig, 5399, 
5400 ; general arrangement, 5400 ; 
keelson, 5617 ; landings, 5010 ; 
laniicliing, 5923 ; materials, 5398 ; 
as means of transit, 2278 ; model, 
working, 5615, 5010 ; ordering 
material, 5617 ; ribands, 5617 ; 
sails, 5399 ; screwing and inter- 
polation, 5616; speed, 622 1 ; 
steel (construction), 5400 ; stern, 
5018, 5619; tea clippers, 52.57; 
transom plate, 5618 ; types, .5398 ; 
world’s tonnage, 5259 
Sliire h(»rso, 23, 2073, 2075 
Shirring, milliner’s, 152, 4505, 4.566 
Shirt-blouse, material for, 186 
Shirt and collar making, 0790-6799 
Shirts, book on, 6798 ; boy -baby’s, 
4196, 4190, 4355; calico, dress, 
flannel day, football, fronted, 
morning, night, 0797-0799 ; sac, 
0790, 6798 ; starching, ironing, and 
folding, 2911, 2966, 6797 ; yoked 
and fronted, 0798, 6799 
Shoals, formation, 5578 
Shoddy, dyeing, 6502 ; manufacture, 
71 ; utilisation, 2897 
Shoe, evolution of, 3873 ; dres.sing, 
recipe, 5646 

Slice, cast-iron, in carpentry, 3643, 
3.547, 5793 

— of door frame, 518 /, 5182 

— retailing : see Boot and .sIkh; 

— rubber, manufacture, 5201 ; utilisa- 

tion of waste, 5309 

— steel driving (boring tool), 2000 
Shoemaker’s wax, recipe, 5646 
Slioemakitig : see Bootinaking 
Shoes, children’s, 4864 ; see also Boots 
Shoot, in cement manufacture, 1865 

— mine, 2378, 3194, 3304, 3305 
Shooting-board, uses, 3386, 4611 
Shooting-stars; see Meteorites 
Shooting-stick, compositor’s, 5457 
Shop, definition of, 43 ; bookkeeping : 

see Bookkeeping, and special head- 
ings ; branch shops, accounts, 
3417 


Shop, assistant, fines, law concerning, 
6846 ; living-in system, 6846 ; 
women’s training and prospects, 
323 

“fitting, 178, 395 

— window, use and arrangement, :r95 
Shop Hours Acts, provisions, 45 ; 

inspector’s under, 788 
Shobkeepor, small, competition, 6926 
Shopkeeping, principles of, 43, 175, 
702 ; law of, 45 ; retail business, 
6054 ; wholesale trade, 6207 
Shopping, guide to household, 1227; 

tourist, vocabulary, 1964 
Shops, engineering : see Engineering 
Shore, Crown ownership, 6220 
Shores, in building, 331, 910, 920 
Shoring, in building, 910, 920, 1463 
Short circuit, in elertricity, 464 

— coating set, infant's, 3860 

— cross-straps, of harness, 4886 

— division, explained, 9] 

— sightedness : see Myopia 
Shortening infant’s elotlies, 4683 
Shortliand, 48; importance in L.C.O. 

exams., 1215 ; in hnsiness corre- 
spondence, 6354 ; knowledge by 
insurance clerk, 1725 ; use in 
reporting, 3975, 4191 

— typist, salary, 1918 

— writer, charges for, 1920 
Sliorthorn cattle, 986, 2235, 2237 ; 

dairy, 3666, 3007 
Shorts, livestock food, 2369, 2704 
Shot, manufacturing, 1162, 5988 ; 

velocity test, 6613 

— case, ironmonger’s, 3.573, 3576 

— effects, in dyeing, 0502 
metal, composition, 3941, 5988 

Slioulder, human, leverage, 1798 
Shovel, gardener's, 0316 

— in mining, 2583, *2847 
-- in railway work, 3172 
Show-room, 659 ; books used, 776 
Shrapnel shell, uses, type, 0018, 6619 
Shnnv, description, 1763 

Shrimp, 3806; fishing, 4091 
” Shrimp dirl,” Hogarth’s picture, 4392 
Shrinkage in clothmaking, 4107, 4110 

— of metals in casting, 2342 ; steel, 

2698 ; in ” Bweepihg-up ” mould- 
ing, 2461 

— of timber, 52 
Shropshire sheep, 2301 

Shrubs, flowering, culture, 6530; for 
general planting, 6206, 6316 
.Shnnt-wonnd dynamo, 1324 

— nu)tor, contrasted with series, 1931 
Shunter, railway, 4804, 6070, 5074 
Shunting, of railway goods, 6070, 5074 ; 

on temporary lino, 3264 
Shutter, flre-re.sistiug, 4760 

— window’, construction, 5186, 5187 
Shuttle, of Northrop loom, 3635, 3036 

— weaving forms, 3685 

Siam, ethnology, 1789; geography, 
2972, 2973 

Siberia, geography, 2716, 2717 : rail- 
way, 2717, .5707 

Sibilants, in grammar, 121 ; in short- 
hand, 427 

Sicilian marble, plaie lacing 480 
Sicily, architecture, 3232 ; calls help 
from J’yrrhns against Carthage, 
1203 ; geography, 2230, 2232 ; 

(ireek remains, ‘2859 ; history after 
division of Italy into states, 2945, 
2946 ; touring, 948 

Sick-berth attend.ants. Navy, 4265, 4260 

— - leave, (.fovernment offices, 2159, 2576 

— room, choice and care, 6173, 6176 
Side-arm roller, paperhanger's, 5827, 

5829 

— bar keel, form.it ion, 6730 

— chain, catalysis theory (Ehrlich), 4135 

— chisel, woodworking, 6854, 0855 

— drum, construction, use, 5566, 5733 

— spring, vehicle, 2725, 33*28 

— stick, compositor’s, 5457 

— stitching, in tailoring, 1110, 1111 

— tip waggons, 3176, 3252 

— w'idths, of railway line, 802 
Sidebone, in horses, treatment, 2622 
Slderite, mineral, 768, 4466, 674.3 
Sidings, railway, 3610, 5074 

Siege, in glass-making, 4532 
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Sieg3 works, military engineering. fi273 
Siemens gas, production, use, 0818, 6827 

— furnace, 4126, 501 :J, 5(9 J5, 5016 

— processes, in steel and iron, 234 
Siena, catliedral, 2230, 3376 ; modern 

painting, 3518 

Sienna, colour, manufacture, 5144 
Sifter and scalper, in milling, 3081, SOHi 
Sighing, physical explanation, 1303 
Sight, discrimination inferior to that of 
hearing, 2317 ; effcut of civilisa- 
tion on, 3179 ; organs of, 197, 2146, 
2400-^2403 ; variation in, 3944; 
without eyes, 3285 

— reading, music, 2024, 4179 

— testing, practice, 4141, 4143 
Sigmoid flexure, 570, 579 
Signai-box, railway, 4686, 4687 ; con- 
trol of points, 3610 

— lamps, railway, 4680, 4691 

— repeaters, railway electrical, 4688 
Signalmen, Navy, 4266, 4268 ; railway, 

4690 ; railway fog, 4692 
Signals, railway, 4685-4092 ; observa- 
tion, 4600; power, 4087-4089 ; 
school of, 4690, 4691 

— department, organisation, 4231 

— stiip’s, varieties and uses, 6411 

— wireless, 3895, 3897 
Signature, in music, 272 

Signs, law of, in algebra, 1993, 2151 
Sikkur bridge, river Indus, 2730, 2740 
Silence, caused by interference, 3230 
Silesia, Austrian, geography, 2162, 
2165 

— German, ceded to Prussia, 6302 
geography, 1974-m^, 5825 

Silica, 1160; in cement manufacture, 
1857. 1858 : concretions, 1074 ; 
effect on lime, 1456 ; in llrebricks, 
1285; formation, 1356; in glass 
manufacture, 813 ; in mineralogy, 
767 ; as plant food, 168 ; from 
rocks, 1455 ; refractoriness, 3941 ; 
test for, 4411, 4416 
Silicates, in geology, 768 
Silicon, chemistry of, 1160; compared 
with carbon, 239 ; in earth’s crust, 
239, 624 : in iron, 232, 1044, 4907 ; 
in steel, 4747, 5019 

— bronze, 3940, 6309 

Silk, carpet inamifactnre, 3360 ; 
cleaning, 2595, 6012 ; in cloth, 
dissolving, 3015 ; as clothing 
material, 4256 ; design, fitness, 
5980 ; fibres, 68, 69 ; fabrics, 
designs for woven, 65.97, 6598 ; 
gum in, 810 ; impurities, 
5640 ; loom, 3912 ; microscopic 
structure, 820, 822 ; printing, 
4499, 4.502; “scroop," 5640; 

sliver of waste silk, 1724 ; source, 
5120, 5640 ; spinning, 2444, 2596 ; 
stocking yarn, 4619 ; test of thread, 
5508 ; throwing, 2595 ; trade and 
industry, 581 ; for trimming, 5774, 
5775 ; tussore, source, 5120 ; used 
for underwear, 3094 ; washing and 
ironing, 291 1 ; w'aste, drawing 
process, 2100 ; waste, treatment, 
1245 ; watered, imitation, 4345 ; 
waterproofing, 808 ; width, 186 ; 
winding, 2595 ; and wool mixture, 
1125 ; yarn counts, 2896, 2897 

— artificial, 5120 ; dyeing, 5639 ; forest 

industry, 4928 ; viscose, 0502 

— dyeing, 5640, 5905, 0109 ; action of 

dyes, 5637 ; dyebaths, 5954 ; 
hand, 6367 

■ sewing, quality, 185 

— twist, for buttonholes, 153 

— glands, of spider, 3804 

— hatters, employment, 2651 

— mercers, business of, 5221 

— moth, cocoon. 3.515 

— reeler, primitive Chinese, 684 
Silks, trading in, 1096 

— workers, employment, 2650 
Silkworm, cocoon, 3515 ; cultivation 

and rearing, 682, 584, 5120; 
Pasteur’s cure of diseased, 3274 
Sill, in geology, definition, 2065, 2066 

— of light waggon, 2829, 2030 

— window, 5183, 6186; bricks for, 

1949 , 1960; lead apron of, 

5033 ; of room partition, 4448 ; 


stone, 3241 3248; terra cotta, 
2781 2784 ; timber used in tun- 
nelling, 331 

Silo, in agriculture, 1070 

— plant in cement manufacture, 1853 
Silt, deposit by rivers, 5483, 5484 
Silurian system in geology, 2067, 2253 
Silver, 361, 4303, 5847; alloys, 361, 

5857 ; analysis, 4413 ; in art w'ork, 
5527, 5523; in atomic evolution, 
1917; books on, 5860; casting, 

5858 ; chemistry of, 1447 ; colour- 
ing, 5858; distribution, 3772, 
5847; in copper refining, 5754 ; 
electrical conductor, 672 ; electro- 
lytic refining, 5848 ; electro- 
chemical equivalent, 3202 ; electro- 
plat iiig, 3421 ; extraction from 
galena, 358 ; extraction processes, 
4303, 5755, 5847 ; in gold alloy, 
5856 ; hallmarks, 5860 ; lead 
recovery, 4304, 5848, 5087 ; melt- 
ing, 6858 ; micro-structure, 3934, 
jUdle V7^cfiding 3937 ; occurrence, 
3772, .5847; ores, 4303, 5847; 
" parting ” process, 5848, 5849 ; 
physical properties, 1396, 3837, 
3838, 3839, 4303 ; refining process, 
5848 ; solder for. 5523 ; soldering, 
6160; standard alloy, 5523; 
standard rates, 5857 ; uses, w’orld’s 
production, 6307 

— cliloride, chemistry of, 1597 ; 

“ clotted " precipitate, 4404, 4405 

— cyanide, formation, 3261, 3537 

— dealers, business of, 5223 

— fir, timber, 55 ; culture, 4679 

— flsli, classification, 3363 

— German : see German silver 

— leaf, burnishing, 6277 

— moth, disease in sugar beet, 4048 

— nitrate, double decomposition, 1597 

— plate, dealing in old, 893 

— plating, pr<»ce8s, 3421 

— - point, drawing witli, 1534 
Silvering mirrors : see Mirrors 
Silversniithing, 5521, 5687, 5090 
Similar motion, in harmony, 365 
Siinlruba bark, source and use, 6068 
Simnuiring, temperature for foods, 

1485 

Simple time, in music, 40 
Simplicity, value in art w'ork, 5522 
Simplon, pass and tunnel, 1839 
Simpson’s area formulip, shipbuilding, 
5905 

Sincerity, factor in Journalism, 3812 
Sind, province, India, 2820, 5381 
Sine, in trigonometry, 6231 ; sum and 
dilfereiice, formulae, 6499 
Sines, law of, in light, 2732 
Singeing, in cloth manufacture, 4344 

— in dyeing, 6197 
Singer, debut of, 6340 

Singing, 6047, 6182, 6.836; bad pro- 
duction, 6183; breathing, 0051, 
6185; care of the voice, 2538; 
faults, list, 6185 ; mannerisms, 
6190 ; notation, the staff, 37 ; 
phrasing and articulation, 0330 ; 
styles, 6340 ; vocal organs, 6047 ; 
voice production, 6047 
Single uccouut bookkeeping, 3332 
Single entry, in bookkeeping, 3916 
Single-needle instrument, telegraph, 
4385 

Single-phase motor, for traction, 2088 
Singling, in yarn manufacture, 2100 
Sink, kitchen, care of, 1003 ; lead- 
lined, 5632 ; scullery, drainage, 
572 ; slate, 3248 ; slop, 5053, 5055, 
6633 ; waste w^ater, 669 

— in mining, definition, 3457 
Sinker-bar, in rope boring, 2845, 2840 
Sinking, in ashlar walls, 3035 
Sinking fund, 2884, 3331 

Siphon, of bivalve, 3113, 3284, 3285 
Siphon-worms, 3967, plate facing 4081 
Siren, principle of, 210.3; power 6128 
Slrenia, order, 1494, 1762, 2039 
Sirius, double star, 6096, 6698, 6699 
Sirpula, sea worm, 3956, 3957 
Sisal, 818, 4176, 5118, 6891 ; dressing, 
1889 ; non-dyeable. 5639 
Site, in building, 308 ; plan, 6642, 5543 ; 
selection, 144 


Settmakers, in mining, 2955, 2066 
Size, manufacture of, 1036 ; leather 
recipes, 6646 ; vellum, 6276 ; white- 
washing, 5835 

— kettle, paperhafiger’s, 6827, 5829 

— stick, bootmaker’s, 3875, 4015 
Sizing, paper-making, 1167, 6278, 6396 

— textile manufacture, 3489, 3490 
Skate, 3066, 3067 ; value of fishery, 

4989 

Skein-making, in basket work, 5489 
Skeins, dyeing, 6367 
Skeleton, human, bones, 1348, 1349, 
1003 ; comparative anatomy, 1603, 
1604 ; vertebrata, 98 
Skeps, bees’, use, 5958 
Sketches, detail, duplicating, 4329 
Skewback, in brick arches, 2386, 2387 ; 

of stone .arch, 3143, 3147 
Skewers, use in casting, 2338 
Skilled workman, definition, 307 
Skimmer, in salt manufacture, 4717 
Skimming ladles, form and use, 2867 
Skin, of animals, structure, 2852 

— human, 1419-1423 ; changes accom- 

panying psychic phenomena, 2694 ; 
conduction, radiation, evapora- 
tion, 440 ; impurities, 4255 
Skins, animal, taxidermy, 6328 

— bootinaking, scientific cutting, 4242 

— couch covering, 6719 

— bookbinding, 6778 

— leather, varieties and structures, 

2852 ; see also Leather 
Skip, in minii^, 3306, 3307 
Skippers, certificates, 5317 
Skirt board, dressmaker’s, 185 
Skirting, moulding lines, 2129 ; fire- 
resisting, 4757, 4759; raking 

mouldings, 5297, 5299 
Skirts, .523, 525, 654, 801; corselet, 
2205, 2207 ; divided, 3473, 4473 ; 
evening, with pleats, 657 ; flounced, 
055 ; girl’s, 2408, 4473 ; linings 
for, 186 ; silk slip, for layette, 
3744, 3854 ; unlined, 970 
Skiving, boot, 4017, 4238, 4434 
Skull, human, anatomy, 1603, 1604, 
1005 ; importance in anthropo- 
logy, 1785, J787 : joints of bones, 
1709; in modelling, proportion, 
1348, 1349 

Skunk, skins and fur, 6428, 6430 
Sky, cause of blueness, 3728 

— lights, 5185, 5187 ; glazing, 5839, 

5840 ; lead protection, 5034 
Slabbing machine, soap, 4904, 4065 
Slag, basic, for manure, 5587 

— blast furnace, 4469 ; action on iron 

flux. 4467 ; use in brickniaking, 
1282; in cement, 1579, 1860; as 
manure, 590 ; in smelting, 232 ; 
of steel, 5013-5018; utilisation, 
4125, 5767 ; in wrought iron, 
4465, 4635 

— cement, varieties, 4469 

— wool, manufacture, 813, 4469 
Slaked lime, 647, 8 44 

Slant height, in drawing, 4522 
Slate, 6891 ; in cement manufacturing, 
1579 ; cleavage plane, 1355, 1356, 
1925 ; as electrical insulator, 672 ; 
formation, 530, 531 ; geological 
classification, 1073 ; in masonry, 
3248 ; quarrying, 2379, 2900 

— clubs, cautions as to, 3226 

— lithographic, 6635, 6636 

— refuse, use, 1282, 5767 
Slater, work of, tools, 4865, 4867 
Slaters, employment conditions, 2643 
Slates, roof, varieties and fixing, 486.'*, 

4807 ; for concrete roofs, 4758 ; 
glass, 4868 ; stone, 4867, 4870 
Slath, in basket-making, 6489, 5490, 
5563 

Slating, dictionary of, 2843 
Slave labour, use in transport, 4516 

— trade, abolition by Spain, 6304 ; 

African, 3278 ; beginning, 5844 
Slavery, abolition of Colonial, 5686; 
abolition by Holland (1862), 6304 ; 

“ fugitive slave law," 5976 
Slavonic languages, list, 1771 

— races, ethnological survey, 1790 
Sleekers, tool used in moalding» 2457 
Sleeking, leather, 3218, 3220 
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Bleep) dnigs producing, 5469 ; auto- 
suggestion, experiments, 2549 ; 
sufficiency of, conditions, 4390 
Sleeper, of engine frames, load, 4200 

— railway, varieties, laying, etc., 3429- 

3434, 3607 ; Bethell’s process for, 
52 ; care of, 3257 ; use in gate 
construction, 3615 ; on mountain 
railway, 3816 ; trestle bridge, 6266 
Sleeping sickness, cause, 4089 
Sleeplessness, treatment, 4!^30, 6262 
Sleeve, term in drainage, 736 

— in dressmaking, 187, 191, 477 ; for 

little boy, 1289, 1460; of boy’s 
overcoat, 1755 ; for blouses, 522 ; 
of girl’s French frock, 4476 ; for 
girl’s sacqiie jacket, 2471 ; man’s 
lounge jacket, 2753, 2875 ; man's 
, vest, 1873 ; princess robe, 2206 ; 
woman’s coat, 2056 

— board, in tailoring, 1110 
Slewing, in basket-making, 5489, 5490 
Slide-bar, in grinding, 3403, 3406 

— rest, of lathe, 4914, 4915 

— valves, link motions, 6139, 0140] 

Zeuner’s diagrams, 6140, 0141 
Sliding friction, defined, 958 

— ways, in launching ships, 5923 
Sling-fruits, seed dispersal, 910, 9J1 
Slinking, in cattle, treatment, 2623 
Slip, in carpentry, 3388 

“ • in induction motors, 1909 

— in yarn counts, 2895, 2896 

— band of crystal, 3937 

— coaches, railway, working, 4802, 4805 

— galley, compositor’s, 5158 
Slipper, gully in drainage, 781 
Sli])way8, dock, 6497 

Sliver, dyeing, 6367, 6368 ; forming, 
1724, 1885 ; thinning threads, 

2097 ; in woollen manufacture, 70 
Slocomb machine, leather, 3164 
Sloe, spines, function, 1114 
Slogging, in cupola furnace, 2862 
Slot -drilling, shafts, 3103, 3405 ; ma- 
chine, use in key grooving, 5448 
Sloths, 1763, 1871 ; skeleton, plate 
facing 2065 

Blotters, machine, 3317, 3319, 5003 ; 
compared with milling cutters, 
3401 ; keyway cutting, 3404 ; 
portable, 6276, 5279 ; test, 3065 
Slubhing, cotton, 2098, 2290 
Sludge, sewage, treatment, 4550 
Slug, 3113, 3115 ; food of birds, 2494 ; 
how plants protect themselves, 
1115 

-sea, 3114, 3115, 3161 
Sluices, dock gates, construction, 6496 
Sluicing, ground, in mining, 2959 
Slur, in music, 271 ; tonic sol-fu, 922 
Slurry, 1579; cement, 1855, 1856 ; 

analysis, 4416 ; drying, 1728 
Smacks, fishing, 4989 
Small pox, 5410 ; immunity from, 
6543 ; races exterminated by, 
6782 ; red light treatment, 3372 
Smalts, glass, 4930, 5985 
Smell, organ of, 197, 2146, 2536, 2537 
Smelting, in metnlliirgy, 231, 356, 
3835, 4125 

Smith, Adam, economist, 2055 

— - Sydney, works, 2309 
Smith-Premier typewriter, 1529 
Smith’s clinker cooler, 1731, 1732; flurry 

wash-mills, 1680 

— solution, 737 ; pitch compound, 646 

— work, dictionary of, 3107 
Smithy, engineering, 2108, 2893 
Smock, overall, boy-baby's, 4195 
Smog, term for fog, 1900 
Smoke-box, of boilers, 3105 

— of locomotive, 6514, 6515 ; cleaning, 

4597, 4599, 4601 

— tost, for drainage, 783 

— tubes, boiler, 3099, 3101, Z104 
Smoking, tobacco, effects, 4010 
Smoothing brush, paperhangers’, 5827 
-“Plane, 3385, 3387, 3756, 3767 
Smut, fungous disease, 1667, 1669 
Snail, of eight-day clock, 5716 

— land, characteristics, 3113-3115 
Snakes, 2677, 2681; blood tempera- 

2493’ secretary bird, 

— bite, cure for, 2981 


Sn^, use, 4585, 4686 

— flask, for moulding, 2688, 2700 

— in riveting, described, 3096, 3108 
Snap-dragon, 354 ; pollination, 732 ; 

pollen protection, 1114 
Snapshots, in photography, 6680, 6684 
“ Sniftiiig,” aerated water, 6392 
Snipe, 2212 ; carving. 5934 
Snow, geological effeet, 1504 
Snowdon, I2T6 ; railway, 2276 
Snowdrop, 351, 355 ; culture, 6490; 
growth in woods, 50! ; pollen 
protection, 1114 
Snow-line, variation of, 1636 
Snuff, manufacture, 4373, 4375 
Soak-pit, in leather manufacture, 2853 
Soakers, of gutters, use, 5031, 5034 
Soap, 4963, 4906 ; books on, 4834 ; 
dyeing, 5781, 5954, 6770 ; forma- 
tion, 348."), 4829 ; in laundry work, 
2477 ; oils used in, 1032, 4963 ; in 
sizing paper, 639.") ; in washing the 
skin, 4255 

— bubble, balloon experiments, 3977 ; 

surface tension and colours, 3367 

— washing powders, 4966 
Soaping niaeliine. in dyeing, 6371 
Social heredity, explanation of term, 

5386 ; inffiiencc on government, 
4370 ; instances of, 5387, 5388 
Societies, animal and human, 4123 
Society, dissimilarity of units atid 
progress, 5387 ; dynamic condi- 
tion, 5533 ; liberal and conserva- 
tive forces, 5530; growth in- 
evitable, 5246 ; industrial stage, 
5096 ; at the level of the ant-heap, 
5248 ; military stage, 5096 ; mili- 
tary-indnstrial stage of, .')(»97 ; 
an organism, .5245 ; relation to the 
individual, 4360, 5245 ; science of, 
3870 ; H]>iritual type 5097, 5245 ; 
compared with chemical eomponnd, 
4278 ; unity of organism, oloo; 
without the “ self,” ,5247 
Society of Arehitccts, 1912 
Society of Arts, examination, 149 
Sociologist, aims of, 5533 ; moral and 
intellectual training, 4121, 4122 
Sociology, 3869 ; alcohol problem, 
.5812; hook.s on, 5816; former 
conception, 4275 ; an aeadeinic 
subject, 4123 ; comparative, 4123, 
5248 ; descriptive, 3986, 5817 ; 
moral ideas and social probltMus, 
4124 ; natural selection in, 5386 ; 
practical interest, 5670 ; relation 
to biology, 137 ; relation to ethics, 
4275 ; relation to geograpljy, 
3989’ relation to psychology, 
2012; relation to other sciences, 
5670 ; scope, 4123, 4275 ; Spencer’s 
work and life, 4121, .5816 
Socket chisel, 4150, 4151 
Socrates, 774, 975 ; ” argument,” fron, 
analogy, 3230 ; condemimtioii, 
2506 

Soda, 842 ; use in laundry- work, 2477 : 
see also Sodium, Sodium carbonate. 
Soda crystals and Caustic soda 

— ash, manufacture, 4773, 5780 

— crystals, formula, adulteration, 4773 

— fountains, in chemists’ .shop, 1655 

— water, constituents, 3379 ; manu- 

facture, strength, 6391, 6393 
Sodium, chemistry of, 840, 841, 5756 ; 
distribution, 3771 ; in earth’s 
crust, 239, 624 : electro-positive 
atoms, 2297 ; emission of i»ositivc 
ions, 4700 ; spectroscopic examina- 
tion, 3370; in sun, 3371 

— bicarbonate, 4774 ; nifr., 4772 

— bisulphate, in dyeing, 5781 ; pre- 

paration, 4627 

carbonate, 842 ; contmerical, 4774 ; 

in dyeing, 5780, 5954 ; manufac- 
ture, 2714, 4770, 5759 

— chlorate, preparation, 4778, 5760 

— chloride, 359, 3261 ; decomposition, 

1698, 4634 ; in dyeing, 5780, 5954 ; 
electrolysis, 5757, 5759 ; in human 
body, 438 : see also Salt, common 

— hypochlorite, mfr., 5759, 5760 

— nitrate, in gunpowder, 6758 ; as 

manure, 589, 590, 4048 ; product 
Of Chile, 4289, 5308, 5587 


Sodium peroxide, in bleaching, 6190 

— phosphate, in dyeiiig, 6780, 6781 

— salicylate, source, use, 3818, 3819 

— sulphate, in " caliche,” 5587 ; jo 

dyeing, 5780 

— sulphide, in dyeing, 5781 ; in soften- 

ing hides, 2853, 2854 

— sulphite, as food preservative, 6408 

— tartrate, composition, 4774 
Softener machine, textile, 1026, 1385. 

1386, 1388, 1390, 2.595, 2590 
Soil, effect of rain on, 1503; enriched 
by plants, 504 ; fertile and un- 
fertile, 4497 ; formation, 1071, 
1502, 1815; geographical import- 
ance, 4497 ; plant food, 107 

— in agriculture, constitution, cultiva- 

tion, 255, 430 ; tnfensivc culture, 
21 ; manuring, 589 ; rotation of 
crops according to, 1200 

— in building, 330 ; bearing power, 

329, 331 ; in foundations, 142 

— garden, improvement, 6203, 6204 

— in hygiene, 5273, 5274, 5409 
Soil-drain, 509, 780 

Soil-pipe, ill drainage, 736; manu- 
facture, 646 ; for ventilating, 782 
Solar plexus, 1944 

— system, 11, 6250 ; Copernican, 6121 ; 

cosmic future, 6702 ; nebular 
hypothesis, 620, 6701 ; radiation 
pressure and consequences, 939 
Solder, composition and kinds, 360,1 160, 
3941, .5523, 5830, 5987, 6453; 
dental, 6028; h^d, 64.58, 64.59; 
jewellery, 5857, 5858 ; plumber's, 
3941, 5987 ; soft, 6457, 6458 

— pot, plumber’s, 5029, 5030 
Soldered joints, in building, 5032 
Soldering, 3839, 5352 ; in art metal 

work, 5523, 5525 ; autogenous, 
360, 6454 ; fat, composition, 6458 ; 
fluxes, 6454, 6458 ; hard, 6453, 
6458 ; in jewellery, 5858 ; pastes, 
composition, 6458, 6460; plum- 
ber's, 5029, 5030, 5627 ; soft, 6457 

— iron, 5029, 64.57 
Soldier : see Army 

Sole, 3069 ; carving, 5936 ; choosing, 
3717 ; digc.stihility, 3314 ; eye.s, 
2403 ; frying, 1873 

Sole, of boot, 387.S ; cutting, 4137, 
45 40, 4541 ; manufacturing pro- 
cesses, 4138, 4240, 4242, 4542 
Soleplate, marine engine, 6295 
Solicitors, 6748 ; artieled clerks, 6750 ; 
examinations, 6748 ; municipal 
appointments, 1410, 6571 ; otfieial 
positions, 6751 ; railway, duties, 
4227, 4228. 5107 ; training, fe»«, 
etc., 163, 6749 

Solid, in geometry, 1747, 2605, 2607, 
4207 

— physiol, definition, 3836 ; expansion 

under Jieat, 1738; sound trans- 
mitting medium, 2101 
Snlidifieation, of liquids, 1268 

— of matter, molecular motion, 1269 
Soling, in hoot making, 4138 
Solipsism, in philosophy, 6469 
Solstice, 6248, 6250; causes, 6405; 

summer, 36 OS 

Solution, dissociation theory, 44f)(i, 
4698 ; electrolytic and non- 
elect roly I i«*, 4563; Jaws and 

problems of, 4562; proporfie^ 
of, 4698; volume inversely pro- 
portional to prc.ssiire, 4562, irjSH 
Solvay process: see Amnioiiia-.-o !a 
process 

“Somatic,” in biology, 485, 1587 
Somnambulism, mental state, 3288 
Sonata, in music, 634 
Song, 6340; “word picturing,’ 6336 
Song-hird.s, description, 2209 
Sonnet, intn>duction in English, 328 ; 
Shakespeare, 683; Wordsworth, 
1303 

Soot, danger of, 1226 ; as manure, 589 

Soporifics, kinds, 6469 

Soprano, clef in musical notation, 1059 

— part, in harmony, 304 

— voice, 6050, 0182 ; exercises, 6 103, 

6187 

Sordino, horn music, 5732 
Sore throat, in pigs, 2626 


6991 
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Sorghum, as cattio food, 2905 ; source 
of siignr, 3Q52, facing 3{549, 
mi, 4875 

Sorrel, farm weed, 1378 ; salts of, 3704 
St rters, in Post Office, 2809 
Soudan : see Sudan 
Soul, relation to spirit and body, 4527 
Sound, 2064, 2101 ; brain perception, 
2315, 2536 ; direction judging, 
2316 ; feeling vibrations of, 2318 ; 
interference phcnoiiieiiu, 3229 ; 
physiological account, 2534 ; pitch, 
2102 ; refraction, 2102 ; waves, 
compared with light waves, 2102, 
2433, 3229 

— of fishes : see Swimming-bladder 
Sound-board, alutniniuni, 5991 ; organ 
function, 3857 ; pianoforte. 1210 
Sounder, telegraph, 4382, 4608, 5065, 
5178 ; Morse, 5065 ; quadriiplex, 
5243 


Sound post, violin, 2122, 2123 
Soundings, in murine surveying, 1017 
Soups, recipes for cooking, 1735 
Source, of river, definition, 456 
South Africa, commercial opportunities, 
6212 ; constabulary, 3540 ; ethno- 
logy, 1789; geography, 3581- 
3587 ; medical profession, 5428 ; 
teachers in, 3741 

South America, coalfields, 6305 ; 
fauna, «28 ; forest trees, 626, 627 ; 
geograpliy, 460, 4282, 428'f 
South Australia, climate, 3236 ; cottou 
production, 385 ; farming, 3236 ; 
geography, 3899 ; rainfall and 
stock, 5660 ; wool industry, 3237 
Southdown sheep, 23, 2361 
Southampton, harbour regulations and 
revenues, 6220 ; shipping, 6005 
South Kensington School of Art, 868 
South pole, 293 ; position, 1 3 
South Wales, geograidiy, 1277 
Southwark bridge, construction, 2498 
Southern hemisphere, explained, 13 
Southey, Hobert, poet, 1307, 2309 
Sow thislle, farm weed, 1378 
Sower,” Millet’s picture, 342 
Sowerby Bridge, wool counts, 2895 
Sowing, in agriculture, 431, 035-637 ; 
cereals, 872, 1229 ; clovers, 940 ; 
forage crops, 1197 ; grasses, 872, 
3256 ; root crops, 942, 123;{ 
Soxhlet fat-determining apparatus, 4722 
Space, ether, 935 ; Kant’s doctrine, 
2013 ; psychology, 2119 

— in design, 5820, 5977 
Spade, gardener's, 6315 

— tools, carver’s, 5809, 5810 
Spadix, of arum, 351, 355 

Spain, African possessions, 3278, 3587 ; 
architecture. Gothic, 3376 ; art, 
4119 ; coalfields, 5302, 5304 ; 

coins, weights and measures, 410 ; 
economic divisions and conditions, 
6823 ; geography, 2232, 2233 ; iron 
ore, ontptit, 5307 ; literature, 2962, 
3782 ; medical profession, 5429 ; 
touring, 1132 

— history, at opening of Middle Ages, 

2241 ; in Middle Ages, 2354 ; to 
Ferdinand II., 2946 ; colonisation 
of America, 3606 ; mcdia[)val, 
4396; from 1588 to reign of 
Charles IV., 5397 ; from 1817 to 
1902, 6304 

Spalling hammer, 532, 2839 
Span, of beam, definition, 1984 

— of roof, carpentry, 4250, 4252 
Spanish Armada, 4397 

— chestnut, timber, 66 

— fly, cantnarides from, 3512 

— fowls, 4956, 4957, 5622 

— language, alphabet, 2040 ; com- 

mercial phraseology, 6086 ; com- 
mercial correspondence, 6091, 
6235 ; correspondence, general, 
5803 ; dates, 3792 ; days, 3792 ; 
dialogues, 6514 ; English impor- 
tations, 1770 ; euphonic changes, 
3792, 4078, 4509 ; idiomatic 

phrases, 0236 ; Latin and Greek 
root wofds, 6810 ; suffixes, diminu- 
tive, 2628; tourist vocabulary, 
1957 ; translation charges, 1920 
mahogany, 56, 1260 ; use, 2827 


Spanish Succession, War of, 4951, 5397 
Sparging, in brewing, 6067, 6229 
Spark apparatus, Faraday’s, 951 

— coil, invention, 130 

Sparklcss commutation, dynamo, 1323 
Sparrow-hawk, jeweller s, 5867 
Spars, rectangular, strength, 6266 

— of ships, kinds, 5398 

Sparta, cause of decay, 4664 ; instance 
of militarism, 4371, 5095 ; history, 
668, 772, 1203 

Spathic iron ore, 231, 1044, 4460, 5306 
Si)avin, in horses, treatment, 2622 
Spear heads, cave-dweller's, 2478 
Special service, Navy, 4265, 4266 

— subject teachers, pay for. 6479 
Specialisation of function, importanee 

in biology, 278 ; sex evolution, 382 
Specialities, in shopkeeping, 6208 
Species, in biology, defined, 135, 380 ; 

in counterpoint, 632 
Specific characters, of animals, 279 

— gravity, 797, 1078; Archimedes' 

discovery, 35 ; bricks, 1520 ; build- 
ing stones, 1518 ; metals and alloj.s, 
1396, 3837 ; minerals, 766, 6731 ; 
j)reciou8 stones, 5853 ; timbers, 
1259 

— gravity bottle, 1078 

— heat, 1564, 1739 

Specification, architect's, 1910; in 
building, definition and use, 307 
Spectacle Makers* Company. 4141 
SpectacUvs, lens grinding, 6128 ; pebble 
and glass compared, 3372 
” Spectator, The” (Steele and .4ddison), 
1903, 2963 

Siujctra, stellar, plate facing 6097 
Spectroscope, 3369 ; in analysis, 4406 ; 
in astronomy, 6248, 6098; star 
motions measured by, 3371, 6698 
Spectrum, 3369, 5193 ; complementary 
colours, 3729 ; beat rays, 2060, 
2133, 3617 ; invisible rays, 3371 ; 
confirmation of electron theory, 
3618 ; scries lines, 361.8 

— analysis, 3370, 4135, 6248 ; of groujis 

of elements, 2298 
Speculum metal, 1160, 3940 
Speecli, physiology of, 2301, 2536, 2538 
— ; freedom of, aid to truth, 5390 
Speed, arithmetical problems of, 1549 ; 
testing, 3964, 3966 

— angular calculation, 1592 

— in physic.s : see Velocity 

— in shipbuilding, theory of, 1144 

— indicator, of locomotive, 5104 
Speedwell, description, 351, 354 ; insect- 

pollination, structure, 730, 908 
Speiss, in metallurgy, 3836, 5983 
Spelling, English, defects, 122 ; in 
business letters, 6352 ; com])OBi- 
tor’s, 5158; printing office, 5460 
Spelter, composition aiid u.se, 3884, 
5325, 5523, 6169, 6453, 0458 
Spencer, Herbert, on conservation of 
matter, 1915 ; definition of science, 
59 ; child and animal psycho- 
logy, 3117 ; on meaning of 
evolution, 486 ; on filial responsi- 
bility, 4666 ; genius inherited by 
siMMcty, 5388; on highest being, 
6539 ; on history, 3985, 3987 ; 
individualism versus genesis, 
4827 ; on indivisibility of nerve 
ceils, 3118 : inductive and deduc- 
tive methods In logic, 6097 ; on 
instinct, 1588, 2694 ; justice the 
end of the state, 5534 ;> on legisla- 
tion and character-making, 4371 ; 
on marriage, 4536 ; persistence of 
force, theory, 313, 2063 ; on physi- 
cal courage, 5098 ; on pleasure and 

I iain, 2518 ; “ Principles of Socio- 
ogy»" 4639 ; psychologic.al theory, 
2014 ; reflex action, theory, 2118 ; 
the social organism, 5246 ; ” The 
Study of Sociology,” 4121 ; study 
and works of, 4122, 5816 ; on 
truth, 5530; on war and mili- 
tarism, 5095 ; on women, 4825 
Spenser, Edmund, 537, 1641 
Spenserian stanza, criticism, 537 
Sperm, development of embryo, 1316 * 
see aleo Reproduction, cte. 

Sperm oil, source, properties, 4833 


Sperm organs, In chara, 1870, 1373 ; of 
ferns, 1116 

— sacs, of hydra, 381 

— whale, 4333 

Spermaceti, source, properties, 1033, 
4834 

Spermaphytes, defined, 166 ; sub- 
divisions of seed-plants, 350, 353 
Sperniatozoa, of hydra, discharge, 381 
Sperms, of mosses, 1312 
Sphere, in geometry, 1747, 1749 ; 

geometrical problems, 2006, 2010 
Splicres, hollow metal, making, 3888 
Spheroid, oblate, diameters, 621, 623 
Spherometers, Ross type, 6122, 6123 
Sphinx, 183 ; as artistic creation, 
2519, 2523 ; wind erosion, 1600 
Spices, dietetic value, 3312 ; pro- 
perties, use, 4717, 4722 
Spider, 3361, 3803, 3804 ; eyeless, 2403 
Spiegol-eisen, 234, 4464 ; use, 5013 
Spigot, in drain pipe, 569, 570 
Spikclet, 875 ; of wheat, 915 
Spiller's resin, formation, 5312 
Spilling, in mining, 3565 
Spills, of manufactured iron, 4638 
Spinach, culture, 6675, 6836 
Spinal cord, 197, 1603 ; functions of, 
2113, 2301 

— curvature, 4387 ; in children, 4862 

— diseases, nature, 6261 

— nerves, 1911 ; course of, 2143, 2302 

— plexus, 1944 

Spindle, in machines, 5205, 5207 ; 
eccentric, for hole grinding, 5212 ; 
latlie, 4324, 4325 ; planet, 3404, 
3407 ; testing, 3963, 3965, 3966 

— gill-box, mechanism, 2291, 2293 

— tree, 353 ; garden hedge, 6318 
Spine, in botany, function, 1114 

— human, 29, 99, 1604, 1709, 1799; 

vertebne, formation, 436 

— in zoology, as weapons, 2156, 2157 
Si)inel, 5853, 5855 ; artificial, 5853 
Spinifox, distribution, 626, 3698, 3899 
Spinneret, silkworm, 684 ; spider, 3804 
Spinning, art metal-work, 5526, 6528 
Spinning, textile, process and machin- 
ery, 2441-2445 ; cotton, 223, 
2289, 2291; flax, 2292; hemp, 
2292; jute, 2293; rope, 2445 ; 
silk, 2596 

— lathe, in brass spinning, 6314 

— wheel, 223, 1023, 1027 
Spinous i)roccs.s, of vertebrie, 1605 
Spinoza, services to psychology, 2013 
Spinthariscope, dc-scrlption, 1915 
Spiracle, 2801 ; in shark, 3065 
Spirals, geometrical, 1413, 1414 

— of screw wlieel, drawing, 3923, 3924 
Spirilla, bacteria, 6437, 6439 
Spirit, relation to soul and body, 4527 

— level : see Level 

— of salt: see Hydrochloric acid 
Spirits, varieties and constituents, 

2879, 3314 ; consumption of, 3315 ; 
dietetic value, 3377 

Spiritualism, Myers's theory, 8384 ; 

suggestion, phenomena, 8289 
Spirogyra, description 1370, 1373 
Splash-stick, in soldering, 5628, 5629 
Splay, in joinery, 5296, 5297, 5299 
Splayed bricks, form, 1948, 1949 
Spleen, 1194 ; corpuscles, 953 
Spleenworts, culture, 6493 
Splice, in vehicle construction, 2832 
Splicing, sailor’s, 6407, 6408 
Splint, in horses, treatment, 2622 
Splinter bar. of brougham, 2830, 2831 : 
of carriage, 3123, 3124 ; of van, 
2828, 2829 

Split infinitive, defined, 766 
Splitters, mason’s, 2837, 2839 - 

Splitting, in leather manufacture, 81 6 
3219, 3220 ; saddlery, 4783 
Spoke, of bicycle, 3775, 3776 

— of wheel, 2830, 3126; decoration, 

3481 ; timber used for, 2827 
Spokeshave, description, 3387, ilou 
4152, 5298, 58(n 
Spondee, defined, 305, 1706 
Sponges. 149.3, 4086, 6121, 6891 ^ 
Spongy layer, of plante, 170, 17 J 
Spontaneous generation theory, 28f 

— variations, In germ-plasm, 

Spool, of loom, structure, 8635, 3630 
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Spooling, in thread manufacture, 2708 
Spore, of animalcules, 4089 ; of ferns, 
1110 , 1117 ; of mushrooms, 160 
Spore*generatlon, biological import- 
ance, 1311 ; of mosses, 1312 
Spore-leaves of water-ferns, U18 
Sporting goods dealers, business, 534.3 
Sports, officials, 6869 
Sprag, in motor vehicles, 3128 
Sprains, treatment, 6472 
Sprays, in mining, 3560 
Spreadboard, flax carder, 1726, 1727 
Spreader machine, textile, 1541, 1885 
Spring, cause, 15 ; oscillation energy, 
3747, 3748 

— blocks, of brougham, 2830, 2831 

— governor, 2019, 2020 

— steel, 234 
Spring-tail, insect, 3363 

— tides, cause of, 556, 6565 
Spring, of water, 456, 458, 1504, 402.5 
Springs, coiled and spiral, temper, 

4746 ; testing, 1704 

— dentistry, dental, 6034, 6035 

— of vehicles, types and function, 2725, 

2727, 3328 ; of bogie frames. 3121 ; 
of coaches, 2465 ; of carriage, 3 123, 
3124 ; of two-wheelcd vehicles, 
3126 ; of van, 2829 ; of wlicel, 2830 
Spruce, 4604, 4678, 4079 ; insect pests, 
4926, 4927 ; wood fibre, 6281 

— black : see Black spruce 

— flr, 55 ; strength, 5, 1260, 1393 

— Norway : see Norway spruce 
Spueing, in leather manufacture, 3219 
Spun silk, improving and gassing, 2597 
Spiur gears, in gear cutting, 3630, 3631 ; 

drawing, 4202 

— wheel, casting, 2337, 2339, 2543, 

2544 

Spnrry, farm weed, 1378, 3893 * 
Sfpiabbing, vehicle, 3623, 3624 
Square, in building, axed work, 19.50, 
1951, 3386, 3387 

— in carpentry, 3757, 3759 

— in geometry, 496, 1084 ; area prob- 

lem, 1253; projection, 4523, 4524 

— mason’s, description, 2837 
—in matbemati(?s, 1264. 1442, 4723 

— measure, table of, 226 

— measuring tool, 4701, 4703 

— plasterer’s, 5497 

Square root, 1264, 1439, 1440 ; of a 
multinomial, 3411, 3412 
Squared paper, textile, 2939, 2940 
Sqiiee»;r, in iron manufactfirc, 4637 ; 

in shipbuilding, 5738 
Squid, description, 3114 
Squinting, causes, 6264 
Squirrel, 1762; balaiieing tail, 1871; 
flying, 1871 ; parachuting, 2037 ; 
skins and fur, 6428, 6430 
Stability, in chemistry, 693 ; in 
mecnanics : see Kquilibrium 

— curves of ship, 5970, 5971 

— of stnictiires, books on, 2764 : see 

also specific structures — e.^.. Arches 
Stable, cleaning, lOOl ; con, struct ion, 
2998 ; drainage, 736 
Stable equilibrium, defined, 001 
Stable-hands, duties of, lOoi 
StablemeUj in farming, 30on 
Staccato, in music, 271 : in singing, 
6336 ; violin bowing, 2742 ; vio- 
loncello bowing, 2825, 2969, 2970 
Stack, of blast furnace, 4409 
Stacking, in agriculture, 1664 
Stacks, for hay, thatching, 1030 
Staff, of business office, 659 

— in music, 37 

— of van, 2828, 2829 

— apparatus, electric train, 4692 
Staffordshire bricks, 1280, 1.520, 1947 
Stag beetle, description, 3510 
Stag’s horn club moss, 1119, 1310 
Stage as a profession, 164, 6865 
Staggers in sheep, treatment, 2625 
Staging, for bridge erection, 1174 

— in building, 1172, 1453, 1454 

— In shipbuilding, 5736 
Stahrs theory of elements, 60 
Stained glass wtndoivs, 4945-4949 ; 

plate foHr^ 4945 ; books, 4949 
Staining, cabinet-making, 6591 

— m leather manufacture, 3450 

— in vehicle i^nting, 3480 

2 L 


Stains, removal of, 2500 
Stair carpets, laying, 6723 
Staircases, types, 6298, 5301 ; archi- 
tect’s drawing, 5694, 5698 ; casing, 
3245 ; circular, curve of, 3241- 
3243 ; concrete in, 332 ; fire- 
resisting, 4752, 4753 ; plan, 5548 ; 
quantity surveying, 6510, 6513 ; 
sand courses for, 2513 ; stone, 
3241-3248, 5795, 5797 
Staithes, construction and forms, 4044 
Stake net, description, varieties, 4990 
Stakes, in art metal-work, 5525, 5520 ; 
in coppersmi thing, 3888, 3889 ; 
foundry, 2547 

Staking, in leather manufacture, 3164 
Stalactite; 844, 1074 
Stalagmite, chemical account, 844, 1074 
Stalk, of leaves, structure, 169, 170 
Steele, Sir Richard, autltor, 1903, 1904 
Stamen, of flower, 340, 347, 351, 730 ; 
production of nectar, 731 ; vari- 
able number, 350, 352 
Stammering, cure of, 2539 
Stamp Act, connection with American 
War of Independence, 5845 

— battery, in mining, 3770 
Stamping, process, 2989, 2992 

— in mining, 3770 

— mill, 356 

— w(K)d-earvMng, 0045, 6046 
Stamps, entry in postage book, 977 ; 

oflice-boy’s duties, 194 

— postage, dealing in, 4610 
Stanchions, in carpentry, 3513, 3547 ; 

c.ised with faience, 2781, 2784 ; 
easing for fire resistance, 4753 ; 
cast iron in, 1453 ; fixing by 
builder. .5791, 5793 ; strength, 2198 
Stand-pipes, in water supply, 4334 
Standard, in scaffolding, 1170 

— time, explained, 14, 15 
Standing, physiological account, 1798 ; 

psychology of equilibration, 2120 

— ways, in launching ship, 5923 
Stanford’s joint, in drain-laying, 736 
Stanhope gig and phaeton, 2160 
Stannofis chloride, 5779 

— liydrate, in dyeing vat, 5782 

— nitrate, in dyeing, 5779 
Stanstad-Kiigelberg rack railway, 2275 
Staphylococcus, bacterium, 0457, 6439 
Stapedius bone, of car, 2533, 2534 
Star-coral, scarlet and gold, 4081 
Star-flower gnnip, classification, 354 
Star shakes, of timber, 52 
Star-shower.«, occurrence, 0695, 6097 
Star-stones, .5855 

Starch, 5304 ; dextrose frtuii, 3705 ; 
dietetic value, 673, 3109; conver- 
sion into glucose, 2878, 4550; 
digestion by hydrolysis, 3700; in 
dietetics, 3111 ; manufacture, 
5304 ; photomicrographs, 5365 ; 
product of plants, 17 J, 172 ; potato, 
granules of, 3700 ; in vegetable 
food, 635 

— cells, of wheat, 915 

— grain, dietetic value, 073 ; of 

various flours, 3716, 3717 
Starching, in cloth manufacture, 4342 
Starfish, description, 4081, 4083 
Stark, landscape painting, 4301 
Stars, apparent motions, 0110 ; bright- 
ness, 6697 ; chemical compt>sition, 
0249 ; clusters, 6700 ; ctdlision, 
6699, colour, 6699; constella- 
tioii.s, 6115-6120; dissociation 
in, 4136; distance by parallax, 
0697 ; distribution, 6700 ; double, 
6698; declination, 6245 ; elements 
in, 839 ; fixed, 6115 ; (ialileo’s 
discoveries, 2949 ; J.oekyer’selassi- 
lleation, 4136; magnitudes, 6096 ; 
mass, 0697, measurements, 6241, 
6245, 6696, 6697 ; meridian pas- 
sage, 0247 ; motions, .3371, 6697 ; 
naming, 6696 ; in navigation, 
6662 ; parallax, 6690 ; physics of, 
4561 ; right ascension, 6244, 6245 ; 
spectra, 3371, plate facing 6097, 
6248 ; temporary, 6699 ; triple, 
6699 ; velocity, 6698 ; wandering, 
6116 

Starvation, death by, 866 

Stassfurt, salt and potash mines. 6585 


States of the Church, 2946 
States Cteneral, of Krauce, 4101 
Static electricity, 3579 

— friction, 958 

— stability, 653 

Statics, definition and scope, 85, 411. 

422, 553, 1833 ; books on, 2764 
Station, in chain surveying, 262 

— pointer, marine surveying, 159, 1018 

— railway, platform and other struc- 

tures, 3616 ; rails, arrangement, 
3616; termini, 4807 
Stationers, business of, 47, 5345 
Stationmaster, railw'ay, duties, wages, 
4806 ; as goods agent, 4229 
Stator, electric, 1358, 1909 
Statue, ill art, Egyptian, 2519 ; elec- 
trotyping, 3422 ; founding, 6313 ; 
s»ipp()rt of mass, 2286 
Stature, iti race classification, 1786; 

relation to longevity, 2G63 
Statute of Frauds, provision.s, 6752 
Statute measure, land, 1146 
Stay bolts, in boiler work, 3099, 3103 

— sail, sailing ship, adjiislment, 5399 

— tap, in fire-boxes, 3108 

Stays, boiler, 3098, 3108 ; fire-box, 
3101, 3103 

— telegraph lines, construction, 6324 

Steak, cooking, 3313, 3314; food 

value, 3381 

— and kidney i)ie and pudding, 1872 
Steam, books on, 559.5 ; as disin- 
fectant, 5055 ; elastic force, 5414 ; 
energy, 290 ; expansion in cylin- 
der, 5414, 6072 ; expansion curve, 
5115, 5416 ; a heat vehicle, 5413 ; 
pressure curve, 5414 ; in pro- 
pelling ships, 5256 ; in transport 
compared with ele<‘tricity, 2274 ; 
as volcanic vapour, 1207 ; wTought 
iron tubes for, 5328 

Steam chest, of engine cylinder, 5641, 
5642 ; flange, 3317, ;{324 

— coal, geological classification, 1074 

— (Ionics, of boilers : see. Domes 

— engines : see Kngine, steam 

— hammer, 234, 2019, 2022, 2984, 2986, 

4203, 4204, 4637 

— heating, in buildings, 6023 

— navvy, railway eonstmetion, 3173, 

5997 

— ports, engine, drawing, 4123, 4424 

— roller, invention, capacity, 2325, 

2326 

Steamiers, 5258, 5398 ; advantage over 
sailing vessels, 4519; cargo, sec- 
tion, 5611 ; construction and 
arrangement, 5401, 5402 ; date 
of first, 4519 ; direction at night, 
6411; engines, 6296 ; machinery, 
5402 ; plating, 5402 ; special 
fittings, 5924 ; speed, 6225 ; in 
trawling, 49S9, 4992 ; trial trip, 
6227 ; world’s tonnage, 5259 ; 
yearly loss, 5258 ; see tUso Ships 
Steaming, in cloth-making, 4106, 4109 

— in cooking, 1480, 3314 
Steapsin, action, 675, 3486 
Stearin, 1032, 4835 ; in cod-liver oil, 

3486; manufacture, 4833; in 
milk fat, 4035 

Steel, 231, 233, 5307 ; acid open-hearth 
process, 5014 ; is it an alloy ? 1722 ; 
allovs, 4747 ; alnminiiim in, 1043, 
5991, 5992 ; annealing, 5524 ; 

armour plate manufacture, 4750; 
in art work, 5523, 5688'; barffing, 
6577 ; basic open-hearth process, 
5016; Hes.se mer : see Bessemer; 
blister manufacture, 4750 ; blue- 
ing, 6573 ; in boiler-work, 3098 ; 
in building, 2446, 2448, 2449; in 
buildings, fire-resisting, 4751 ; 
building, future use in, 519 ; carbon 
percentages, 3938, plate facing 
3930 ; carburising, fusion method, 
4748 ; case hardening, 4750 ; 
casting, 5018; casting, shrinkage 
of, 2342, 2698 ; cementation 

process, 4750 ; cemented bars, 
manufacture, 4750; chemistry 
of, 1045 ; chromium alloys, 4748 : 
constitution, 3938, 4465, 4746; 
conductivity, 1397 ; crucible fur* 
nace, 2862 ; drifting and punching, 

6993 
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Steel — continued 

2990 ; electric furnace, produc- 
tion, 5757, 5758 ; enamelling, 

6575; friction data, 959, 3813; 
forging press, 1224 ; hardening 
process, 4746 ; “ liead " casting, 
1404 ; heat statistics, 1396; for 
high-speed tools, 3633 ; hydraulic 
presses, 1223 ; iron compared, 
2983, 2986, 4464 ; load stress, 
2226 ; use in maclnnery, 206, 209 ; 
magnet, 559 ; manganese in, 362 ; 
manufacturing processes, 4748, 
4907, 5013, 5307 ; medium carbon, 
5015 ; melting for foundry use, 
2802, 2867 ; musket, composition, 
4748 ; open-hearth manufacture, 
5013 ; painting, 6571 ; pig produc- 
tion, 4748 ; plating department, 
3095; protective coating, 5149, 
6571 ; puddled, 232 ; “ punching 
bear,” 1222 ; segregation, 4747 ; in 
shipbuilding, 5260, 6221 ; in 

smithy work, 2083 ; use of soaking 
pits, 5018; soldering, 6460; 
strength statistics, 1396 ; sub- 
stitute for iron, 5018 ; tempering, 
236, 4746, 4749 ; tools, turning 
and shaping, 4151, 4153 ; vibra- 
tion compared with iron, 2022 ; 
welding, 2990, 6453 ; wire, 1699 ; 
working, effect of, 4747 ; world's 
output, 5307 
Steel buffer, 3219 

— cast, 231, 234 ; safe stresses, 3657, 

3058 ; shrinkage, 2342 ; strength, 
1394-1396, 1397 

— engraving, 6114 
-• faeing, 3422, 6290 

— mild, ill building eonstniction, 1454 ; 

defined, 4465 ; expansion, method 
of, ami forinulwi, 1555, 1556, 1557 ; 
strength, 1393, 1395 

— smelting, employment, 2041 
Steelyard, 830 ; use, 1261 

Steering gear, fitting to ship, 5924 ; 
hydraulic, 1221 

Stelies type- printing telegraph, 5393 
Stellar chemistry, 4135 

— parallaxes, determination, 6097 
Stem, of plants, 168-170 ; in trees, 51. 53 
Stem-eelworm, description, 1067, 1668 
Stemming, in blasting, 2584 

Stencil, in manifolding, 1698 

— brush, 6728 ; painters’, 5829. 58:31 
Stencilling, 5836, 5977, 6720-0729 
Stenograpiier, hire of, 1920 
Sttiiograpliy : see Shorthand 
Steno's duct, 577, 578 

Step, of brougham door, 2829, 2831 

— of screw, 686 

Step-ladder hinge, of vehicles, 3022 

— setter, pliinihei’s, description, 5029 

— tread, of light waggon, 2829, 2830 
Stephanotis, culture, 6532, 6533 
Steppes, 626 ; economic conditions, x>ro- 

ducts, 5707 ; plant life, 727 ; plant 
and seed-di'^pcrsal, 910 ; ltus.sian, 
2408 ; vegetation of, 626 
Steps, of staircases, 5300, 5301 ; stone, 
3037, :3040, :i241, 3243 
Stereo-chemistry, 2714 
Stereo-printing, Dalzie! process, 5560 
Stereocliromy, fresco painting, 4931 
Stereoscope, 3182 
Stereoscopic vision, of eye, 2400 
Stereotype metal, 360, 5988 
Stercotyper, jirinter’s, 5026 ; employ- 
ment conditions, 2655 
Stereotyping, in printing, 5556 
Stern, of vessel, forms, 5018, 5619 ; 
making, 5742 

Sterne, Laurence, novelist, 3130, 3131 
Stenipost, of ship, 5742 . . 

Sternum, human, 1:100, 1004, 1006, 
2144 

Steward, marine, 6365, 6804 ; Metro- 
politan Asylums Board, 1930 
Stewing, in railway construction, 3253 

— in cooking, I486, 3313 
Stevenson, B. L., 2019, 2550, 3442 ; 

poems, 1438 ; prose works, 2617 
Stick insect, 3363, plate facing 3361 
Stickleback, 3068, 3009 
Sticks, umbrella and walking, 5603 
Sticky fruits, seed-dispersal, 911, 912 

6994 


stigma, of flower, 347 
Stigmata, of air-breathers, 3361 
Stile, of windows, 5183, 5186 
Still life, water-colour study, 1790 
Still-room maid, duties, 1005 
Stilton cheese, composition, 4490 ; 
dietetic value, 3311 ; manufacture, 
4574 

Stimulant, definition, 4009 
Stimulation, of nerves, 1942 
Stings, bee, 5958, 5963 ; treatment, 
0473 

Stipple engraving, 6114 

Stipule, in classification of plants, 350 

Stirrup, in carpentry, 3543, 3546, 4251 

— in mining, 2669, 2670 ; in rope bor- 

ing, 2845, 2846 ; in shaft-sinking, 
3461 

Stirling w’ool, yarn counts, 2805, 2896 
Stitch pricker, shoe, 3877, 4784 
Stitches, in glove-making, 5482 

— milliner’s, 4505, 4566 

— in tailoring, 2605, 2006 

— ■ in underclothing, 3336, 3337 
Stitching, 150: blind, in upholstery, 

0717 : in hootmaking, 4139, 4542, 
4543 : machine, 1328, 4543 
Stoating, in tailoring, 1111 , 1112 
Stock : see Livestock 

— book, use, 776 

— classification on balance-sheet, 2758 

— in cookery, 1188, 15:i0 

— factory, defined, 6642 

— finance, explained. 1262 

— in hand, and pront and loss, 2418 ; 

in trading account, 2500 

— jobber, detinition, 1262 

— metal-worker’s, 5521, 5524 

— ■ of plane, 4152 

— rail, union with point, 3009 

— ramming, foreshore iirotectiou, 557 

— retail business, 177, 702 ; index 

systems, 6054 

— in-trade, in bookkeeping, 490 : de- 

preciation, 2758 

— Virginian, culture, 6491 

— of wheels, 2830, 3126 ; axles, 3326 
Stockbroking as a profession, 164 
Stock feeder’s medicines, 2626 
Stocking frame, 4020, 4021 
Stockings, ^vashing, 2591 

Stocks, bricks, 1947 

— for hides, 3165, 3100 

Stocks and shares, 3483, 3484 ; mathe- 
matical rules, 1262 
Stocktaking, bookkeeping, 2418 -2421 
Stokers, marine, 6807 ; Navy, 4265 
St«mia, of leaves and stems, 170, 727 
Stomach, bnman, 198, 576-579, 674; 
diseases, 5842 ; rest periods, 4:{91 

— iiitlammafion, in horses, 2620 

— of ruminants, 1762 

Stomias, fish, description, 3070, 3071 
Stone, in arch construction, 3143 ; 
for building, 528-535, 3241; for 
footpaths, 2430 ; dyeing, 6766 ; 
glazing, 5839’, in masonry, 1452, 
3033 ; quarrying, 2955 ; in sculp- 
ture, 1070 ; strength, weight and 
safe working stress on, 1517 ; 
working, 3037, 3040 

— artificial, 1520 ; in construction, 

1450 ; for paving, 2428, 2429 
Stone age, art of, 2479, 2480 
Stonecutters, employment, 2642 
Stonehenge, 1275, 2479, 2480 
Stones, building, characters and pre- 
paration, 2836, 2841 ; strengths 
and weights, 1517, 1518 

— precious : see Precious stones 

— use in revetting, 6271 
Stoneware, glazed, 569, 646; jointing 

to lead pipes, 5031, 5634 
Stonework, building-in, pinning-in, 
2513 ; decay of, 3244 ; quantity 
surveying, 6509, 6510 


Stops, hannonium, 3051, 4180 

— organ, 3859 

Storage-tanks, for rain-water, 780 
Storekeepers, Metropolitan Asylums 
Board, 1930 ; railway, 4228 
Storey rod, description, 2515 , 6298 
Storksbill, reproduction, 909 , 910 
Storm, forecasts, 986 ; in navigation, 
6412 

— overflows of sewer, 4456, 4458 
Story rods, in building, 309 
Stoves, construction and use, 6016; 

heating system, 6015, 6023 ; 

material and setting, 2390 

— cooking, management, 1226, 6193 

— makers, employment, 2646 

Stradivarius, violin making, 2510 
Straight arch, 2760, 2701 
Straight-edge, 4701, 4703-, in car- 
pentry, 3386, 3757, 3759 ; 

plumber’s. 5029 ; steel, 6521 

Straight -winged insects, 3363, 3307 
Strain, in building, 1256 ; in en- 
gineering work, 2107 
Strainer, in drainage, 781 

— painter’s, 5829, 5830 

Straining beam, queen post truss, 4251 

— chain, in i)iling, 1174 

— piece, in shoring, 918, 1174 
Strains, calculation, 209, 416, 1256 
Strakes of ships, drawing, 5615 ; gar- 

hoard, 5921 ; plating, 5918, 5919 
Strand of rope, formation, 5290, 5292 
Strangles, in horses, treatment, 2621 
Strap, in boiler w'ork, 3099, 3100 

— in building, in staging joints, 1176 

— in carpentry, 3543, 3546 

— hinges, 5795, 5797 

— leather, making, 4783, 4886, 5057 

— in structural ironwork, 5792, 5793 
Strapping, in dressmaking, 863, 2471 ; 

in tailoring, 2208 
Strass, imitation stones, 5852 
Strata, geological formation, 525, 528, 
897, 898, 1815 ; geological record, 
2066 ; influence (in available rain- 
fall, 4025 ; treatment in founda- 
tions, 332 ; varieties of, 1921, 1924 
Stratification in geology, 530, 631, 
897, 1815 ; in metainorphic rocks, 
1075: se(iimentary rocks, 1071, 
/923 ; volcanic, 2066 
Straw, dyeing, 6651, 6652; flbres, 
0279, 6280 ; for hat and bonnet 
shapes, 5217, 5218 ; as live-stock 
food, 2704, 2909 ; palliasse filling, 
6721 ; thatch, weight, 1704 ; truss- 
ing, pressing, 1848 ; varieties, 872 

— iflaits, in bat manufacture, 0160 
Strawberry,' culture, 6678 ; canning, 

4846 ; extra Season crop, 6835 ; 
fruit formation, 348; for jam, 
4847 ; reproduction, 346, 347 
Stream, velocity, measuring, 1576 
Streaming, in quarrying, 2959 
Street, derivation of word, 1769 
Streets, asphalt carriage way. s, 2179 ; 
building line regulations, 6214 ; 
congestion, causes, 2153 ; gerienil 
history of, 1977 ; laying out, 2423, 
2424 ; naming, law of, 2424 ; 
construction, maintenance, 2422 
Strength of man, definition, 2063 

— of materials, 1256, 1260 ; books on, 

2764 ; of materials in moving part 
of mechanisms, 209 
Streptococcus (bacteria) 6437, 6439 
Stress, in mechanisms and structures, 
86, 205, 209, 1391, 3964 ; calcula- 
tion of, 416 

— electric, 4023 

Stretchers, in building, 2168, 2261 
Strlck, 1026, 1246 : of flax, 1386 
Strickle, in moulding, 2112, 2340, 2459 
Strike, in geology, 1924, 2378 
Striking-boards, in " sweeping-up ' 


St(3ning machine, leather, 3218, 3219 moulding, 2459, 2460 

Stoolings, of jambs and mullions, 2837 Striking-out machine, leather, 3217 
Stop abutment, of arches,. 2762 String band, instruments, etc., 5885 

— trumpet, musical instrument, 5441 — dressings in building, 2177 

— valve, in service pipes, 6029, 5633 String-hole, violin, 2122 

Stopping, in mining, 3192, 3304, 3561 Stringed instruments, repairing, 6707 

— in painting, 6829. 6834 Stringer, in staging, joints for, 1176 

Stoping-up, in vehicle-painting, 3479 Stringers, of ships, marking position, 
Stops : see Punctuation, Full-stop, etc. 5615, 5739 ; of ship's hold, 674^ 

— bricks, forms 1949 — of trestle bridge, 6266 
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Strings, harp, 3341 ; pianoforte, 1210 ; 
viola, 2823 ; violin, 2121 

— of staircase, 6298, 6300, S^iOl 

T- vibration of, in physics, 2103, 2 105 
Striped muscle, human, 1710 
Stripper, in carding machine, 1543, 

mo, 1886 

— in plata-punching, 3095, 0007 
Stripping, of boards, 3541, 3546 

— die, purpose, 2989, 2991 

— plate, in casting, 2340 

Strozzi, Palazzo, Florence, 3675, 3076 
Strub rack railway, 3816. 3817 
Structure, in biology, basis of classi- 
. fication, 29, 276 ; homology, 379 ; 
of plants, fundamental, 107-173 
Struggle for existence, insects’ suc- 
cess in, 3362 ; plants, 167, 503 
Strut, in building construction, 1453, 
1454 ; of dams, 4043, 4644; 

engineer’s stagings, 1173 ; of girder, 
640; in roof trusses, 424.9 ; use in 
shoring, 916 ; of trussed beams, 
4639, 4641 ; for timbering, 330 
Strutting, in floor construction, 4446, 
4447 ; of gantries, 1176 
Strychnine, chemistry of, 3825, 4011 
Stuart, restoration, 4761, 4762 
Stuart’s granolithic, 534, 2427 
Stub tenon, in roof work, 4248 
Stucco, kinds, 648, 5499 
Stud holes, templet drilling, 3317, 3319 
Studdles, in mining, 2666 , 3193 
Student interpreter, appointment, 2252, 
2695 

Studs, cutting, 3628 
Study, Hearn's advice on, 5592 
“ Study of Sociology,” Spencer’s, 
analysis and scope, 4121 
Stuff-chests, in paper-making, 6396 
Stuffing, in leather manufacture, 3219 

— in tapestry carpet manufacture, 3991 
Stuffing-box, of engine cylinder, 5641 

— rods, in saddlery manufacture, 4784 
Stull, in mining, 3194, 3304 
Stumping, in drawing, 1535-1540 
Stunly, in sheep, 2625 

Sturgeon’s electro-magnet, 129, 562 
Sturgeon, common, 3065 , 3007 
Sturtevant brickmaking system, 1284 
Stuttering, cure of, 2539 
Stye, in eye, treatment, 6264 
Style, of flower, 347, 348, 349 

— literary, importance of, 1 472 ; 

eighteenth century characteristic.s, 
2139; in journalism, 4577 ; modern 
characteristics, 2309 
Sub-clavian vein, 1195, 1196 
Subconscious, the, importance in men- 
tal development, 3183 ; in theory 
of association, 2805 
Sub-editing, salary, 162 
Sub-editor, newspaper, 4232, 4431 
Subject, in counterpoint, 632 

— grammar, 608 ; analysis, 760, 1618 
Subjective genitive, in Latin, 901 

— mind, Hudson’s theory, 3288 
Subjunctive mood, English, 608 , 7.')0 ; 

French rules, 3353, 5948 ; German, 
use, 3502 ; Italian, use, 6523 ; 
Latin syntax, 1183 
Sub-Ueuteuant, navy, 4401, 4402 
Sublimation, chemical, 4316, 4406 ; 

in metallurgy, 3836 
Subliininal consciuusness, 3183 ; nature 
and circumstances, 2305 ; Myers’ 
theory, 3382 ; see also Hypnosis, 
Subconscious, etc. 

Submarine navigation, 2280 
Subscriber (telephone) apparatus, 5880 
Subsidence, in building, 331 

— of coast-line, 625 
in geology, 1352 

Subsoil, 1071 ; cultivation, 430 ; drain- 
age, 781 ; formation, 1502 
Su^tance, law of. 313, 2063 
bubstitution, in ciicmical fonnulfic, 2714 
Substitutions, in algebra, 1818 
Subterranean rivers, formation, 458 
Subtraction, in algebra, 1820; in 
arithmetic, 90, 93 ; compound, 
229; of fractions, 548; recurring 
decimals, 885 

Suclmr, in lampreys and hags, 3070 ; 
Uyer fluke, 3969, 3960 ; of octopus. 


Suction dredger, 1820, 1827 

— gas, manufacture, 6818, 6827 

— pumps, kinds, 1080, 5931 \ geo- 

graphy, 3278, 3450 

— French, geography, 3278, 34.54 
Sudbury, Ont., nickel mines, 5981 
Sudbury, river, pipe arcli bridge, 2739 
Suez Canal, description, 3452, 5486 
Suffixes, in chemical notation, 1045 

— in grammar, English, 1 17 ; Esperanto, 

5805, 6093, 6237, 6381, 6524; 
Italian, 3209 ; Spanish, 2628 

— in shorthand, 1102 

Suffolk bricks, description, use, 1520, 

— punch (horse). 2073, 2075 

— sheep, 2301, 2305 

Sugar, aiialvfiis, 4554 ; boiling, 3830 ; 
cry.stallisation, 3830, 44.52 ; ctiring, 
3831 •; Demerara, 3831 ; dictionary 
of, 3655 ; duty, effect on prices, 
4559 ; food, value, 3601, 36.52; 
function in dietetics, 3111 ; lactic 
acid, source of, 4782 ; manufactur- 
ing processes, 4451-4455 ; marks, 
4559 ; moisture, test for, 4.5.56 ; 
Muscovado, mamifacture, 3831 ; 
oral digestion, 674 ; in plants, 636 ; 
reliniiig, processes, 44;) I ; remli*- 
ment, test for, 4556 ; sources, 
3652, 4351 ; sweet making, 5494 ; 
varieties, 3652, 1351 ; weiglit 

delivery and payment, 4559 
— , beet, bounty .system, 4049 ; differ- 
ence from cane, 3652 ; factory, 
4164 ; manufacture, 4160, 4100 ; 
strontia, use of, 4164 

— camly, 36.52, 4105; source, 4353 

— , cane, dextrose from, 3705 ; factory, 
3831 ; inversion i)rocesses, 3705, 
4166; iminufacturing, 3827-3831 

— grape, 2878 

— Indian, preparation, varieties, 4353 

— of lead : see Lead acetate 
— , maize, production, 4354 

— maple, manufacture, 4'i51, 4352 

— of milk : see Milk sugar 
— , palm, sources of, 4352 

— sorghum, cultivation, 4354 

— vanilla, manufacture, 3507 
Sugar-beet, 4959; cultivation, 4047, 

4959 


Sugar-cane. 355, pfafe facing 3649; 
cultivation, 3653, 3654, 4962 ; uses, 
4962 ; varieties, 3652, 3053 
Suggestion, psychic, connection M’itli 
liypnotisin, 3663 ; efficacy r)f 
magnetic belts, 4246 ; hysteria 
cure<l by, 6204 ; nature and 
])rohIeins, 3288 ; in sleep, 2549 
Suint, of wool, removal, 5639, 6198 
Suit, drafting and cutting, 1113, 1289, 
1460, 1551, 2874, 4195 

— sleeping, child's, 4050, 4052 
Sukkur Bridge, structure, 2730, 2739 
Sulina, river, 2105 

Sulphates, 1721 ; in earth’s crust, 708 ; 
formation, 362 

Sulpliides, in earth’s crust, 768 ; paral- 
lelism with oxides, 1718; reduc- 
tion, in metallurgy, 356, 3836 
Sulplional, 4128, 5469 
Sulphur, in Bessemer pig iron, 4907- 
4910 ; cheniictil properties, 1444 ; 
use as disinfectant, 5055 ; distri- 
bution, 3772 ; in earth’s crust, 239 ; 
action on indiarubher, 808, 809; 
in living matter, Bastian’s experi- 
ments, 1444; medicinal elieel, 
1718; native, 787, plate facing 
1345 ; occurrence, reflning, 0757 ; 
•precipitate, 4405 ; recovery pro- 
cesses, 4625, 4771 ; in steel, 4747 ; 
use and sources, 6308 ; in vulcan- 
isation, 5312 

— - dioxide, preparation, 4626, 4627 ; 
uses, 1719, 5354, 5404 

— dyes, kinds, use, 6194 

— flowers of, 4625 ; use, 1075 

— ” showers,” in pine woods, 729 

— trioxide, chemistry, 1719,4626, 4630 
Sulpluirettcd liydrogen, properties, 

362, 1718, 4404 ; in air, 3720 
Sulphuric acid, in art metal-work, 5527 ; 
chemistry of, 362, 1444, 1720, 3261; 
iu deliming hides, 2856 ; as disin- 


fectant, 5055 ; manufacture and 
plant, 1720, 4020-4033 \ Nord- 
naiisen, manufacture, 10:i7 
Sulphuric ether, discushjfiu of name, 3139 
Sulphurous acid, 1444, 1720, 6359 ; 
in air, 3720 ; 4627 : see also 

Snlplmr dioxide 

Sultans, fowls, points, 4958, 5624, 5025 
Sumach, 3012 ; use in dyeing, 5780, 5905 

— tanning process, 3163 

Sumatra, coins, weights, and measures, 
409 ; geography, 3161 
Summarising, in journalism, 3975 
Summer, cause, 15 
Sump, in drainage, 737, 780, 3457 
Sun, age, 2027 ; altitude of, 1016, 6660 ; 
cliromo.Hplierc, 6252 ; corona, 6252 ; 
corpuscle emission, 4700 ; course, 
e(iuiiM)x, 293 ; declination, in 
navigation, 6660 ; description, 
6250 ; distance from earth, 6404 ; 
dissociation in, 4136; eclipses, 
6564 ; energy of, in animals and 
plants, 4132; energy and shrink- 
age, 664, 0252 ; heat and energy, 
6252 ; heat in power production, 
5127 ; importance in vegetable 
world, 172 ; influence of gravita- 
timi on earth, 621 ; intiiience on 
tides, 533, 530, 1017, 6219; 

magnitude, 6697 ; motion of the, 
549 ; nebular theory of, 6702 ; 
parallax, calculation, 6404, 6405 ; 
photosphere, 0249, 6251 ; promin- 
ences, plate facing 6241, 6252; 
power sjipply, 5011 ; purifying 
agent of air, 3799 ; radiation pres- 
sure on earth, 3620 ; rising and 
setting, 6115; rotation, 6250; 
shrinkage and soliditicution, 6252 ; 
the source of life, 1 1 ; spcctriiiii of, 
3371 ; spots, 2949, 4246, 0249, 
6251; a temporary star, 0009; 
terrestrial elements, 6252 ; and 
tides, 555, 550 ; worship of, 501, 
502, 6772 

Sun birds, description, 2209 
Sunday closing, law of, 46 
Snndews, 354 ; carnivorous propertlwi, 
277, 352, 508, 507 

Sunflower, culture, 6530, 6531 \ florets, 
plate facing 728, 731 ; self-pollina- 
tion, 909 ; sewage plant, 4.549 
Sunliglit, heat rays, 2060 ; hygienic 
value, 5193 ; painting of, 4299, 
4302 ; Young’s experhnenl.s, 3307 
Sunn hemp, distrilmtion, llbre, 719 
Sun-plant, 173 

Siuiray skirt, making, 055, 6.57, SOI 
Sunrise and .sunset, explanation, 11 
Sunset, cause of colours, .3728 
Sni)crannuation Act, pensions, 1852 

— railway staff, 4381 
Superelevation, railway construction, 

.3612 

Superlative, in grammar, explained, 116 
Superphosphate, mantifaetiire, 5586 
Stipers, of bec-luve, 5960 
Supine, in Latin, 244, 1334 
Supervision, in business, 6518 
Supply sy.stems, electric, 2245 
Supraliminal self, Myers’ theory, 3382 
Surat cotton, description, 384, 1701 
Surds, algebraic, 3521 
Surf coasts, unfavourable to commerce, 
4498 

Surface, in geometry. 4207 

— in mathematics, measurement, 1442 
Surface-contact system, electric tram-,, 

way.s. 1936, 2273 

Surface-plate, te.sting tool, 3688, 4702 

— tension, in physics, 1270 
Surfacing table, in building, 1950, 1951 
Surgeons, navy, 4402 

surgery, antiseptic, 2878 ; books on, 
5424; dental, 5449, 5551, 5772 
Surgical instrument dealers, business 
of, 5491 

Survey, ordnance : see Ordnance survey 
Surveying, 157, 158, 202; books on, 
1017 ; instruments, 262 ; know- 
ledge by estate agent, 5284 ; 
mnnicipai, county, and <llstrict 
surveyors, 454 ; pitotogiammetry, 
6634; plaire table, 710; of 
streets, 2422, 2423 
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Surveying, marine : see Hydrograph:^ 

— quantity : see Quantity surveying 
Surveyors, 161 ; Admiralty posts, 

3196 ; of borough council, 320 ; 
in the colonies, 3741, 3743 ; exami* 
nations, 160, 5285, 6286; in- 
surance, 4850 ; quantity, 1911, 6343 
Surveyor of taxes, 3333 ; appointments, 
3765 

Survival of the fittest: see Natural 
selection 

Suspense account, bank, 4440 ; in book- 
keeping, 2882 

Suspension, of under-carriages, 3122 ; 
in vehicle construction, 2725 

— bridges, 2498, 2490 ; stability of 

chain, 2763, 2764 

vSuspensory ligament, of eye, 2954, 3178 
Sussex cattle, 2235, 2237 
Sutlej, river, course, 2563, 2820 
Suture, in anatomy, defliiition, 1604 
Swage, use, 2983, 2985, 3385, 4586 
Swaging, in iron working, 235 
Swallow, 2210 ; food, 2493 ; toe-bones, 
436 

Swan. 2213, 2494; courtship, 2505, 
2506 

Swanley, training for gardening, 322 
Swan-neck pipe, gutter, 5793, 5796 
Swann of bees, described, 5957, 5959 
Swathe-turner, and use, 1630, 1849 
Sw'eat glands, excretion, 1419, 1423 
Swede, 9J2-{i44 ; cultivation, 1231, 
1232; harvesting, 1665 ; as live- 
stock food, 2704, 2906, 3891 
Sweden, coins, w'eights, and measures, 
410; craniology, 1786 ; economic 
conditions, 5708 ; fauna, 1424 ; 
geography, 1561 ; history, 2948 
(1397-1718), 5396, 0201, 6246; 
iron ore output, 5306 ; language 
atfinitics, 1771 ; touring, 1421 
Sw'edish language, translation fees, 
1920 

Swoop pieces of van, 2829 

— strokes, in wood carving, 0135, 6136 
Sweeping, in moulding, 2469 

Sw'eet chestnut, 503, 504 ; husk, 1114, 
1116 

— makers, list, with specialities, 5494 

— pea, culture, 6488, 6489 

— sellers, business of, 5493 
Sweet briar, garden licdgc, 6318 
Swift, Jonathan, author, 1901, 1902 ; 

importance in Action, 2963 
Swift, 2211 ; edible nest, 25(»7 
Swim-bladder, of Ash, 871, 1491, 3066 
Swimmeret, of decapod, 3807, 3808 
Swinburne, Algernon Charles, poet, 
1437, 2687 
Swine : see Pig 

— fever, 2625 ; immunity of human 

beings, 6543 

Swing bridges, structure, 1221, 2886 
Switch, telegraphic, 5537, 5538 

— telephone, automatic, 5682, 5083 
Switch-box, of coal-cutter, 3504 

— plants, description, 503 
Switches, railw’ay, 3609, 4686 : see also 

Points 

Switzerland, coins, weights, and mea- 
sures, 410 ; economic conditions, 
5825 ; geography, 1837 ; history, 
mediaeval, 4399 ; labour saved by 
non-militarism, 6097 ; mountain 
railways, 2276 ; touring, direc- 
tions, 946, 1809 

Swivel bearing, line shafting, 3264, 3206 
Sword-Ash, head, 3007, 3069 
Swords, temper, 4746, 5524 
Sycamore, 353 ; “ keys,** 94, 912 : 

timber, 57, 1260 

Syllable, in grammar, 122 ; in French, 
division, 448 

Sylviculture, training, 4679, 4929 
Syllogism, in logic, 6098 
Symbolism, in colour, art, 722-726 
Symbols, actuarial, 4728 

— in chemistry, list, 517, 693 

— in logic, 6099 

— mathematical, 89 

— musical, 38 

— shorthand, 48 

Symmetry, in architecture, 2283, 2284, 
2286 ; in design, 5819-5820 ; in 
drawing, 2320, 2321- 

6094 


Sympathetic nervous system, 674, 1041, 
1944 ; and involuntary muscles, 
1712 

Symphony, in musical form, 634 
Symptoms, of disease, 5539, 5540 
Syncope, grammar, 1616 

— disease, 2794 
Synovia, dcAnition, 1709 
Syntax, deAnition, 115 

Synthesis, chemistry, 237, 4014, 4128, 
4135 

— in philosophy, 2016 

— in psychology, explained, 2803 

— of vital products, Meldola, 2710 
Synthetic languages, 117 

Syphon, 1140, llil, 1575 ; use in water 
supply, 1686 

— of sewer, construction, 4459 
Syphons, aerated water, Ailing, 6392 ; 

tops, 6392, 6393, 6394 
Syphoning out, in drainage, 781 
Syria, geography, 2719 ; annexed by 
Turkey, 6447 

Syringe, iirinciple of the, 1141 
Syrup, in aerated waters, 6392 ; golden, 
3831 ; maple, 4351 ; sorghum, 
production, 4354 
System, business, 6518 

T-SQUARE, architect’s, 5420 ; in 
drawing, 284, 1748 
Table, handbell, dimensions, 5575 

— for ironing, 2470 

— of moulding machine, 2541, 2542 

— of planing machines, 5001 

— textile printer’s, 4499 

'I’ablcs, varieties and construction, 
5293-5295, 6585, 0587-0589 
Tablet apparatus, railw’ay, 4092 
Tabling, in masonry, 3035, 3038 
'I'abular petty cash book, 2203 
Tabular work, in typeivriting, 1 697 ; 
changes, 1920 

Tabulator, 1697 : use in factory, 6644 
1’ach comet or, in surveying, 159, 710 
1'achcometry, in surveying, 711 
'racitus, historian, 1938, 2068 ; opinion 
on Christianity, 1830 
Tacking, in dressmaking, 191 ; milli- 
ners’, 4505 ; in needlework, 150 

— in ship navigation, 6410 
Tackles, ship’s, kinds ami uses, 0408 
Tacks, boot-making, 4017 

— in rooAng, 4868, 4870, 5033, 50;J5 
Tadpole, evolution, 2801, 2802 
Tail, of decapods, 3806, :1807 

— prehensile, use by mammals, 1871 
Tail, in slating, 4866, 4S07 

— board and chain of van, 2828, 

2829 

Tailing, in brickmaking, 1282 
Tailor, business of, 471, 5597 ; em.ploy- 
ment conditions, 2651 
Tailor-bird, nest, 2507 
Tailoring, 1110; men’s, 2872, 2004; 
women’s, 1840 

Tailpiece, of viola, 2823 ; violin, 2122 
Tait, ITof., conservation of energy, 
2062 ; on wave interference, 3229 
Tale, mineral, 768, 812, 6744 
Tallow, 1032, 4832 ; in hard soap. 
4964 

Tambour, in guitar playing, 3762 
Tambourine, musical instrument, 5569 
Tamping, in blasting, 2584 ; of mine 
charges, 6274 

Tamworth pigs, 2365, 2368 
Tandem condensing engine, 6060, 6070 
Tandem cycle, construction, 3774, 3779 
Tang, of knives. 5474, 5477 
Tangent, in geometry, 792, 5198, 5337, 
5783 ; of ellipse. 1411 

— in trigonometry, 6231, 6499 

— point, in railway curve, 801 
Tangential motion, in physics, 550 
Tan«’e lifting jack, 1220 

Tank, domestic water heating, 6016 

— makers, employment, 2646 

— sew’agc disposal, 4549, 4742, 5764 

— slated, 3243, 3248 

— water, construction, 1404, 3615 
Tannic acid, 3012, 3013, 3823 ; in 

English oak, 2827; in dyeing, 
5779 ; gallic acid hydrolysis, 3822 ; 
preparation, use, in tea, 3378, 
3822, 4008 ; in writing ink, 5366 


Tannin, sources of, 1165, 3012, 5366 ; 
tea constituent, 6554 ; tea without, 
3378; use, 6065 
Tannins, industrial uses, 5779 
Tanning, 1165, 3018, 3162, 3217 ; 
agents, 6065 ; early history, 2851 ; 
materials for, 1165, 3012 
Tantalum, electric lamp, 2682 ;• wire, 
use, 5171 

Tap, forms, sections, 4480, 4481 

— temper, 4746 

— plumbing pipes, 5629, 5633 

— wrenches, function, 4586 
Tape, bootmaker’s, use, 4015 
Taper, casting, 2340 ; grinding, 3404, 

3408 

— lighting, manufacture, 4840 
Taper-turning, lathe, 4915, 4920 
Tapestry : see Carpets, 

— carpet, design, 3358, 3359, 6596 

— curtains, 6722 

Tape-worms, description, 3059, 3960 
Tapioca, 3312 ; aigestibility, 3314 ; 

sources, 4959 ; starch, 5365 
Tapir, description, 1761 ; similarity to 
fossil horses, 1179 hand, moditt- 
cation, 1869 

Tar, distillation, 546.5 ; books on, 6689; 
for footpaths, 2430 ; macadam 
roads, 2182 ; as rubber solvent, 
5309 ; source, 4658 ; varieties, 
1163 

— coal : see Coal-tar 

— extractors, gas manufacture, 6821 

— oil, 5462 ; use, 52 
Tarsus, human, 1348, 1709 

Tartar emetic, 1162 ; in dyeing, 5781 ; 

preparation and misuse, 3704 
Tarturicj acid, in baking-powder, 4774 ; 
sources, 8112, 4782 

Tartars, craniology, 1786 ; ethnology, 
1789; invasion of China, 218; 
Kiissia freed from, 6200 ; w'ars 
with Kussla, 2948 
Tartrates, formation and uses, 3704 
Tasmania, aborigines, 1785 1788; 

climate, 3468 ; economic con- 
ditions, 5661 ; farming, 3468 ; 
geography, 3900, 3901 ; land 

purchase, 3469 ; trade, 3469 
Tassel-tail (insect), 3362, 3363 
Taste, organ of, 197, 2535, 2536 
Taurus, zodiac sign, 6251 
Tawing, leather, 1166, 3163, 5119 
'J’axation, Augustus’s Reforms, 1829; 
extortions of Henry VHI. ; Trajan’s 
reforms, 2069 

Taxidermy, practice of, 6326-6329 
Taximeter, use by London cabmen, 4188 
Tay Bridge, 982, 2736 
Taylor, Jeremy, divine, 1335, 1640 
Tea, 655J ; adulteration, 3718 ; adul- 
terants, 5581 ; analyses, 3378, 
6554 ; chemical properties, 4007 ; 
China, 3823, 5658, 6553 ; cultiva- 
tion, 4961, 6553; dietetic value, 
3377 ; check t# digestion, 577 ; 
extract, 3705 ; gallic and tannic 
acids, 3822 ; make, 3378 ; R jgsian 
preparation, 1525 ; stains, removal, 
2,590 ; voice effect, 2539 

— shops, London, catering, 5583 
Teachers, colonial, 3741 ; elementary. 

L.C.C., 1678; training, salaries, 
etc., 164 ; women's training, 323 
Tea-gowns, making, 3590 
Tea-jacket, infants’, 3745, 3855 
Teak, 57, 6891 ; strength, 1260, 1393 ; 

uses, 2827, 4658 
Tear, in physiology, 2400 
Teasing, silk waste, 1246 ; wool, 1124 
Teasle, 354 ; protection against insects, 
1114, 1115 ; use, 4106, 4108 
Technical colleges, 1680, 1783 
Technical education, domestic science, 
321 ; English colleges, 48:1 ; 
engineering, deAcient In England, 
166; L.C.C. staff and salaries, 
1679 

— institutes, 6341 ; salaries of teaching 

staff, 6478 

— schools, 1782 

Technique, pianoforte, 1210, 1769 
Tedder, in agriculture, 1628 , 1630 
Tee, girder, 544 

— grooves, milling, 3402 
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Tee, section, in plating-shop, Z096f 3108 
Tees, brazing work, 3884, 3886, S887 
Teeth, animal, 1761 ; evolution, 3065 ; 
of narwhal, 2156 ; as weapons, 
2155 

— artificial, making and fitting, 5801- 

6866, 6020, 6033 

— children’s, care of, 4864 ; cutting, 

4684 ; regulation, 6035 

— of cutters, 3630, 3656 

— of gear wheels, forms and design, 

3638, 3656, 3658, 3921, 3924 

— of horse, 2079 

— human, 676, 677, 5551 ; crowning, 

6083; filling (stopping), 5552 ; 
function in singing, 6049 ; influ- 
ence on health, 5540 

— of milling cutters, forms, 4260, 

4261 


— mortise, 3921 

— of saws, kinds, 3753, 3755, 4481 

— of wheels, moulding, 25-13, 2544 
Teething, of children, 468 1 
Telefunken, wireless telegraph, 3808 
Telegony, doctrine, refuted, 1587 
Telegram, code, bank work, 4588 ; 

despatch, 4605 ; press rates, 4669 
Telegraph Acts, provisions, 1978 

— lineman, railway, 4691 

— lines, erection, 6323-2325 

— service, women, 2807 

— messages, forms, 4605 
Telegraphist, training, 4382 
Telegraphy, artificial circuit, 5241, 

5243 ; battery resistance, 5242 ; 
capacity faults and remedy, 5178 ; 
dinerential system, 5241 ; develop- 
ment, 4382 ; duplex working, 4668, 
5243 ; double-current duplex, 5178, 
6242, 5243 ; duplex working, 4606, 
6241; history, 128; ink wriler, 
4383 : instrument-room, 4605 ; 
long circuit, 5242 ; manual 
automatic system, 5244 ; mileage 
In Groat Hritain and (Germany, 
130, 131 ; news distribution, 4608, 
4670 ; Quadruplex working, 4668, 
5243 ; railway, training of signal- 
man, 4690 ; in reporting, 4192 ; 
speed, 4605 ; switch, duplex and 
simplex, 5241, 5242 ; systems and 
instruments, 5391-5395 ; type- 
printing telegraphs, 5393, 5395 ; 
traffic routes, 4605 
Teleology, Myers’ theories, 3384 
Teleostei (fishes), 3065, 3071 
Telestonei (fishes), 3066, 3067 
Telepathy, and apparitions, 3626 
Telepathy, importance in Myers’ cosmic 
theory, 3384 ; inadequacy of term, 
3661 ; instances, 3061 
Telephone, calls, London analyses, 
6180 ; apparatus, 5681 ; calling, 
5879 ; central energy system, 
5878-5881, 6179; circuits, 5682- 
5684 : clear signal, 5879 ; cord 
circuit, 5878 ; engaged test, 5684, 
5879 ; first commenrial use, 1 28 ; 
connecting up subscribers, 6463 ; 
in Great Britain, capital value, 130 ; 
intermediate distributing frame, 
C079 ; invention, 5680 ; insulation 
test, continuous, 5880 ; keyboard, 
588i. ; London Central Exchange, 
6179 ; main distributing frame, 
6078, 6079 ; metering the cal), 
6879 ; number and mileage in T\K., 
5638 ; operating calls, 5683 ; 
operator’s apparatus, 5879 ; 
pole and wire erection, 6323-6325 ; 
switch, connecting up, 6080 ; 
switch section, 5879, 5880 ; 

telegraph call-wire system, 6181; 
testing circuits, 6080; threc-con- 
ductor plug, 6880, 5881 ; tlirough 
call, 5881 : traffic, London analysis, 
6180; underground cables, 6078, 
6461, 6462, 6463; cable, colour 
code, underground codes, jointing, 
6463 


— • call offices, rental by shopkeepers, 
5599 

— lines, erection, 6323-6325 
message form, use, 194 
-“ Operators, post-office, 2811 
Telephotography, lens, 6128 


Telescope, 2949 ; discovery, 2903, 6241 ; 
equatorial, 6246, 6247, 6249 ; 

function, 6247 ; Galileo's im- 
provements, 2949 ; kinds 
and construction, 6126 ; photo- 
graphic eyepiece, 6247 ; applied 
to surveying, 265, 372, 710 ; tran- 
sit, 6245, 6246 ; varieties, 6247 
Teleutospore, of wheat rust, 1667, 1669 
I’enipera paiuting, methods, 1022, 1023 
Temperament, types, 5701 
Temperance beverages, dangers of, 3‘<79 

— reformers, early work. 5670, 5671 
Temperate regions, classification accord- 
ing to economic conditions, 5660 ; 
physical conditions, 4494 

— zone, 293 ; cultivated plants of, 628 
Temperature, 1564 ; absolute, 1806 ; 

of animals and man, 439 ; atmo- 
spheric, ; ballo<'>n observations, 
3982 ; body, normal, 96 ; normal, 
reguLation, 439 ; conditions essen- 
tial to life, 277 ; critical, of gases, 
1741 ; effect of alcohol, 3377 ; in 
engineering (importance), 1806 ; 
oceanic distribution, 554, 555 
Tempering, in brickmaking, 1281 

— in metal- work, 236, 4465, 5524 
Tempers, for steels, 4749 
Template, 3035, 3039 ; lens, brass, 

6123, 6124 ; stone for girder, 
3242, 3243 ; of ship, 5619, 5740, 
5918 ; in structural ironwork, 5791 
Temple, Assyrian construction, 2658 ; 

Egyptian, 2320, 2522 ; (ireek, 2859 
Templet, 3386 ; architects’ drawings, 
5698 ; in coppersmithing, 3885, 
3886; cylinder bore, 3317, 3310; 
in floor construction, 4445 ; mason’s, 
2838 ; mitre, for mouldings, 518i ; 
roof, 4248 ; workshop, 3633 

— hoard, in making engines, 3885-3880 
Temporal bone, 1348, 1604, 1605 

— lobes, of cerebrum, 2144, 2146 
Temporary' way, railway, 3252, 3253 
Temptation, immunity from, 6784 
Tenacity of matter, 1375 ; of metals, 

3838 

Tenancy, law concerning, 68-10 
Tendency, in heredity, 1587 
Tender, locomotive, 4599 
Tendon, of muscle, 4711 
Teniers, the younger, painter, 3948 
Tennessee, geography, 4172, -1174 
Tennyson, Alfred, Lord, ])oet, 1434, 
1435 ; bibliography, 2787 ; dra- 
matic works, 1152 

Tenon, joint : see Mortise and tenon 

— stub, in staging, 1176; in trestles, 

1173 

Tenoning machines, 6755 
Tenor chd, in music, 1059, 1060 

— part, in harmony, 364 

— voice, characteristics, 6050, 6182 
Tense, English verbs, 116, 757 ; French 

compound, 1476 ; German, use of. 
3501 ; Italian, use, 6523 ; J.atin 
rules of seciueiice, 1334 
Tensile strength of materials, 210, 1256 
1'cusion, in a belt drive, 3269 ; in 
backstay and pier, 2763, 2761 ; of 
a stress, 1250, 1260 

— bar, in engineering, 1613, 1645 

— boom, of gir<ler, 450 
Terebinth tree, exudations, 1034 
Terminal, in electricity, 288, 463 
Termite, white ants, descriidion, 3364 
Terms, algebraic, 1818, 1819 

— import iince of definition, 484 

— of syllogism, distribution, 6093 
Terne-plates, manufacture, 0163 
Terpenes, 3487, 4968 

Terra-cotta, architectural, 5777, 5778 ; 
in building, 644, 2780, 2782 ; 
bonding with, 2177 ; in damp 
course of walls, 2264 ; detail 
drawings for 308, 2780 ; for 
fire resistance, 4754 ; firing, 
5778 ; in floor construction, 4756, 
4758 ; glazing, 5839 ; for internal 
partitions, 4759 
Terre vertc, pigment, 871, 5145 
Terraces, mining in, 2849, 2850 
Terrawotle, for partitions, 4757, 4759 
Tertiary rocks, 2007, 2254 
Tessellated pavement, in building, o46 


Test Act. 4841 

— box, tclegranli, use, 4386, 5536, 5637 

— hydraulic, 3904 ; impact, applica- 

tion, 3962 ; steam pressure, 3964 

— pump, 1082 

— tube stand, use, 4401 
Testing of boilers, 3106 

— in engineer’s workshop, 2109, 

3961-3968 

— of plane surfaces, 3688 

— machines, 205, 1259, 1261, 1392, 

1305, 1521, 1700, 1701 

— room of high-speed engines, 3967 
Testis, in the liydra, 381, 382 
Tetanus, cause, 5412, 6542, 6781 
Tetragonal system, crystal, 766, 6730 
Tetrahedron, in drawing, 1747, 1749 
Teutonic languages, 1771 ; relation of 

English and German, 248 

— races, ethiiologioal survey, 1790 
Texas, cotton, -1172 ; petroleum de- 
posits, 4172, 6007, 6011, 6014 

Textiles design, 2939, 2944, 3153 ; 
«lcsign and structure of cloths, 
5507, 5508, 5980, 6385-6390 ; 

books on, 6728 ; dictionary of, 73 ; 
examinations, 5511 ; yarn, count, 
2895 

— operatives, employment, 2640 
Thackeray, William Makepeace, novel- 
ist. 3440, 3411 

Tl»:illus, dcfinifioii, 165, 1308 
Thames, river, bridges over, 2497, 2498, 
2499 ; climate and rainfall of 
valley, 98 4 ; course, 456, 1274 ; 
estuary, 980, 1275 ; strata of bed, 
528 ; tides, 556 
Thatching. 1631, 1664 
Then assamica and chinensis, cultiva- 
tion, 6553 

Theatre, analysis of air, 3801 ; in 
Elizabethan ago, 845 

— band, instruments, 5889 

'I heatrical agents, 6865, 686S 
Thebes, Macedonia under protection of. 
774 ; subject to Philip II. of 
MaccdoJ, 775 

Tlieino, dietetic value, 3378, 6554 ; pro- 
perties, use. 4007 ; in tea, 3378, 6554 
I'hcmistocles. his career, 773 
'I’lienard’s bine, composition, 5985 
Theobromine, in cocoa, 3378, 4007, 
6536 ; dietetic value, 3378 
Theodo'ite, adjustments, 268 ; in build- 
ing, 309 ; care of, 26') ; in marine 
surv(‘yirig, 159, 1018; in railway 
.surv(‘ylng, 801 ; in surveying, 158, 
265 ; in traversing, 307 

— transit, 267,^269 

Theology, Englisli eighteenth century 
theologians, 205 4, 2141 ; living 
theologians, 2786 ; see also Ueligiob 
Theorem, in geometry, 4208 
Thermal conductivity, standard, 2061 
Thermit, uses, 236. 5993, 6456 
Thermodynamics, laws, 2061, 5413 
Thermographs, constrm-tion, 6129 
Tlierinometers, varieties, 1565 ; manu- 
facture, 6128; scales of measure- 
ment. 1564, 6128 
Thermopile, in electricity, 129 
Therinopyhe, account of battle, 772 ; 

Greek victory (1823), 6448 
Thosens, temi)le at Athens, 2839 
'J himhle, dressmaker’s, 185, 3093 
Third, arithmetical term, 1715 

— estate, French. 5111 

— rail system, railway, 2276 

Thirst, pliysioJogical definition of, 865 
Tlurtv \ cars War, 5110, 6445 
Jhistie, 351 ; bract, 1115 
Thistledow'n, in fertilisation, 912 
Thomson, Prof. E., electricity meter, 
2813 

— .Tames, poet, 994, 995 

— .T. A., biol(\gical works, 1791 

— Prof. J. .1., corpuscular theory 

of matter, 2294 ; electrical nature 
of chemical forces, 2297 ; on 
gaseous ionisation, 4700 ; on 
kathode rays, 4090, 4103 ; periodic 
law and valency, 1916 
Thoracic duct, anatomy, 1195, 1190 ; 
function, 676, 677 

Thorax, 30, 197, 1300, 1348 \ bones of, 
1605, 1606 
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Thorax, of insects, 3362 
Thorium, chemistry of, 1160; radio- 
activity, 2029 ; in Welsbach 
burners, 6026 

Thorn-apple, 354 ; alkaloid, 4009 
ThoroiiKhpin, in horses, treatment, 2022 
Thought, deiined, 3661 ; laws of, in 
login, 6100 

— transference, 3661,3062 

Thread manufacture, 2707 ; cotton 
yarns, 224 ; silk, 2598 
Thread, screw, 686, 3004, 3006, 3922- 
3925 ; cutting, 3628-3630 

— in weaving, cutting device, 3636 

— in woollen manufacture, 70 
Three-colour printing, textile, 4501 
Three-colour reproduction, 6483, 6486 
Three-end twill, design, 2941 
Three-part joints, casting, 2337, 2339 
Three-phase currents, 1905, 1907 ; for 

traction, 2089 

Three-ply carpet, invention, 3360 
Three point problem, surveying, 1018 
“ Three Sisters,” Vecchio’s picture, 3797 
'J’hree-wire system, electric lamps, 2246 
'I'hreshing, in agriculture, 1664 ; 
machine, 1S4S 

Thresholds, construction, 3241, 3248 
Throat, in building, definition, 2267 
~ complaints of, in pigs, 2626 

— human : see Pharynx 

'throat lash, of harness, 4886, 5057 
'I’hroat-plate, flre-box, 3101, 3103 
'throstle, spinning frame, 2441, 2594 
'throttle Hrotherhood engine, 6072 ; 

eciiillihrium, double-faced, 5750 
Tlirottling, iii steam engine, 5643 
'throw, in geology, detlnltion, 1925 
'throw of the eccentric, 828 
'I'lirush, 2210 ; nests, plates between 
2497 and 2498, 2507 
Thrush, disease, 4682, 6132 
'Thrust, of an arch, principle of, 2760, 
2761 ; of vault and dome, 3145 
Thunder, peals of, cause, 2102 
Thunderstorm, effects on air, 3799 
Thwaites cupola furnace, 2S63 
Thwarts, in shipbuilding, 5736 
'Thyme, 354 ; culture, 6075 
'Thyroid body, human, 2144 

— cartilage, of larynx, 2537, 2539 

— gland, anatomy, 1195 

Tibet, ethnology, 1789 ; gcograpliy, 
2974, 2977 

Tibia, human, anatomy, 134S, 1708 
'nbnllns, in Augustan era, 1829 
'Ticket, railway, 4812, 4814 

— collectors, wages, 4804 
Ticking, mattress, varieties, 6720 
'Tickler, in knitting, 4021 
'tickling, sense of, 1422 

'Ticks, habits, 3805 

Tidal friction, and retardatit)n of (‘arth 
and moon, 620, 6565 

— water, pollution, 4548 

— wave, effect on coast, 6218; in 

rivers, 5333 

Tide, cause, kinds, range, 5333, 6219, 
6565 ; Prof. (Icorge Darwin’s 
theory, 549 ; disturbing influences, 
1017 ; effect on coa.st, 6218 ; 
erosion of coast. 1813, 5577 ; lunar, 
solar, 55.5, 6505 ; in navigation, 
4498 ; observation and measure- 
ment, 373, 1017 ; ocean, 654 ; possi- 
ble power production, 5011, 5128 

— tables. Admiralty, 6658, 6662 
'tie beams, roof, 4248-4253, 5749 

— of girder, 540 

— pieces, coppersmi thing, jointing, 3886 

— rod, in braced stnictiires, 644; 

in carpentry, 3546 ; of engine 
frames, calculation of load, 4206 ; 
forging, 2984, 2987 ; in mechanical 
construction. 416 ; for tintber in 
staging, 1174 ; of trussed beam, 
4639 

Tlena, Andes, 4286 ; Mexico, 4175, 
4176 ; Venezuela, 4287 
Ties, in building walls, 2263, 2266 

— iron, in building, 5797 

— in stencilling, 5977 

Tiger, fur and skin, ..6428; papillae of 
tongue, 2535 

— beetle, description, 3510, 3511 
Tiger flower, tigridia, culture, 6490 

6998 


Tiger moth, scarlet, plate facing 3361 
Tile, paving, 2516 ; encaustic, manu- 
facture, 6776 ; marble, 3246 ; 
for tessellated pavemente, 5776 

— roof, kinds, sizes and fixing, 644, 6 15, 

4869, 4870 ; coloured glazed, 

5384, 5385 ; for concrete roofs, 
4758 ; glass, 4872 ; Venetian, 
4872 ; weight, 2998 
Tile-crea.sing, wall protecting, 2267 
'tilers : see Slaters and tilers 
'tillage, in agriculture, 430 
Tiller, in shaft sinking, 2666, 3461 
Timber, in architecture, 140 ; in bridge 
biiilding, 2497, 2499 ; as building 
material, 51, 53, 453, 1454; in 
building foundations, 335 ; build- 
ing-in brickwork, 2513; circular 
sawing, 6143; commercial forma 
and qualities, 3544 ; creosoting, 
5464 ; how indicated in drawing, 
2792; fireproof, 4752, 4753; 

grain, 3539, 3541 ; growth, felling, 
4680 ; heavy, txMfla and machinery 
for, 4644, 4646 ; ironwork, 5792, 
5793 ; forms of joints, 4039, 4047 ; 
4115; market quantities, 3544 ; pre- 
serving, 3433, 3545, 5641 ; for 
roofs, 4247, 4253 ; dimensions, 
4252 ; Safety factor, 210 ; sawing 
and planing, 3753 ; in scaffolding, 
1170; in shaft supports, 3457; 
shrinkage, 3539, 3541 ; sources, 
4602 ; storage, 354.5 ; strength, 
testing, 1256-1261 ; strength varia- 
tion, 211; usef5, traiu«port, 4657; 
«ee aha Wood 

Timbering, mine, 3193, 3308, 3310, 
3.505 

Timbre, of note, 2104 ; of voice, 0184 
'Time, arithmetical problems, 1713; 
astronomical, 6120, 6665 ; English 
measurements, 226 ; civil, 6665 ; 
e(j nation of, 6665 ; French expres- 
sions for, 1772; (Ireenwich, dis- 
semination by chronopher, 5536 ; 
tireenwich mean, 13 ; Greenwich, 
determination at sea, 6660 ; Kant's 
doctrine, 2013 ; mean, 6665 ; 
mean solar, 6246 ; measurement, 
14, 15; philosophic aspect, 6; 
problems on (arithmetic), 1549 ; 
sidereal, 6120, 6605 ; in various 
pHrt.s of the world, 15 

— code, in telegraphy, 4382, 4383 

— in music, 38, 40 ; double-bass, 3170 ; 

in pianoforte playing, 1891 ; signa- 
ture, 41 ; in tonic sol-fa notation, 
925 ; violin playing, 2125 
Timekcefier.s, classiflc'atioii, 5787 
'rimekeeping system, card records, 6519 
'Pime-t aides, railway, 4803 
'Timothy grass, description, 875, 879; 

plate facing 728; fertilisation, 729 
Tin, 356, 357, 1160, 4307 ; alloys, 358, 
.3941, 6162; amalgam, use, 6163; 
analysis, 4414 ; casting shrinkage, 
2342 ; conductivity, 1397 ; distribu- 
tion, 3771 ; extraction, 4307, 6162 ; 
micro-structure, 3939 ; plate pre- 
ceding 3937 ; occurrence, 6161 ; 
paint for, 6572 ; physical proper- 
ties, 3837, 6161 ; reco\ering waste, 
6165 ; refining, 4307, 6162 ; sources, 
5308 ; strength, 1396 ; tooth- 
tllling, 5553 

Tin -foil, in electric condenser, 3580 
Tin-plate, 358, 1045, 6163 ; workers, 
employment, 2044, 4647 

— salts, 1160; use in dyeing, 5779 

— whistle, aid to flageolet playing, 4486 
Tinder fungus, pest, 4928 

Tinned food, 3312 ; Chicago, 3820 

— iron, electrolytic skinning, 5754 

— leadfoil, rolling, 5987 
'Tinning, purpose and process, 6164 
'Tinsmithing, 4521, 4522 

Tinstone, formula, occurrence, 356, 1160 

Tintometer, colour grader, 5146 

Tintoretto, painter, 3797 

Tip ; see under Hats 

Tip waggon, 1823 

Tipping, 3175 ; in soft ground, 3259 

Tissue, in botany, 168 ; cellular, 170 

— of human body, 196, 435 ; action of 

alcohol and chemical substances 


Tho— Top 

on, 3017 ; cancellous, 435 ; mus- 
cular, 1710-1712 

Tits, 2210, plate faHng 2209; food, 
2493 ; nest, 2607 

— of tools, use, 4479 

Titian, painter, 3796 ; ** Assumption,” 
181 ; landscape painting, 4299 
Titles of address : Italian, 6524 ; 
Spanish, 5803 

'Poad, 2800 ; care of young, 2802 
'Toadflax, 351, 354; pollen, 1114 
'Toadstool, 166, 909, 1370, 3726 

— sponge, 1371 

Tobacco, areas of cultivation, climatic 
conditions, 4960 ; exported from 
(Uiba, 4178, 5380; fermentation, 
grading, cultures, 4274 ; manu- 
facture, 4373 ; plants, 4270 ; seeds, 
4270 ; effect on voice, 2539 

— plant, 354 ; culture, 6493 
'Tobacconists, business of, 5600 
Tobin's tubes, use, 4019, 6077, 6021 
'Toe, in bird’s foot, 2209 ; of fossil 

horses, 1177 ; human, bones, 1709 ; 
modifications in mammals, 1869 
'Toenails : see Nails 
Toggle, of balloon hoop, 3978, 3980 
-lever, in moulding machine, 2541 
Toledo, 1132 ; Spain recovers, 2946 
'Tolerance, value and dangers of, 2404 

— limits, in machines, 3694 
Ttileration, factor of social progress, 

5532 ; principle of, 5390 
Tolu balsam, source, properties, 4960, 
6891 

Toluene, from eoal-tar. 5463, r>953 ; 

saeeharinc from, 5470 
Toluideiie, production, 5468; use, 3710, 
Tomat(y‘s, 6675 ; market garden re- 
turns, 6836 ; pie, 2334 ; sauce, 
2004 ; soup, 1735 

Tomhstoues, quarrying blocks for, 2955 
Tone, in colour, cause, 3730 ; in draw- 
ing, 1534, 1792, 2184 

— in music, 1211, 1417, 1758 ; in 

singing, 6337 

Tones, in musical si-ale, position, 272 
Tongs, crucible, in analysis, 4407, 4412 

— use in smiths' work, 2984, 2985, 3108 
Tongue of honey bee, 3724 

— human, 25:i5, 2.5.'1C ; diseases, 0132 
'Pongue-shell, description, 3958 
Tonguing, cornet, 5444 ; piccolo, 4568 

— piece, of brougham, 2830, 2831, 3124 
Tonic, in music, 273 

Tonic sol-fa notation, 805, 921 ; books 
on, 925 ; teaching, 806, 924 
Toning and fixing bath, photo, 6681 
Tonneau, motor-car, 2464. 2830 
Tonsil, human, 577, 579, 2144 
Tonsilitis, symptoms, 6133 
'Tool-box, of planing machine, 4999, 
5000 ; of snajiing machine, 5004 

— grinding machine, 5212, 5214 

— rest, of lathe, evolution, 4912, 4914 

— slides, lathe, 4923, 4924 

— steels, nickel, 5984 

Tooling, in bookbinding, 6776, 6779 

— machine shop, processes, 3376 

Tools, cutting, 3385, 3401, 4149; 

direct-driven, 5452 ; high-speed, 
steel alloys, 4748 ; non •cutting, 
3386, 3387 ; prehistoric, 2255 ; 
scraping, 4259, 4261 ; screwing, 
4480, 4481 ; sharpening, 3388 ; 
shearing, 4584, 4585 ; solid, angles 
of, 4151, 4154 ; standards of mea- 
surement, 4701 ; steel and iron, 
early kinds, 5688 ; steel for, 4747, 
4749 

— dealers in, 2091 

— machine, 4000, 4582, 4999, 5594; 

dictionary of, 3409 ; multiplication 
in single machine, 3322 ; testing, 
3963, 3965 

— pneumatic, 1803 ; portable, 5452 ; 

reciprocating, 5456 

— portAble, 5275 ; machine, 5448-5453 
Tooth : see Teeth 

Toothache, causes, 5551 
Tooth-brush, manufacture, 6107, 6110 
Toothing plane iron, 6681, 6582 

— in wail construction, 2268 
Top lift, in mining, 2955 

— soil, in building, excavation, 329 

— spinning, mechanics of, 426 
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Top— THI 

Topaz. 5853, 5855, 6744 ; imitation, 
5^52 

Topgallant mast, rigging, 0400 
Topmost, sending down and up, 6400 
Tops, of boots, making. 4230. 4432, 4541 

— cabinet-making, 6586, 6’5^7 
Toque, cockade rosettes, 5506 ; fur, 

5775 ; patterns, 4766, 4767 ; straw 
brims, 5217, 52 IR ; velvet, 5331 ; 
wire shapes, 486(», 4667 
Torch lily, culture, 6520 
Torpedo boat, high speed engine, 57 40 

— charging, air-pressure, 53.)6 

— ventilator, in trains, 302 4 

— work, training of ollicers, 4401 
Torque, in electric motors, 1592, 1900 
Torre aei Sciiiavi, lioine, 141 

“ Torrent” filter, action, 5765, 5766 
Torricellian vacuum, 1139, isoi, 6120 
Torrid zone, heat and light, 293 . 
Torsion, of materials, 1256, 1342, 1393 
Tortoise, description, 2677, 2798, 2799 

— beetle, larvw, 3512 
Tortoiseshell, 2799, 6891 ; imitation, 

5470 

— butterfly, chrysalis. 3516 ; egg, 3513 
Torris, form of moulding, 5297, 5299 
Tory, politics of original party, 4950 ; 

politics in Anne's reign, 4952 
“ Tots,” arithmetic, explained, 2473 
Toucan, description, 2210, 2 494 
Touch, in pianoforte playing, 1416 
-- sense of, 7427-1423, 2118 
Toughening, in metallurgy, 356 
ToughiM*S8, of metals, 3S38 
Tourist vocabulary, 1956-1965 
Tourmaline, proiierties, 1042, 5S5f;, 
5865, 6744 ; polarisco])p, 3850 
Tons les mois starch, micrograph, 5365 
Tow, in flax industry, 1387, 1720 

— carding, 1885 

Tower, in architecture, evolution, 3231 

— temporary timber, construction, 4630 
Tower Bridge, London, 2756, 2886, 

2887 ; bascules, 828 
Tower of London, architecture, 3233 
Town-clerk, 81, 989, 1213 ; of borough 
council, 320 

Town Councils, development and 
powers (1882 Act), 80, 316 
Towns, causes of sites, 4519 : mortality 
and health, 4530; transit prol)lemB, 
2163 ; ventilation, 3799 
Townsend, F. H., line drawing, 6103 
Toxic acids, 3536, 3537, 3538 
Toxin, in microbic diseases, 6781 ; 

effects and production, 6514 
Toy merchants, business of, 927, 5602 
'J’racehook, of carriage, design, 2729 
Tracery, (totiiic, 2321, 2567, 2568 
Traces, in brickmaking, 1284 

— harness, dimensions, 4886 
Trachea, of air-breathers, 3361 

— human, 1299, 1971, 2144 
'ITachyte, 1009; blasting, 3175 
Tracing, technical drawing, 2792, 5542 
Track, railway eciuipnient, 3607-3616 

— brakes, tramcar, 1934 

— cleaners, tramway, 4189 

— inspection, of railway, 4593 
Traction, electric, books on, 4298; 

gee algo Kailways, Tramways, etc. 

— engif:es, use, 3904 ; railway, 5079 

— railway, mechanical principles, 3813 ; 

steam and electric comi)ared, 2274 
Tractive force, 6516 ; ealcufation, 6517 
Tractor, electric, for canal boats, 2275 
Trade, balance of, 3679 ; internal and 
international, 3972 

— circulars, wholesalers’, 6209 

— expenses, in bookkeeping, 490, 2202 

— marks, ownership, registratir^n, 6208 

— returns (British), 6003, 6005 

— vehicles, uuder-cjirriages, 3125; gee 

also Vans, Handcarts, Milk van, etr. 

— winds, Africa, 3276; causes, 296; 

eflfjct on rainfall, 298 
Trades unionism, in building trade, 
139, 6346 ; in engincjering, 6631 
Trading account, 2270, 2600, 2756; 

departmental system, 3417 
1 raffle, London's problems, 2153; 
, regulation, police, 1407 

— Inspectors, railway, 4806 
j^gaennth, distribution, use, 810, 6885 
Tragedy, 680, 768 : and see Drama 


Trailers, 2463 ; for farm produce, 
3904; rail motor, 47707, 4812 
Train, of eight-day clock, 5716, 5717 

— railway passenger, 4806 ; heating, 

3025. 4808 ; inspection, 4592, 4594, 
4807 ; lighting, 3025, 4807 : gee 
also Kailways 

Training, as factor in evolution, 1706 

— colleges, elementary teacliers, 6474, 

6478 

— ships, mercantile marine, 6804 
Trajan, Emperor of Koine, rclgii, 2069 
Trajan’s Column, relief carving, 2933 
Tramcar, axles, 3326 • caiiofues, 3024 ; 

(iiniensions and siiape, 2556, 2726 ; 
lighting, 3025 ; material used, 
2827 ; mounting, 1934 ; ventila- 
tion, 3024 

Trammel, masons’, 2837, 3388 

— net, use, 499(t 

Tnimway, 3750; drivers, 4189; em- 
ploy inent conditions, 4189 ; gauge, 
3751 ; principal officers and 
salaries, 573, 1498 ; origin, 2273 ; 
rolling-stock, 2462, 2463 ; wood 
paving and granite setts, 3752 

— cable, description, 2273 

— electric, 1931-1916, 2273 ; books on, 

4298 ; car, 2463 ; construction, 

1 934-7.936“ ; comparat ive stal ist ics, 
2154, 2273; motor, gear ami 
construction, 1932-1934 ; rail lay- 
ing, 3750, 3751, 4189 ; staff, 4189 

— horse, description, 2273 
Transaction in business, 1567 ; deflni- 

tion, bookkeeping, 488, 658. 7/7 
Transcasjnan Kailway, roiib*, 2718, 2719 
'rransfer, business. tu!l account, 1568 
'rraiislormer. electric, 949, 1657 1661 ; 
Marconi’s, 3898 ; tliree phase, 
1907, 1908 

Transit, probable developments, 2276 ; 
see also Veliicles, and separate 
headings 

— trade (British), 6005 
Transition, in soi-fa notation, 922 
Transitive verb, 608 

— verl)s (Oerman), passive voire, 3355 ; 

• syntax, 2489 : gee aho Verbs 

Translation, in applied ineehanics, 87 

— I'harges, 1919 

Translucence, in light, 2436, 2599 
Transmission, of ac«niired cliaracter, 
825, 1586; Lamarckian theory, 653 
Transmitter, telephone, 5681, 5682,' 
5879 

— Wheatstone, 5391, 5392 
’rransoin, 2830, 2831 ; of bogie frame, 

3122 ; in elliptic spring vehicles, 
3124 ; o( ship, 561S, 5742 

— in building, terra-cotta, 2783, 2784 
Traiisparency, in light, 2436 
Transpiration, 508, 727 ; connection 

with dew, 1900; of leaf, 172; of 
pores of skin, 1423 

Transport, varieties and methods, 4517- 
4519; geological action of sea, 1814 
Transporter bridges, structure, 2889 
Trausiiosing keyboards, musical, 1059 
Transposition, in music, 1057, 2024 ; 

cornet, 5443 ; trumpet, 5439 
Transvaal, climate, 3586 ; economic 
conditions, 5560 ; geography, 3587 ; 
history, 6693 ; mineral wealth, 
2376 

Transverse process, of vertebr®, 1605 

— strength of stones, 1597 

— stress, building materials, 1257, 1260 
Trap, of house drains, 570, 733 4462, 

5052, 5629, 5634 

— do<»r, of roof, lead protection, 5034 
spider, underground dwelling, 3805 

— hairs, of arum : plate facing 728 

— roeks, 528 

Trapeze, acrobat, work, 6866 
Trapezium, in geometry, 496, 1264, 
17“23 ; area, 4906 
Trapewiidal areas, rule, 5965 
Travel, best seasons for in various 
countries, 394 ; atmosphere of a 
country, guides, elinmtio con- 
ditions, 39J ; modes of travel, 
512 ; national importance of, 64 ; 
organisation, 1809 ; personal 
value, 212; value to journalist, 
3970 ; tourists, vocabulary, 1956 


Travellers’ phrases, 1956-1965 
Traveller, in meclianienl engineering, 
415, 832 ; testing, 3966 
Travellers’ letters of ereiiit, 4294 
Traversing, in surveying, 367 

— bridges, construetiun, 2888 
Travertine, class! fieat ion, 3 074, 6744 
Trawl-fishing, territorial re.s frictions, 

5318; vessels employed, 4989; 
regulations lor trawlers, 5316 
Tray, elliptical, drawing, 5164, 5165 : 
rectangular, 5165, 5166 ; trun- 
cated, drawing, 4523 
Treacle, 3653 ; manufacture, 4456 
Tread, in railway construction, 3612 

— of staircases, 5300; stone, 3241 
Treading plan, in textiles, 39U9 
Treasurer, municipal, 1007-1069 
Tree-creeper, eiimbing, 2495, 2507 
Tree ferns, 51, Jiio 

Treeing, in boot-making, 4546 
Trees, 51-57, 1676 ; age computation, 
51, 504 ; classed as hard and soft, 
3542 ; as check to soil denudation 
by water, 450 ; greatest dimen- 
sions, 603 ; distribution, 625 ; 
felling, 964, 5899; forest, high, 
4680 ; forest pests, 4925, 4927 ; 
in coal seams, 1921 ; planting, 
0310 ; sj)ecles, 4678 ; in town 
gardens, 6310; transplantation, 
4677, 6317 

Trefoil : see riover, yellow 
'’I'rellis girder, loads, 2227, 2229 
Trembles, in sheep, 2625 
Tremolando, violin bowing, 2743 
Tremolo, in music, 270 ; banjo, 4312 ; 
concertina, i 188 ; double - bass, 
5728; guitar, 3762; harmonium, 
3951 ; singing, 6185 ; violin, 5727 
Trench, iii drain-laying, 733, 781 ; 
excavation, 329, 332, 453, 1823, 
1824 ; military construction, 6267, 
6270 

Trenching, in mining, 2665 
Treucli, Kicliar<l I’., philologist, 1309, 
2616 

Trent, river, course, 1273 
Trepan, in mining, 3460, 3461 
Trepang, fishery, 4083, 5121 
’rrepaiiniug. of brushes, 6107 
Trestle, in building, 1173 ; in carpentry, 
3386, 3754, 3755, 4640, 4641; 
in fitting, 3689, 3691 ; railway, i:i 
military operations, 6266, 626? 
Treves CathedraJ, 3233, 3374 
Trial balance, bo»)kkeeping, 490, 2501, 
.3417 : complex ledger, 2201, 2981 

— holes, in building, 332 

— pits, dock eoustruotion, 0190 

— of the pyx, in coinage assay, 5.851 
Triangle, geometry of, 194 ; altitude, 

4905; area, 370, 1251, 4906; 

elassitlration, 4330 ; definition, 
kinds, 4330 : eijuality of two, 
4624 ; cqualit.V, 4330 ; eipiiangu- 
l.ar, 5472 ; parallel. 46}13 ; pro- 
portional division of .sides, 5338 ; 
(piadrilatcr.ils, 496; sides and 
angles, 6627 ; solution. 6628, 6789 ; 
s(|uares on sides, 5636 ; value of 
angles, 4478 

— musical instrument, use, 5567, 5733 
Triangle of forces, 412, 553, 685 
Triaugnlation. in drawing, 4525, 4526 

— in surveying, 593 

'Friassie system, 2067 ; rocks, 2254 
Tribuhis, seeds, 911, 012 
Tribune, Koman, appointment and 
powers, 1138; before and after 
the Dceemvirate, 1201 
Tributary of river, definition, 457 
Triceps, of arm, function, 1712 
Trieliina, liahit, destnietiveness, 3958 
Trichinosis, treatment. 2625 
Triehlorities, in chemistry, 1601 
Tricuspid valve, structure, 956, 956 
Tricyele, differeneo from bicycle, 3774, 
3779 

Tri-dimcnslonal space, psychology, 2119 
Trigonometrical rations, 6231 

— survey : see Trlangtdatlon 
Trigonometr>', 6231. 6373, 6499, 6789; 

books on, 6V90 ; logarithms. 6627 ; 
signs, use of, 6(586 ; ratios, 6231 
Trllobite, 3361, 3806 
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Trimmer, tool, use, 3388, 3758 
Trimmiiig, in carpentry, plan, 4446, 
4447 ; in roof worlc, 4293^ 4254 

— millinery, 5774 ; lace, 5620 ; under- 

wear, 3004 ; velvet, 5332 

— of vehicles, 3621, 3624 

— weavers, employment, 2651 
Trindle. bookbinding, 6776, 6777 
Trinidad, 4178 ; petroleum, 1164, 6007 
Trinity House Corporation, 1497 
Trinomial, in algebra, dcdiiition, 1818 
Tfional, hypnotic, 4120, 5469 

Trip, train, use, 4689, 4691 
Triple effet apparatus, sugar, 3829 
Triple expansion engines, 5418 
Tripoli powder, formation, 1814,6b73 
“ Triumph of Death,” painting, 3519 
“ Triumph of Venice,” Pa<»lo Veronese, 
plate facing 3793 

Triumvirate, the Eoman, the first, 
1514 ; second, 1671 
Trochee, definition, 328, 1760, 3051 
Trochoid, in geometry, 1414 
Trolley, electric tram, standard, 1936 
Trollope, Anthony, novelist, 3441 
Trombone, bass and tenor instruments, 
5267, 5271, 5732 \ maniifaetnre, 
6624 ; orcliestra, 5888 
Tropics, 203 ; natural products and 
cf)mmerce, 5379 ; physical condi- 
tions, 4493 ; rainfall, 298 
Trough, railway water, 3614, 3615 

— stratified rocks, 1923 
Trouserings, warp, 5510 

Trousers, boys’, 1754, 4356; men*k, 
2604 

Trout, classification, 3066, 3008 
Trowel, 4585, 4586 ; gardener’s, 6315 ; 

plasterer’s, 1951, 5497 
Troy weight, table and use, 226 
Truck, hand, construction, 2558 

— railway, 2555, 5068, 5009 ; modern 

patterns, 24H3, 2467 

— tramway, load distribution, 1923, 

1935 

Truck Acts, provisions of, 6845 
True discount, explained, 1319 

— north, finding, 205, 709 
Truffle, description, 1371 

Trumpet, musical instrument, 5437, 
5440 ; maniifaetnre, 6624 ; use in 
full orchestra, 5888 
Trunk telephone system, 5394, 6174 
Trunnions, for foundry ladles, 2805 
Truss, in bridge building, 2497, 2499, 
4640, 4641 

— roof, 415, 545, 425 1, 4523 ; king post, 

4249; queen post, 4251 
Trussed beam, construction, 5793, 5794 ; 
stresses, "HO, 2228, 2229 

— girders, in derrick stagings, 1176 
Trustee, bankruptcy. 3571 

— securities, defined, 3483 

Truth, Bacon’s inductive methods of 
finding, 6000 ; empirical value of, 
625i>; logical test, 6101 ; method 
of growth, 5388 ; philosophical, 
contrasted with other forms, 6256 ; 
pragmatic philosophy, 6535 ; searcli 
for, value of, 6255 ; supremacy of, 
5530 ; toleration of religious, 
5532 ; tests, old and new, 6470 ; 
ultimate triumph of, 5390 
Truyere, river, garabit bridge, 2739 
Trying plane, use, 3385, 3387, 3756 
Trypsin, action, 075, 3819, 4135 
Tschermak, Austrian biologist, 1481 
Tsetse fly, plate facing 3301, 3721 ; 

distribution, danger to man, 628 
Tuataras, classification, 2677, 2678 
Tuba, musical instrument, 5732, 5733 ; 

see also Saxhorn 
Tubbing, in mining, 3458, 3766 
Tube, of boiler furnaces, 3097, 3102, 
5349, 5351, 6514 ; see also Smoke 
tubes 

— borehole casing, 2846, 2847 

— expander, use of, 3103, 3104, 3108 

— of flre-box, 3103 

— metal, varieties and manufacture, 

5319-5328 

— in mining core, 2668, 2669 

— railways, London, rolling-stock, 2556 ; 

statistics in Ix)ndon (1905), 130 

— rabber, manufacture, 5201 

— spinning frame, mechanlsih, 2441 
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Tube-feet, of starfish, 4081, 4083 
Tube-plate, locomotive, 3101, 3103 
Tube- worm, description, 3956, 3967 
Tuber, in botany, explained, 346, 347 
Tubercle bacillus, 6541. 6642, 6781 
Tuberculin test, applied to cows, 3554 
Tuberculosis, 6781 ; communicated 
from milk, 3554 ; evolution of 
immunity against, 1030 ; heredity 
problem, 1587 : see also Phthisis 

— in cattle, treatment and symptoms, 

2622 

Tubing, of bicycle frame, 3774, 3775 

— flexible metallic, uses, manufacture, 

5327 : see also Tubes 
Tubular bridges, Britannia,. 2498, 2499 
Tuck, in dressmaking, 3338 

— textile, weaving, 3155 
Tucking, in sewing, 154, 3339 
Tuff, volcanic, 1074, 1921, 2066 
Tulip, 355 ; curture, 6489 

Tulle, joining, 6621 ; for millinery 
rosettes, 5505, 5506 
Tumble home, of vessel, 5609 

— of eight-day clock, 5717 
Tumbler for tanning, 3162 
Tumbling, in building, 2268 
Tumours, caused by aneurism, 6036 ; 

effect of radium on, 2030 
Tuners, pianoforte, duties, 6444 
Tungsten, in steel, 234, 4748 
'J’liiiic, boy -baby’s, making, 4195 
Tuning, double-bass, 3168 ; harp, 
3342; piano, 3880, 6442, 6709; 
viola, 2824 ; violin, 2128 

— fork, 2104 ; in sol-fa notation, 806 
Tunis, geography, 3280, 5822 
Tunnel, Blackwail, driving, 3462 
Tunnelling, 159, 1824, 1825 

— in building, 329, 331 

Tup, in die forging, use of, 2992 ; of 
mechanical hammers, 960, 2022 
Turbine steamships, 2278 
Turbines, steam, varieties, principles 
and construction, 6045-6648 ; 
books on, 5595 ; classification, 
5679 ; electric installation, 
1691, 1693; horse-power, calcula- 
tion, 1695 ; mechanical effleitmey, 
1688; principle of, 1143; in 
sldp propulsion, 5258; ulilisation 
of power, 501 1 

— water, 1091, 1095 

” Tiirbinia ” turbine, 6645 
Turbo-alternator, 1906, 1907 
Turbot, boiling, 1874; carving, 5935, 
5936 ; choosing, 3717 ; form of 
body, 3069 ; value of fishery, 4989 
Turkey, 5703, 5705 ; carving, 5934, 
5935 ; choosing, 3747 ; eourt- 
sliip, 2505 ; digestibility, 3314 ; 
manure, 5874, 5875 ; roast, cook- 
ing, 1874 

Turkestan, geography, 2974, 2977 ; 

Mongol supremacy, 218 

— Russian, geography, 2718 
Turkey, coins, weights and measures, 

410; geography, 2165, 2106; 

liistory, beginning of Ottoman 
Kmpire to 1821, 6447 ; Crimean 
war, 6692 ; trade, 5822 
Turkey in Asia, geography, 2719 
Turkish Provinces, geography, 2167 
'J'urks, craiiiology, 1786 ; etlinology, 
1789 

Turmeric, i-n dyeing, 5145, 5907 
Turn, in music, 271 ; violin, 2508, 2510 
Turner, J. M. W., etching and mezzo- 
tint, 6290; landscape painting, 
4302 ; ” Dido building (-arthage,” 
4301 ; ** Liber Studioruiii," 724 ; 
Ruskinoti, 2616 

Turner’s yellow, manufacture, 5144 
Turner’s templets, 6855, 6856 
Turnery, mechanical, 3316 
Turning, art metal-work, 5527, 5528 ; 
metal, tools, 4151, 4153 ; wood, 
0853-6856 

— chisel, 4150, 4151 

Turnip, 942 ; cultivation, 1231; dis- 
ease, 1669; insect pests, 1668; as 
live-stock food, 2704, 2004 ; mar- 
ket garden returns, 6836 ; uses, 
942, 944 

-flea-beetle, 1668, 3512 
Tumpln, plumber’s, 5029, 6030 


Tiim-undcr, coachbuilding, 2558, 2730 
Turpentine, 3487, 4657, 6147 ; distilla- 
tion, 5147 ; properties and uses, 
5832 ; purification, 5466 ; varie- 
ties, 1054 

— oil and spirit of, 1034, 1035 

— Venetian, as painting medium, 871 
Turquoise, 6852, 5853, 5856, 6745 

— blue, basic dye, 5955 

Turret, of lathe, 8632, 3633, 4914, 
4920, 4923 

Turret lathes, 3322, 3631 ; contrasted 
with grinding mactiines, 3408 
Turtle, 2677, 2798, 2800, 6891 
I'liscan order of architecture, 2035 
Tuscany, province, 2230 ; as Duchy, 
2945 ; under the Medici, 4322 
Tusk shells, classification, 3113, 3284 
Tusks, as weapons, 2155 
Tussih moth, cultivation, 583 
Tutors, dismissal, law of, 6846 
Tiitti, flute music, 5729 
Tuyeres, in cupola furnace, 4469 
Tw’ced, river, 984 ; valley, 1066 
Tweezers, compositor’s, 5156, 5157 
Twill, use of treading plan, 3909 
Twilled cloth, design, 2941, 3153 
Twine, manufacture, 1027, 5288 

— cable, machinery for, 5289 
Twiners, twining plants. 504, 505 
Twist, use, 185 ; silk, 153 
Twist-bit, use, 3386, 3387 
Twisting, textile process, 2593, 2707 
Two-siring mill, in warping, 3489 
Two- wheel vehicles, suspension, 3126 
Two-wire system of electric lamps, 2245 
Twyer : see Tuyere 

Tycho Brahi^, observations, 6241 
Tying, in bootmaking, 4546 

— in scaffolding, 1170 

— in, in surveying, 264 
Tympan, of printing press, 5744 
Tympanum, of ear, 2316, 2533 
Tyndall, Prof., on life, 29 ; on scientific 

spirit, 2806 ; vowel flame, 2318 
Tyne ports, tonnage (1904), 6005 
Tynccastle canvas, for walla, 5828, 5830 
Type, printer’s, 5026; cases, 5 150, 5157 ; 
in advertisements, 6859 ; ” bill,” 
average, 6074 ; arrangement in 
chase, 5457 ; composition, 5026 ; 
evolution, 5027 ; founding, 6073- 
0075 ; making even, 5159 ; mea- 
surement systems, 5028 ; moulding 
in linotype, 5250 ; sizes, 4236, 5028; 
spacing, 5158 ; storage, 5252 ; 
wood, 6075 

Type-casting machine, automatic, 6075 
Typefounding, 6073, 6075 ; employ- 
ment conditions, 2645 
Type metal, 360, 1162, 3941, 8988 
'I’ype bar, in typewriter, 1527, 1529 
Typewriter, hire-purchase system, 1918; 

mechanism, 1527-1529 
TypewTiting, 1696 ; as a business, 1918 ; 
charges, 1920 ; the use and care of 
a machine, 1527 

— ink, 5367 

— paper, manufacture, 6401 
Typist, charges for hire, 1920; wages, 

1918; women in Government 
departments, 3303 ; women in 
L.(\G., 1215 

Typhoid bacillus, 6540, 6542 
Typhoid fever, communication by 
sliellflsh, 6315 ; conveyed by 
water, 6410 ; immunisation dur- 
ing, 0544 ; immunity of animals, 
6543 ; microbe, 6440 ; symptoms 
and treatment, 6260 
Typhus fever, 5410 ; rarity, 6260 
Topography, books on, 6076 
Tyranny, Russian government, 4369 
Tyre, bicycle pneumatic, 3775, 5201 

— motor, 2154, 2273, 6201 

— railway, intersection with rails, 

3612 

— wheel, brougham, 2830, 8127 

UDDER, of cows, complaints, 2023 
f'ganda, geogr^hy, 3462 
Ulcer, rodent, l^ntgen ray, cure, 4093 
lUcers, tongue and mouth, 6132 
Ulmaceie, rubber plants, 5046 
Ulna, human, 1348, 1708, 1709; of 
tapir and rhinoceros, 1179 
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iTltiamarine, pigment, 871, 6746 ; 

composition and manufacture, 
5144 ; in sugar refining, 4453 ; 
in textile printing, 4501 
Timber, raw and burnt, pigment, 871 ; 
preparation, 5144 

TJmbellales and umbellifera, classifica- 
tion, 353 

Umbels, botany, defined, 353 
Umbra, in liglit, 2436 ; eclipse, J1 
Umbrella makers, eniijloymciit, 2051 

— merchant, business of, 5003 

— skirt, cutting, 524, 625 
Umbrellas, old and modern forms, 5603 
Umbrian school, of painting, 3794 
TTneonformity, in geology, 1354, 1355 
Under carriage, construction, 312 J, 3126 
Und^r cliff, of English coast, 1505 
Underclothing, cutting out and draft- 
ing, 928, 3472, 3475; making, 
3093, 3094 ; stitches used, 3336- 
3340 

Under frames, railway rolling stock, 
2556 

Underglazc, of pottery, 5383 
Underground working, in mining, 3100 
Underlays, in printing, 5887 
Underlie, in mining, 2378 
Underpinning, building, 335, 918, 25 U 
T’ndcrshot wheel, principle, 1690 
Under-spring, carriage suspension, 3122, 
3123 

Undertakers, business of, 5785 
Underwriting, principles, 4853 
Undistributed middle, in logic, 6098, 
6100 

Ungulata, characters of, 1494 ; evolu- 
tion, 1761 ; swimming, 2038 
Unhairing, leather, 2854, 2854, 2856, 
3210 

Unicellular organisms, 276, 278 
T’liicorn, origin of emblem, 2156 
Uniformitarianism, geological, 1205 
Union of Calmar, 2948 
Union of England and Scotland (1707) 
provisions. 4952 
Union, in plumbing, 6029, 5033 
Unipolar nerve cell, in anatomy, 1942 
Unit in mathematics, 89 
T 'liitary method, rules, 998 
Unitarian colleges, examination, 6607 
United Kingdom: see tJreat Britain 
and Ireland 

United Provinces, India, 2821 
United States of America, afforestation, 
4604 ; beer consumption, 3377 ; 
bridges, timber, 2497, 2499 ; cli- 
mate, 1648 ; c.oalftelds, 2378, 4174, 
5;J05 ; coins, weights and measures, 
410 ; cotton industry, 384 ; eco- 
nomic conditions, 5002 ; educa- 
tional theory, 2306 ; electricity 
statistics, 131 ; exijorts and im- 
ports, 5664; geography, 4172, 
4173 ; government, 5534 ; indus- 
trial regions, 2409, 5662 ; medical 
profession, 5429 ; militarism sub- 
ordinate to imliistrialism, 5097 ; 
petroleum deposits, 1164, 5306, 
6007,6012,6014 ; population, 628 ; 
products of north central plains, 
5662 ; ships, sailing and W'ood, 
5255, 5267 ; silk cultivation, 582 ; 
sloel industry, 5307 ; sugar pro- 
duction, 4351 ; trade, internal and 
foreign, 5381, 5664, 5825; tram- 
way enterprise, 2274 ; touring 
directions, 1648 ; wine consump- 
tion. 3315 ; w'omen preachers, 321 ; 
woollen Industry, 2896, 2897 
•^history, Independence w’ar, 5845; 
(‘onstltution, formation, 5846 ; 
England, war with (1812), 5974 ; 
Canadian boundary, settlement of, 
5975 , civil war, 5976 ; Spanish 
War 5976 

Unity, ill design, 5820 
Unity of things, 6 

Universe, beginning, in relation to 
atomic disintegration, 2552 ; 
atomic analysis and synthesis, 
4131 ; nebular theory, 6701 ; 
physical conception, 4883 ; struc- 
, lure, 6700 • unity of, 4883, 6254 
UnlvetBlties, BrltlBh, 1782, 6478 ; 

• demonstrators and lecturers, 6477 


professors, 6478; Colonial, teach- 
ing staff, 6478 ; English, scholar- 
ships, cost of living, 482 ; students’ 
commissions in Army, 4198 ; 
United States, 4172 ; women’s 
education, 3508 ; women, dis- 
abilities, 4975 

University College, London, 164 

— colleges, for women in England, 

3508, 3509 

Unstable equilibrium, 661, 1080 
Un.strii)ed muscles, human, 1711, 1712 
Upheaval, in geology, 1352 
Upholstery, 6580, 6715-0720, 6721 
Upper, bootmaking, 1239, 4240, 4242 
Upper neuron, effect of injury to, 2994 
Upset, of baskets, making, 5190, 5562 
Upsetting, in forging, 235, 2984, 2986 
Ural mountains, lUissia, 2406 
Uralitc, preparation, etc., 813, 4759 
Uraniscus, geometrical design, 2398 
I’ranium, ratio to radium, 1917 ; 
emission of Bcctjucrel rays, 4104 ; 
<‘Volution of radium from, 2553 
Uranus, 6250, 6569 ; distance from .sun, 
6121 ; formation, 6701 ; ami 
nebular hypothesis, 620 
Urban District (‘ouncil, .sphere, 316 
Urea, 1302, 3111; synthesis of, .516, 
2711. 370:t; chemistry of, 37():i 
Urgere nitrate, formation, :3703 
Uredospore, in wheat rust, 1007, 1669 
Ureter, structure, function, 1602, 1003 
Uric acid, chemistry, 37<»r) ; formation, 
867, 1602; gout, 60:t7 
Uric-acidfcnua, causes and diet, :1705 
Urinal, earthenware, 5491 , sewage 
from, 569 ; slate divisioiis, :t24H 
Urinary organs, human, kidneys, 1602 
Urine, liumau, 1602 

— livestock, pro])tTlics, 43;) 

Ursidas characters, 1494, 1763 
Uruguay, economic conditions, 5661 ; 

geograpliy, 4282, 4288 
Usk, river, estuary, 1276 
Utah, state, 4174 ; petroleum, 6007 
Utensils, housekeeping, 1002, 1225 
Utrecht, Treaty of (1713), 49.52, 6304 ; 
Union of (1579), 6304 ; touring, 
858 

Uvula, 577. 579 ; cutting, 6133 ; func- 
tion in singing, 0049, 6190 


V-BLOCK, use, 3089, 369] 
Vaccination, bacteriol(>gy of. 6543 ; 
with cowpox, 5410, 5411 ; in- 
fant, 4684 ; Pasteur’s discoveries, 
3274 

— otlicer, salary, 1927 

Vacuole, of ama*l>a, 408S ; in plant 
cells, motion, 200 

Vacuum brake : acc Brakes, railway 

— tube, discovery of cathode rays, 

4090, 4092 ; elect rie discharges 
through, 41 03 

Valency in chemist ry. 1206, 1914, 
2296 ; and electrons, 2:;8, 2296 
Valet, duties, 764 
Valetudinarianism, 279.5 
Valladolid, 2234 ; cotton, 223, 22.5 
Valley, formation of, 1633 ; rift, 3275 

— roof, formation, 4868; tiled, 4809, 

4870 


- tiles, for n>ufing, 044 
’allioueria, fertilisation, 729, 730 
'alonia, source, use, 3012,4658, 5780 
’aluahlcs, cu.stody by bank.s, 4J67 
aluatiou, 5J51 ; of bu.siue.ss stock. 

702 ; fees, 51.55 ; Iiiwood’s tables, 
5152; Smart’s tables, 5153 
nluer, Borough Uouimil, 320 
'aluing, business ol, 51i>l ; knowledge 
bv estate agent, 5284 
’alve', ballmm, 3978, 3979 
-of hollers, lilting of, 3106 
-bridle, forging, 2984, 2987 
-chest, of engine, 4423, 4124 

- gears, locomotive, 655i5, 6516 ; Robey, 

6070 ; triple expansion, 6295 

- lieating 8y.steni, 0017, 6023 
-of pneumatic tools, 1803, 1806 
-of pumps, 1081 

-safety, mechanism, 832 

- screw-down, use, 5633 
-sewerage, 4462, 4463 


Valve, steanr engine, types and details, 
5642, 5645, 6749, 5914; Brother- 
hood engine, 6071 ; Corliss. 5645, 
6072, 6292; drop, 6645,' 6070, 
6072 ; Robey engine, 6070, 6071 ; 
slide, 5043, 6072, 6139; stroke, 
positions, 4420, 4428 

— of trumpet, mechanism, 5438 

— ventilating, 4019, 4020 

— of water pipes, 4338 
Vamp, of boot, 4239, 4240 
Van de (’apelle, painting, 4300 
Van der Heist, painter, 3949 

Van Dyck, painter, 3948; portraiture, 
4392 

Van Eyck, the brothers, 1022, 3940, 
3947, 3948 ; landscape painting, 
4209 

Van Orley, Bernard, painter, 3948 
Van Ostade, “ Peasants at an Inn,” 182 
Van, axle dimensions, 3326 ; busine.s.s, 
advertising value of good decora- 
tion, 2730 ; carving, objections 
to, 3024 : dimensions and load, 
2726 ; market van parts, 2828, 
2829 ; petrol, for light delivery, 
2403 ; road trade, eonstrnetiou, 
25.58 ; strain, with trailer, 2403 ; 
undcr-earriages, 3125 ; ventilation, 
3025 

— driver, railway goods, 5070, 5071 

— electric lorry, 5078, 5079 
Vanadium, in art work, 5523 ; in 

steel, 4748 

Vandyke brown, 871 ; varieties, mann- 
factnre, 5144 

Vane, of waterwheels, 1691 
Vanilla, source, uses, 4971, 6891 
Vanillin, preparation, 5409 ; use, 4071 
Vanishing ])oint, in perspective, 595 
Vaponrer moth, egg, 3513, 3514 ; 

wingless female, 3516 
Vapours, saturated and unsaturated, 
law of, 1741 

Variation, in algebra, principles, 3696 
Variation, in biology, 484 ; books on, 
1791 ; in botany, 167 ; causes, 650 ; 
Darwinian and J.amarckian the- 
ories,- 824 ; of individuals, rela- 
tion to social progress, 5387 ; 
natural selection and reversion 
1180; retrogressive, counteracted 
by conservatism, 5389 ; the sex 
l)roblem, 651 ; transmission to 
offspring, 5386 

— of materials, 211 

Varicose veins, cans*', symptoms, 6036 
Varni.sh, constituents, classes, 1035 ; 
oil, 5147, 5148 ; preparation, 6835, 
spirit, 5148 

— brushes, priinter’s, 5829, 58:11 
Varus, Roman frontier wars, 1829, 

18.30 

Vascular, bundles, leaf, 170, 171 ; stem, 
109, 170 

— cryptogams : .«r (■iyi)toganis 

— system, blood ves.sels, 952-957; 

function of (he heart, 1192, 1193 

— tissue, in trees, 57 

Vase, china, making, 5606, 5007 
Vaseline, 1164, 6148; uses, 6151 
Vat, brewer’s, 6058 
-- dyeing, 5782, 6367 

— glue manufacture, 5358 

— paper-making, 0395, 0396 

— wine-making, 6355 

Vatican Museum, sculpture, 2929, 29,30 
Vanhrug/i, ."^ir John, dramatist, 1150 
Vaults, centres for, 2.386, 2387 ; fJothic 
period, 3373 ; invention of, 2658 ; 
kinds and con.st ruction, 3144 3147 ; 
Romanesque, 3231 ; shoring, 916 
Vaulting, in architecture, 3144, 3374 
Veal, i)raising and stutilng, 1736; 
carving loin, 5.9.15, 5936 ; choosing, 
1228, 3717 ; cooking, 1872 ; digesti- 
bility, 3314 

Vcccliio, Palma, painter, 3796, 3797 
Vecchio, Palazzo, architect, 3376 
S’eddas, the, 417 ; religion, 6771 ; skull 
measurement, 1785; stature, 1788 
Vee (parting), tool, 4160, 4151 
Vee weld, 233, 236, 2987, 2988 
Vees, of lathe, use and form, 4914, 4015 
Vega I y.aft, star, 315, 625, 6117 
Vogetaple down, 817, 6716 

7001 



fflNMAk INDIX 


Vegetable ivory, 812, 6299 ; dyeing, 6768 

— kingdom, contrasted with animal, 

276 ; Bair’s diagram, 211 

— life, definition, 95 

— marrow, stuffed, recii>e, 2127 ; 

market garden returns, 6836 
Vegetables, choosing, 1228 ; culture, 
6673 ; dietetic value, 3110 ; new 
varieties, 6835 ; packing for 
market, 6676 ; recipes, 2126, 
2335 

Vegetarianism, comparative value of, 
3381, 3601 ; dietetic value, 3111 
Vegetation, fossil, 1817 ; semi-tropical, 
formerly In British Isles, 1817 ; 
zones, 625, 2407, 2715, 3276 
Vehicle, body-making, 2821-2S34 ; 
carving, 3024 ; classification and 
description, 2152, 2154, 2462 ; con- 
struction, drawings, 2125-2131 ; 
construction, technical instruction, 
3908 ; design, 2555 ; dictionary of, 
25,59 ; dimensions, weight, etc., 
2726 ; flttiugs, 3022, 3024 ; land- 
propelled, construction, 2558 ; 
heating and lighting, 3025 ; metal - 
W'ork, 3325 ; painting, 3410 ; road 
trade, 2558 ; trimmings, 3621 ; 
under-carriagoa, 3/22 ; ventilation, 
.3024 ; wheels, 3126 

— motor : see Motor vehicle 

— of points, definition, kinds, 5831 
Veil, bridal, 5774 ; confirmation, 5774 ; 

hat, 5621 ; widow’s, 5114 
Vein, in geology, 2315, 2378 : wide, 
mining, 3304, 3300 ; proving, 2665 ; 
stopiug, 3304, 3305 

— human, circulation in, 952, 1104; 

diseases, 6036 ; structure, valves, 
953, 954, 955 

Vein-rock haracter of, 2378, 2581 
Velasquez, i.aintcr, 123 ; “ Alessandro 
del Borro,” 182 ; characteristics 
and style, 102, 4120 
Vellum, preparation, illumination, 6275 
Velocity, in physics, 423, 651 ; co- 
efficient of, In hydraulics, 1573 
Velvet, cutting and making up, 864 ; 
cotton-back, use and price, 5331 

— of deer’s antlers, 2156 

— design, fitness, 5980 

— millinery, 5331, 5332 ; for hats, 

6036 ; renovation, 6040 ; for trim- 
mings, 186 ; washing, 6040 

— textile, weaving and design, 3156 

— upholsterer’s varieties, 6716, 6722 
Velvet-pile carpets, design, 3358, 3359 
Velveteen, cutting and making up, 864 ; 

millinery, washing, 6040 

— textile, weaving and design, 3156, 

3157 ; tinishiiig processes, 4342, 
4344; loom, 3685, 3680 
Veneer, 6583 ; of staircase, 5300, 5301 
Veneering, 6581), 0581, 6582 
Venetian red, pigment, 871, 5144 

— school of painting, 3795-3797 
Venetians, ships and shipping, 5256 
Veneziano, Domenico, painter, 3793 
Venezuela, geography, 4282, 4287 
Venice, (rothic arcnitectiire, 3376 ; 

Byzantine art in, 3090 ; liistory of. 
Middle Ages, 2945 ; independence, 
loss of, 6303 ; llomanesque areiii- 
tecture, 3232 ; silk industry, 582 ; 
wars with CTcnoa, 219 
Venice, Republic of, 4322 

— white, painter’s, 5837 

Venison, carving, 5934 ; choosing, 
1228 ; digestibility, 3314 
Venous circulation, 1194, 1195 
Vent, of volcano, function, 1207 

— wire, use, 2111, 2112, 2451 
Ventilating gas-burners, 6021 

— openings, of buildings, 6011, 6021 

— pipe, in drainage, 738, 782 
Ventilation, artificial systems, 6023 ; 

books on, 6349 ; chemistry of, 
1297; difficulties of, 3800; do- 
mestic, 4019, 6011, 6019, 6020; 
In drains, 781 ; engineer's fac- 
tor 6591 ; fans and blowers, 
1807, 1808 ; in mines, 3767 ; 
natural and forced contrasted, 
5190 ; in rooms, necessity for, 
1302 ; schoolrooms and dor- 
mitories, 4862; sewer, 4459, 
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4460 ; of shop-fronts, 399 ; of 
towns, 3799 : of vehicles, 3024 
Ventilators, building, 6017, 6021, 6508 ; 
glass, 5838, 5839 

Venting, in moulding, 2110, 2111 
Ventral segments, in sound, 2105 

— tube, explained, 29 

Ventricle, heart, 955, 956 ; beat, 
1192 

Ventricles, of brain, 2145, 2147 
Venus of Milo, 345, plate facing 2929 
Venus, 6402 ; distance from sun, 6121 ; 
motion apparent, 6403, 6405 ; 
nebular hypothesis, 620; orbit, 
6403; phases, 2049, 6403, 6405 ; 
position in solar system, 11 
Venus’s flower- basket, 4081, 4081 
Venus’s fly-trap, 277, 807, 808 
Verandali, use in buildings, 6347 
Verbal agreements, confirmation by 
letter, 6350 

Verb, definition, 116; defective, 902; 
English auxiliary, 758 ; impersonal, 
902 ; notional, 902 ; regular, 902 ; 
strong, 117, 1049 ; voices, 608 ; 
weak, 1049 

— Esperanto, 4512, 4654, 4709, 6093, 

6237 ; conditional mood, 5654 ; 
future tense, 4799 ; imperative 
mood, 6093 ; impersonal, 6237 

— French, 2772 ; auxiliary, 751, 5iUH ; 

avoir, 2772 ; complement, 5948 ; 
compound tenses, 1476 ; condi- 
tional mood, 3353 ; defective, 4038 ; 
stre, 2922; imperfect indicative, 
2486 ; impersonal, 4361 ; inflnitive 
mood. 3353 ; irregular, Hrd and 4th 
conjugations, 3928, 4362, 4506, 
4791; neuter, 4218; participles, 
3354 ; passive, 4216 ; past parti- 
ciple, 6088 ; pronominal, 4072, 
4216; reflexive, 4072; regular, 
2924, 3060, 5947, 6087 ; sequence 
of tenses, 6087 ; subjunctive mood, 
3353, 6948, 6087 

— German, auxiliary, 745, 2926, 3355, 

3789 : eases g<iverned by, 3789 ; 
classifleation, 2489 ; compound 
tens(‘s, 1622 ; conjugation, 1055 ; 
copulative, 3788 ; displacement, 
3789 ; governing dative and geni- 
tive, 3645, 3646 ; impersonal, 

3045 ; infinitive past, 1621 ; in- 
transitive, governing dative, 3645 ; 
irregular, 3215 ; passive voice, 
3355 ; prefixes, 1878 ; strong, 
1478, 2050, 2351, 2637, 2776, 2927 ; 
tenses in dependent clauses, 3790 ; 
use of tenses, 3501 ; transitive, 
3645; weak, 1055, 1190, 1341; 
with two objects, 3645 

— Greek, regular, conjugation, 5520, 

5657, 6094 ; system, 6809 

— Italian, 3210, 6523 ; auxiliary, 2193, 

2484 ; defective, 6378 ; iraper- 
sonfil, 4605 ; intransitive, 4503 ; 
1st conjugation, 3351, 3497 : 

irregular, 2nd conjugation, 3784, 
4214, 4359, 4503, 4647, 4792, 4937, 
5081, 5226, 6369, 5649 ; irregular, 
3rd conjugation, 3785, 3926, 5946, 
6233 ; passive, 4071 ; reflexive, 
4358 ; subjunctive mood, 6523 ; 
tenses, 6523 

— Latin, 1047 ; anomalous and defec- 

tive, 899; auxiliary, 119; depo- 
nent, and seml-depoiient, 900 ; 
accidence, 3210 ; irregular, 1st con- 
jugation, 1047, 1182, 1333 ; irregu- 
lar, 2nd conjugation, 1182; irregu- 
lar, 3rd conjugation, 1333 ; 4th 
conijigation, 1333, 1469 

— Spanish, auxiliary. 3348, 3494 ; de- 

fective, 4797 ; euphonic changes, 
4078 ; impersonal, 4222 ; irregular, 
4366, 4509, 4652, 4796 ; passive, 
4222 ; past participle, 4222 ; re- 
ciprocal, 4222 ; reflexive, 4222 ; 
regular classifleation, 3933 ; regu- 
lar, Ist conjugation, 3033 ; regular, 
2nd conjugation, 3934 ; regular, 
3rd conjugation, 4078 
Verdigris, manufacture, 1447, 6307 ; 
in dyeing stone, 6766 ; poisoning 
by , 358 

Verge : see Balance wheel 


Verge tile, in roofing, 4869, 4871 ; in 
slating, 4808 

Vergil, Roman poet, 765 ; in Augustan 
age, 1829 ; Eclogues, 1617 ; 
Siurey's translation, 328 
Vermiform appendix, cause of appendi- 
citis, 5843 

Vermilion, composition, manufacture, 
5144 

Vernal equinox, 16 
Vernier, 268 ; applications, 263, 370, 
1016 ; applied to survey instru- 
ments, 267 ; use, 4705. 4707 
Verrocchio, sculptor, 3676, 3678 ; 

Colleoui statue by, 1674 ; bronze 
sculpture, 3678: painting, 3793 
Veronese, Paolo, style, 1021, 3797 
Vert Morin, marble, pkUe facing 480 
Vertebrae, human, 1348, 1606, 1606 
Vertebrata, characters, 29, 380, 1492, 
3070, 3072 ; Silurian fossil, 2253 
Vertex, of a conic, 6783 ; of parabola, 
1412 ; of triangle, 4330 
Vertical boilers, 3098-3100; fire-box, 
3099, 3103 

— lathe, structure and use, 3317, 3319 

— steam engines, 5009, 6910 

— timbers, in launching ships, 6923 
Vertigo, cause, 6264 

Verulam, Lord : see Bacon, Francis 
Vespasian, Homan Emperor, reign, 
1940 ; invasion of 1. of Wight, 2611 
Vessel : see Ship 

Vest, for boys’ suit, 1289, 1460 ; for 
girls’ frock, 4473, 4474 ; for layette, 
3744-3740 ; making man’s, 2752, 
2813 

Vesta, planet, 6568 
Vtestas, wax, manufacture, 5471 
Vesuvivis, Mount, volcanic activity, 
1206, 1208; eruption of, 79 a.d., 
461, 1791, 2068; rack railway, 
2275 

Vetch, 874, 881; classification, 353 ; 
cross-pollination, 732 ; cultivation, 
1197; ensilage system, 1970; as 
live-stock food, 2704, 2904 
Veterinary surgeons, qualifications and 
study, 163, 6430; Army, 5432; 
books on, 3471 

Vibration, in music, 37 ; physiological 
account, 2534 ; in sound, 2102 ; 
sympathetic in light waves, 2105 
Vibrato, in banjo music, 4312 ; guitar 
playing, .3762, 3766 ; in violin 
playing, 2510 

Vibrators, of harmonium, 3951 
Vice, carpenter’s, 3385 ; planing 
with wood in, 3756, 3757 ; in 
sawing boards, 3734, 3756 

— metalworker’s, 3689, 3690 
Vickers’ field guns, 6610, 6613 

— nickel-steel plate, teste, 5984 
Victor Emmanuel II., King of Italy, 

unification of Italy, 6303 
Victoria, Australia, geography, 3701, 
3702, 5660. 5661 ; gold discovery, 
6552 ; climate, 3240 ; farming, 
.3240 ; municipal surveyors, 3743 ; 
trade, 3240 ; wool industry, 32.37 
Victoria Bridge, Rhodesia, structure, 
dimensions, 2736, 2739, 2740 

— carriage, described, 2466, 3024 
Victoria Falls, Zambesi, description, 

1634, 3583 ; bridge, 2710 ; water 
power, 6012 

Victoria Nyanza, lake, 3450, 3462 

— pha*ton, 2726 

Victoria, Queen, reign, 6690 ; books 
on, 2787 

— Stone, composition, 634, 2428 
Victorian ago, poetry, 1434, 1438 
Victory, printing machine, use, des- 
cription and operation, 5869 

Victualling bill, ship’s, 6806 
Vicuna, sheep, distribution, 72 ; fur 
and skin of, 6428 ; habitat, 220, 
4290 

Vignoles rail, 3252. 3264, 3432, 343f> 
Vienna, 2162, 2164 ; cathedral, 8374 ; 
sieges, 6447 ; tourist description, 
1248 

Vienna, Congress of, 5239 
Vienna, Peace of ( 1864 ), settlement 
of Danish affairs, 6447 
Vienna bread, recipe, 3393, 3394 
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Viewing, In carpet, manufacture, 4341 ; 

cloth manufacture, 4342 
Vignetting, in photography, 6682 
Vikings, ships, voyages, 5255 
Villages, as military defensive pos^s, 
6273 

Villi, anatomy, 579, 580 ; constriic- 
tiom and digestion of fat, 675 
Vinci, I)a Leonardo, painter, 1021, 
3675, 3795, 8797 

Vinculum» algebraic sign, 1818, 1993 
Vine, classification, 353 ; cultivation, 
areas, climatic conditions, 4875 ; 
culture in Europe, 856 ; tendrils, 
504, 505 ; woodcarving design, 
6138 

Vinegar, adulteration, 3718 ; artificial 
preparation, 4720 ; colouring, 
4165; malt, properties, 4719; 
natural preparation, 4719 ; effect 
on obesity, 3016 ; source, 4717 ; 
tests, 4720 ; white, 4720 
Vines, culture in England, 6677 
AMneyards, influence of slope, 4495 
Viol, precursor of violin, 2121 
Viola, description, construction, hand- 
ling, 2823 ; classification, 5726, 
5728 ; compass, 2745 ; manu- 
■ facture, 6704, 6707 
A'iolet, 349 ; classification, 352 ; cul- 
ture, 6490; nectar, 730, 731; 
seed carriers, ants as, 912 

— colour, pottery glaze, 5384 ; sym- 

bolism, 725 ; vibration, rate, 
3728 

Violin, books on, 2746; characters, har- 
monics, and playing, 2121, 2311, 
2410, 2508, 2741 ; care of, 2314 ; 
compass, 5726; j holes, 2121, 
2122 ; mannfactnre, 6704 ; skele- 
ton or mute, 2314 ; solo, orches- 
tral and combined playiiig, 2746 ; 
stri?igs, 5726 

Violinist, mind training of, 2744 
A'ioloncello, structure ami playing, 
2968 \ classification, 5720; com- 
pass, 2968', manufacture, 6701, 
6707 ; orchestral and solo playing, 
2071 

Viper, fangs and poison gland, 2680 
Virgil : nee Vergil 

“ Virgin Adoring,” rerngino's, 3796 
A'irgin cork, 1166 

— oil, production of, 1032 

— soil, definition, 330 

Virginia, colonisation, 5844 ; petro- 
leum fields, 6007, 6014 ; products, 
4172, 4174 ; settlement by 

Raleigh, 3606 

Virginia creeper, classification, 353 ; 

tendrils, 504, 505 
Virgo, zodiac sign (season), 6251 
Virtual centre : »e€ Instantaneous 

centre 

A’^irtue, relation to habit, 2861 
A'iscera, abdominal, 576 
AMsceral cleft, in diagram, 30 

— layer, of pleura, structure, 1300 
Viscometer, use, varieties, 6149 
Viscv^sc, coagulation, 6552 ; filaments, 

^563 ; silk, 6563 ; fibres solvent, 
6561 ; solidification, 6562 ; spin- 
ning, 6562 

A'iscosity, variation in fluids, 1374 
A'isccus liquids, defined, 1076 
A'isigoths, in Portugal, 2946 ; capture, 
Rome, 2241 ; in Spain, 2946 
A^lsintini system, in building, construc- 
tion, 1554 

Vision, binocular, 2119, 3181, 3182 ; 
* contrasted with perception, 2803 ; 
centre. 2602, 3730; distinction from 
light., 3181 ; inversion of, 2601 ; 
limit to, 3227, 3229 ; optics of, 
2952 ; phenomena of attention 
to one of two stimuli, 2258 ; 
physiological account, 2400 ; psy- 
chology of, 1882 ; retention of 
image, a kind of memory, 2250 ; 
see alio Siglit 

visions, instances of, in psychical 
research, 3625 
Visual angle, 596 

— purple, of retina, 2402 

Vital activity, variation according 
to season, 5274 


A’ital activity, chemistry, 2712 ; syste- 
matic treatment, 4132-4135 

— products, chemical synthesis, 237, 

2711 

A’italism, relation to synthetic cliemis- 
try, 2710, 2713 

Ahtality, period of growth, 3018 
A’itellius, of Rome, reign, 1939 
Ahtreous form, of minerals, 766 

— humour, description, 2953 
Vitrification of bricks, 1280 

Ahtriol, aplication and derivation of 
tiTin, 1721 : see Sulphuric acid 
A’itriol, blue : see Copper sulphate 
Vitriol, green : see Ferrous sulphate 
A'ivisectiou, true method of abolishing, 
5391 


A^lieger, Simon de, painting, 4300 
Vocal cords, human, construction, liinc- 
tion. 2537, 2538 ; function, in 
singing, 6048 ; in respiration, 1*299 
A'oeative case, in English, 216; (Jer- 
nian, 2927 

A’cnlkcr’s elect ric furnace, 4532, 4533 
V'ogt, (’arl, on thought, 6259 
Voice, in granitnar, 116, 608 

— liuinan, causes of a good, 2106 ; 

diseases, 6264; nature and pro- 
duction of, 2106, 6864 ; physiolo- 
gical account, 2536 

— in singing, “ break,*’ 6193 ; cliarac- 

terisfics, 6050 ; classification, 6019; 
c«»mpass, 6050, 6193; cultivation, 
age for, 6191 ; fatigue, 6185 ; 
leuiale, exercises for “ break,” 
6193; forcing, 6185; health 
alfeeted*by, 6186 ; intensity, 6184 ; 
intonation, faulty, 6189 ; male, 
exereises for, 6193 ; production, 
0193, 6864 ; registers, male and 
female, 6182 ; liiubre, 6184 ; (one 
quality, 6184 ; volume, 6181 
A'oile, material, width, 186 
A'olatile alkali : Ammonia 

— oils : see Esseiifial oils 
A\)leaiuc couglomerate, 1074 

— dust, effect on sunsets, 3729 

— glass, 766, 767 

— rocks, (“luiracter and formation, 

lOOO, 1074, 2066 

— tuff, classification, 1074 
Vol<*aiio, action, 459, 461, 1206, J205 ; 

books on, 2256; coniiccfion with 
l(»cal upheaval and subsidence, 
1355; distribution, 1208; earth- 
quakes, relation to volcanic action, 
1209 ; East Asiatic system, 2564 ; 
in the moon, 1206 
A'olga, river, basin, 2406, 2408 
Volition: AVill 

A’oit, electrical unit, 129, *291, 670 
A’olta, Count Alessaiuln), 129, 462, .5752 
A'oltage, in accumulator, 3087, 3088 ; 
alternating, 1357 ; eoiiverter, in 
elect rie supply, 2218; curve, rail- 
way, 2t><V'5-2087 ; drop in electric 
supply, 2246 ; di/fereiicc of phase, 
1362; relation to current, 1362, 


1363 

AhAtaic battery, invention, 129, .5752; 

see, flattery, electric, 

A"(»ltameter, 3260, 3'26l 
Voltmeter, 291 

A’ ( dump, of gases, Bo>le’Sla\\, i8(U 

— in geometry, 4207 

— of solids, change of, at inciting 

point, 1740 ; ealculatioii, 5966 
A’olunietrie analysis, 1411 ; text-books 
on 4416 

A’oluutarics, in church music, 3867 ; for 
harmonium, list of collections, 4184 
AVdiinf ary action, physiological account, 
2302 

— muscles, fuuetioii, structure, 17 10 

— in psychology, distinguished from 

*’ reflex,” *2117 

A’olnntary schools (Acts of 19(t2-3), 


1677 

Volute, in Assyrian architecture. 2657 
— in centrifugal pump, 16S7, 1688 


— violin, 2/2/. 21-2 

A'omiting, cainscs, remedy, 5842 
A"ou Patera process of silver recovery, 


4304 

Vortex theorj-, in 
— turbine, mechanism, 1689, 1692 
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Voi'tigern, King of Wales, invites Saxon 
help, 2610; and Hengist and 
Horsa, 2241, 2355 

A'dsge'i, mountains, fxcrrnany, 1837, 
1974 

Voucher trading in shopkeeping, 703 
Voiissoir, arch, bricks for, 1949, 1950] 
definition, formation, 2386, 2389 ; 
graduated with keystone, 3039 ; 
stone arches. 3143 ; joints to, 3036, 
3038 ; position of natural bed of 
stone, 2836 ; size, 3144 ; sta- 
bility, 2760, 2761 

\’’owpl3, in English, 121 ; French, 123 ; 
in (iermaii, 249, 748; Italian, 
2043 ; in Spanish, 2040 

— in shorthand. 259, 260 

— in singing, 6338 

— in sound, production of, 2318 

— tones, Helmholtz on difference be- 

tween, 2318 

A’ries, De, biologist, mutation theory, 
1181 

A'ulcanlsation processes, 809, 5045, 
5202, 5203 

A’lileaniser, cable, 6703; use iu den- 
tistry, 6030, 6032, 6033 ; theory, 
.5312, 5313 

A’^ulcanite, 809 ; for covering concrete 
roofs, 4758 ; use in dentistry, 809, 
.5310, 6020 ; invention, manufac- 
ture, 5310 ; as iijsnlaff)r in elec- 
tricity, 672 

Vulgar fractions : see Fractions 
A’ulture, description, 221*2, 2*213, 

2493 

Vyner window ,f‘hrist Church Cathedral, 
Oxford, filatp facing 4915, 4949 
A’yrnwy, river, dam, 2573, 2574 

WADDING, in vehicle trimming, 3624 
AVafers, biscuits, manufacture, 3597 
AVages, how shown on halancc-shcct, 
2882 ; law affecting payment 
(Truck Acts), 6845 ; rclat ion to coat 
of production, :ULS ; reproductive, 
2500 ; salary, distinguished from, 
1090 

AVaggon, agricultural, 1846; axle-box, 
‘209, 3265 

— motc^r ; sec Motor vehicles 

— railway, 2463, 2467, 5068 ; axle-box, 

200 ; closed, use, 5069 ; load 
gauging, 5075 ; loading, 5072 ; 
murks of railway companies, 5069 ; 
merchandise, 5t»68 ; mineral, .5068, 
5069 ; private railway, ownership, 
5068 ; reversing on teinptirary 
line, 3*255, 3256 ; runaway, arrest- 
ing, 5072, 5074 ; shunting opera- 
tions, 5070, .5074 

— road, light, *28*29. 2830 
Waggoner, duties, wages, etc., 2990 
Waggonette, 2466 

Wagtail, classification, 2210 ; food, 
2493 

Waikite geyser, X.Z., 1207 

Waist, danger of restraining, 1301 ; 

woman’s, natural size, 4258 
Waistband of boy’s knickers, 1.551 ; of 
skirt, 6.55 

Waistcoat, making, 2872, 2S7J ; see also 
Vest. 

AVaiters, wages and tips, 5.584 
Availing, butler’s duties, '761 
AVaitresses, (*alering eliarge.s, wages, 
5.583 

Wales, ugricultural land, 986 ; Cam- 
brian rocks, 2253 ; coal and iron 
fields, 987, 988, 5303 ; educa- 
tional facilities, 1777 ; farm ser- 
vants, 3001 ; geography of, 1276, 
1277 ; (Jlendower’s revolt, 3251 ; 
early history of, 2609 ; language, 
origin, 1768 ; lowlands, 084 ; sea- 
fishery regulations, 5318 ; slate 
(luarries, 520, 1817 ; universities 
for women. 3508; wars with 
Edward I. of England, 3074 ; wool 
production, 72 

— truce of, the first, 2610, S075 
Walking of children, age, 4684 ; value 

as exercise, 4389 ; physiological 
account, 1800 ; as means of 
transit, 2152 
Walks, garden, 6318 

7003 
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Wall addar, backings to, 2177, 3037 ; 
brick, conatrucUon, 1451, 1454, 
2261-2268 ; concrete construction, 
334, 1450, lUl ; openings in flire< 
resisting, 4760 ; Ore-resisting con- 
struction, 4754 ; foundations, 332 ; 
interiors, preparation for papering, 
6828, 5820 ; media) val, 020 ; shor- 
ing, 916 ; stability, 2570, 2571 ; 
stone, 1451, 1454, 3033; terra- 
cotta, 2779 ; top, finishing, 2267 

— of Antoninus, building of, 2607 
— ■ boring machine, 6755 

— coverings, kinds, and preparation, 

6828, 5830 ; upholstery, 6722 

— garden, making, 6322 

— plate of lean-to roof, construction, 

42t7, 4249 

— post. Of room partition, 4448 

— plants, list, 6322 

— sea, 1557, 1558 ; rubble, 5578, 5580 

— engines, construction and use, 5911 

— in mining, 2375, 2378, 3561 

— retaining : Ketaiuing walls 

— surfaces, quantity surveying, 6513 

— upholstery, 6722 

Wallaby, skins and furs, 6428, 6430 
Wallace, Alfred Kussel, 136, 1791, 
2786 ; on the Papuans, 1788 ; on 
spiritualism, 3665 

Wallacbia, ceded to Hungary, 6447 ; 

after Crimean War, 6692 
Wallflower, 349 ; classification, 352 ; 
nectaries. 731 

Walling, mining shaft, 3457 
Wallpapers, air permeability, 6020 ; 
books on design, 6728 ; design, 
5980, 6724, 6725 ; hanging, 5829 ; 
manufacture, 5827 ; printing, 
6725 ; pasting, 5830 ; trimming, 
5827 ; varnishing, preparation for, 
5835 

Walnut, 57, 355, 6891 ; use for carving, 
5809 ; in vehicle construction, 2827 

— oil, in varnishes, 1035 

Walpole, Sir Robert, political career, 
5554 

Walsall pumping engine, 5417 
Walter printing press, first use, 5669 
Walton, Izaak, works, 1642 
Waltzes, as musical studies, 1890, 2023 
Waltzing, psychological effect of “ re- 
versing, 2119 

“ Winder-year," part of Oermau’s 
education, 65 

War, beneficial effects of, 5098 ; Buckle 
on evils of, 5099 ; Carlyle on pur- 
port of war, 5098 ; effect on family 
life, 4664 ; Grotius’s four kinds, 
6245 ; Napoleonic, 5685 ; place in 
sociology, 5095 

War Office, junior clerkships, 3195 
Warbeck, Perkin, imposture, 3649 
Warble fly, in live-stock, 2626, 2627 
Warbler, classification, 2210 ; nest, 2507 
Ward, Dr. Lester, nuitriarchal theory, 
4826 ; on man’s treatment of 
woman, 4325 

Warder, prison, appointments, 3301 
Wardrobes, construction, 6589, 6590 
Warfare, military replaced by indus- 
trial, 5099 

Warning-board, railway, 4592 
Warp, of bobbin-net loom, 4979 ; 
breaking, detection, 3636 ; of 
carpets, 3990 ; controlling, 3684 ; 
in design, 2939, 2944, 3153, 6595, 
6596 ; of double cloth, 5509, 
5510 ; dyeing apparatus and pro- 
cess, 6369 ; dyeing, mixed effects, 
6501 ; frames, 4763 ; healding, 
3909 ; lace loom, 4879, 4978 ; 

“ planted " effects, 6595, 6596 ; 
of tapestry carpet loom. 3996 ; 
treatment, 3488 
Warping, of timber, 3539, 3541 
Warping mill, mechanism, varieties, 
3488, 3490 

Warrant ofilcors in army, 3842, 4031 ; 
in navy, 4266, 4267 

Warren girder, 641 ; stresses, 641, 
2227, 2228 

Wars of the Roses, cause, character. 

battles, 3603 
Warsaw, battle of, 5396 
Wkrshipf, development, 5267 
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Wash, inlet. Lines., 984, 1273 

— water-colour, laying on, 1792 

— back, in briekmaking, 1281 

— drawing, press illustration, 6102 
Washer, of ball-thrust bearings, 4326 

— in carpentry, proportions, 1704 ; use 

with bolts, 3543, 3546 
Washer-cutting machine, In harness 
manufacture, 4784 
Washer-plate, casting, 2111, 2113 
Washing, in dyeing, 6372 ; in laundry 
work, 2500, 2688 

— powders : see Soap powders 
Washington, description, 4172 ; tour- 
ing, description, 1649 

Washington, (ieorge, 5844 ; presidency, 
U.S.A., 5846 

Washleather, manufacture, 1166, 3165 
Wash-wheel, use in soaking hides, 2853 
Wasp, description, 3722, 3724, plate 
iacing 3361 ; social, and solitary 
nests, 3725, 3726 

Waste bfx>k, bank bookkeeping, 4441 ; 
products, utilisation, 6766 ; books 
on, 6689 

— silk, 1245 ; drawing process, 2100; 

improving and gassing, 2598 ; 
making sliver, 1724 

— wax, casting method, 5526 
Walch, cylinder or horizontal, me- 
chanism, 6084 ; dissecting and 
mending, 6081 ; lever, mechanism, 
6084 ; manufacture, 6084 ; re- 
pairs, 6083 ; types, 6084 ; verge, 
cleaniug, 6082; verge, dissecliiig 
and putting together, 6081, 6082 

— ship’s crew, 6803 

— telephone receiver, 5394 
Watchmaker, business of, 47, 5788 ; 

employment conditions, 2647 ; 
tools and appliances, 6081 ; work, 
6084 

Water, animals and plants, necessity 
to, 4133 ; bacteria in, 0441 ; 
capillarity, 1374 ; chemistry of, 
692, 1597, 3261 ; compressibility, 
1142; daily amount for man, 
3110 ; density, 798 ; desert plants’ 
economy, 727 ; diseases carried 
by, 5 tlO ; disirlbution, 1597 ; drink- 
ing, 3380, 4157 ; droi)S, formation 
of, 1270; effect on atmospheric 
(einperature, 294 ; effect on the 
earth’s crust, 302, 456, 1499; 
electrolysis, 288, 3260, 6455 ; 

erosive action, 1633; evanorallon, 
554, 555 ; expansion under heat, 
1738 ; as fertilising agent of 
flowers, 729 ; filters, 5765 ; in 
foundations, 331 ; as geological 
agent, 255, 618, 619, 898, 1356, 
1501 ; hard and soft, 844 ; hard, 
conversion to soft, 4095, 5761 ; the 
home of life, biological statement, 
1311 ; in human body, 438 ; bydro- 
staiics and mechanical engineering, 
1402; impurities, 4095, 4158; 

intlnence on plant life, 22, 167, 
606, 508 ; in laundry work, 2477 ; 
and lead pipes, 359, 1160; 

mine shafting, interference with, 
3458 ; pollution of river, 4150 ; 
power generation from, 5011 ; 

' pumping in mines, 3308, 3310 ; 
radio-activity, 2029 ; rainfall and 
supply, 4024 ; refractive index, 
5852 ; soft, preparation, 6761 ; 
softened, use in railway engine 
boilers, 5103, 5104 ; specific heat 
of, 1739; standard of specific 
gravity, 797, 1078 ; standard unit 
of mass in physics, 423 ; storage, 
4027, 4029 ; subsoil, 5273 ; under- 
ground, 1 504 ; in volcanic action, 
1207 ; weight per cubic foot, 1402 ; 
weirs, 1576, 1577 ; see also Hy- 
draulics 

Water Board, Metropolitan, functions, 
320 

— bucket, in mining, 3308, 3310 

— butt, use and capacity, 5761 

— carriage by ; advantages, 2277, 4517 

— cart, capacity, 2326 

— closet, 5631 ; soil, 669; supply 

sefvice. 6633 ; traps, pans, 6634 ; 
quantity surveying, 6512 


Wal-^wav 

Water filter machine, mechanism, 1909 

— garden, making, 6321 

— gas, production, 4931, 5195, 6153, 

6818, 6825, Om 

— glass, properties, use, 359, 842, 1160 

— inspectors, municipal, 1498 

— meter, construction, 4336-4339 

— pipe, screws for, 3004, 3006 ; pre- 

paration for use, 4158, 4159 

— power, and electricity, 1694 ; use in 

engineers’ factory, 6590 ; horse- 
power, howto calculate, 1695 ; hy- 
drostatic and hydraulic machines, 
1685-1695 ; man’s qse, 4516 ; 
mathematical rules, 1573 ; power : 
see also Hydraulics 

— softener, 57, 61, 5765, 6196 

— steriliser, 5760 

— supply, arrangements and connec- 

tions, 5632 ; in building operations, 
308 ; engineers’ duties, 157 ; 
friction in pipes, 1574 ; in military 
operations, 6270 ; piezometer, 
1574 ; pipes, 1704, 4337, 5632, 
6512 ; purification and filtration, 
4095-4100 ; quantity surveying, 
6512 ; Roman aqueducts, 1686 ; 
syphon, use of, 1686; of towns, 
4027, 4157 ; waste detection, 4337 

— tank, pneumatic, in mining, 3310 

— tube, boilers, 6878 

— vapour, amount in air, 1899, 3719; 

law of pressure, 1741 ; measure- 
ment in air, 6131 ; volcanic, 1207 

— wheel, classes, 5678, 5675> ; horse- 

power, calculation, 1695 ; mechan- 
ism, 1690 ; see also Turbines 
Water-beetles, description, 3510, 3511 
Water-bug, description, 3365 
Water-colour, shading, medium, 1533 ; 

choice of colours, 1021, 1022 
Watercress, classification, 352 ; sewage 
plant, 4549 

Waterfall, formation of, 618, 619, 1634 ; 

power utilisation, 5679 
Water-ferns, structure and varieties, 
1118 

Water-flea, description, 3809 
Watering, of roads, method, 2326 
Waterleaf, qualities, 6395 ; descrip- 
tion, 6398 

Water-lily, classification, 352 ; stomata, 
170 ; typical illustration, 34.9 ; 
for water garden, 6320, 6321 ; 
white, 349, 350 

Water-line, of ships, 6008, 5609, 5907f 
5614 

Waterloo, battle of (1815), 5239 
Waterloo Bridge, London, 2497 ; sunk 
joints to voussoirs, 3038 
Water-lover, beetle, description, 3511 
Watermark, papermaking, 6397 
Water-meadow, description, 1379 
Water-parting, physical geography, 4.'>6 
Water-plantain, classification, 355 
Waterproof, as clothing material, 3015, 
4250 ; preparation of, 808, 5201 
Water-rail, classification, 2212 
Water-rat, swimming apparatus, 2038 
Water-ring, in mining, 3468 
Water-root, plant, distribution, use, 626 
Water-scorpion, description, 3364, 3305 
Water-seal, in drainage, 570, 781 ; 
rotary pump, 6060 

Water-snail, prey of fluke embryo, 3059 
Water-spider, nest, 33d4-3806 
Water-test, in drainage, 782 
Waterways, railway, construction of 
troughs, 3613, 3614, 3615 
Waterworks, municipal, 575 ; Parlia- 
mentary powers, 1237 
Wat kin heat recorder, 1285 
Watson, William, poet, 1438 
Watt, unit of electricity, 292, 1590 
Watt, James, inventions, 5415, 5417 
Wattle trees, cultivation, barking, and 
use of bark, 3698, 6065, 6066 
Wattmeter, use and construction, 292, 
2812 

Watts-Dunton, Theodore, author, 2687 ; 
sonnets, 1438 ; on Tennyson’s 
poetry, 1434' 

Watteau, 4118; landscape painting, 
4300 

Wave earthquakes, direction and speed 
of traveling, 1208, 1209 
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Wave, electric, 3894, 3895 ; effect on 
coherer, 3896, 3898 

— motion, 2101 ; " interference " of, 

2310 

— sea, erosion by, cause of, 1813, 5578 ; 

in harbours, etc., 6218 

— form of sound, 2102; analysis by 

ear, 2318 

— winding, of dynamo, 1321, 1323 
Waverley JS^ovels, Scott’s, 3344 

Wax, defined, properties, kinds, 4834 ; 
book on, 4834 ; as electrical insu- 
lator, 672 ; as a modelling medium, 
1676; mineral, 1165; see aim 
Carnauba, Chinese, Japan, etc. 

— waste, art metal-work process, 5526 ; 

see aUo^iXQ. Perdue 

Weak verbs, 117 ; English conjjigation, 
1049; German, 1190 
Weald, in Kent, 1275 ; ancient sea 
bed, 1345 

Weaning, calves, 2238 : infants, 4683 
Weapons, i)rimitivc, 4515 
“ Wear and tear," allowance in balance- 
sheet, 2759, 2883 
Weather, physics of, 1899, 4882 

— board, of window sill, 5183 

— glass, 1139, 6131 

— glasses in botany, description, 1368 

— vane, construction, 5795 
Weathercock, use, 6131 
Weathering, definition, 302 ; of rocks, 

1500, 1501 

— of building stones, 2835, 3039 
Weaver birds, 2209 

We.aving, 3488; automatic, 3637; 
beam. 3909 ; contractions of face 
and back design, 5509 ; design, 
2944 ; looms and their mechanism, 
3402, 3635; textile ornament, 3153 

— basket, processes, 5490, 5564 
Web, spider’s, spinning, 3804 
Webbing, in dressmaking, to put on, 655 
-- ill upholstery, 6716 ; couch, 0719 
Wedge, 684 ; practical application, 087, 

834 ; in launching ship, 5023 ; 
use in mining, 2583, 3564 ; in 
shoring, 917 ; of plane, loosening, 
3757 ; tool, 532, 533, 4149, 4151 
W’edging curb, in mining, 3458 

— fox or foxtail, 4iy3^-4041 
Wedgwood jasper ware, 5382 
Weeds, in agriculture, 882, 883 ; cows' 

food, 3890 ; eradication, 1377, 
1378 ; forest pest, 4925 ; garden, 
6319 ; prevention, 1200 
Weep-holes, agricultural pipes as, 647 
Weeping pipes, in drainage, 570 

— tree, described, 508 

Weevil, pine, pest, 4926, 4927 ; ravages 
of, 3512, 3513 

Weft, chenille, in Axminster carpet, 
3994 ; continuous snpiily, 3635 ; 
control, 3636 ; definition, 3488 ; 
design, 2939, 2944, 3153, 6595- 
6598 ; of double cloth, 5509, 5510 ; 
fork, of Northrop loom, 3637 ; of 
lace loom, 4879 ; pricks of, use in 
carpets, 3993, 3994 
Weighing machine, principle, 830 
Weight, definition, 1797 ; and mass, 
423 : of matter, etc.. 312 ; as a 
standard in physics, 423 ; in 
machines, 684 ; variation, 289 
Weights and measures, table of in chief 
countries, 409 ; public inspectors, 
full account, 787, 788 
Weights and Measures Act (1004), pro- 
visions, 788 

Weir, construction, calculation of 
water flow, 1576, 1577, 5113 5333 
Weismaiin, Prof. A., chief biological 
work, 1791 ; evolution theory, 
1180 ; germ plasm, theory, 5674 ; 
on sex and variation, 651 
Weld, 233, 236 ; of tramway rails, 3752 
Welding, in iron working, 236, 2987, 
3096, 3108, 6453; comparative 
advantages of iron and steel, 2984 ; 
electric, 6457 ; oxy-acctylene blow- 
pipe, 6455 ; of wrought Iron, 1044 
Weldon chlorine process, 4777 • gas 
purifier, 6822 

Well, 4156 ; artesian, 1504 ; brine and 
oil, 2847 ; cottage, types, 4096 ; 
country house, drainage, 781 ; 


foundations, in do<*k construction, 
6496; hygiene of, 4156-41.59; 
Sinking, 4028, 4479-4481 

— of steamer, position, 5401 
Wellington, Duke of, defeats Napoleon, 

5238, 5239 ; premier, 5686 
Wellingtonia, rlas.si float ion, habitat 
and dimensions, 503 
Wells, H. <T., novelist, 2785, 3558 
Wellsinker’s boring tools, 4479-4481 
Welsbach burner, construction, 6026 
Welsh, the origin, 2354 

— cattle, 432, 2236 

— pony, de.scription, 2074 

— sheep, 2363, 2365 

Welt, in bootmaking, 4137, 4138, 4541, 
4543 

Weser, river, basin, 1975 
Wesleyan church, 162, 6605 
Wessex, found«ation, 2242 
West Indies, geograpliy, 4177 ; map, 
4172 ; cotton industry, 222, 384 ; 
fibres, industry, 818 ; labour supply, 
6629 ; petroleum deposits, 6007 
West Saxons, Kingdom of, 2242. 2:;55 
Western Australia, geography, 3899, 
3900. 5560 ; farming, 3235 ; teach- 
ers* d»*inand for, 3741 ; .settlers, con- 
cessions to, 3235 

Western Empire, Charlemagne’s, 2947 
Westinghonse brake, mechanism and 
working, 3127, 4696 ; tramear, 1931 
W*estniinster Abbey, architecture, 3374, 
3375 ; buttress, 3145, 3147 ; 

stonework hardening, 3244 
Westminster Hall, architecture, 3374 
Weston el lit eh, 962 
Weston standard cell, electric, 790 
Westphalia, industrial area, 5826 
Westidialia, Treaty of, 1648, 4399 
" Westrumite," use, 6151 
Wet doubling, 2707, 2708 

— manner, in painting, 1022 
Wether, in firming, 2 <00 

— wool, 1120 
Weymouth pine, 54, 1260 

W hale, brain, weight of, 2144 ; classi- 
fication, 380; description, 1763, 
1764 ; ivory from, 811 ; swimming 
apparatus, 2039; source of sperm 
oil, 48.33 ; uses, 5121 ; vestiges 
of hind limbs, 1491 ; whale oil 
from, 4833 

— oil, source, composition, 4833 
Whalebone, 1764, 6891 ; in dress- 
making, 185 

Wharton’s duet, 577 
W'heat, 872; from Argentine, 4288; 
botanical account, 913; cultiva- 
tion in N.W^T. of Canada, 3206 ; 
cultivation of, 1229 ; cultivation in 
Europe, 855 ; dietetic value, 3311 ; 
experimental farming, 3204 ; flour, 
scales removed, .351 ; grain, 637 ; 
grinding, cleaning, milling, 3078- 
30S3 ; harvesting, 1662 ; harvest 
in Canada, 3202 ; Hungarian, 
.5710; as livestock food, 2704, 
2908 ; nutritive value, 3.599 ; 
pedigree varieties, 91 1, 915 ; pests, 
fungous, 1669 ; relation to rain- 
fall, 5660 ; sowing, 432 ; starch 
extraction, 5364 ; varieties, cul- 
tivation, climatic eondititms, 4873 ; 
w'orl<I‘s crop, 4874 ; yield, 26 

— bran, as live-stock food, 2704 

— milliug, 3078-3083 

— polish, 872 

— rust, cause, 1372, 1373, 1669 

— straw, as rattle food, 2909 ; yield 

per acre, 872 

Wheat-ear, classification, 2210 

— — stitch, in underclothing, 3337, 

3339, 3:i40 

Wheatstone ABC system in telegraphy, 
4384, 5067, 5177, 5178 
Wheatstone automatic system in tele- 
graphy, 4386, 4669, 5391 
Wheatstone bridge, in electricity, 791 ; 

use in cable testing, 6547 
Wheel aiiimalcides, 3956, 3958 
Wheel and axle. 684 ; application in 
practice, 687, 832 

— iron, in elliptic spring carriage, 3124 

— meter, for measuring stream velo- 

city, 1576 


Wheel plate, of vehicles, 3122, 3125 

— press, 1222 

Wheelhouse, of light waggon, 2829, 2830 
Wheels, bevel, drawing, 3922, 3923 ; 
cutters for, 3631, 3632 

— of bicycle, construction, 3775, 3776 

— easting, 2337, 2339 ; moulding, 

2543, 2514, 2698 ; pattern making, 
2464 

— chain, teeth and links, 4002, 4003 

— change, in screw cutting, 3628 

— of clock, American, 5711, 5712, 

5713; of eight-day, 5716; for 
new clock, fitting, 5884 ; of pen- 
dulum clock, 5715 

— emery, corundum, carborundum, 

4583 

— friction, use, action, 4002, 4004 

— gear, uses, materials, speeds, 3660 ; 

bevel, 5354 

— gearing, raw hide, in technical 

drawing, 3921 

— glass cutting, 4931, 4932 

— grinding, 4583, 4585 

-- of horse carriages, dimensions, 25&S 

— key grooving, 3404, 5448 

— screw, forms, drawing, 3922, 3925 

— spur, 3656, 3658, 3659 

— stud chain. 4001, 4002 

— trolley, 209 

— vehicle, 3126 ; of light waggon, 

2820 ; timber for, 2827 : wear, 3437 ; 
verge watch, 6081, 6081 

— worm, form, 3924, 3925 

W*hey, constituents, 4034, 4038; ex- 
traction from curd, 4490, 4572 
W’hig, during George lH.’s reign, 5555 ; 
politics of original party, 4590 ; 
politics in Anne’s reign, 4952 
Wliin-sill, in geology, 2066, 2377 
W’hinstonc, 520, .535, 1517, 1518 
W’hip, in mining, in bell-pit working, 
3190 

Whipping, milliner’s stitch, 4565, 4566 ; 

in underclothing, 3337 
Whipple-Murphy truss, under load, 
2228, 2229 

Whirligig beetles, description, 3510, 
3511 

Whirler, in drying block-plate, 6481, 
€483 

Whisk, for brushes, 6106 
Whisky, adulteration, 3718 ; alcohol 
in, 1035 ; dietetic value, 3315 
Whistler, painter, influenced by .fapai,- 
esp art, 4302 ; “ Battersea Bridge?,’’ 
4302 ; medium used, 871 ; setting 
palette, 1020 ; pastel elrawings, 
HI61 ; water-colour painting, 1022 
Whitbed stone, 533 ; quarry bed, 2836 
White, pigment, oil-painting, 871 ; 
symholism in art, 725 ; water- 
colour painting, 1021 

— corpuscles, function, histology, 953 

— lead, formula, preparation, proper- 

ties, substitutes, 1036, 1160, 5143, 
5832, 5988 

— lilac, perfume, recipe, 4972 

— matter, of nervous system, 214.1 

— oak, 56 ; strength, 1260 

— - precipitate, composition, 1721, 1722 

— ros(?, perfume, recipe, 4972 

— skit, in cattle, 2624 

— spruce, timber, 55 

— vein marble, plate facing 480 

— walnut, timber of, 57 
Wljitcbait fishing, 5314 
Whiteroat, fur, 6428 

Whitefriars rotary printing machine, 
construction and operation, 5870 
Whitehouse tnbe-weldiiig, process, 5321 
Whitening process, leather manufac- 
ture, 3220 

Whitewash, preparation and uSe, 5835 
Whitewashing, yiroccsses and materials, 
5835, 5836 

Whitewood, American, in cabinet- 
making, 6679, 6582 ; for carving, 
5809 ; in vehicle construction, 
2827 

Whiting, cutlets, cooking, 1874 ; frying 
and grilling, 1873 

— in glazing, 649 ; composition, use, 

5143 ; use in whitewashing, 5836 
Whits, tin ore extraction, 6162 
Whitworth clasp-nut, 830, 831 

7005 



QINIRAL INDIX 

Whitworth engineering scholarships, 
value, 482 

— meamiring machine, 688, 835 

— screw threads, table of, BOOS 

— standard bolts, proportions, 1703 
Whizzer, use in clothmaking, 4106 ; in 

milling wheat, 3080 

Wholesale trade, accounts, 6209 ; adver- 
tising, 6209 ; cash with order 
terms, 6207 ; bills of exchange, 
1318 ; centres, 6207 ; conditions, 
6207 ; development from retail 
business, 5926 ; op|)ortunitics, 
6207 ; price maintenance, 6208 ; 
system in business, 6207 
Whooping-cough, 5409, 5410, 5412 ; 
epidemics, severe, 6782 ; symp- 
toms, 6261 

Whorl, of flower, 346 ; various arrange- 
ments, 350 

Wick, candle, manufacture, 4838 
Wicker-work, varieties, 5488, S50B 
Wicket, of brick-kiln, 1284 

— for foot passengers, 367.1, 3615 
Widgeon, choosing, 1228 ; classiflca- 

tion, 2213 

Wight, Isle of, geography, 1275 ; 
history, 2611 

Wild animals, trade in, 891 

— cherry bark, source and use, 6068 

— duck, clioosing, 1228 
Wilkie, David, painter, 4393 

Will, in psychology, 2806, 2993 ; effect 
of alcohol on, 5813 ; control <»f 
physical functions, 5841 ; true 
method of cultivating, 2860 ; edu- 
cation of, 2r)49 ; relation to 
renson, 2805 ; in relation to reflex 
action, 2118 ; theory of, 2544, 2802, 
2993 

Will (and shall), in English grammar, 
758 

Willesden paper, preparation, 6561 
William the Conqueror, acquires Chan- 
nel Islands, 2611 ; life, reign, 
character, 2358, plate facing 2353 
William T. of Prussia, reign, 6445 
William II. of England, 2674 
William II., Emperor of Germany, 
accession, 6446 

William ITI. of England, reign, 4841 
William IV. of England, reign, 5686 
William, Prince of Orange, marriage, 
4762 

Willow, use in basket-making, 5488 ; 
classification, 355 ; flower, plate 
facing 728 ; in paper manufacture, 
6273, 6279 ; protection against 
insects, 1115; source of salicin, 
3819, 6068 ; strength of timber, 
1260; tufted seeds, 9tl, 912 

— bark, in tanning, 1166, 3013 

— machine in cotton manufacture, 

J24J, 1242 ; woollen, 71, 112B, 
im 

Willow-herb, 336 ; classification, 353 ; 
pollen protection, 1114; tufted 
seeds, .977, 912 
Wills, legality of, 6851 
Wilton carpet, design, 3357 
Wind, calculation in designing struc- 
tures, 416 ; cause, rainfall, 294, 
298 ; in climate, influence, 4494, 
5274 ; coast, influence on, 6218 ; 
effecton earth's crust, 302 ; ero.sion, 
infltience on, 5577 ; as fertilising 
agent of flowers, 729; influence on 
navigation and trade routes, 4498 ; 
Ef^easiirement of direction and 
itessure, 6131 ; physical geo- 
P&phy, 294 ; pressure on sails, 
6225 ; purifying agent of air, 
3799; sailing vessels, effect on, 
6225 ; tidal influence, 1017, 6219 , 
transporting life, agent in, 1500 ; 
transportation of matter, agent in, 
1499 ; velocity and pressure, 621 8, 
6219 ; ventilation, means of, 4020, 

— band, instrument, 5890 

— chest, of organ, 3857 

— cracks, in timber, 52 

— dispersal of seeds, 010-912 

Wind instruments, in music, pit.ch, 1058 
Windefs, of staircase, 3241, B24B, 5298. 
530%, 5501 

Winding ol dynamo, 1321, U2B 
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Winding in raining, 8808, 3766, 3767 

— Bilk, process, 2595, 2596 

— in textile, 2592 

— strip, in carpentry, 3386, 3757, 3759 

— of partnership, process explained. 

Windlass, in building operation, 1172 ; 

Chinese, 834 ; in mining, 3190 
Windmills, uses, horsc-pow’er, 66/2, 
5012; pumping station, 6061, 6663 
Window, bay, bonding piers of, 2176, 
2177 ; elevation drawings, 5546, 
5548 ; dormer, 5735, 5187 ; fixed, 
hinged, and sliding, 5184 ; grills, 
5795, 5796 ; of half-timbered 

gable, 5696, 6698 ; hinged forms, 
5733, 6186; raking mouldings of 
pediments. 5297, 6299 ; splayed 
w'ork, 5296, 529S ; strutting open- 
ings, 918; two-light stone, detail 
drawing, 5695, 5698 

— shop, 396 

— stained glass, 4946-4949 

— of veliicles, brougham, 2829 ; ven- 

tilation problem, 3024 

— boxes, making, 6310 
Window-casement, frames, wrought iron 

and steel, 5795, 5797 
Window-dressing, in shopkeeping, 509 ; 
importance of, 45 

Window'-frames, cast-iron factory, 
5795, 5797 ; of light waggon, 2820 
Window’-partition, of light waggon, 
2829 

Window-sill, curved design, 2287 ; lead 
upon, 5033 

Wind -pressure, on buildings, 2448, 
2449 ; on telegraph and teleplioue 
wires, 6323 

Wine, adulteration, 3718, 6356 ; bot- 
tling, 762 ; bouquet, 6355 ; com- 
position, 6356 ; areas of cultiva- 
tion, 4875, 4876; dietetic value, 
3315 ; flavour, 6355 ; home-made, 
3379 ; production, 2878, 6355 ; 

. stains, removal of, 2590 ; imfer- 
inented, 6355 

Wine, British, definition, 6356 

— jelly, recipe, 2002 

Wine and spirit merchants, business of, 
5789 

Wings, birds’, attachment and use, 
2495, 2496 ; modification of fore- 
limbs, 2209 ; developed in mam- 
mals, 2037 ; differentiation in bird, 
reptile, and insect, 2038 ; origin- 
ally parachuting organs, J491 ; use 
in hat trimming, 5506 

— of vehicles, freehand design, 272.9 
Wingless insects {aptera), description, 

3362, 3363 

Winter, cause, 15 ; condition of plants 
during, 728 

Wintergreon, oil, composition and 
source, 3818, 5469 

Winzes, in mining use, 3194, 3304, 3306 
Wire, aerial telegraph, capacity, 5242 ; 
in cutting bricks, 1281 ; use in 
casting, 2338 ; used for electric 
current, 463 ; fencing and barb, 
5170; helicoidal, in quarrying, 
2956 ; iron and steel, breaking 
strains, 6167 ; pianoforte, manu- 
facture, 5170 ; ribbon, use in mil- 
linery, 5504 ; in sculpture, in 
making an armature, 1675 ; silver- 
gilt, manufacture, 5170 ; steel, 
composition, 4747 ; as straining 
line in measurement, 3692 ; tele- 
graph, material, 5169, 6324 ; tele- 
phone materials, and erection, 
6327, 6325 ; testing, 1700, 1702 ; 
uses, 5167-5176 

— cloth, manufacture, uses, 5176 

— coils, manufacture, 5173 

— drawing, process, 6524, 5525, 5643 

— entanglements, construction, in 

military operations, 6272 

— feed, automatic, 4922, 4924 

— gauges, Imperial standard and 

Birmingham, 5169, 5170 

— making, processes, 6167, 5168-5176 

— nail, use in carpentry, 3643, 3546 

— netting, manufacture, 5176 

— rope ; see Hope 

— stitch, milliner’s, 4565, 4566 


Whf— Woo 

Wire and tube drawers, employment 
conditions, 2644 
Wired glass, 5837, 5838 
Wireless telegraphy, 3804-3697 ; inven- 
tion of, 128 ; books on, 4298 
Wireworm, 1666, 3512 ; ravages, 1667 ; 

. destruction of, 689, 1668 
Witch, in psychical research, explana- 
tion of power, 3625 

Wohler, synthesis of urea, 2711, 3703 
Wolds, the Lincolnshire, 1273 ; York- 
shire, 1272 

Wolf, skins and furs, 6428, 6430 
Wolscy, Cardinal, life, 3650 ; fall and 
death, 3832 

Women, air used in repose and at work, 
3801 ; use of alcohol,. 5673 ; effect 
of alcoholism, 5812; anabolic 
functions, 4827 ; athletics, effect 
on^ 4828 ; brain, weight of, 2145 ; 
breathing, mode of, 1301 ; careers 
open, 321 ; church injustice te- 
w'ards, 4825 ; conservatism, 5531 ; 
standard diet, 3381 ; diseases of, 
5424 ; effect of economic competi- 
tion on, 4828 ; elementary school 
teaching, 6475 ; medical education 
and work, 4974 ; education, value 
of, 4973 ; over-education, under- 
education, 4973 ; effect of factory 
life on, 4667 ; function in society, 
4825 ; government appointment.'*, 
2252 ; individuation versus genesis, 
4827 ; journalistic career, 4675 ; 
legal injustices, 4975 ; librarians', 
public, salary, 1495 ; length of 
life, 4527 ; mortality, comparative 
statistics, 2791 ; physiological 
characters, sociology, 4828 ; post 
office service, 2807 ; private 
schools, teachers in, 6477 ; Qualifi- 
cation of Women Bill, 4975 ; 
claims on the race, 4828 ; railways, 
employment by, 4380 ; as sanitary 
in.spectors, 700 ; Shop Hours, and 
other Acts, inspectors under, 788 ; 
subject condition in society, 4825 ; 
value in society, 4826 ; services 
lost to the state, 4975 ; strength 
compared with men, 2790 ; teach- 
ing, L.C^r. appointments, 1679, 
6475 ; teachers’ salaries, 6476, 6479; 
typewriting office, 1918 ; typists’ 
salarle.s on L.C.C., 1215 ; universi- 
ties, disabilities imposed by, 4975 ; 
writers, nineteenth century, 2618 ; 
work in mines and collieries pro- 
hibited, 6691 

Wonder, factor in journalism, 3812; 

im]>ortance in training, 2137 
Wood, compared with bast in stem 
of plant, 169, 170, 171 ; bending, 
5296 ; bleaching for dyeing, 6652 ; 
in building, 51-57 : see aim 
Timber; in carpentry, properties, 
3540, 5809 ; conductivity, thermal, 
2061 ; composition, 5464 ; coni- 
V ferous, distiliation, 5466 ; creosot- 
ing, 5463 ; curved work, building up 
for, 5296, 5299 : design, treatment, 
5980 ; destructive distillation, 5464 ; 
books on, 6689 ; distillation pro- 
ducts, 5467-5470; dyeing, 66.'j2, 
6653 : fibres, magnified, 6280, 6281 ; 
fuel for power production, 5127 ; 
curved work, 5296, 5299 ; fixing 
to masonry, 5182 ; grain in wood- 
carving, 6045 ; manure, ashes as, 
590 ; moisture, effect of, 3539 ; 
paper from, 1168 ; patterns, for 
casting, 2453 ; pulp, yield of, 6281 ; 
sawn, defects, 3545 ; seasoning, 
3540, 3541 \ tools for working, 
4149-4/51 

— anemone, pollen protection, IIH 
Wood -ant, ant hill, 3727 

— carving, designs, 5810, 5978, 0043, 

6044 ; finishing and ageing, 6138 ; 
flat, 6044 ; fuming, 6138 ; German 
fifteenth century, 3947; incised, 
6046 ; intaglio, 6137 ; relief, 6135 ; 
tools tor, 6800, 5810, 6043 
Woodcock, beak, 2494 ; Carving, 5934 ; 

classification, 2212 ; roast, 1875 
Wood-cutting, Dilror school. 6291 

— engraving, schools and methods, 629 1 
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Wood gas, manufacture, 6817, 6824 
Wood-louse, habit, 3808^ 3809 

— naphtha : 8ee Methyl alcohol 

— paving, in road construction, 1980, 

2183 

Woodpecker, description, 2210, plat£ 
facing 2209 ; food, 2493 ; toes, 
2496 ; nest, 2507 
Wood-pigeon, nest, 2507 

— pulp, Canadian manufacture, 1650 ; 

use in papermaking, 4928, 6281 

— sage, seeds, 910, 911 

— sorrel, classitication, SSS'; fertilisa- 

tion, 909 ; growth in woods, 504 ; 
seed-capsule, 910 

— tar, distribution, uses, 1163 

— turning, 6853, 6854, 6855, 6856 ; 

lathes and tools, 6853, 6855 

— wasp, description, 3722 ; forest 

pest, 4926 

Wood-wind musical instruments, manu- 
facture, 6624 ; repairing, 6626 
Woodwork, door-making, 3539 ; fire, 
precautions, 4752, 4753 ; jointing, 
3843, 3845 ; painting, preparation 
ft)r, 5834 ; repainting, 5835 ; 
staining, wax polishing, 583 5 
Woodw’orkers, boring tools, 4479, 4481 
Wood>vorking, board cutters, 5994, 
5995, 5996 \ employment con- 
ditions, 2652 ; importance ma- 
chinery, 5667 ; log-sawing ma- 
chines, 5899-5904 

Wool, 67, 69, 224 ; ammonia from, 
4775 ; bleaching, 5640, 6198; in 
carpet weaving, 3990 ; as children's 
clothing material, 4803 ; clipping, 
2366 ; as clothing material, 4256 ; 
conductivity, 440, 1563, 2061 ; 

countries producing, 5120 ; action 
of dyes, 5637 ; dyebatJis, 5954 ; 
dyeing with outch, 5906 ; dyeing 
with logwood, 5905 ; dyeing with 
madder, 5906 ; dyeing, forms of 
material, 6367 ; dyeing, mixed 
etfects, 6501 ; for felt hats, cleans- 
ing and forming, 6375 ; fibres in 
cloth, 4107 : from goats, 221, 224 ; 
hygroscopic property, 5639 ; manu- 
facture, 68, 69, 1120, 1125, 1169, 
1544, 2098, 2144, 3490; and felt 
manufacture, 1995 ; mattress stuff- 
ing, 6720 ; as manure, w’aste of, 
589 ; microscopic structure, 820, 
822 ; mordanting baths, 5950 ; 
physical structure, 5639 ; print- 
ing, 4499, 4502 ; upholsterer’s, 
6715 ; w'arping process, 3489, 
* 3490 ; waterproofing, 808 ; yarn 

counts, 2895 
fat : see Suint 

Wool I eii-sl libbing, printing, processes, 
4499, 4502 

Woolstaplers and workers, emi>loy- 
ment conditions, 2650 
Word, definition, 115 ; correct use in 
writing, 4577 ; perception, 2804 

— picturing, in singing, 6336 
Wordsworth, William, poet, 1305, 1306 ; 

theory of “ wise passiveness,” 
2307 ; sonnet on demoralising 
effect of peace, 5098 
Work, aritlimeficHl problems, 1713 

— in physics and energy, 2819 
Worker, in carding machine, 1543, 

1546, 1886 

Workhouses, infirmaries, doctor’s sala- 
ries, 1929 ; staff, food and lodging, 
salary, 1928 : see also Poor Law' 
Working classes, industrial drinking, 
5814 

—-expenses, in shopkeeping, 178 
Workmen, in building, classification, 
307 ; dismissal, law of, 6845 ; 
fines, law concerning, 6846 ; wages 
law, Truck Acts, 6845 
Workmen’s Compensation Act, 1897, 
4825 

Workmen's Compensation Act, 1900, 
definitions, stipulations, 5928, 6846 
Works, engineers, typical arrange- 
ment, 5591 ; organisation and 
management, 5592 


Worksliop practice, 2107 ; books on, 
5596 ; operations of, 3687 : see 
also Mechanical engineering 
Work-table, basket-w'ork, 5564 
World, commercial routes, 5378 ; Euro- 
peanisation of, 630 ; forest-lands, 
625 ; geography of, physical, 625 ; 
iieat and wind pressure, 297 

— externa], philosophical idea, 6254 
W^orm, description, 3956-3900 ; food 

of birds, 2494 

AVorm of screw gear, 3922, 3924, 3925 
Worms, in horses, treatment, 2621, 2627 
Worsted, manufacture of, 2098, 2291, 
2444 ; yarn counts, 2896, 2897 

— cloth, finishing, 4106, 4110 

— wool, claBsifleation, 1120; gilling, 

combing, 1523, 1524 
Wort, in brewing, 3315 ; boiling, 6229 ; 
treatment, 6057 

Worth (— befall), explained, 905 
IVorthington pumps, 1082, 6061, 6062, 
6063 

— double-action pump, 12, 1082 
Woiilft bottles, description, 4633 
Wounds, treatment, 6471, 6472 
Woven fabric design, 6592-6598 
Wrapper plate, of locomotive fire-box, 

3101, 3103 

Wrasse, fry or larvae, 3068, 3069 
Wreatfis, of staircase, construction, 
5301 

Wringing, in Iniindrywork, 2689 

— post, in dyeing, 6371 

W’^rist, human, bones, 1348, 1708, 1709 ; 
joints, 1709 

Writer, Admiralty, examinations, 3197 
Writer to the Signet, examination, 
salary, 2705 

W'riting, art of, a natural gift, 4578 

— paper, manufacture, 6401 
Wrought iron : see Iron, wronglit 
W’yandotte fowls, 4659, 4660, 4662, 

4857, 4957 

Wyatt's spinning wheel, 223 
Wycherley, William, dramatist, 1149; 
compared with Congreve, 1150; 
portrait, 1151 

Wytiie, chimney construction, 2387, 
2388 

X-RAYS : see Rout gen rays 
Xanthin, product of sarcin, 3705, 4008 
Xenon, in periodic system, 401, 1446 ; 
discovery, 1296 

Xerophytes, 508 ; alisorption of 
moisture, 727 
Xylonite : see Celluloid 

YABLONOI mountains, Asia, 2562 
Yachts, catering, 5720 
Yale locks in vehicles, 3022 
Yard, spar, of sailing ships, adjust- 
ment, kinds, 5398, 5399, 6409 

— builder’s, description and use, 308 
Yarn, bleaching, 6197; cotton, count, 

calculation, 5507 ; dyeing, 6367 ; 
dyeing with h3gwood, 5905 ; 
dyeing, mixed effects, 6501 ; 
“gassing,” 6197; hank, weights 
and lengths, 2895 ; manufacture of, 
70, 2097 ; measuring counts of, 
222 ; printing, in tapestry carpet 
manufacture, 3359 ; reeling, 2592 ; 
in sewing-thread inaniifaeture, 
2707 ; spun silk, calculation, 

5507 ; stretching machine, 6198 ; 
testing strength, 1701 ; w'eight 
of warp, 5507 ; woollen, counts, 

5508 ; worsted count, 5507, 6508 ; 
Yorkshire skein woollen, 5507 

Yarns, carpet, quality, colour, 3990 ; 
hosiery, 4619 ; kinds and uses, 
5120 ; mohair spiral, 2594, 2595 ; 
stranding, 5290 ; for twine and 
rope, 5288 

Yawl, type of rig, use, 5398, 5399 
Year, divisions of calendar, 227 ; 
Roman calendar, 1182; in table 
of time-measurement, 220 
Yeast, classification, 166 ; in bread- 
making, 3393 ; cells in ferment- 
ing beer, 6228, 6230 ; photo- 

End of Volume VIII. 


micrograph, 6228, 6229 ; plant, 
description, 1372, 1373, 2878 
Yellow dyes, 5468, 5000 

— fever, cause, 4089 

— ochre, pigment, 871 

— pigment in art, 871 ; symbolism, 725 

— sp(d, of tlie eye, function and nature, 

2400, 2402 

Y'cllowhammer, classifleafion, 2209 ; 

nest 2506, plate following 2496 
Yetmaii transmitting typewriter, 5392 
Yew'-tree, classification, 503 ; great 
ago, 504 ; garden hedge, 6317, 
6318 ; iioisonous to cattle, 2624 ; 
limber, 55 ; strength of limber, 
1260 

Yoke, in dressmaking, 477, 479, 480, 
968 ; of girl’s frock, 4473 ; infant’s 
garment, 3740 

Yolk, of hen’s egg, colour, 5434 

— in tempera painting, 1023 

Y^ork stone, for footpaths, 2429, 2430 ; 

safe load on, 1510 
Yorkshire, farming in, 23, 21 

— wool measurements, 2895, 2890, 

2897 ; produet ion, 77, 72 
Y’’oung, Kdward, poet, 993 
Young's modulus, 1258 
Y»)ung, Dr. Thomas, use of term energy, 
1376, 2062; theory of colour 
vision, 3730 ; tlieory of light, 
935, 2432, 3329, 3367 

Z, in shorthand, 427, 587 
Zaffre, definition, 4930, 5985 
Zambesi River, bridge at Victoria 
Fails, 2736, 2739, 2740; course 
and description, 3583 
Zax, slater's tool, 4865, 4867 
Zeiunan, Rrof., relation between mag- 
netism and light, 3617 
Zenith, defined, 6243, 6244 

— distance, dettned, 6665 ; deter- 

mination, 6245, 6660 
Zeuner’s diagrams, valve action, 6140 
Zero, absolute temperature, J566 

— meridian, explained, 14 

Zeus (.lupiter), (ircek god, 668; Per- 
gamene altar, 2930 
Zeuxis, (freek painter, realism, 2930 
Ziervogel process of silver recovery, 
4304 

Zinc, 1042, 6166; alloys, 3940, 6167; 
analysis, 4413 ; atmospheric re- 
sisting action, 6168; cast, uses, 
6168 ; contraction on cooling, 1397 ; 
distribution, 3771 ; in electric 
cell, 462, 700 ; in extraction of 
gold and silver from lead, 3836 ; 
extraction, 4306, 5755 ; furnace, 
Helgo-Silesian, 4126; industrial 
use, 6166 ; galvanising processes, 
6168; micro-structure, plate pre^ 
cediHO 3937 ; occurrence, 362, 
3 h55j 6166; paint for, 6572; 
physical properties, 3837, 3838, 
3839, 4306, 6160; refining, 359, 
6167; sheet roofing, 6168; sub- 
stitute for lead in external 
plumbing, 5035 ; sohieriiig, 6460 ; 
sources of, 5308 ; test, 4409 

— blende, 359, 4306, 6167 

— chloride, formation, 5755 ; use, 6168 

— oxide, 6166 ; uses, 1036, 5832, 6168 

— siilpliate, uses, 467, 1721, 6168 

— W’hite, 359, 1036; use, 5143, 5988 

— workers, cmi>loyment cuiidilions, 

2648 

Zircon, precious stone, 5852, 5853, 5855 
Zither, scope, construction, and pJay- 
iiig, 3762-376.5 

~ ring, description, 3763, 3764 
Zodiac, signs of, 6251 
Zones, frigid, temperate, torrid, 293; 
isotherms, 557 

Zoology, 1491-1494 ; hooks on, 1791 ; 
dictionary of, 32 ; see also Biology ; 
relation to botany and biology, 135 
Zoophytes, characters, 4083, 4087 
Zotea, in zoology, defined, 3806, 3808 
Zulus, craniology, 1786 
Zymotic diseases, in evolution theory, 
increase of immunity, 1020 
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The editor’s Last Pag^e 

S OMETHING of the sadness of parting creeps into this final page of the 
Self-Educator. The Educator is now complete. In saying this the 
thought comes that, after all, we live in a human world. We may aim 
high and plan long, we may mean well and do well, and yet our path, as we 
look back upon it, may be strewn with the wrecks of our desires and with 
shattered hopes. As we look back to the beginning from the end, we see that 
it could all have been better. We can all say that when the end of anything 
comes. There would be nothing worth having in experience if we could not. 

T am not going to proclaim the faults of the Self-Educator from the editor’s 
desk. They are seen there, perhaps, as they can be seen from no other point 
of view. It is enough for an editor to say that he tried to be perfect and could 
not ; it is all that an editor can hope that his mistakes are not too many for 
human readers to forgive. 

It is pleasant that with all the regrets which retrospect brings there comes a 
grateful sen.se of satisfaction. I have not lived long, but I have come to know 
that nothing in the world is .so grateful to a man as success. I did not mean to 
write “success,” but let us be honest and not be afraid of a word. Success is 
not everything. I would rather have experienced some failures, with all their 
bitterness and tragedy, than have reaped some of the successes that flaunt 
themselves blatantly before the world. But w'e need not be ashamed of success 
in well-doing, and there is too much false righteousness preached against those 
who urge young men to succeed. It is not the wise man w'ho wants to fail, and 
if our life* is set in the right path, if our hands are clean and our work is good, let 
us never for one moment feel that we ought to be ashamed to want success. 

And the Educator has succeeded. There was room for such a book, and 
it must be better for us, better for our work, better for our lives, better for England, 
thatthere should be a vast thinking public wuth the Educator on its bookshelves. 

It would take the whole of this number to say “ Thank you ! ” to all to whom 
thanks are due. If, as this last page goes to the printers, I could remember all 
those with whom it has been a pleasure to come into touch, there would not be 
room, if I could find the words, to say all that I would .say. 

Stich a publication reaches into a thousand fields. There comes to mind a 
letter from a lonely boy on the Canadian prairie, who had read of the Self- 
Educator, and wondered how he could get it. There comes to mind, too, the 
Egyptian boy in Cairo w hose two sets of the Educator have given us such 
trouble as can only be balanced, let us hope, by the pleasure they have given 
him. All over the world in the future travellers will come across this work. 

There must also be thanked a vast number of correspondents w ho have been 
unwearying in their desire for the succe.ss of this work, the thousands of readers 
who have made its success possible, the schoolmasters who have commended it 
to their schools, those who have asked for an extra volume or suggested extension 
in other ways that were not possible without the approval of all readers. It is 
right, also, that it should be known how loyal and helpful the booksellers and 
newsagents have been. The contributors, Uie real makers of the Educator, can 
never be better rew'ardcd than by the striking public appreciation of their w'ork ; 
but it is due to them to say that, with one or two exceptions, they have proved 
themselves highly capable, interesting, and the soul of courtesy and forbearance. 

One other note of thanks is due. Behind every great work is an army of 
unknow n w orkers. The editor’s name is l)lazed abroad, but a thousand names 
remain unknown of those without whose aid an editor’s work w'ould never be 
done. 'I'he production of the F.ducator has been exceptionally difficult as a 
result of the effort to keep the work up-to-date instead of allowing it to be pro- 
duced, as most encyclopajdias are, so that it is out of date on its completion. 
To authors, editors, artists, photographers, printers, newsagents, and a host of 
other workers the production has for this reason been unusually trying, and 
especially has it been a strain upon the immediate editorial staff. To my friend 
and colleague, Mr. J. A. Hammerton, whose short introduction to English 
literature is one of the essential values of the Educator, and to all those other 
members of the staff w hose loyalty and hard work have helped to make a burden 
light, the indebtedness of the Self-Educator should be acknowledged. 

To them, and to all whom it may concern, I give now that deep and grateful 
feeling of which our language has but one expression—Thank you ! 

Arthur Mee 

The next book in the Self-Educator series is the 
HARMSWORTH HISTORY OF THE WORLD 
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' Abbas the Great 

HJ«97. H »«> 

A'^an who, in spiio of many crinK>s, wa<t ono 
of the greatest of Persia’s soAereign^^. Successfully 
rebelling against his father, he put to death one 
or more of his brothers, and ascended the throne 
in 1587. Suppressing lawless soldiery and a feudal 
nobility whicn menaced the throne, he embarked 
upon a brilliant career of conquest, and was 
assisted by a British fleet to wrest Oniuz from the 
Portuguese. At his death the Persian Empire had 
been extended from the Tigris to the Indus. 
Terrible cruelties were practise<l at hi^ Whest, but 
his system of government was enlightened and 
^praiseworthy. 

• Abel, Sir Frederick August 

Ik JLaiuIoii, July 17 1MJ6 I-jmuIoii, M<‘i)ttiulK*i U ]*o‘ 

Amon{{ the first students of the Royal (*oll<‘ue 
of Chemistry, he became, at twenty-seven, chemist 
to the War Office and chemical referee to the 
Government. He diNcsted the preparation of gun- 
cotton of danger, and paved the wav for smokeless 
po\vdc'r, of which cordite invented by himself and 
Sir J. Dewar was adopted by the Government. 
His petroleum investigutionK determined the 
standard for flash-point; while in eleetrieitv and 
steel manufacture he won a special standing. Ho 
was President of the British Association in 1890. 


Addison, Joseph 

U Milt « a Vl iitH, Mav I, 1(17.' <l KeTi<<niK(oii .Tiitif 17 I7llt 


“Whoever wishes to attain an English style, 
familiar but not coarse and elegant but not osten- 
tatious, must give his days and nightn to the 
volumes of Addison.” Dr. Johnson's estimate of 
our foremost Irght essayist still holds good. Ob- 
taining through his nation, the Earl of Halifax, a 
pension of £300, ne spent four years on the 
Continent, after which hi- poem, ’* The Cam- 

paign,^’ celebrating the victory of Bletiheiin. 
secured him an Excise (’ommissionership. While 
secretary to the Lord Ijoutenant of Ireland he 
formed a close* friendship with Swift. The 

“Tatlor,” startetl by his friend Steele, had 

Addison among its regular contributors; as had 
the “Spectator,” founded two years later. A 
quarrel with Pope led to his being satiiisi'd bv the 
latter as Atticus. Appointed a Commissioner for 
Trade and the Colonies, he was embroiled in dis 
agreement with Steele. Three years before his 
death ho married Cliarlotte Countess of Warwic'v. 
His fame rests not upon his poetic or dramatic 
writings, but upon the essays which cau’-ed him, 
while recognised as a contributor to the gaiety 
of. the nation, to bo hailed a> ‘“Guilt’s chief 
foe.” 


^ ‘AdrIkA IV* flee Breakspear, Nicholas 

Agchjlus 

b. ACb^lH*, 52(1 K.t d OMa, rtUil) , IVI b < 

'fhe father of Greek drama was born of noble 
Igdkil.v, and before giving his mind wholly to 
'po^lryt shared with his brothers the perils of war 
agaiitsiv the Persians. His 8ucce.ssful first appear- 
ai»b in the dramatic contest was in 484, when he 
t^hor prize with the trilogy of which th« 
’ formed part. Afterwards he enjoyed 
'If l^riei of. thirteen victories, interrupted by the 
ol Sophocles. This defeat, coupled wdth 
at the doubts cast upon his piety. 
. him to retiro to Sicily, where, after other 
^ tkiutnphs, hft died. Only seven of the sixty 
Tfi^riliwd to him are extant, but these place 
of unapproachable height. 


- a. ooi v.r 

aa there be any pretence at 
^f the imtnortal 


tabulist beyond that he was horn a slave in 
Phrygia, and •<old eyentiially to Jadmon thi* 
Samian, by whom he was freed. He visited the- 
Court of Crcp.KU8, by whom he was sent on various 
missions, which enabled him to travi'l in Greece 
and Asia Minor, inculcating morals by his fables* 
lie 18 said to have met his death through being 
thrown over a precipic<' by the priests of Delphi, 

Agassis, Jean Louis Rodolphs 

1| MotlpiH Huitxeil Iiiil, Ma> 2N, 1S(I7 t1 CninlnidKe. Rliv)Hn<l,])ut 14, 1S7J. 

An indefatigable naturalist, whose writings, 
when he was twenty-six, won the pruis<^ of Cuvier. 
His woik on the glacial phenomena of the Alpf|, 
on lossd fishes in Europe and thi* American Conti- 
nent, his lectures at various w'ats of learning, and 
his gifts of priceless collections, did much to 
advance the science to which lio devoted hi.*! life. 

Agha Muhammad Khan Kajar 

b 1740 r| KhHhAh. FemlA, ITOT. 

After Persia had lieen for many years torn by 
civil war. he acquired the sovereignty in 1794, and 
foumU'd till* (‘Mstiiig ilyiiasty. He promoted com- 
merce and reforms, but was one of the cruellest 
monsters that ever wort* a crown. Mutilated him- 
M'lf ('arlv in life, he tieatcd his enemies with 
frightful barbarity. Or ee, aft<*i* ordering ik 
general massacre of women and children, he had 
70,000 e,ves of liis subjects put out. He was 
a*<sassinuted in 1797. 

Agricola, Cnasus Julius 

b KrfJiiB, Pi lUi**, *17 a i* rt August *£t. Aft a.w. 

H(* thoroughlv compicred Britain and a great 
part of Scotland ; he gave the land wise laws, and 
induced the Britons to embrace Roman manners, 
and to have their ehildreu taught the I^atin tongue. 
Also, he eiiricln'd the land with many noble build- 
ings. lie was the first to discov’er that Britain 
IS an i.slaii(l. Recalled and humiliated by the 
lealous Domitian, he died at the age of fifty-five. 
Tacitus was his son in law. 

Ahmed Shah 

». ITU a, ITTfl 

The fiist sovi'i’t'ijj’ii of Afghani'^taii was in his 
youth ill the si'ivice of Nadir Shah. Upon the 
assassination of tlie latter he retired to Kandahar, 
and persuaded the native tribes to assert their 
independence and mako him king. lie prox^ed a 
talented military loader. The Koh i-Niir was one 
of his many rich possessions. 

Aird, Sir John, Bart., M.P. 

b 1 iHubui DetPinWr *1 lS.i:j 

The «^on of a working man. Sir John Aird has 
raised himself by 'industry, integrity, and genius 
to the rank of one of the foremost contracting 
engineers in the world. Ills greatest work is the 
Assouan dam, the reservoir in connection with 
which holds 80.000.000.000 gallons of water. 

Alaric I. 

1. .17(1 •». CalahiM^, Pftl 

Chief, afterwards King, of the VisigotM^lMifi^* 
though the leader of barbarians, was hirnl^lf glv 
Arian Christian. Although the great g^ral, 
Stilicho defeated him, ho proved the 
military commander of his age. He pi|largj»d 
Athens; thrie*' b<*sieged. and once, for am day*,' 
sacked Rome; deposed its Kmi>eror, and set up* 
another. Manv barbarities wore practised by hia 
troops, in spite of his humane intentions; but 
caused w'omen to be spared and religi^s buildings 
to be preserved. At his death the river Busento, 
was divertc^d from its coarse that he, with all hts 
treasure, might be buried in its bed. The woi’l; - 
completed, those who had carried it out wer<^»- 
put to dea^, that the secret might be raamtam^^ 
.^ftviolWn. ' , , 
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Aleibiad«s 

Hb. Aihenfi. 450 b r. •! IMii-yKlii, Wi Miuoi. 401 h.o. 

This famous general and “iitaiosman camo oarly 
under the influonc^; o£ Socratos, who saved his life 
in battle, to be himself rescued by Alcibiades at 
the battle of Dclium. Brave and talented. 
Alcibiades lacked mental ballast. Mutilation of 
votive statuary in Athens caused him to fleo into 
Lacedaemon, and thenco to P<»rsia, to Ik' recalled 
in triumph to Athens. His military expeditioiih 
culminating finally in disaster, hi' passed into 
Phrygia, whore, by Spartan orders, he was assassi- 
nated —his house being fired, ami himself struck 
dead by darts as he emerged 

Alexander the Great 

I). Pella, HacMsloiutL, ;i5rt mi. li Hult> Ion. n t 

Tho son of Philip of Mac<‘doii, Alexamh'r, edu- 
cated by Aristotle, was regent of his father’s 
kingdom at sixteen, at <'ighteen won his first 
battle, and two years later became king. Having 
subdued the Greeks and consolidated his power in 
£ui’u][je, he, in 334 B.O., with 30,000 foot and 5.000 
horse, crossed into Asia, never to return. Defeating 
the Persians, ho took Tyre, conquered Syria and 
Egypt, and founded Al<*\andria ; <lofoated Darius, 
con<j|Uored Parthia, Media, and Baetria. inva<led 
India, and overran Asia; then returned to 
Babylon, where he died from the effects of <‘\i‘es 
sive drinking. Many a)>paliing crimes tarnish his 
fame, but his infllmuici* for good wa,s hdt for ceti 
tunes; for he caused to Ih‘ diffused far and wide 
Greek art, scienco and philosophy, and gave an 
impetus to learning wher<* barbarism in its worst 
forms had reigned. He hdt no successor, and at 
his death his vast empire was divided among his 
generals. 

Alexander II. of Russia 

b. April 29. 1818. <1 bt. IVli ubiiitf, HIhkIi U. 1881. 

The son of Nicholas 1., who upon his death- 
bed! exhorted him to fr<*<‘ the serfs, Alexander 
nobly carried out that inandat<‘. and six years 
after his acc<*ssioii, emancipated 23,000,000 of his 
subjects. Russian territory was widely extended 
during his reign, which ended in a great tragedy. 
The Nihilist.s, who had thrice attempted his life, 
assassinated him on th<* very day upon which he 
was to have signed a Constitution for Riihsia. His 
eldest daughter married Que<»n Victoria’s sst'cond 
son, the Duke of Edinburgh. 

Alfleri, Vittorio 

b. Asti, Italy. Juiiuaiy 17. 1749 <1 Kloit-iu Oi tulm S. J80:{ 

The son of a noble house of l*it‘dmont. Count 
Alfieri led for some years a lif<* of indolence and 
luxury, but in middle age made himself ina.Hter 
of Latin and Greek, lie wrote many tragedies 
and comedii’S, some of w'hich still keeji the stage. 
Their <*ft‘eet was to poinil arise a purer Italian 
literature. 


Alfonso X., the Wise 

k im il CiiMi 

Suooeeding his father as King of L<‘Oi) and 
Osstilo, he won victorie.s over the floors, and 
Uinited Murcia to Castile. With him Castilian 
litetaturo had its birth. Ho caused tho first 
MUeral history of Spain to bo written, and tho 
Old Tostaroent to bo for the first time translated 
into Castilian. His life was embittered by the 
rebellion of his sons, of whom Sanelio eventually 
(is|)Osed him. 

, ; Alfred the Great 

: Berbiihire. H4a li. OutoW 27, U»l. 

. ''•'The wisest, best, and greatest King that ever 
iti' England was the fifth and youngest son 
Etbolwulf. His roign was one long struggle 
With tlm Danes, who, upon his accession, in 871, 
tfiasievi^ol pi'actically the whole of England 
Thumes. Ho waged war with varying 
ho dhtif fiiudly he made himself King of all 
Sueh ii the veneration in which his 
^ ^ dield that' it has been oustoihary to^c . 


ascribe to Alfred every privilege which English- 
men enjoy. What he did was to codify the best 
laws enacted by his predecessors, to found a Navy, 
encourage learning and industry, and, for the first 
time, to consolidate England into a united 
monarchy. His will, a notable document, is pre- 
served, but it ia not known where, or from what 
cause, he died. 

Alleyn, Edward 

b JLiiiiilfiii, Stiiti'iiilier 1, ifiSt! d. Louduii, Xovomboi 1828 

An actor famous as a contemporary and neigh- 
bour ill London of Shake'^iieare, in who.so plays he 
frequently jK'rforniod. Successful theatrical s^ou- 
lation, reinforc(‘(l by money gained by marriage, 
miableil him to buy for £10,000 (worth now five 
tim<‘S that .sum) the 1,300 acr<*s with which he 
endowed his College of God’s Gift at Dulwich. 
'I'he value of tho property, which is constantlj 
increasing, is now upwards of two millions 
sterling. 

Amadeus VIII. 

b 011.1111 bi'i >, Fraiuo d (b iu*\a., 1451 

H<‘ <‘ausL‘d *Sa\o> to be <*r«*cted into a duchy, 
then ruled Ihf'dniont. but relinquished temporal 
care.s for a Inn mil age, wlionce he eiiKM ged to be 
Pop<‘, as Et liv V. ill* Idled the l‘apal chair for 
ten years, resigning in favour of Nicholas V. 

Anaxagoras 

b ('la/oTn(>na‘, Amih Minoi , .500 » • <1 L.niipMi( iin. .VhIh iVlinor, 42S b i. 

The philosopln‘ 1 ’ u'lio paved the way for the 
atomic theorv, had tlu' courage to trace ecliphes to 
natural laws, to div<‘st the sun of its halo of deity, 
and coiT<‘ctl\ to amdysi' the origin of meteoric 
stones. His views conflicting witli the super- 
stitions of tho age. ho was driven forth to die in 
exile. 

Andersen, Hans Christian 

b Oili lists nemimik Apiil 2, 1S(I.» d Cupfiib i(i u, 4, 1H7 > 

'rhe divinity of th(‘ nurseries throughout the 
civilised worhl was the '■on of a poor shoemaker, 
and early in lif(‘ had to work in a factorv. Th(‘ 
beauty of his voice induced him to attempt th<‘ 
stage, but foi this he vvas declared too uneuitured. 
and it was not unlil his early poeni'. had attracted 
attention that ho was enabled by syinjiathetic ad- 
mirers to etpiip hiniHclf at a good school. Ills 
fairy stones are by this time classics. 

Anderson, Alexander 

b Kiikiomifl SiolKoid, Ai»iil 30, ISIS 

Bred to the work of the colliery, Mr. Anderson 
managed, while working on the pit-brow, to master 
French, Italian, and German, and to read the 
great jxicts in their own languages. Now the pit 
knows him no more; he has been appointed chief 
librarian of Edinburgh University. Of his many 
charming iiocins there is one- ‘‘Cuddle Doon*’ — 
of which Sir George Douglas says, “Scotland has 
made this as imich her own as she has made 
Burns’s songs.” The poem is, indeed, a gem of 
music, humour, and tenderness. 

Angelico, Fra 

b. Vecihio, lUlr, i:W. d. HouiB, Xaruk, 1465 

Fra Angelico is the name by which is best known 
Giovanni or Guidolino da Pietro, the great painter 
of rcligiouH subjects. Ho is spcoially famed. for 
the .spirituality and mystical charm of his saints 
and angels. Best examples of his work are at the 
Vatican, tta» Louvre, in tho Uffizi, and at Orvieto. 
Angelo, Michael. 8ee Hicbaolangek) 

Antony, Mark 

b. 83 s.<\ d. AlekBiidrla, Augast, 30 ».v. 

Related to Cesar, and one of his closest ad- 
herents. Marcus Antonius induced the latter to 
make his (Antony’s) expulsion from Rome the 
pretext for civil war, and himtelf led tho left wing 
of CsBsar’s army. At the death of Ckisar he nlayod 
the r6Ie In which Shakespeare immortalised him. 
Forming, with Ootaviaa imd LopidtUK' the -swnd 
Triumviratis bo di^feated-.Binttttr ahd‘ 
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then summoned Cleopatra, Queen of Egypt, to 
meet him to settle an outstanding dispute. Capti- 
vated by her beauty and address, he followed ner 
into Egypt.. Called again to Home, ho was eventu- 
ally defeated at Actium by Octavian, and fled to 
Egypt, where, deserted and alone, and deceived by 
ti report of Cleopatra’s death, he destroyed himself. 

Apelles 

)•. Culophoii, Api.i Minor, ;U0 k.< . il. Cos, Asia Minor, o04 B.c. 

Alexander the Croat permitted only one man to 
make his statue, and only one man to paint his 
portrait. The ]>ainter was Aixdles, the greatest 
artist of antiquity. He was most famed for his 
portraits, but his subject pictures were brilliant, 
lie fell in love with Cam'paspe, a mistress of 
Alexander, who, it is told, surrendered her to the 
l)aintcr. From Campaspe ApelU's drew his finest 
lecture, “ V<‘iius rising from the Sea.” Apelles 
iiad a varnish, the secret of which has been lost, 
whereby h»* added mellowness and beauty of tone 
to his work. He followed Ab'xander into Asia as 
fill* as Eplu'sus. 

Aquila, Ponticus 

t>. Siiiopo, Ania Minor, 100 a.h. 

Dates cannot with certainty be stated, but Aquila 
flourished about 130 a.d. ' He was skilled as a 
luathematician and architect, and was employed 
by his kinsman, the Eniiieror Hadrian, to assist in 
rebuilding Jerusalem. Ho gave the Greeks tlieir 
first translation of the Old T<‘stain<*nt, and was 
himself successively pagan, (Jiristian, Jew. 

Aquinas, Thomas 

1i. Cjilubrlii, Italy, rJllS. <1. Tcriuclii.i, Italy. 

Dese<;iid<Ml from the Counts of Aijuino, Aiiuinas 
was Ikivti at his father’s castle, Hocca-8<*cea, in 
which, upon his determining to <*ntei tli<* 
Doiiiinicjiri ortler against the parental wishes, he 
was imprisoned for two y<*urs. Escaping, he made 
his way to Allxrt Magnus, under whom he 
studu'd, until, long calh‘d “the dumb ox,” he 
Aerified the saying of his master that “the voice 
of the ox shall on<? day fill the world.*’ As a 
teacher he at one<‘ won fame. Having little 
Creek, and less Hebrtiw, lui yet commanded the 
attention of the civili.sed world with his writings 
and with tixpositioiis of the Scriiitures. Called 
now “ th<* Angel of the Schools’’ and “ th<* Eagle 
of Divines,” he refused all C’hureh preferments, 
rmnaining to the einl simply th<* great th<‘ological 
scholar. At his death posthumous honours wen« 
heaped uixni him. His “ Summa Tlieologup ” 
remains to-day substantially the standard authority 
of the Roman (Catholic Church. 

Archelaus 

1> n.t\, 4S0 (V). 

'I’he Ionic philosopher, scholar of Anaxagora>, 
who first. d<*monstrat<*d that th<* earth is round. 
'I’his trutli he deducM'd from <jl)scrving that thi‘ 
sun rose and set at dift’<*rent times upon difRu’ent 
liarts of tin- earth. His fame was at its height in 

450 B.(\ 

Archimedes 

li. Sj-nirnw. Sicily, *2S7 l*.o. <!• Sy r.u-iifu*, isrjji.c. 

The ” greatest iiiathenintician and mo.st inven- 
tive gmiiiia of antiquity ” ; fir.si to establish tin* 
idea of specific gravity; perhaps, too, of the lever, 
in relation to which he uttered tlu! well-known 
phrase, “Had I but a fulcrum w'her4*on to r<*st, I 
could move the eartli.” The endless screw, tin* 
spiral pump for water, and innumerable erigiiws 
of war which he was persuaded by his king to 
provide to withstand the assaults of the Homans 
these, with great cranes, “ burning mirrors,” 
various hydraulic and compress<‘d-air machines, 
were among his inventions. He preferred theory 
to practice, and despised his inventions. When 
the Romans at last broke through the defences of 
Syracuse, they found Archiniedi's iMUiding over his 
diagrams drawn in the sand, and there killed 
him. 


Ariosto, Ludovico 

b. Rcfrgio, Italy, .Sc-pteiiilM r 8, 1474. d. Ft-rrani, Italy, Juno 6, 1533. 

Educated as lawyer, soldier, scholar, Ariosto had 
with diatinction discharged military duties, sub- 
jected a rebellious province, ruled as governor for 
three years, and conducted diplomatic missions 
b<ifore he devoted himself to writing. His works, 
which have long become classics, consist of satires, 
comedies, sonnets, songs, and lesser poems. But 
his great achievement is the grand, heroic poem, 
‘‘ Orlando Furioso,” the completion of which occu- 
pied him sixteen years. It takes up Boiardo’s 
unfinished “Orlando Innamorato,” and with art 
which seems artless improvisation thrills and en- 
chants by almost every page. 

Aristarchus 

b. SaiiioM, AMii Minor, 280 b.c. d. Sajiit»s, *264 B.c. 

A Cre<‘k a.stronomor, who, by demonstrating 
that the earth moves round the sun, anticipated 
the discovery of Copernicus. He moiisured the 
distances of the sun and moon from the earth; 
but, whihi he was g<*oinetrically correct, his lack 
of adequate instruments rendered hi.s I’csults in- 
accurate. 

Aristides, The Just 

b. Atlu-ns (?i. ,1. AtlHMia, 408 B.c. 

The man whom Atlu'iis siirnanu'd The Just was 
one of the ten geiu'ials at the Battle of Marathon, 
and. by inducing the others to .surrender supreme 
eontrol to Miltiade.s, enabled that general to win 
fhe day. Great in battle, and of noble character, 
he made Athens the ruling stat<* in a maritime 
confederacy, and cnabh‘d every citizen, no matter 
what his rank or riches, to be eligible for the 
archonship. He di<'d in hone.st pov<*rty, and was 
buried by tin*. stat.<*, which aw'urdeil his descend- 
ants iH'iisions. 

Aristophanes 

l>. Athens, 441 B.r, d. 380 li.r. 

The gi<*atest of Greek comic poets. The lio<*nee 
of the Atlu*niun stage enuble<l him to expose 
abus<*s and evils inimical to the cornrnonw’cal. 
Kh'ven plays- only a fifth of tin* nunilx'r In* wrote 

-are extant. Sonn^ an* gross a»id coarse, r4*flect- 
ing not so much the mind of the man as his age. 
His work is charaet<*ris4*d by infinite wit and 
fancy, and here and tln'n* ikjwi'i* and beauty. 
“ Th<5 Acharniaiis,” “The Knights,” “ Th«* 
(Jlouds,” “ 'J’ln* Was^is ’’• those, the four best 
known, alone .suflice to .secure his .standing with 
the immortals. 

Aristotle 

h. St.»)|feira, Miu-oduniii, iWl H.u. d. in, (ivtn-e*, ’S-J-J h.u. 

One of the greatest philosophers of antiquity, 
Aristotle. ln*cann*, at tin* ago of seventeen, tin* 
pupil of I’lato, and for thnn^ y<>ars hud for his 
ow'ii pupil Alexander the Great, who (juitted th<* 
side of his muster to go forth ujion his care^'r of 
(•onqiu*.st. Aristoth* tlnui opeii<»d his famous school 
in Athens, w’hich he called tin? Lyc<*um, from its 
proximity to the temple of Apollo Lyct'iu.s. Hert* 
In? tr<‘ated of ev<*rv subject which came within the 
range of anci(*nt thought, and was rightly viewed, 
even dtiwn to Danti^’s day, as “ the master of thosn* 
that know.” His influence and teachings re- 
mained the barri<'r iMitwcMin later eras and 
barbarism. Hi.s ph^ty being impugned, remember- 
ing tlm fate of Socrates, he fled to Chalcis, in 
Fxilxea, wh(*ro he died, saying, as he loft Athens, 
“I do not wish to see the Athenians sin twice 
against philo.sophy.” 

Arkwright, Sir Richard 

!*. I’rentmi, Iahch, 1>*h-. ' 2 ", d. (Jmiii/orJ, Derbyshite, Aug. .“I, 17IW. 

The youngest of thirt.<H*n children, Arkwright 
began life as a deah^r in human hair, which he 
dyed and .sold for wigs. His education wa.s so 
nioagre that not until he was fifty had he time to 
master grammar and orthography. His inven- 
tion of the spinning-machine revolutionised the 
Cotton industry. The machine was made when he 
wa.s so poor as to be in rags. He was thirty-six 
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when he set up his first machine in Nottingham, 
and had a hard battle to fight. A mob destroyed 
his factory at Chorley ; masters and men urer© 
hostile to the new invention ; protractc'.d litigation 
greatly vexed him. In the end his triumph was 
pronounced. He originated factory labour; he 
created an industry representing untold wealth to 
his country. Not over-scrupulous in his dealings 
with other inventors, he was still a good master, 
and himself set an example of industry by working 
sixteen hours a day. 

Armstrong, Lord 

h. Ncwcjiftle-tiii-l'yHo, Nov. 26, ISIO. il. Botlibury, N'lii-rland, l>c*c. 27, 1900. 

The solicitor who revolutionised warfare was 
practising law while concerned with his first in- 
ventions. A colliery accident led to h>s investi- 
gating the generation of electricity from steam, 
and from this ho worked on to the hydraulic 
crane, and all the hydraulic niachin<*ry for which 
his great works first became famous. At forty- 
nine he made his first big gun, and from that 
moment fh<i history of heavy ordnance was 
changed. At first all his productions wore for the 
British Government, but afterwards his business 
was extended to the Continent, and for field 
service and battleships his guns won world- wide 
reputation. 

Arnold, Matthew 

b. Liilvhaui, Micldlosiiix, December 24, 1S22. d. Livcri>aol, April 15. ISSS. 

Poet, critic, educationist, author of the daintiest 
prose which conveyed hard-hitting truths, and of 
poetry which is pure music, Arnold lias left a 
mark upon English literature and public life which 
will not soon bo oblit<>ratod, 

Arnold, Thomas 

b. EHKt CJowert, Ihle uf Wi^ht, June lil, 1795. <1. K\ii(by, .Time 12, 1842. 

Father of the foregoing. Dr. Arnold, though a 
scholarly writer with a i-ecord of noble works, is 
best remembered for having revolutionised public 
school education in England during th<* /ourt<‘en 
year.s he was headrna.ster of Rugby. 

Arrol, Sir William, Kt. 

b. Hotwton, Jlf'Hfrewjjhire, IMIW. 

The son of poor par<‘nts, Sir William Arrol 
iM^gaii life as a cotton-piecer, was apprenticed at 
fourteen to a blacksmith, and with a capital of 
£85 Inigan busine.ss on hi.s own account. Jlis 
energy and initiative broke down all obstacles to 
succos.s, and at thirty he wa.s building the new Tay 
Bridge, at a cost of thr<‘e-(iuartm*s of a million. 
The Forth Bridge, and lat<*r the Tower Bridge, 
followed, and innumerable other great schemes. 
For these enterprises he had to invent practically 
all his own tools, and by so doing created a new 
and remunerative industry. 

Ashmole, Elias 

l). Lichfield, HtiUrui-dMhlrc, M«y, 1617. d. I.<iiidun. .Muy IS. 1H92. 

A man who, though he hung spider.s almut his 
neck for ague, and dabbled in alchemy, will, as 
his epitaph says, be rcniemlxn’ed a.s long us his 
museum endures. This h<i got for the mo.st part 
from his friend John IVadescant. He gave all, 
with the residue of the library which he had Ixurn 
thirty years collecting, to Oxford Univer.sity. 
Fir© had greatly damaged his library, but the 
Ashrnolcan mu.seum i.s still famous for its manu- 
scripts. 


Athanasius, St. 

b, ^exaiielrla, Bjtypt. 29 a.i». d. Alcxandi lu. .'173 .\.d. 

The greatest of the Greek Fathers, of whom 
Gibbon says, “ His immortal name will never be 
$ei)arated from the Catholic doctrine of the 
; Trinity, to whose* defence he cons<^crated every 
.!|(nbm©Qt and every faculty of his being.” He was 
the great choinpion of the Church against Pagan- 
isni end Arian heresy, and spent twenty years of 
bifl . Jifb In exile-;- six in the desert, a hunted 
fugitive. Athanasius, who introduced monasticism 
Western Europe, is not the author of the 
Creed, of which nothing was heard 
.tlfftfl i6ng alter his time. , 


Attila 

b. 406 A.P. d. Paiiuonia, Eurupe, •15;t a.i*. 

“The Scourge of God,” descended from the 
ancient Huns who dwelt on the confines of China. 
Putting his brother Blcda to death, ho became 
master of the then vast kingdoms of Germany 
and Scythia, his doniiiiioiis extending from the 
Rhino to the frontiers of China. He invaded 
Rome, and compelled Theodosius to pay tribute. 
This Marcian, the latter’s successor, refused to 
continue, and in a groat battle Attila was defeated. 
He again invaded Italy, ami fugitives, flying 
before him, founded what was to become the 
famou.s Venetian Republic. Attila, whose boast 
was that ‘‘ grass never grows again where my 
horse has once trodden,” left an empire which his 
son.s, by civil war.s, ra])idly destroyed. 

Augustine, St. 

b. TaKiute, N. Afri«i, Xov. 12, ;i5i a.i>. d. llipp>>. N. .Africa, .Aug. 28, 4:I0 \.u. 

The father of Augustim* was a Pagan until late 
in life, and Augustine hims<lf lived a life of 
licentiousnes.s upon first going to Carthag<*. 
Cicero and Plato calk'd him to nobler aims, and 
it wa.s from the study of philosophy that he turned 
to Christianity, being ba])tised w'hcn thirty-four. 
His immortal autobiographical ” Confo.ssions ” 
were written when h<‘ was forty-four. To heresy 
ho proved a rc’doubtable foe, ami for centuries 
after his writings ruled the Christian Church, 
lie died while the Vandals were U'sieging Ilipjio, 
of which he w'as at the time bishop. 

Augustus, Caesar 

b. (>1 B.c. d. Kola, lU]}*, 1 1 A.ii. 

The man who found Rome built of brick, and 
left it built of marble, was the grand-n<*ph<‘W of 
Julius CcBsar, to whosc^ will, after a .struggle with 
Mark Antony, ho gav<' effect. H<» parted thi'. 
Roman world with Antony and Lepidus, w'ho took 
-the former Gaul, the latt<*r Spain; while 
Augustus hiniself had Africa, Sardinia, and 
Sicily. Ity his victory at Actium over the forces 
of Cleopatra, after which she and Antony com- 
mitted suicide, he becanu' tlie enlightenoi] and 
noble master of the Roman world. IHs name, 
really Caius Julius (Jeesar Octavianus, was changed 
to Augustus, meaning sacred or venerable, and it 
exists to-day in the name of our month of August, 
which formerly was Sextilis, then the sixth month 
of the Roman year. 

Austen, Jane 

b. HaiiipHhhr. Drc. 16, 1775. d. Wlnchi'situr, .Tulj- IS, IS17 

The -heroine, of an enthusiastic eulogy by 
Macaulay was a daughter of the rectory, studied 
French and Italian, and was conversant with 
Richardson, John.son, (’rahbe, CowiK^r, and, ai a 
later jieriod, with Scott. She introduced the novel 
of dome.stic lib'. Four of her bo.st-known novel.s 
were publi.shed anonymouBly during her life; tin* 
others were not giv<*ii to the world until the year 
following her death. “Sense and Sensibility” 
and ” Pride and Prejudice ” were written before 
she was twenty-two. 

Bach, John Sebastian 

b. KlHeiuii'h. Goniiaiiy, MaiTli 21, lOW. d. Leipzig, July 28, I7!)fi 

A member of a family of musicians, Bach was 
entirely self-taught. He never had instruction in 
instrumentation, nor in the theory of music. He 
created his own style. ” Every room in which 
Bach is sung is transformed into a church,” said 
Mendelssohn. Blindness fell upon him in his 
latter days, and the operation attempted for his 
relief brought about his death. 

Bacon, Francis 

Ij. London, January 22, 1S61. d London, April 9, 1626. 

“The wisest, brightest, meanest of mankind,” 
as Pope termed him, died Lord Verulam and 
Viscount St. Albans. He never was Lord Baoon, 
the name- by which ho is commonly called 
career as a public man wm marred by^«eryiltty 
and treachery., He fawned upon; the i^^rCtd, to 
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turn without mercy ui)on — notably, in the 

case of tho Earl of Exeter— when his ends had been 
served. Successively filling all th<i offices of State 
leading to the Lord Chancidlorship, he f<*ll from 
the latter office, convicted of the grossest corrtip- 
tion, was sentenced to iinprisonment in the Tower, 
fmod £40,000, and banished the Court and Parlia- 
ment. The sentence was reniitt<>d, but h<' con- 
tinued in retirement, llis literary labours entitle 
him to be styled the ‘‘ father of English huirning.*’ 
While he was ignorant of discoveries of his eon- 
t(;mporaries, and cherished many superstitions, he 
gave an impetus to English learning such as no 
other man had done. 

Bacon* Roger 

l). Ilfhe-NUT, Suinenwi, llill. <1. Oxfiml. r2W4. 

The “wonderful doctor.'’ as he was called, 
bccannj a monk of the Franciscan rnder, whicli 
prevented his ])ublishing his writing.s. He 
dabbled in alchemy, but made notable diseoveri(v, 
gunpowder and the. magnifying-glass among thnn. 
He is famous a.s Ix^ing the ])i«)ri<M'i* of nnxh'rn 
scientific inejuiry. P<'rsecut<'(l and hindeied to an 
unparalleled degr<'e, ho y<‘t contrived to h'avo a 
striking record of work accomplislied. 

Baker* Sir Samuel 

t>. I.<)iiilon, JuiiuS, IWI. <1. Nrwhiii Abliot, iH'Viiii, I ;»ti. IS!Kt. 

A daring traA'oller, who, with his wih*. essayiMl 
the exploration of tho Nile source's, and, in com- 
pany with SiKiko and Grant, discovered the gr<‘at 
lake to which he. gave th«' naino All)ert, Nyanza. 
1T(‘ lu'lped to suppress slavery in Egypt, explor<‘<l 
(’ypru.s, extended his travels <‘a.st and west, and 
wrote one or two valuable books, 

Balfe* Michael William 

h. imlJlln, May 15, im (J. Rowhy Abbey, Herts. 0..tn).er 2(i. ls 7 ». 

An Irish composi'r, whose memory is d<*ar to 
multitudes who liav<‘ been charnu'd wifh his 
melodious operas and other compositions. 

Baliol* John de 

b. UiirtiiU'd CasUe, nurhum. 'b I'Jiii* 

One of the woalthie.st barons of his time, lx* 
founded Balliol (^)llege, Oxford. His thini ''•on, 
John de Baliol (1249-1315), became King of Scot- 
land, but was taken inisoner by Edward. His 
son Edward recovered lh<’ crown after a bloody 
battle, in which the Regent Alar was slain, but 
died in 1367. With him tlx' line of Baliol erxh'd. 

Balxac, Honore de 

b. Touw, France,' May'iO. 17J». il. Koi«. Auku-I 1« is.5a. 

An indefatigable French author, \vh«j in tvv<‘nty 
y«'ars wrote eighty-live novi'ls, several of them 
masterpieces. His “ Comedie Huiiiaine,’’ in which 
<'very phase of lif<! and character wa.s to be tn'ati’d. 
j)roved too vast an undertaking, but in it I-' s(»nx' 
of his finest work. 


Baring, Sir Francis 

b. L'irkliear, n«von»liire, 17J0. *1. Ki-nf.. iMit. 

The son of an immigrant G<«rman, who, along 
with his brother John, founded the financial Imuse 
of Baring Bro.s. Lord (Vomer and J.<ord North- 
brook descend from the same stock. 


Bayard* Pierre du Terrail 

b. Oreiioblo, Fnuice, 1476. 

The last of the gr<‘at heroes of chivalry, be 
was, at the ago of eight»*ei), tlie ino.-st accoinj)li.shed 
knig*bt of his time. Hi.s h'ats in war and council 
wore e<5|ually notable. He was for thirty years 
regarded throughout Eui’opc as the mirror 
chivalry, and his name still serves as a .synonym 
for noble, unselfish, and heroic deeds. 


BecKetf Thomas 

b. I.on6ou. 1118. d. CrtuXTbvuT, IXH t'uaHT ‘Ab 1170. 

Of Norman parentage, Becket showed «*xtra- 
ordinary ability as a young man, and, .securing 
the patrpnage of the Archbishop Canterbury, 
was employed to win the Papal recognition of the 
dynasty on the English throne. 
•From ll55 ’.Befckot was Chancellor— ostentatious, 


lubscrupulous, and worldly. Then, in 1162. the 
Archbisho])ric of Canterbury was forced upon hini 
by ll<*nry IT. Tim oflice w'rought a miracle in his 
life. The worldling gave placH^ to tho stern 
a.scetic and great champion of the Church. He 
us.serted her rights, and boldly denied the Royal 
prerogative, but wuis forced to fly to France, and 
remain in exile for .«ix out of his eight years’ 
lirimacy. Tlx». struggle eurled in his assassination 
at the altar of Canteibury (Vtlx'dral by knights 
acting upon the exclamation of tho King: *‘Of 
the cowards that eat my bread, will none rid me of 
this turbulent priest?” 

Bede, The Venerable 

>>. Mi'iikwcnniKiuth, DiirbHiii, HT.'b <1. Jtirrow, Duib-un, 

The father of English history was <'ducated at a 
nx>nu.st<'ry het\ve«'n Monk w<*armouth and Jarrow. 
'Phere he spenl all his days diligently compiling 
his hi.story, his .scientific ami tlx'ological treatises, 
uiul te.achitig and expounding with such distinction 
as to mak<' Northumbria tlio literary centre of 
W<‘st('rn Europe. 

Beethoven, Ludwig Von 

1>. Bolin. Uffmanj', n<‘i-»‘niJ>*>i X;, 1770. »l. Vumhui, March 26. JS-iT. 

Ik'cthoven, like Bach, was one of a mu.sical 
family, aixl at lifti'cn was Court assistant organist, 
having already apjM'ared as a juvenile pianist. 
By tlx' time he had atraiin'*! his twt'uty-third yt'ur 
he was noted a.s rlx' most brilliant extempore 
])layer of l)is <lay. He now W(‘nt to Vienna to 
study, and there remained for the rest of his life. 
His compositions comp)is<' all forms of music- 
vocal and instnnneiil al from the .sonata to tlx’ 
symphony, from the .simple' .song to the opera ami 
oratorio. I poll his works the modern hc1x)oI of 
inslrunx'ntal musier has been fuuixleel. 


Bell, Sir Charles 

b. Kdiiibiii'ich. -Vox .•iiibtT. 1771. <t. V April 28. 1S4*J. 

He made tlio greati'st, discovery in physiology 
from the tinxi of Har\ey to his ow’ii Jay--tlx' 
(li.-itinction bi'twe'em tlx* scruvorv and niotK^r norv(''-i. 
He- Ix'ld many high jxisiikins in his profes-sion, and 
took charge of the wounded after tho battles of 
Corunna and Wali'i’loo. 


Bell* Alexander Graham 

l< FiliiibiiiLTb. -Mari'h :i, 1847. 

’Phe inv<*ntor of tlu' telejihono is the .son of a 
famous fatlx'r, Ak'xaixk’r .Melville Boll, author of 
the system of “ Visible Speech.” It was while 
teaching this systi-m that Ik'll tho younger in- 
vented the teh'phonc. Ibi deposited his drawing 
and .siM'cifications the same day on which Air. 
Elisha Gray tili-il particulars of his telcplx^ne. 
Edison's differed sonx-what from both. Air. Bell 
has since tlxii inv<'nhxl tho pbotophone, which 
tran.smits sound by variations in a lM*am of light; 
(he graphophone, and similar in.struineiits. 


Bell, Henry 

b. Tf.rpbichi-n.T.iiililhgiJM', 1707 . ( 1 . llrl«-iia..ir>{li. Dninlwrtoji, Ko». II, J 830 . 

The father of European steam navigation was 
first a wlx'clwright, tlieii a shij> mo<]eller, and next 
workeil under Ib’nnie, the famous engifioor. He 
helped Fulton to inakt' his steamboat; and him- 
self after manv years' luitient toil, produc(‘d his 
Comet, a boat of twenty-live tons, prorx'llcd by an 
engine of 5 h.-p. at a .sf)e<>d of seven miles an hour. 

Belzoni, Giovanni Battista 

b. PiuluM, 1UI.V, i778. W. Africa. Deceinlu-r 1823. 

First a monk, he was driv<*n, by tho invasion of 
Rome by the French, to England, where he <?arned 
a livelihood in the'stixx-ls a.s a “strong man." 
Starting his career proi>er, he explored Egypt, 
and invented a hydraulic machine for raising ttx* 
waters of the Nile. Ho rt'inoved and sent to 
England the colossal statue of “Young Alomnon, 
and was the first to enter tho second great pyramul 
o£ Gizeh. He was tho father of modern Egyptian 
research. 
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Bentham, Jeremy 

1>, l^nnioit, Kt'fu'uary lA, 1748. <i. .ruii«6, 1882. 

Tho son of an attorney, Ik* clovoled his life to 
and juri.sj»ru<U*iice, and, in the words of 
Mill, found the pliilo.sophy of law a chaos, and 
left it a science. Ih* advocat<*d univ(*r.sal suffrage, 
annual Parliaments, the ballot, and i)ayinent of 
lueinlKTS. To many of his ideals effect has already 
Ix*(*n given by Parliament. His skeleton, dres.setl 
in the clothes ho wore, is prest‘rv(‘<l at University 
Uollege, Ixindon. 

Becquerel, Alexander Edmond 

1.. Cfiiif*. Jrtiir. h 24, 1M20. «1. Muy 18, 1W«I. 

I’he .son of Antoim* Caj.^ar Ji*'C<|iK‘rol, who was 

noted {is a physicist, he nnuh* imp<u'tant investi- 
gations in r<*la^ion to light, and discovered the 
rays to which his name is given. 

Bergmann, Torbern Olof 

>) 17:5.'!. <1. • ■ iHiil.i, IT.S4. 

Although a victim of poor health, he show<‘d 
extraordinary Jissiduity in probh'ins in botany, 
gi'ology, ami mineralogy. His th(*ory of elective 
or cluMnical aflinitu's has had a gri'ut influence on 
the lab^r developments of eheinistry. 

Berlioz. Hector 

I*. Oof«‘mlMT 11, I8(i‘!. d, Man-h 8, iHliJt. 

A (‘ornpo.ser whose genius wa.s often akin to mad- 
ness, he had for long to (lepimd for a livehood 
upon musical criticism instead of musical com- 
]>ositiou. In the end his triumph was complete, 
ins “ Faust,” ” Romeo Jiiid Jidii't,” “ Beatrici* and 
Renediitt,” “ Mess<' dt‘s Morts," and “ Te Deum ” 
suflicing to make for him a n'putation which time 
mihanci'S. 

Berthelot, Pierre Eugene Marcellin 

1., 0< t<.lHT 1827. 

'I’he father of syiitlK'lic chemistry, tin* elieini.strv 
which builds up ik'W forms, fh*d from a ju’ie.stly 
.si'ininary to devote* hiin.self to sci<*ijce. Other 
.scie'utists had analysi'd and brok<«n up matt(*r; he 
put together the*. fragUK'uts, invemteil explosives 
and cliemical ami cominercial products iumitner- 
able. To-day tin* .*«chool which has growoi up in 
Ids train ennm<‘rat<*s and defines fifty thousand 
distinct compounds. He has Ixs'ii ^finister for 
lOdiication and for Foi’eign Affairs of Franc<*. 
Bertillon, Alphonse 

). I’.dU. iv.:i 

.V Fremch iMilice olliceO’, who re ^•<^uipp<>d tlu* 
(h'fe’ctive feu'ces of the world by inventing a means 
of identifying criminals by mcasur<*ments. 

Bessemer. Sir Henry 

i>. Chiirltoii, ffon foi'(l‘'hiri', .I.tmiiiiy 1*1, |sl;j. i|. Mari-h l.», IMjis. 

Many inve’iitions, some of which never yieldeel 
him any profit, stand to the credit of Beswnier, 
blit his process for fhe^ cheapening of .steel is his 
chief claim to farm*. He discovered that by 
forcing a blast of air through tlu* molten metal he 
could rlecarboriisi* it, and convert cast iron into 
sti'cl. His di.scovery did not at iirst yield the 
desired r<*Kults, and lie w’as discredited. Years of 
disappointuumt follow<*d, but h<* persevered until 
his invention was lliially perfected, and, hy pro- 
ducing .steel from his own works at £20 a ton loss 
than the trade geiu'rally, reliabilitatcd himsolf. 
He made a va.st fortune, and revolutionised the 
steel industry of the entire world. 

Bichat. Marie Frangois Xavier 

h. Thdlrctto, Kir}in«y.*^ 1771. rt. Parin, July 22, 1802, 

,A happy accident brought his abilities to the 
notice of l)e,sault, who forthwith adopted him as 
his son. Profiting hy the knowledge thus early 
placed at his dispo.sal, Bichat became the greate.st 
anatomist and phy-siologist of his age. lie was the 
first to reduce the complex structure of the organs 
to their elements, and to simplify the whole 
.science. 

Blamarch. Prince Otto Edouard Leopold 

b. S«;l>Knhausdn. OernMUiy, April 1, 1‘*15. d. FrlwU loherub. ,lnly 30, 1S98. 

Destined to complete the work of Frederick the 
Great, Bismarck wa.s first opposed to all popular 


reform, and, though he was afterwards to givo 
universal suffrag<*, lui voted against a constitu- 
tion for Pru.8sia. Kxp<*rience as Prussian repre- 
sentative at the Frankfort Diet, and a.s Ambassador 
to Ru.ssia and France, modifi(*d his views, and it 
wa.s a more lilieral Bismarck w'ho w'as called to the 
assistance of the despairing King of Prussia. He 
employed Austria to help in wresting Schleswig- 
Holstein from Denmark, then turned on Austria 
and crushed her, making Prussia supreme in Ger- 
many. FiancK* had next to bo faced, and a four 
years’ preparation culminated in Bismarck’s falsi- 
fying a telegram to rni.srcpn*sent a meeting 
between the King and French Ambassador. The 
Franco-Prussian War follow’d!. Hitc, again, 
German arms wi're triumphant ; and while tho 
Secoml Kmjiire was being (rruslK*d, Bismarck con- 
fdleratdj tlu* German States into the German 
Kinpire, with th<* King of Pru.ssia as German 
Kniperor. Loaded with honours and rewards, 
Bismarck retained office until 1890, when he was 
disinis.sed by William If. 

Black. Adam 

b. K<Hiiliurgh,«Fi‘briuiry 21*. 1784. d. Ediiiliurgh, .TaiiUin\v 24, 1874, 

A worthy publisher, who originated tho 
“ KiieyclopH?(lia Britaniiica,” and Ix'carne pro- 
prietor of the ‘‘ Kdinburgh R«‘vi<'W ” and of tho 
copyright of Scott’s novels. 

Black. Joseph 

Ik.iamuN, I’r.uicr. 172.‘<. <1. K<liiiliiin;li, Ni>\cni»H-r 2«. 

T’he foumlor of modern chemistry W’as the son 
of a wine-mi’i’chant. He exploded the tlu*ory that 
the causticity of linu* and the alkalis is due to 
their absorption of tho so-eallcd phlogiston, and 
tra(;ed it to c'lhonic acid. His discovery as to 
latent heat W'as of still greater importunei* to 
sub.se<|u<*nt inviistigators. 

Blake, Robert, Admiral 
l>. Hruigw.itcr, .SonuTM't, AugiHt, I.V>8 tl, Plv moiith, .AiigiiM, 1(W7. 

Was a member of the Long Parliam<*nt, and in 
the (fivil War gave the turning-point to the is.sue. 
At .sea he completed the discoinfituri' of the 
Royali.sts ; (lu'n. turning his attention to tlie Dutch 
fleet. whos(‘ admirals in those days w’cre giants, 
gav<* us tile su[)remacy of the S(*a.s. 

Blucher, Gebhard Lehrecht von 

b. ItostiK-k, 0*M7n!Ui.v, I71J. fl. Kirblowit/, Ofmi.'iny, Si-i»b*iuber 12. 18I!<. 

A soldier from boyhood, lu* considereil himself 
ru*gU*cf<*(l by Frederick the Great, and took to 
farming for fifteen prosjierous years. Recalled by 
Fr<*derick William II., he fought in innum<*ral)le 
l)attl<*s, Jena, where ho was a subordinate, among 
them. At Lei))7,ig he had a great share in defeat- 
ing the Fri’iich. and at WaU*rloo app(‘arod just in 
time to eonifileti* the overthrow’ of Napoleon, by 
whom lu* had only a f<*w hours pr<*viou8ly been 
defi'aled in the (erribh* battle of Ligny. 

Boadicea 

d. IW A.i>. 

t^ucen of the leeni, a British |K*oj)le living in 
Flastern England, Boadicea was robl>ed, at tho 
death of her husband, King Prasutagus, of all her 
possessions, herself jiublicly whipped, aiul her 
daughter.s exposed to the brutalities of tlui Roman 
soldiers. She raised the Britons, captured Col- 
chester, London, and St. Albans, and put 1<» 
death, according to Tacitus, 70,000 Romans. The 
island would have lu^en lost to Rome had not 
Suetonius Paulinus ha.st<*ncd from Anglcsea with 
10,000 disciplined soldier.s. Boa<lic<*a*8 force of 
over 200,000 was powerles.s against tho Roman 
legions, and suffered a horrible defeat. Thereupon 
Boadicea j^oisoned herself. 

Boccaccio, Giovanni 

b. Gertaldo, ftnly, 1313. d. Cerlaldo, DcH^Dilter 21 , 1.173. 

The “ father of Italian prose ” was the natural 
son of a merchant, and intended successively for 
commerce and canon law. Tho years which he 
devoted to these subjects wore wasted, and much 
of his time in later life was taken up with diplo- 
matic missions. Tho rise of Italian prose began 
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with his writings, and his influoncc is to Ix' traced 
throughout; tho subsequent literature of Kuro|>e— 
in our own not least. Poets and novelists alike, 
from Shakespeare to Tennyson and George Eliot, 
have turned to him for inspiration. Licentious- 
ness characterises some of his w’orks, but othc*rs 
comprehend' the loftiest ideals expressed in the 
noblest language. 

Bodley, Sir Thomas 

b. Kxeter, Maruh ‘2, 1645. d. bondon, JHiiiiary 28, 16i;b 

After having acted as Ambassador for .several 
years, he devoted his talents and re'-t)ure<-H to le- 
establishing the library which ]luiii|)hrey, Duke 
of Gloucester, had lM*qucathed to Oxford. This he 
so enriched with MSS. and lK)oks from all parts of 
Europe as to make it one of the finest in the world. 
It is called the Bodleian, in his honour. 

Boerhaave, Hermann 

b. VtxM’hoiit, Ifolland, 1668. lloIlHiid. Septcuilior £<. 1738. 

The greatest physician and chemist of his time 
taught practically tho whole of Eurofie. Peter 
the Great sat at hi.s feet, and letters came to him 
from China socking his advice. His works w<*re 
translated into every Enropt'an language, and 
even into Arabic. 

Bolivar, Simon 

b. Caracas, Venezuela, July 24, 1783. d. Sail IVdro, Coloiubia, Dec. 17, 1830. 

The liberator of South America from the yoke 
of Spain saw tho close of the French Revolution, 
and carried the revolutionary spirit with him back 
to Venezuela. After a protracted .struggle with 
the ST)aniard.s, .he finally drove them out, and 
formed Colombia, Venezuela, New Granada, and 
Ecuador into a great Republic. Ov<n’ this h»‘ 
ruled, while he w'as dictator of Peru. Bolivia, 
which was formerly Upper Peru, still commemo- 
rates him. His great Republic proved more than 
he could control, and he surrendered hi.s office a 
few months before he died. lie wa.s the greute.sf 
patriot South America has known. 

Bonaparte. See Napoleon 

Borrow* George Henry 

b. KMt Dorolmiit, Norfolk. .Tiily 5, 18();{. d. Oultoii, Muftulk, .Uily 26. Imhi. 

I^eading a wandering life as a child with his 
father, wlio was a captain of Militia and moved 
with his regiment. Borrow, who acquired tongues 
and dialects with extraordinary facility, early 
mastered Irish, Danish, Welsh, French, German, 
Greek, and even Romany, tho language of the 
gipsies, whos<.’i life and luannerM h<' has so fasci- 
natinglv descriljed. His subscqmmt wanderings 
are related in his delightful I/aviMigro,” und 
his exfierienoes as a rejiresentativi? of the. Bibb* 
Society in ‘‘The Bible in Spain.” At thirty-seven 
he married a wealthy widow, but wa.s a rambler 
till late in life. Among his fourteen works arc 
those which will last as long ns the language. 

Boswoll* James 

* b. Edinburgh, October 18, 1746. <1. Liniduii. M t\ 19, 1796, 

The man who immortalised Saniiiel Johnson and 
hinieelf at the same time was a ScottiLdi lawyer, sKin 
of !^rd Auchinlock, a judge of the Court of 
Session. In his youth he travelled, and met 
il^usaeau, Voltaire, and Paoli, the Corsican 
patriot. Coming to Xxmdon, he met Johnson, which 

■ crowned his happiness. His ” Life of Johnson ” 

appeared seven years after his hero’s death, and 
was an instant success. It acclaimed the 

{|:reatest biography in tho language, ami such it 
remains. Boswell gave way to intemperance in 
his later years, and died miserably. His *• Life ” 
Was the one meritorious porformancjc of his career, 
an4 thifct was meritorious indeed. 

. Botticelli* Sandro 

; h.' iOumoe. lta|y> 144T. •!. Ruiuo, May. 17. 1610. 

Ale^xander Filipepni wae the name of this great 

. Fldreniine- artist* who, however,- adofited tho title 
pl.tjiie his father apprenticed 

■ in goldwork and jewellery 
- oo^ ^valuible to mm in hip., painting. He stndM 


under Fra Lippo Lippi, whoso work ho excelled. 
Botticelli’s paintings, both in classical and religious 
veins, are marked by infinite delicacy, beauty, 
and care. Glorious examples are to be scon in the 
National Gallery. He was among the first en- 
grav<3rs. Although he mad<> largo sums of money, 
he died in poverty. 

Bougainville, Loula Antoine de 

•». I*ai is Noveiiilier 11. 1721). d. Paris, AiigU!»i:)l, 1814. 

A iiiaii who might havf- gained reputation 
as iiiath(3matician or philosopher, Bougainville’s 
fumo rests upon his having l^en tho first son of 
Fraiiw to circummivigatt! the world. This he 
accoiiiplislied. 1766 69, in a frigate, accompanied 
by a transport, and lost only sijven men out of a 
crew of two hundred. , In his closing days ho wa.s 
honoured by Napoleon. 

Bouguer* Pierre 

b. Croialc, Knuioc. Ki-bi nary, 10, 1698. d. PariR. August 18, 1768. 

Mathematician, hydrographer, and geometrician, 
he devot«'d ton years of his life to measuring a 
degrw of meridian near the Equator. He made 
important discov<‘ries concerning the expansion 
and contraction of metals, the refraction and 
density of the atmos])]iere. the reciprocation of tho 
pendulum, and the mode of measuring the force 
of light. To Bouguer we o\\(i the foundation of 
pliotoinetry and tho invention of the 'hcliometer. 

Boulton, Matthew 

b. Blrmlngluui. 14. 17iS. d. Kirmingbam, Augaatl7. 1809. 

He wati the Mm of a Birmingl.am silver *-=tumpcr 
and piercer, and improved tht' manufacture of art 
work in metal, |><>ttery, etc. He (xmveried a barren 
heath at Soho, Birmingham, into a groat industrial 
establishment, and induced Watt to join him. 
They produced tho etoani'engiiies for which they 
were famous. In addition, they enjoyed unique 
reputation for the manufacture of coins. Patient 
industry, as well as genius, conduced to their 
'>ucc<’:'>5. Their manufacturo of stivirn -engines wa^s 
profitless for the first eighteen years of their 
association. 

Bourgelat* Claude 

1*. I,y«rti8, Fram’d, 1712. d. l79li. 

The father of veterinary scienev was intended 
for the law. but, disgusted at having gained a 
3erdict in which his client was, to his knowledge, 
in the wrong, he joined a cavalry regiment, made 
a study of hor.«5es, and opimed the first veterinary 
school in Europe. 

Bourne, Hugh 

li. FurilliHy>. fttattVi. April 1772. il. Ib'nientluy, BlalVti, October 11, 1852. ■ 

Di-stuisfjod from the Wesleyan body, of which he 
was a member, he establi.shed a little community, 
whi<’h has since grown to importance, under the 
name of Primitive Methodists. He worked for the 
greater part of his life as a carfienter, but carried 
his me.ssage throughout tho United Kingdom and 
to the United States. 

'Bowring* Sir John 

b. Kxi'U'-r. Ortolx-r 17. 1792. J. Exotur, Novombri 'Jii, 1872. 

We owe to Bowring much of our knowledge of 
the folklore of other nations. He was on© of the ' 
greatest lingui.sts the world has seen ; was master 
of forty languages, ^-and declared that he knew two 
hundred, and could sjieak one half that number. 
While he was supreme naval and military head it 
Hong Kong, hi.s action in ordering fire to be 
oiiened on the CJanton forts caused the “Arrow” 
war with China^ 

Boyle* Robert 

b. I.l luom CiuitU’, Ireland, Jiin»Hry 2.1, 1827. d. Loudiiti, Ueceiubtr 30,1691. 

The true precursor of the idodern chemist, one 
of the founders of the Royal Society, and one of 
the greatest natural philosophers of his age, was 
the seventh eon of tho great Earl of Cork. He 
mad© experiments with an air-pump, which he inp 
proved, and im|K>rtaai discoveries as to thovpro- , 
porties of air and the propagation 
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dovoiit Christian, ho caus<*d the Biblo to bt‘ trans- 
lated into 8evc‘ral foroiffii lan^jua^es at his <'x|>cMise. 

Bradley, James 

Shrrhnrm*. Durset, M»rrh, IfiSC!. 'J. C'hnlfurd, (Oo- .. July i:!. 

Thoujrh he took Orders, and was presented to 
Iwo small sirH'cure livinj^s, h<' did not give up his 
studies, his whoU* life being devoted to sc*.ienee. 
Six vt‘ars after being appointed Savilian Professor 
of Astronomy, at Oxford, be made known his dis- 
covery of the al)erration of light; following this 
by explaining the nutation of the earth’s axis, 
whose inclination towards the ecliptic, he was able 
to show', is constant. 

Brahe, Tycho 

l». KnndMtiirj>, fiwedoii. IKv. 14. lS4<i. M. I*riufiu*, Aiisliiii. Ort. *J4. UUH. 

Brahe studied astronomy when he* should havt* 
been learning law', and made himself famous in a 
direction not desired by his panuits. He did much 
to /advance the science* to which he w'as de\ot«'d. 
though his theory a modification of the Ptolemaic, 
and rejection <if the (’opernican w’as, of course, 
erroneous. Ke])ler w'as his inijiil. and ow'ed much 
to him. 

Braidwood, Thomas 

d. Krtlnhiirjrh, 1710. d. T/«iii<K)ii. Oidolipr *J4. 

Braidwood, was the* first man in England tr> 
sy.steniatically teach th(‘ deaf and diimh. II is 
school, open<*d in Kdiiihurgh. was afterwards 
trnnsferrerl to London, and its operations extended 
hy his daughter-in-law', Isabella Braidwood. to 
Birmingham. 

Braille, Louia 

1>. Conpvray, Fr!U«<«', Jrtinifiry, ISOO. d r.iiis. |s.v.*. 

Rendered blind by an accident wdien three years 
of age, Braille devoted his life to pmfecting the 
beautiful sy.steni by which the sighth'ss are imahled 
to rrnid and w’rite in relief. 

Bramah, Joseph 

It. SlaiiilioniUKlt. Y«>rk.Rhin', April I.’!. 1T4S <1 l.oii«l<tu. S», ISl 1. 

I^ame from an aoei<lent with which he met w'hen 
''ixtoen year.s of age, he was coiniielled to (piit 
work in thf fields for cabinet -making, whenei* h<' 
passed to his true voc.at ion --engin<H>ring. Ho in 
vented many u.soful niachiiu's among them th(‘ 
hydraulic pump, sanitary apparatus, printing 
machinery for banknotf's, fin‘-(*ngines. and a 
famous sahrty lock. His boilers for s1(»ain-<*iigin<‘s 
I'tijoyed a high reputation, and he was one of the 
first to suggest the screw jirojieller for steamships. 

Bramante, d*Urbino (Lazarus) 

h, I'rldiiu, Italy, .tiily, 1444. d. UiMue, 1514. 

Bramanto relinqui.shed painting to th‘vot<* him- 
s(‘!f wholly to architecture, in wliicli lu' had 
Raphael as a student. He was commis.sioiied In 
Pope Julius II. to undertake the first part of one 
of the greatest entei’iirises in history the r<*- 
building of St. Peter’s, Rome. He ilied Indore hi> 
work could lie completed. Sub.seiiueiitly his 
designs were, departed from by other architects; 
but exjiert opinion holds that had his plan been 
followed, the effect would have* been more graml 
and impressive. 

Brassey, Thomas 

I'. Burton, ChPHhlr<*. Novi'inlur 7. ISD.'i. il. St. LtiOi.-inN, Ufooiulwi S. isTii. 

man of scanty sfhooling, with no command of 
foreign language^, Hrass<*y, who was the son of a 
.small landowner, became head of the greatest 
indu.strial enterprise's eve r committed to the* care 
of a single man. Ho built many railways, dock.s, 
and harbours in England ; while, at the same 
time, his operations embraced the’ construction of 
railways in almost every country in Europe, India, 
* Australia, Canada,^ and South America. He had 
an army of 76.000 workmen, whose wag<‘S repre- 
sented froih £15.000 to £20,000 every Saturday. 
Ho amassed enormous wealth, and made the foV- 
' tune.s of many of his subordinates. A man of 
nohl^ nature, he was in all his busines.s 
scrupulously honest and ju.st. 


BreaKspear, Nicholas (Pope Adrian IV.) 

)>. AbiKti’H IjUiiKlt'y. HyrtN, 1100. <1. Anugiii, Ituly, Beytembur 1, 1 l.'iS. 

The only Englishman to fill the Papal chair was 
the son of u poor clerk who turned monk, and 
left his son destitute. Nicholas used daily to 
attend the monastery at St. Albans; then, making 
his way to France, was reccivetl in a menial 
capacity into the hous«* of the canons of St. Rufus, 
iwar Valence. Here ho became prior and abbot ; 
was then sent by the J^ope to found a new archi 
episcopal see for Norway, and at the death of 
Anastasiiis, in 1154. w'as himself elected Pope. He 
it was who gave Tix'land to Henry II.. that he 
might civilise the Irish, and bring them into the 
Roman Church. His reign w’as one long struggle 
for the temporal supremacy of the Paiiacy over 
CO ntem por a r y so verei gn s. 

Bridgewater, Francis Egerton, DuKe of 

li. M»i) 'Jl. d. !.<>iHbin. March 8. 180:S 

'riu* "father of inland navigation in England" 
was .so dull of inlolh'ct as a boy that his exclusion 
from the ilukedorii was seriously propo.sed. He 
built the first canal in this country depend(‘nt 
wholly upon an urtilieiul w'utiu’way. It ran from 
Worsloy to Manchester, and wa.s forty-tw'o milt‘S in 
length, d’ho canal uniting Mancheshu- and Liver- 
pool followed, and w'as so costly that at times its 
projector w'as glad to borrow' a £5 note from his 
leiiants. He spent in all nearly a quarter of a 
million on his canals, hut before his death hcriefitetl 
from them to the extent of £80.000 a year. 

Brindley. James 

b. ('baiH-l-cii-lc-Frith, lH*rl>y while. 171*1 '1. Tnnififtrst. Ht.vfTw. Sept. :50, 177.^. 

The unlettered son of a ne’er-do-well, built the 
Bridgew'ater and other canals, the first of their 
kind in England. He W’as a genius who W'orked 
for a guinea a w’cc'k. d’he schemes for the canals 
hi' fashioned in his hea*l ; hi' could never draw or 
write. d’roul)l('fl hy u iirohlem. he would ret in* to 
h-'d anil think it over, vvhi'ii all w’onld come right. 

Broadwood, John 

l» C<M kbiMiis)MilU. Si.-oU:n»l, IT-!.' f). I SI*.; 

Having w'alked from .Scotland to London to ,*(*ek 
to make hi< fortune as a cuhini't-maker, Broad 
wood took SCI vice with Burkhardt Tschudi, a 
Swiss lunpsiehord-niaker. He married the 
daughter of tlic latter, and, b(‘coming jHisses.sor 
of the business, won fame throughout Europe for 
his pianos. 

Bronte. Charlotte 

b, 'riu.niti.ii. Yuikw. Aiiiil ‘»1. l.SUi. Il, Hiiwnrtb. Vorkw. Mir.li SI. I8 'm. 

(’harlotte wu.s I hi' (‘Idest of a family of four, of 
whoin her brother, Patrick Branwoll Bronte, a 
profligate, with some touch of the family giuiiiis, 
(lied of consumption. H<'r father was an eccentric, 
selfish clergyman. Her sister.s Anne and Emily 
Jane like' hcrst'If. w'ere delicate, but shared her 
talent. They published jointly a little hook of 
poems, but had to seek livelihood as governe.s.ses. 
'I’hi.s failing, Emily wrote her famous “ Wuthering 
Heights," and riiarlotte, having had the "Pro 
fe.s.sor'' rejected, coinmonced at once "Jane Evre," 
which met w’ith in.stant sucee.ss. Anne produced 
"Agnes Hrev." (fliarlotto's brother and twn 
sisters died within a short time of each other, and 
.she was left to attend to her father, and continue 
her literary w'orU. uncheered. 8he married, in 
1854. the Rev, A. B. Nicholls, who had Ix/'cn her 
father’s curate, but died in the following yeai. 
The story of the three' sisters is one of the saddest 
in literature. Genius wa.s never nurtured in more 
dispiriting. uiKx^ngenial conditions. 

Brown, John 

b. Torrinsloii, f/'orniPi tii'iit. M»vj- tSOO. d. ('hiiilotitowu.Virgiula,Deo.2,18‘'!* 

The famous agitator for the abolition of slavery 
in America was of pilgrim stock, and lived as 
tanner, land-surveyor, and farmer until he devoted 
him.sclf to anti-slavery propaganda. It was rough 
work, and bloody. Brown had five pro-slavery 
men shot, and, after organising an asylum in the 
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Diountaiiis of Virginia for runaway slaves, uttackoil 
the Harper’s Ferry armoury in Virginia. He was 
taken, tried, and hanged, but his life was net given 
in vain. His rough efforts aided enormously in 
tho orusade against slavery, while his death was 
an even more i)ow(‘rful factor in the scah'. 

Browning, Robert 

»). l.oiidui>. May 7, JSIS. .1. Vi nW*-. \ « 12. lSHt». 

Endowed with many gifth, with .^unu' talent for 
drawing, and a tast<‘ for musical composition, 
Browning could rliyme almost as soon us he could 
talk. He had w'ritten a littk' volutm' of poems 
before hi' was twelve, and finisluMl his dramatic 
poem “Pauline” by the time he was nineteen. 
The best known of his *.horter poems were writft'ii 
before he was fiv<*-amJ*thirt v. After his murriagi' 
to PMizubeth l^arratt herself the most, imaginati v<‘ 
poetess that ha" yet appeared in England, jK'rha|)s 
in Europe- hi* settled in Kloreiiee, but returned, a 
widower, to [iOiulon to publi.sh his masterpiice. 
“The Ring and the Book." He dii-d in Venice, 
hut is buried in Poet.s' (Virtn'r, Westminster .Vblx'v. 
Obscure and difficult as Browning ofti'ii is, he 
stands high among the poets of all time. It has 
Ix-'eii vvi'II "uid that wh<*reas Wordsworth would 
lead the soul through naturi' to rest, it is through 
the sjiiritual struggles of the soul itself that 
Biowiiing ri'vi'iils the diiitie touch that iliscloses 
the true I'lid of liiin.g and thinlviiig. 

Bruce, James 

li. Kiittmild. Stii'liuKldiT, Dwoiuln'r N. tT'Ml <t 171*4 

Intended first for lh»“ C’luircli, n<‘\t for llu* law, 
liruce was f<ir a tinc' a wine merchant hefori' ilk* 
fascination of the East iit'pin'd hv his Knowledge 
of Arabic. I-mI to his taking tin' ('onsniate at 
#*Vlgier.s. Heeking th<‘ .source of the Xile, In* dis 
covered that of the Blue Nile, a matter in which, 
howovi'r. ho had hei'ii antici])at<‘<l. His IraNels 
and adventuri's in .\bvssiiiia and Egypt, e.xtendiiig 
over six years, W('ie s^t forth, upon his n'turn 
Ik me, in live volumi's. So r(‘maikal)l{’ weie hi.s 
storii'S that hi' was g(*nerally diser<‘dit(‘d, though 
suhse<fU('nt travel has handsoiuely vimlicati'd him. 
In statuiM' a giant, and a man of fine courag*' and 
delightful nature, he has bei'ii de.scribetl as the 
poet, and his work the e])ie, of .Xfrican Iraiel. 

Brunei, Isambard Kingdom 

1*. I*<*i tsniuutli. \i>fH 2.1. il. liotuion. 1.), I.s.»'.». 

'rill' only son of Sir Marc Isamhard Brunei, Ik* 
inhi*rit<‘d much of his fatlu’r's gciiiu.s, and heroic 
ally assisted in t.h<* building of tlk' 'I’hami's 'runnel, 
a labour of almost unparalleli'd difiiculr.x and trial. 
In busitk'ss for himsidf. h<* built many n<*table 
bridges, and laid tin* (Jreat Western railway-track. 
Ilia was the first steamship the (Ircat West,»TM 
regularly engaged in traffic bctwe*'n (Iri'at Britain 
and America. Afterwards he built the (Jn'at 
Eastern, tin* leviathan of her time, which wa.s 
useful iu laying Mibmurine cable.-'. Like his 
father, he was a man of lovabl" eliaraiter and an 
unsellish. unswerving fjieiid. 

Brunei, Sir Marc Isambard 

I*. Hacidii'Villc', FraJicr, ,\|)ril 24, I7<i!4. d. Loiniuti, !)<•« I’tnlu-i 12, |s4!*. 

One of till' n»ost versatile geniuses of any agi'. 
Brunei tin' I'lder .sjM'iit .seven vears of hi.s youth at 
.‘(‘a, then w'us drivi'ii by the Kreiieh Ib'volution to 
America, where lie took up civil engiin'cring, and 
became the chief engineer of New York. (Viming 
to England, when tliirty years of age. to oiler an 
invention to the .Admiralty, he marrii’d an English 
lady, and made hi.s home hen*. His invention wuis 
a machine for making shi])s’ blocks, which savi'd 
tho Oovernmerit £24,000 a year. Afterward.s he 
I'xocutod iiiifiortant work.s at the arsenal." and 
dockyards, built great sawmills, and invented 
uiachinerv for boots, printing processes, writing 
and drawing-machines, a knitting-machine, and a 
marine engine. In spite of his genius and 
mdustry, he was for months a [irisonor for debt. 
His crowning achiovemont was the building of 
Thames Tunnel, for the purpose of which he 


invent'd his famous shield. Nearly twenty years 
elap.sed before the work was completed, but he 
lived to see the triumphant end of his labours. 

Bruno, St. 

•b. CiibiKiif. H>;io. ,1. C.U«biia. It ik . OttoiH V «, ll(*l. 

As superintendent of ail the schools of the 
Diocese of Blu'ims, le* had many distinguished 
)>iipi).s. among llicin tin* futur** Pope I’rban 11. 
He is chiefly notable, hovvt'ver. us the founder *:f 
rli;‘ famous rartliu.siaii Order, which he established 
upon w’ithdraw'ing to the desi'rt of ( 'liurtri'usi*. 

Brunton, William 

>• n.ilki-itb. S ■iit!)iu(|, Mfiy *i. 1777. il. e.niilioriK*. < 'iiriiw.«M. ()«:(. .'MJ. I.''.''.!. 

'I'lk' .son <if ti watch and clockrna ker. ho woilo'il 
first at .Vrkwright's mills, then under Boulton and 
Watt at Birmingham, whi'ie lu* hecaine a foreman. 
When over sixty, he lost all his money through a 
ilisastrous sp<>culation in Imsiness, but recoiipi'il 
liim"elf. Hi'S in vi'iitioii" eomprihJ'd many U"('ful, 
and .some fanta"tii'. om*". Of (he latti'r tliere was a 
walking-maehiiK'. culled the sfeani-hors<‘, which 
for a y<'ur curried loads up a .steep gradient, but 
ilk'll **\pU)ded. killing thirt('«'n peo])le. Hi.s work 
in eonin'i'tion with steam na\ig‘ulion. howi'ver. was 
*>f primary importaMee. Sonn* of tin* original 
<‘ngin*‘s Used on tin* IlnmlK'r and Mersey wen* of 
hi.s di'.sign ; while the Sir Fiaiieis Drake, the lir"l 
steamer wliieh <‘\er loweil a war vesv,*!. was littiMl 
out In hiinsi'lf. 

Buddha 

»>. K.i|iil:i\ Imii.i, IsO is.o. d Kii.Hiii.i'/,uit I ihI* i. 4IHi ii t . 

Only approx iinati' <lates can la* given. His real 
name was Sidilhartlia. and he was tlk* son of 
Siddhaiiha Oautaiiia, raja of the Sakyu clan, 
wlio.s*' home was ik'ar Oudh. When nini'ti'i'n Ik* 
marri<‘d his cousin, a prinees.s, but renonnceil 
luxury and familv joys to go for six years into 
tin* wildenu-ss and study luuler li'ami'd jlriihmans, 
praetising sinmi* penances the whih*. Il dawne*! 
upon him on<* day tliat .salvation was not to be 
"ought in isolation, but in .s(*lf-corMjU<*.si, and 
universal loving kindiM'ss. 'I’hul instant lie la’i'ank* 
eonseiou.sly Buddha, which nii'ans “ I'lilightened." 
He returni’d to lius family, began lii« ti'aehing 
at Ik'iiari's. and trav*'lh*d far atnl near, inculcating 
his doctrines. Hi" eoiiverls vvei'** nunn'rous, and 
lo-ilay his religion is tlk* faith of 500.000,000 jieople, 
half as many again as the wliole of professing 

( Miristians. 

Buffon, George Louis, Comte de 

li f, 7, ITU". <1. I’m is. 1-“), I7SS. 

’file son of a vvi-allhy lawyer. Buflbn devotgd hi.s 
whole lib* to tin* study of natural history, his great, 
work upon w'liiih. though pi'rhaps over praised by 
his eonteinporinii's, remain.s a W(md**rful achii've- 
iik'iit, considering the condition of scii'iitilic know- 
li'dge in the <'ight(*enth century. He was a 
fon'iunner of Darwin, in that lie lakes a di.stinct 
place in the history of flk* doctriik* of evolution. 

Bunsen, Robert Wilhelm 

li. ik'MUfUiy. -M.iii-li ISIJ. <1. lT,»fct.ium‘ii. Mi. isjis. 

The eo -origimiti*r. with Jvirchho/F, of spectrum 
analysis, which opein'tl a im*w' world to chemists and 
ast rcmomi'i-.s, was one of the most [lainstnking 
men that e\<*r UmmI. .Vlthough he destroyed the 
"iglit of on*' eye*, and lu'arly poisoned himsi'lf by 
his expi’i’iinent", hi* succeeded, by aiiplying science, 
to coininerce. in efVeeting great reforms in tVic 
manufactnri* of iron, in inventing the burner 
whicli b<'ar.s his name, the charcoal pile and the 
magnesium light, and many other valuable pro- 
cesses. 

Bunyan, John 

Il KUtow, UoilfiiiilHliIrf. .Xovi'UiImt, Ut2H. <1. ]A>i*d(>n, Auifiol 2). Mis* 

The son of a tinker, and hiins<*lf trained to tin* 
.same trade, Bunyan had but little .schooling; and 
his exjierienco as a .soldier, when he wa.s drjifted 
into the Parliamentary Army, does not seem to 
have improved him. At the time of his marriage 
fu* was “the ungodliest fellow for .swearing” hi« 
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friends had over heard. His wife brought him 
' for dowry two pious books; and tho study of these, 
, assisted by her own influence, effected his ultimate 
reformation. Ho became a powerful preacher. 
Nonconformist ministers of the Gospel coming 
under the official ban, he was cast into pri.eon. He 
remained for some tw'oWo years in the Bedford 
epunty Gaol, when* ho wrote several w'orks. Ilis 
release at last secured, he resumed his preaching, 
but was cast again into gaol, remaining a prisoner 
for six months. It was during this second incarcera- 
tion that he wrote the first part of his deathless 
“Pilgrim's Progress.” This, with “Gract* 
Abounding ** and “ The Holy War,” will live as long 
w religion has a literature. It has been translated 
into practically every known language, and fault 
will not l>o found with the dictum of Macanlav : 
“There is no book in our language on which wo 
would so readily stake tho fain<‘ of tht‘ ol I un 
polluted English language; no book w'liich shows 
so W'ell how rich that language is in it^ ow'ii proper 
wealth, and how little it has la'eu improved l*\ all 
it has borrow(‘d.” 

Burdett>Coutts, Angela Georgina. Baroness 

b. London, April 21, 1814 

The daughter of Sir Krancis Purdett, slw 

succeeded, at twent^y-oiie, to the vast fortune of 
her grandfather, Thomas (’outts, through his 
widow, who had boon an uctrt*ss. luit died Duchess 
of St. Albnn.s. Made a baroness in h(‘i own right, 
she devoted her life to nobl<‘ works. She built 
churches, founded throe Colonial bishoprics, insti 
tuted official inspection of schools., equipped topo- 
graphical aurvoya of the Holy Land, helpiul to 
establish Hajah Brooke in Sarawak, assisted 
emigration and war funds, formed iiianv charitabh' 
institutiona, built Clare Market, and model 
lodging-houses. Her career of goodness is almost 
without parallel in the history of Englishwomen. 

Burke. Edmund 

b. Dublin, January V2, 1729 d IVvu unstl.-ld Bmk*, JhI> m. I7S7. 

Hia father was a Protestant law>oi, his mothm 
a Homan Catholic, and hia first .schoolmaster a 
Quaker -a combination of factors wdiich earK 
taught him the lesson of religious toleration. 
Entered at Trinity College, Dublin, ho studied 
industriously, if without syatem, and settled in 
London to study law. This caree r he abandoned 
for literature and politics. He was successively 
secretary to “Single-speech Hamilton,” at that 
hmo Secretary for Ireland, and to the Marcpiis of 
Rockingham, Prime Minister. He did not hold 
office until he was fifty-three, and then for u brief 
period waa Paymaster of the Force's. His influence 
with {)en and tongue had no relation to office. 
His knowledge of public affairs was inexhaustible, 
his sympathy with the oppressed unfailing. As an 
orator, he ranks among the greatest produced by 
this country, though his glowing imagination, his 
eloquent diction, and passionate delivery did not 
greatly appeal to the men of his day. His sja'ceh 
at the opening of the trial of Warren Hastings is 
regarded as perhaps the finest ever dclivereil in 
our language ; while those attacking the action of 
the Ministry in regard to our American Colonists 
and condemning the French Revolution were, like 
his writings upon the same subjects, scarcely le*^ 
mplendcnt examples of argument and eloquence. 

Burns, Robert 

* b. Allosny, AyiJihire. Jan. ‘2fi, 1769. d. Uiilnfrleii. July 21, JTflS. 

The oldest of the seven children of a small 
l^mer, ‘ the boast of Scotland,” as Scott named 
' hiW* received but Iho meagrest education. At 
^thirteen he was threshing corn for his father, 
latourer he became two years later. 
8il|>jPp]W attained to manhood, he managed to 
Ots handwriting, and to master French. 
I 4 atm was too much for him. His first poem was 
^f^ttoii before he was aeyenteen, being inspired 


by a girl with whom ho worked in the fields. For 
a time he studied land-surveying under his uncle; 
but this, like a subsequent venture in flax- 
dressing, had no material result. At the death of 
his father he attempted, with a brother, the task 
of working an impossible farm. Meantime, he was 
writing verse. None was published^ until he had 
accepted tho post of ostato-overseor in Jamaica, at 
£30 i>er year. His first volume of poems, con- 
taining some of his most popular pieces, was issued 
to pay his passage. Happily, the work came into 
the hands of Blaoklock, the blind poet, who, in a 
friendly letter, jiersuaded the friendless youth to 
abandon his plan of emigrating. The call for a 
s4‘coiid edition took him to Edinburgh, where he 
was introduced into the bs'st society of the place. 
He carried hirnself with modesty and dignity, and 
was not spoilt by the admiration he inspired. 
Determining to “ woo his muse at the plough-tail.” 
he took a farm, and, married now to Jeane 
Armour, sought to make ends ni<*et from this 
venture, coupled with an Excise Cominissjionership. 
The latter yielded him only a clear £40, and at 
lx*st not more than £70. Tt had tho effect of 
dey<*loj)ing his affinity for evil comjiaiiy, and hard 
drinking and dinregard of health ruined his con 
stitution, and brought him to an untimidy grave. 
His private lib' wa,s not creditable. That hi** 
genius -should have burned so brightly under 
conditions so d<'ba.sing is greatly surjirising. He 
wrote with remarkable fticilitv. “Tam o’ Shanter ” 
was composed during a walk by the Nith; the 
“ De’il's awa' wi’ tin* E\cisf*inan ” during a wait 
by the seashore, and "Scots wha hao” while 
riding in a storm over tho wilds of Kenmure. His 
works are for all time. “ He left his land her 
sweetest sonu, \nd eartli Ix'r sadd<*st story.” 

Burton, Sir Richard Francis 

b HuiiH,* UfitH , Maich IS, 1821 d TrleBtc, Viiittiia, (M '2(1, 

This daring traveller and indefatigable writer 
went, disguised as a Mohammedan, to Mecca, and. 
s^king the sources of tlx* Nile, discovered Lake 
TanganyiLi. Speke, who accompanied him, was 
sent to exi>lore another lake, and found in it the 
true source of the Nile Lake Victoria. Burton, 
who was for inanv years in the Consular Service, 
was a roainer almost to his life’s end, and was a 
pione<*r in lands which have sinco become familiar 
to tra\ oilers. 

Byron, George Noel Gordon, Lord 

li Luiidcix, Jun *2*2, 17HH d MlnsoluiiKbi, April 19, 1S24 

Succeeding his grand-uncle in the title and 
estates, which latter included Newstead Abliey, he 
studied at Harrow and Cambridge, publishing, 
when nineteen, " Hours of Idlencs.s.” An adverse 
criticism of this in the “ Edinburgh Review” called 
forth his ” hhiglish Bards and Scotch Reviewers,’’ 
publislicfl Ix'foro he had completed his twenty-first 
year. After Gontinental travel he married, at 
twenty-seven, Anne Isabella Milbanko. Their 
daughter, who aft<*rwards became Countess of 
Lovelace, was born the same year, and he and his 
wife parted, under mysterious circumstances, two 
months afterwards. Byron left England in 1816. 
and .siH*nt some years in Italv, whore he took an 
active interest in the revolutionary movement of 
tho Carbonari. In 1823 he threw in his lot with 
the Greek insurgents at Cefihalonia, became in 
the following year Commander-in-Chief at Misso- 
longhi, and there died of fever. He died when hip 
intellectual powers were at their senifch. Hie best 
known worl^ are “Childo Harold”; a aeries of 
dramatic poems, including “ Manfred,” “ Cain.” 
and “Marino Faliero”; alfso “Mazeppa,” 
“.Beppo,” and “ Don Juan.” There remain indelible 
blots upon his fame as a man, but his nature ha^i 
its grand and noble and heroic side. His works 
reflect himself. His poetry is a “ dark but divine 
revelation,” and from tho dictum of Qoethe, that 
here was a true poet, none now is found to differ. *• 



THE WORLD'S GREAT MEN 


Cabot, Sebastian 

b. Bristol, 1474. d. London, 1057. 

The second son of John Cabot, ho, with his 
father, was the first European to see the mainland 
of North America, anticipating Columbus and 
Amerigo Vespucei. lie sailed from Bristol, and 
traced the American .soa-coast for eighteen hun- 
dred miles. Einploye<l at the Spanish Court for 
some time in correcting inai>s and charts, he 
settled down in England as Grand Pilot. His 
name is also associated with heroic ofForla for the 
discovery of other places not then clearly defined 
upon the map. He was the first explain in 
England the variation of the magnetic needle. 
Cadmus 

It is difficult to .separate legend from the history 
of the founder of Thebes, in Bmotia. As to his birth 
and death, dates cannot bo given; nor can it bo 
deiorinined whether he was of Phoenician or 
purely Greek origin. He is credited with having 
introduced into Greece tho Phoenician characters 
whence was derived the alphabet, the foundation 
of Western civilisation. Cadinus, the Mil<?sian, 
tho first Greek who wrote history in pro.se, is 
supposed to have flourished in th<i reign of 
Halyattcs in Lydia. 

Caesar, Julius 

b. liuiiit*, July 12, 100 B.c. «1. Uoiiu*. Murch 15, 44 n.r. 

‘‘Tho foremost man of ali this world” was the 
son of a Roman prictor, or consul. began 

his career at tw<'n(y, when he was lighting in 
Mytilcno. He was caijturcd by pirates two years 
later, but, gaining his liberty, rose rapidly to 
eminence, and, with Pom()ey and (Jras.sus. formed 
the first triumvirate. He invad<‘d Britain, then 
devoted ten years of his life to tlie complete 
subjugation of Gaul. So compleb* was his con- 
rjm'St, and so benefieont his rule, that Franco was 
prouil of her conqueror. She remained Romanised, 
who Romanised Ch'rmany, and in time sent forth 
Charlemagne and William the (Vinqueror. Mean- 
while, Cflosar had great battles to tiglit against tho 
armift.s of Pomiiey and Vercingetorix, and, though 
not invariably succes.sful, Anally r<Mleenied Rome 
from the clutches of an evil oligarchy, and sub- 
jected the Empire to his own iiersoiial rule. Ho 
reformed the calendar, re-cast the administra- 
tion, and, by a multitude of riK'asure.s, i)roved him- 
self tvs great an administrator as he was a scholar, 
orator, and soldi<'r. His three and a half years’ 
rule was a period of marvellous uehi<-\<Miient for 
the jirogress of the. world. He was assassinated by 
con.spirators whom he had IndricMided jealous 
men who asserted ;hat he desired to make him- 
self hereditary ruler. 

Calderon de la Barca, Pedro 

b, Miulrid, January 17, HJ00. <1. Miulrld, M.i> 2.“», 16S). 

Spain’s greatest dramatist was edue.at<'d as a 
Jo'iuitj and was for ten years n solduT before 
receiving a Court appointment. Afli’i wards he re- 
joined tho Army, then ontored tlie pri<'.sthood, ami 
was, after a further ten years, recalled to (’ourt. 
Ho now wrote the plays which his warmest 
admirers aver entitle him to rank as tho “ fourth 
in a mighty quaternion, with Homer, Dante, and 
Shakespeare.” 

Calvin, John 

l*. Plcardr. Knuioe, July 10, l.VKi. tl. Oi iwva, .May 27, 1564. 

Tho most eminent of the Protestant reformers 
after Luther embraced the Ri^formation when 
nineteon years of age, was banished from Paris 
three years later ; published his famous ‘‘ Insti- 
tutes” in 1636 and fled the same year to Geneva. 
Only two years’ rest here was permitted him, for 
he was banished in 1638, returned three years 
afterwards, and initiated the Academy of Genova 
in 1639. Calvin’s services to tho cause of 
Protestantism were inestimable, and his intoler- 
ance was not unacceptable in the ago in which he 
«o prominently figured. He was a great scholar, 


a social legi.slator, and a man distinguished 
throughout his career by his sincerity and purity 
of life. 

Cano, Juan Sebastian Del 

b. Oiietaria, SiMiln. a1»oHt 1460. d. AuguHt 4, 1626 

One of Magellan’.s captains, ho succeeded his 
leader. He was the fir.st man to sail round tho 
world, eompleting his voyage on September 6th, 
1622. Ho died at s<‘ii when on a further ex- 
pedilion. 

Canova, Antonio 

b. PoKwiKno, lUily. NovomWr 1. 17.^7. il. Vi-iiio<>. iJ. lohpr W. 1422. 

From hi.s boyhood ho showed hi.s talent for 
modelling, and at seventeen made him.self famous 
by his statue of Orpheus and Eurydice, which 
brought him notable commissions, llis fame in- 
creased with his years. Noble examyjles of his 
works are to be se<Mi in the gallerie.s of the 
(Vmtimmt. He visited England to ])ronnunce 
upon the merit of tlu; Elgin marbles. 

Canton, John 

1). SLroiid, Gl(Mu-«>hUT4]iir<:‘, July ;ll, 171S. d. March 22, 1772. 

Apprenticed to a broadcloth weaver, and after- 
wards engaged as a selioolmaster. Canton was 
acelaiiiHMl in his day “ om* of the most successful 
experimenhu’s in this golden age of electricity.” 
He w.as the fir.st to show that air may receive 
el(‘ctneity by communication, and that water is 
eoinpre.s.siblt' ; li(^ also Arst manufactured powerful 
artilicial magnets. Nobody in his era did more to 
ad\ance imblic knowledge of electricity. 

Caracci. Ludovico 

b. B..l..Kiia, ItAly, Apiil 21, KM. d. Ih.li.tfu.a, Noveiober 13, 1619. 

The .son of a butcher, ho e.stablished tho famous 
Bologna .school of painting, and loft many fine 
works. The Caraecis, Ago.stino and Annibale 
were Ids cousins. 'Fho Ia.st-iiamed, a tailor, 
eclipsed the works of Ago.stino, and even of his 
teacher. 

Caravaggio, Michelangelo Amerighi da 

h. Car!i\.aKKl*>, lUaly, 156'.>. d, Purto Krcoli*, It.ily. 1609. 

A painter of the naturalistic school, two of 
whose ino.st famous work.s Christ arnl the 
Discijiles ” and “ Th<‘ Entombment of (’hrist”- -- 
are res poet iv<!ly in the National Gallery and the 
Vatican, he was the son of a mason. The fact. 
th;it he was guilty of murder may. have invested, 
his works witli tho wild and gloomy character for 
which they ar<‘ noted. 

Carey, William 

b. P:«ul« r..<l>»u.v, NortluuiU, .\u;,ni.st 17, 1761. cl. C.-clcutta, June 9, IK'U 

One of the first two Baiiti.^t missionaries to 
India, he was by trade a shoemaker. He proved 
to have a remarkable faculty for lunguage.s, and 
under his suiierintc'iidc'nee the Scriptures were 
jmblislied in nearly two score Oriental tongues. 
He founded the famous Sorampur Mission in 
1799. 

Carlyle, Thomas 

b. Kt< U f*-t'li.'Ui, Dumfrlcshhhp, IK-c. 4, 179.'*. d. Chcltsca, Fob. 4, 188J. 

Thi.s sturdy prophet, in the guise of a man of 
letters, was the son of a worthy stonemason, wa.H 
educated at Annan Grammar School and Edin- 
burgh University, and maintained himself, while ♦ 
stmlying law, by giving lc>ssons in mathematics 
and by writing for encyclopedias. lie married, 
when thirty-one, Jane Baillie Welsh, a woman 
noted for her wit and beauty. Genius and 
domestic bliss, unfortunately, are not invariably 
found beneath the same roof, and the married life 
of this j^ifted couple was not happy. Carlyle 
s<^ttlcd, in 1834, in Chelsea, and there resided to 
tho time of his death, affectionately styled tho 
Sage of Chelsea. There he wrote the works by 
which he will always be known -”Cromw<dl,” 
tho ‘‘French Revolution,” “Sartor Resartus,” 
his “ Life of Schiller,” and translations of that 
poet’s work&, and so forth. Chronic dyspe^isia, 
aggravated a naturally intolerant, irascible 
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temperament; but while his faults were hidden 
from none, his virtues, his nobility of character, 
his hatred of deceit and meannoss and dishonesty 
were acknowledged even by those at whose foibles 
he hit hardest. Hcj accepted the Prussian Order 
of Merit unon the publication of his “ Life of 
Frederick tlie Great,” but refused the pension 
and decoration which Disraeli ofYered. 

Cartwright, Edmund 

b. Maniham, Nottn, A]>ril 24, 1743. «l. OotoWr rU). 1^23. 

The inventor »)f the power-loom and of the wool- 
comber was a clergyman, who held one or two 
livings, and, furllKM*, was domestic chaplain to 
two Dukes of Bedf()r<l. His inventions, though 
eventual ly successful, and of value to the woollen 
industry, were not [u-oductive of profit to liiinself 
partly from their own ilofi^cts, but chitdly from 
the prejudice which existed in tin* minds of work- 
men. Late in life ho received a grant of £10,000 
in recognition of his s(‘rvices to tratle. 

Cary, Henry Francis 

b. Gibraltar, Dm^iubcr d, 1772. il. Ldiicinn, 14. 1841. 

The one achievenumt which entitles (.^ary to 
fame is his translation of Dante. It took him 
many yiears, and the work tvas for .some lime 
ignore d. Ot)le ridge's tmthusiastic recognition gave 
it fame, and its author moiM* tit reward. But ho 
was always in pecuniary difliculties until within 
throe years of his death, when a small pension was 
conferred upon him. Wlnm Cary was translating 
Dante, Napoleon said of the poet ; “ His fame 

is increasing, and will increase, becaus<j no one 
ever roads him.” Clary has given Dante im- 
mortality in Kngland Ixu'ause everybody d()<‘s rea<l 
him- in C.^ary's nu'ritorioiis trun''lation. 

Catharine the Great 

b. Stettin, I'nisxiii, Mjiy 2 , 17;11». <1. Sh. l'rlfi-.Utiu'. NommuImt 17, ITlKJ. 

Catherine was oim of the most talenb'd and 
most wicked sovenugns Russia has known. She 
caused her hiisbaiKl, P('ter 111., to bo deposed and 
assassinated, and usurped tli(3 throne. Next, 
Prince Ivan, upon whom the hopes of the nation 
were sot, viis assassinated. ll<'r private life tvas 
scandalous, but her cannu' as a sovereign was in 
many particulars exemplary. She introduced new 
laws, reformed the administration, encouraged 
learning, and h'ft it truly to be said that no 
sovereign save Ivan the TiUTible had .so extended 
the Emjure. She had given Kussia for boumlaries 
the Niemeii, the Dniester, and the Black S^-a. 

Caxton, William 

b. K^nt, about 14‘22. «1. 14H1. 

The first English printer w'as a mercer, who 
served his apprenticeship in London, ami then 
was for many yoar.s re.si<i<uit in Bruges, w'here ho 
became the head of a company regulating the 
emorations of English merchants in the J.ow 
Cfountries. In 1469 he traiislat('d into Engli.sh the 
” Recuyell of the TIislorye.s of Troy<\” and, the 
demand for the book being so great, he had 
recourse to jirintiiig, which art he had learnt jn 
Bruges. The first book, however, of w'hich we 
have <lofinite knowledge as to its having been 
printed at the pn-ss which ho <?slabli.shod in We.st- 
*minstcr is the “ Dieb's and Sayiiiges of the 
Philosoidnus.” Thi.s made its appearance in 1477. 

Cellini, Benvenuto 

b. Florence. November 10, 1500. d. I'’liirfiiiv, Frliruiiry 13, 1571. 

Famous a.s sculptor, engraver and gold.smith, 
Cellini devoted the early ]jart of his life to the 
work of a goldsmith. lie was i)resent in Rome 
during its siege and sack by the Constable do 
Bourbon. Cellini asserts that he fired the cannon 
which killtul Bourbon and wouiuh'd the Prince of 
Orange. lie experienced wond(*rful vicissitudes - 
committed murder, was impri.soned, escaped, to 
rcoowhis fame in fresh directions, in sculpture and 
OAgraving. His autobiography is one of the most 
r^arkablo works of the character extant, and 
universal fame. 


Cervantes-Saavedra, Miguel de 

b. Alcald do IJonaros, Spain, b^j47. d. Madrid, April 23. KllO. 

Tho author of “Don Quixote” is supposed to 
have been educated at the University of Sala- 
manca. Ho .served, however, as a common soldier, 
and at the Battle of licpaiito, 1671, was so injured 
as permanently to lose the use of his left ham! 
and arm. The galley in which he was returning 
to Spain was captured by pirates, and he wa.** 
detained as a slave for live years in Algiers;. 
After he had biien ransomed, it is supposed that 
he was imprisoned in connection with a debt, ami 
while actually in prison wrote the first ])art of 
his immortal work. Upon its publication it leapt 
at once into popularity ; but he did not soon wrib* 
the second portion, preferring other works, which, 
while they show the versatility of his genius, are 
scare<‘ly to li^i compared wdth lii.s masterpiece. 
“Don Quixote” places him in the forefront of 
the groate.st writers the world has kiiowm. 

Chalmers, Thomas 

0 , E. AiiMtnither, Fifcdiiiv, Miii-fb 17. 1780. d. IMliibmgb, Muj .‘M, 1S47. 

Thi.s celebrated Scottish author and divine W’us 
the father of the Scottish Fiv<* Uhurch. Ho hud 
collected £300,000 for liiiilding new ihur(;hes, and. 
the <lispute oven* ])atronagc being very keen, In*, 
with 470 other ministers, (juitted the parent church 
and established tho new. 

Chambers, William 

b. Pceble.-«, .Scotliuid, April 10, JSoO. d. Filinburj;!!, May 20, lss;( 

The son of a cotton-mamifaclurer, he, witli his 
brother Holu'rt, foiiinU'd tho publi.shing-hous<‘ 
bearing tlndr name, from which w^orks of tin* 
liighe.st <Mlucationul value to tho nation have been 
issued. The brotlnu', Robert Chambers, who was 
two years tin? junior of William, ami died in 1871. 
was tho author of many acceptable works, 'J’lie 
mo.'.t notabh; his “Vestiges (h'eation,” pub- 
lisheil anonymously propaj-cil tin' w'uy for liar 
win's “Origin of Sp4>ci<'s.'’ 

Chantrey, Sir Francis Legatt 

b. Nurlxii, Ooby, Aprd 7, J7S|. d. I.imhIdh, Nii\cmb<£ 'J.j, IMl 

Left falherh'.ss wlnui Iwi'he years of ago, this 
son of a carpc'nti'i* \\»)rk(M| in the sho]i of a 
Sheffield carver and gifiU'r for five years, tlnui 
was able to take h'ssons at the Royal Academy. 
Having curviHl a marble bust for a Sh<’tfi<'i«l 
church, and otlnu’S for Gremiwicli llo-spital, he 
rapidly made himself famous, and <>xecub‘d sonx' 
of tlu^ liiiesi statuary ev<'r (hme by an k'ngli>li 
.‘iculpt4)r. He left a fortune of £150,000, from tlie 
interest of wdiich our national treasures should be 
each year enrielnMl, tin* ^uin being bequeathed to 
tho Royal Acad<uny. 

Charlemagne 

1». Apiil 2. 712. d. A.i< lu-u, Grjinany, J.muary Si I. 

Charle.s the Gr<sit, King of the Franks, Roman 
Emperor, was the son of Pepin th<’ Short, and 
succi'eded jointly with his brotlier to tho throne of 
tho Frankish kingdom. Upon his brother’s death 
h<5 took tho crown to liimstdf. He was a great 
soldier, a# .scholar, a born adniinistrator, and the 
moat enlightened ruler of hi.s time. His wars 
were, long and many, but wherever ho went the 
Chri.stianising of his conquered subjects W'as a. 
paramount consideration. lie was crowned 
Emperor of the Ibjinans in St. Rider's on 
Christmas Day, 800. His empire extended from 
the Ebro to ibe Ruab, and from the Eider to the 
Garigliano, but after his ilcath it was fritter’d 
away. 

Charles 1. 

b. Diiiifvrialiiii!, Hfutlaiid. Novi'iiibvr IH, ItlOO. d. Loudon. January ."0, 

This ill-fated monarch takes his place in the 
gallery of fame not as a great, good, or w'i.si* 
man, but as one whoso acts and ends made him 
the most conspicuous sovereign in our annals. He 
succeeded his father, James I., on March 27. 1625, 
and three months later married Henrietta Maria, 
a Catholic Princess of the Royal House of France. 



Porsuade.d of fhe rlivino rif^ht of kings, ho essayed 
to govern without Parliainoiit, mooting the ex- 
penses of government by forced loans, poundage 
and tonnage, ship money, and other unconsti- 
tutional sources of revenue. ITis att<*mpts to 
anglicise the Church of Scotland brought about 
the Solemn ;^agno and ('ovonaiit, and led to a 
bloodles.s civil war. Parliament, which had not 
.sat for years, Avas sninnioncd, and the Long Parlia- 
ment outlasted the King. The revolutionary war 
extended over four years, and ended in his being 
taken, injpeaohed, and ex('cul<*d. 

Chateaubriand, Francois Rene, Vicomte de 

Wt. lUalo, J?’ram-e. 14, J7fiH. «1. J'/iri**, July 4, 1.S48 

This celebrated French .stati'sman and man of 
lettor.s began his career in the army, and a.ft<T 
visiting America fought w'ith the Royalist forces 
at Thionville. T’^nder Napoleoti he accepted 
office, whieli he relinquished iqion the murder of 
the Duo d’Enghien. IJaving previously spent 
some years in England, he now iriivellod exten- 
sively, aft('r wards supporting the Restoration 
Monarchy, lie was mailo a jieer, and ambassador 
to Eriglaml, but revolted against the* Royalists 
until the downfall of (•harles X. His w'ritiiigs 
wore many, various, and, for tlie mor>t part, ex- 
(n'lh'iit. Ilei has boon called tlu' ‘ Father of the 
Rorn antic School.” 

Chatham, Earl of 

b. W>st iniriRter, NuVfiubcr 1.}, 170S. <1. Hayes, Kent. May 11, 177S. 

First a cfiniot in the Dragoons, William Pitt 
the elder entered Parliament in 1735, and allied 
himself \yith the Prince of Wales, wlm was then 
in opposition to the King. Lpoii the defeat of 
Wal])olo ho filloil minor offices, and in 1757 
formed a coalition with tli<' Dulo* of Newcastle, 
in which the latbM* was nominally Pnmiier, while 
Pitt was so in actuality. ITis policy of eomlucting 
the war against France formed ou<‘ of the most 
brilliant cha])teis in our history, the French being 
everywhere beaten - in India, in Canada, in 
Africa, in Europe- -on sea and land. lie was 
eompcllcd to n’sign when his Ministry would not 
support him in his determination to d<*clare war 
against Spain. He was Premier again, tlii.s time 
as Viscount Pitt and Earl of (Chatham; but his 
.Ministry was ludpless without the aid which his 
ill-hoalth prevented his afl'nrding, and his power 
was gone. He v<5h('niently coiuk'niiK'd the policy 
pursued by this country towards the American 
(V)lonies, but was .struck down by fatal illness in 
the House of I^ords when d<>elariiig against the 
proposition to terminate th<' war b> granting the 
CJolonists unconditional friM'doiii. 

Chatterton, Thomas 

b. llrlslol, Xyvoinbcr *20, 17W. •!. l oiiili.n, Auyiist 'J4, 1770. 

The saddest soul in the hisiory of hdlers had 
not completed his eighteeiilh y<'ar when li<* took 
his life in a nii>crable garn*! in lamdon. Yet 
how inany jioets of a later day have liis works 
inspir'd ! He Avas the son of a sub-chanter at 
Bristol Cathedral, who left no provision for his 
boy. Chatterton Avas bound apprentice to an 
attorney, in wlio.'io lious<* he liv<>d tin* lif<? of a 
menial. In his twelfth year he j)rqdueed the first 
of the famous “ Rowley ” poems his own creation, 
but Avhich he represented as having been found 
by himself in the niuniinent-rooiu of Bristol 
Cathedral. More followed, and upon his coming 
to London, and earning eleven guineas, fortune 
seemed within his grasp. He wrote poems, 
squibs, stories, essays, letters. “It was Ossian, 
or a Saxon monk, or Gmy. or Smollet, or Junius; 
and if it failed in most wlmt it afVected to be p. 
poet of the fifteenth century it Avas bocau.se it 
could not imitate what had not existed.” His 
patron, ^ Lord Mayor Bockford, died, and, his 
application for a post as 8hi]>'s surgeon failing, 
ho was left penniless. He refiisi'd a meal offered 
to him in charity, and took poison. 
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Chaucer, Geoffrey 

b. UmtloM (¥). 1:j40. d. I^.iiilon, Octolxrr25, 1400. 

Chronologically, Chaucer is the first of English 
poets, and is called the “ Father of English 
Poetry.” In point of merit he is among the first 
of all our po(;t.s. He bore arms for twenty-seven 
years, and was employed on many mi.ssions to the 
Continent. 'J’hi.s <mahlod liim to study th<i Italian 
poet.s, by whose exampk? he Avas inspired. His 
best knoAvn w'ork is “ Th(‘ Canterbury Tales.” At 
later jK'riods of his life lie enjoyed considerable 
(^)urt pati’oiiagc, but his car<*cr Avas chequered, 
though not sufficiently to daunt his spirit or ex- 
tinguish his genius. He was the son of a London 
vintrKM* ninl irink(>eper. 

Cheops 

b. .i.3032s.a 

Authorities differ to the extent of tAvo thousand 
years as to the age, in which lived Khufu, 
the Egyptian King, commonly known as Cheops. 
He was iHMther a great man nor good, but ho can 
m*ver be forgotti'n so long as Ids vast pyramid at 
Gizoh, Egypt, exists. It Avas built for his 
.sepulchre by the labour of hundreds of thousands 
of slav<‘s. spread ovim- a period of tliirty yt'ars, and 
remains to day llu' great(‘sl ,‘itone building in the 
Avorld, containing, it is <>sjimatod. .six million tons 
of masonry. Cheojis was impovi'rishetl by the cost 
of his tomb, and to raise money, it is said, sacri- 
ficed the honour of his daughter. 

Chesney, Francis Rawdon 

b Aiiiialont;. n(»wii, Manh 1(5, 17H9. d. Abamii*. Iri-laml, Jamiary ^^0, 1872. 

A British general and engineer, he establishod 
an oAorlainl route to India, ex]>lor<‘d the valloy 
of the Euphrat(*s. and demonstrated the f<?asibility 
of a Suez (’anal in a. report which served 
Do Ijes.sep.s as slartiiir poinf . 

Chevreul, Michel Eugene 

b. AiiKfii. Ki}uu«>, August .*{1 . ]7S(). d. I'ni in. Ai-ril 9, 18S». 

He w'as for over sixty year.s chemi.st at the 
GolK'lins factory, and professor at the French 
Museum of Natural History. From his labours 
vast iiidibstries have boon brought into existence, 
among his nio.st important discoveries being 
margarine, ohdn. and stearin. 

Chc.pin, Frederic Francois 

b. iic.'i.r W^jirvaw, I’cd.uul, Marth 1, ISOS. d. Parift, Oftnber 17, 1849. 

Into the forty yi-ars of thi.s famoibs compo.ser 
and pianist’s lib* was crowded a vast amount of 
composition -songs, dunce.s, ami greater works for 
tin* piano - AA'hich w'ill long keej) his memory 
green. His asstu-uition with the famous George 
Sand e\t4*nde«l over eight years. He is the 
“ Prince Karol ” of ln*r novel “ Lucrezia Floriani,” 
in which slu* ri'pres(‘nts him as a “ high-floAvn, 
con.siunptive, <‘xusi)erating nuisance.” 

Cicero Marcus Tullius 

b. Aipinniii, ll.dy, January J, lOd i».c. d. Ftinnia-, Iliilj , iKti-mbiu 7, 4.1 B.O. 

One of the greatest orators of his age, Cicero 
<*.stablisln*d his reputation as a .speaker in his 
twenty-sixth year, and at thirty pronounced, in 
d<*nunciaf ion "of the iiifamuibs Verivs, the noble 
oration which has been pr<‘served to us. As a 
statesiiiari, (’icero A\’a.s not robust of will; and, 
regarded aa a trimmer and time-.servor, he was 
banished and his hou.se sacked, lb* w’rs recalled 
to Rome, but hovered b<>tAveen allegiance to 
Ca*sar and Ponipey, finally inclining to the former. 
He w'as as.sassinated in consequence of his indict- 
ment of Antony. Inconsiderable as politician and 
atatesmun, Cicero excelled as orator and man of 
letters, arid his writings and fipoeches are dear to 
all scholars. 

Cleopatra 

b. Alexandria, 159 «.c, <1. Alcx.'iiid; la. HO B 0 

The last Queen of Egypt was a AAoman of sur- 
pas.sing beauty and of higlily-cultivatod mind. 
She inherited the throne of Egy})t jointly with her 
brother, Ptolemy Auletes, but his guardians 
denied her right. Csesar, arriving at (his time in 
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Egypt in pursuit of I'ompey, was captivated by 
her beauty and address, and made sucoessfui war 
in her behalf. She accompanied him back to 
liome, and there boro him a son, who was after- 
wards assassinated by Octavianus.* In the tumult 
which followed the murder of Csesar she returned 
to Pjgypt, to bo summoned to meet Antony at 
Tarsus, in X^Jilicia. Antony was not proof against 
her beauty, and his devotion to her brought about 
his ruin. He spent tho winter with her in Alex- 
andria, then wont to Rome to divorce his wife, 
the sister of Octavian, who thereupon declared 
war against CkKjpatia. Antony joined her, and 
lost the Battle of Actium. C'Ieoi>aira fled, and 
he, to follow her, throw away half a world. 
Octavian appeared with his host before Alex- 
andria; ana Antony, hearing the false re]Kjrt that 
Cleopatra was dead, fell u])on his sword, while 
she, to avoitl being exhibited at Rome in the 
triumph of Octavian, took her own life. 

Cobden, Richard 

>». II»'ysh»>tt, 8 urr»'X, J\iue .‘J, 1804. rt I.cmlnii, April •*, ISJP. 

Ho began life in the warehou.st* of an uncle, 
whom ho served as clerk and trav<‘ll<*r; then, 
with two others, started a business of his 
own in I/indon, with calico-printing works in 
Lancashire, which led ovt'iiiiiully to his .settling in 
Manchester. He visited the Uniteil Slates and the 
Levant, and began his campaign against the 
Corn Laws. Tho Anti-Corn Law League, born in 
Manchester, had Cobden at its head. lie preached 
Free Trade in Parliament and out, and it was diuj 
mainly to him and his folhiwers tliat tho Corn 
Laws were abolished. His ilevolioii to public 
affairs ruined his busirx'ss, and, out of gratitud«* 
for his services, a national subscriiition of £80,000 
wa.s prcseiitod to him. He negotiat(‘d an im- 
portant commercial tr<‘fity betwe<*ii 1 'ranee and 
England, and did useful work for th<‘ North in 
the American Civil War. 

Coleridge, Samuel Taylor 

b. Ott«?r>’ St. 3Iary, Devon, October 2J. 1772. d. IaiihIou, July 2.">, 1S3L 

The son of a vicar, who was also a schoolmaster, 
Coleridge showed as a boy a wonderful avidity for 
learning, but he left Cambridge without a degree. 
IIo got into debt, enli.sted, was bought out, acted 
as editor, lecturer, pi’eaeher, aufl wrote .some 
poein.s. With Wordsworth, he wrote “Lyrical 
Ballads,” coiitrihuting the immortal Ancient 
Mariner.” Meanwhile, he had marri<’d Southey's 
.sister-in-law, and projected, with his two poet 
friends, a barren scheme for a settlement in the 
wilds of America. Accejding a jicnsion frt)ni the 
Wedgwood.s, he studied for .sonu' time in Cer- 
iriany, and upon comitig back <\stablished himself 
at Keswick with Sontliey. and ivitli Wordsworth 
for neighbour. Hero Ins craving for ojiium 

a. saortod itself, and eventually inasteied him. It 
ruined him iiieiilully and morally. He wont to 
London. wh<»n^ he Iectur<*d witli varying .siuree.s.s 
on Shakesjieare and tin* lino arts. ‘ In London 
his declining days were passtal. Ills conver- 
sational power.s were nMiiarkabh*. and he hail 
many and true friends. As a poet lie ranks higli, 
and ho was a notable critic. To Knglisb literature 
l>e rendered invaluable .service by inficsing into it 
the spirit of Cerinan learning. 

Columbus, Christopher 

b. Oenoa, Italy, about 14;jn or 141(i. il. ViilIn<Uiljd, Spain, May 20, l.’JOO. 

This, one of tho most fascinating of all life- 
storios, began in the huinldo cottage of a wool- 
carder. To the same trade as his parent tho son 
was bred, but at a tender ago took to the sea. 
Ho managed to acquire knowledge of subjects not 
oonaraonly known at that time, and during all tho 
advo]]turc.s of his early days— his lights and liair- 
broAdth escapes at sea— this was germinating in 
hi» brain, until, arriving at maturity, he resolved 
'Upon an attempt to reach India by sailing wost- 
over tho open sea. Years elapsed before ho 


could gain tho support necessarv to equip his 
ships; out, after heart-breaking discouragomonts, 
he set sail, August 3rd, 1492, into the unknown. 
Tho wind was fair, and his crew inferred that it 
alway.s blew in that direction, and, therefore, that 
they would never ho able to return. Tho varia- 
tion of tho needle, with every other new 
phenomenon, terrified his crews, who \’-''re ro- 
neatcdly on the point of mutiny. Buf he held 
bravely on, and on Octol>er 12tn, 1492, reached 
the Bahamas, di.scovering during his three months' 
stay Hayti and Cuba. To the whole he gave tho 
general name of the West Indies, so recording his 
belief that he bad reached tho Indian Sea. Re- 
turning with a greater fleet in tho following year, 
he added little to his fir.st discovery ; but at the 
third attemiit, in 1498, he first reached the 
American continent, near tho mouth of the 
Orinoco. And now, at Hayti, ho found the colony 
which ho had established in confusion, and his 
enemie.s at homo induced tho King of Spain to 
have him brought homo in chains. Tho revulsion 
of feeling upon his landing in this shameful plight 
was instantaneous, and he wa.s restored to freedom 
and honour. Meanwhile, Da Gama had dii- 
covered India, in seeking which Columbus had 
found America. Columbus made another voyage, 
and <*xj»lored more of the coast of America, and 
l•t‘tlll•ned to die in poverty and obscurity. A 
quarter of a century later Cortez was in Mexico, 
and Pizarro was conquering Peru. Tho pilgrim- 
age to the West had begun. 

Comte, Auguste 

I). Mouliwllier, .luimury 1!), 17!>S. d. PariA, .Si-pUuilH’r l,s,')T. 

His full name is Isidore Mario Auguste 
Fraiu.'ois Xavier Comte. When twenty years of 
age, the founder of Posirivisrn became the friend 
and di.sciple of Saint-Simon; but they took each 
his own way after four years, and Comte, unaided, 
foumled the school of thouglir now known a.s the 
Posit i \ ihts. 

Confucius 

b. Klutitiih;;, Chlim, 5.'>1 ii.o. d. Slunlung, 478 K,r. 

'I'he name of the great (Chinese philosopher was 
Kiiiig, ami we presm’ve the, Latini.sed form of that 
name and tho ti'rni which his disciples applied 
literally Kiiiig the pliilo.sophor, or tho Ma.stor 
Kung. Hi' was the .‘^on of a .soldier, who.so widow 
was left to I'ducate the child. Tho latter, when 
he gri'vv up, was occupied as kei'pcr of the public 
‘^npiily of grain and of tho herds. Later he 
became a wonderfully successful governor, 
Alinihter of Works, and chief magistrate of his 
native plae<>. The jealousy of a powerful neigh- 
bour caused bis retirement, and from that time 
forward he wanderi.'d for years, attended by his 
followers, expounding his j)hilosophy. Some of 
our best -known max inis wore first uttered by 
(kmfuciiis. Hi.s meniory is worshipped to-day in 
China by I'very class of the community from tlie 
Royal Family downwards, and each town and 
village must have its temple consecrated to his 
inoiiiory. 

Constantine the Great 

b. XalaHUh, Cjiin'r Mfc-tla, 272 a.I). d. Nicomi'dia, A.siu Minor, Miiy 22, .‘ilT. 

Coiistanlim* w'as tile son of Coibstantius Chlorus, 
who re-i'.stabli.shed Roman dominion in Britain 
and lK?eamn Augustus. His son is commonly 
called the first Christian Emperor of Romo. As 
a fact, Constantino, while making Christianity 
the form of worship for his subjects, was not 
wholly a Chri.stian until his end was ap]^roaching, 
when he was baptised. Throughout nis life he 
paid official honour to heathen gods. A great 
soldier and far-seeing administrator, ho made j 
himself, after bloody conflict, master of the 
western portion of the ompiro, and, finally, 
ompi^ror of the whole. Having defeated Liciniu? 
near Byzantium, he established his capital there, 
and in 330 inaugurated it under the name of 
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Constantinople. It waf^ under his auspices that there 
assembled tne great Church Council of Niceea, at 
which was prouucNHl the Nicene Creed. 

Cook, Captain James 

b. Marton, York*, Ooloboi- 27, 1728. d. TlawiUi, Fol.ruary 14. 1779. 

The son of a farm-labourer. Cook ran away to 
sea, ^ and by the time ho wa.s thirty-ono had 
attained the rank of master in the Navy, and was 
given the task of charting the St. Lawrence and 
the shores of Newfoundland. His work here, as 
everywhere else, vas marked by remarkable 
thoroughne8.s. He circumnavigated Now Zealand, 
ami in the name of his country took ])o.‘i>s<'ssion of 
the east coast of Au.stralia; circumnavigated the 

f lobe near the Antarctic Circle, and <>xpiored the 
'acific Ocean. lie was killed in a ciuarrel between 
members of his party and natives in Hawaii. An 
intrepid voyageur, C-ook ivas a man of noble 
character, and so universally re.«p<'cted that orders 
wore issued to all French ships by the Fr<*iich 
Government, during the war of 1779 betw<‘en 
France and England, to treat Cook and his vessels 
as neutral allies. 

Copernicus, Nicolas 

b. Thorn, Prussia, February 19, 147.'?. d. l''r.iiii-uJ)urtr. riu'j.sla. May 21. ina. 

Like so many other illustrious men, the father 
of modern astronomy ivas the son of humble 
parents. It was hi.s good fortune to lx‘ mentally 
equipped not only by diligejit personal etl’ort, but 
by a course of study at (.h’acow University, whe7*e 
ho graduated as doctor of medicine. He taught 
mathematics, became a canon, busied himself with 
Church work and lay offices. Hut all his hdsure 
was devoted to astronomy. 'The so culled 
Copernican system remained to be establi.shed by 
great men W'ho followed; but ho led tlie way with 
a new theory, and brave<l the terrors of the 
Church to state the case as it appeared to him. 
Corneille, Pierre 

b. Houen, Fiiui.t, .Fuiiod, UKK5. .1. Tari-*. 0. t<*lur I, 1684. 

The greatest tragic dramatist of Franc(‘ turned 
to writing when the attejnpt to win success at the 
Bar had failed. He was for some tinu' one of 
Cardinal Richelieu’s “five iniets,” but was too 
independent to write at another man's dictation. 
Corneille ranks w'ilh Descartes u.s th<^ first to free 
French thought and language from the restric- 
tions due to Latin and Gre<‘k influences. 

Correggio, Antonio Allegri da 

b. Correggio, Italy. 1494. d. Cmiiv-Jo. ,Mar. li .1. irai. 

This great artist takes hi.s imjnc from (.V^rreggio, 
the town near Modena where he was Lmu ii. Of hi.s 
work it has been said : “ In facility of handling, 
in absolute mastery of the difficulties of fore 
shortening, in the managem<'nt of light and {sliade 
as distributed over vast spaces and afl’<*cting multi- 
tudes of figures, this gr<*ut. master h.as no rival.” 
Tho National Gallery i»o.s.se.s.sc.s .som<; of hi.s master- 
pieces. 

Cortex, Hernando 

b. MfKlellln, Spain, 1486. <1. near Simiii, IWriiilM-r 2, 1.147. ■ 

Cortez conquered Mexico for Spain again.st the 
orders of Velazquez, who, having given him the 
command of a small force, sought to depose hirn. 
Tho soldier hurried forward with fewer than Gx 
hundred trained warriors of his own nationality 
and a handful of friendly Indian.s, a dozen horses, 
and as many small guns. lie founded Vera Cruz, 
made allies of the Tlascalans, and marched to- 
wards Mexico, the capital. Montezuma, the 
King, came to meet him. lie was made prisoner, 
and siege laid to tho capital. A forc<7 sent by 
Velazquez to recall Cortez now drawing near, 
Cortez took part of his force, defeated the 
Spaniards, and made the survivors part of his 
own army, then marched back to Mexico City, to 
find that those he had left there had been sur- 
rounded;' Cortez had to battle against a risen 
nation, and his little force suffered terribly during 
the retreat from the city. At Otumba he was 


surrounded, but won a pitched battle against 
enormous odds, and, having recruited a large 
number of Indian.s, returned to the attack upon 
Mexico. The siego lastt^d seventy-five days, for 
the city did not capitulate until its destruction 
had been practically completed and its population 
decimated. Cortez had beaten a nation \ Ex- 
peditions w'cre sent in ^ariollS directions, and new 
territories annexed, but Cortez's <*n<'miGS at home 
were .sfill i)owerfuI. He returned to Spain, and 
was honoured by his M)\<‘r<‘ign; but, though ap- 
pointed captain-general of the New Spain, as it 
was called, he was not the civil governor. Hu 
lived in .splendour for s(*veral years in Mexico, 
but, returning for the lust time to Spain, died in 
neglect and obscurity. 

Cowper, 'William 

to. »«‘rkh;iiui.sl.'.iil, Ufits. N,,v, l.'i, ITiU. »1 K. Norfolk, Ap. 25,1800. 

(renius and madnes.s dominated tho life of tlio 
author of “ d'he Ta.''k.'' A morhiil sensitiveness at 
.school made his life haf<*ful to liimself. It made 
him shrink in terror from the duties which should 
have been his as Ch-rk of the JournuLs of the 
House of Lords. He repeatedly attempted suicide, 
ami was confimul as a lunatic. Afterwards began 
that intiniuey with the I’nwins which lasted for 
many years after the deatli of ^Mr. Unwin. Later 
th<‘re eaine into the life of the po<'t Lady Austen, 
who tohl him the ^tory of John Gilpin, ami in- 
.spiretl him to write “The nkisk.” Ho translated 
Homer, but not ivith success, and recurrent 
dementia sadlv marred his life. His poetical 
vyritings have had si great influence upon English 
literature, while his letters are a iiever-f ailing 
delight to the student. 

Crompton, Samuel 

b. FirwiKxl, l.a»cH . l)f*'i-mbcr .'1, rl. nrai Hullun, Lancs., June 26. 1827. 

Thu inventor of th<* spinning-mule was the .son 
of a small farmer, and ludped his widowed rnother 
ill farmwork and weaving. I'he desire to irnjirovo 
upon the old methods, which let the ends of the 
yarn so readily break, led to his inventing his 
famous machine. It gave other men vast fortunes, 
but he reaped little ailvantago from it, and died 
poor and in .sorrow', deframk'd of hi.s just rcjw'ard. 

Cromwell, Oliver 

b. Huii(in{;<Jon, Apri! 25, fl. 1 otuli.»i», .Septfinl)**!’ IF, llWS. 

The (h'onnvells wrrfi of good .stock lauded 
gentry, the backbone of the Kngland of those 
davs. Gliver was educatetl ot Huntingdon 
Grammar School and Gambridge Univer.sity, then 
went to London to study law. He became imbued 
with the tem'is of Purilanism, which did not abate 
tlieir influence when he w<Mit ilowii to Huntingdon- 
shire to live the life of an imln.'-trious country 
gentleman. He was returned to Parliament, ami 
it wa.s in the Long Parliament, when he had 
turnml forty, that he first made himself known a.s 
above the level of his fellows. Wiieii the war with 
the King broke out, it was Gromwell who most 
distinguisheil himself a.s a soldier. Ho had hatl 
no previous <‘X])eri<*nco, but 1 m' proved hiin.8clf a 
born general as great in hi.s sph<*re as any the 
world has over known. He rai.sed the famous 
Ironsides, w'ho w(*i’(‘ novi'r de fixated -neither in 
our owui i.slaml.s nor on the Continent -nor wore 
hi.s .ship.s otherwi.se than victorious. He boasted 
that he would make the name of Englishman as 
respccti'd as that of Homan had been, and ho 
iustifii'd tliat saying. England under his rule 
becanu* the sovereign pow'er of Protestant Europe. 
Meanwhile, howcv«‘r, there was the terrible civil 
war raging throughout, the huigth and breadth of 
the laml. Gromwell suppressed this with an iron 
hand, and, plot iijmri plot originating with 
Charles he had him executed, and himself 
declared Lord I’rotector or Regent, as we should 
now say. His followers wi.shrd him to be crowned 
king, and had he lived longer he would no doubt 
have yiekleil to their vidshes. At the same time, 
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however, he did not wish to wound the suscepti- 
bilities of the Republican party, and refused the 
title. IIo ruled as Protector for loss than five 
years, and in that time proved himself the 
greatest and mightiest ruler this land has known. 
The downfall of tho edifice which he had raised 
followed quickly upon his death, and England 
submitted to Charles fl., with his Court of un- 
exampled corruption, debauchery, and shame. 

CrooKes, Sir William 

1>. Uontluii, Jane 17, ISTJ. 

From his earliest childhood he has been deeply 
interested in science, and W'hon still a youth was 
ai)nointod assistant to Dr. Hoffman at the Royal 
(k)llego of Chemistry. Hef<»re he was thirty, a 
chance observation, made during a si>ectroscopic 
<'xamination, led him to the discovery e)f a new 
metal- thallium. His method ifi dealing with this 
ivas characteristic. He spent eight years in in- 
vestigating its substance and i)roperties and 
weight. One thing led to another. He found 
that it must bo W'eighed in a vacuum, and this 
showed that the metal ay)peareti heavier when 
cold than when hot. Thi.s in turn conducted him 
to his famous researeshes concerning tlu' discharge 
of electricity through highly rarefied gases and his 
examination of radiant matter, all tending to- 
wards investigations concerning radium, with which 
his later years have boon engaged. A j^ractieal 
scientist, ho has done great ihings in promoting 
jmro water supply and in the treatinont and 
disposal of sciVHge. 

Curie, Mme. Marie SklodowsKa 

\i \Var«ftvr, Tolaiul, Kov«Mal>LM 7, IfSV. 

Tho daughter of a Professor of Physics at 
Warsaw College, Matlaine Curio, from her 
earliest childhood, ivas accustoin<\d to the work in 
her father’s laboratory, and came in time to know' 
us much of chemistry as him.s<'If. On going to 
Paris to complete her education, sh(‘ met and 
married M. Pierhk Curie (b. Paris. May 15th, 
1859), and txigother they discovered radium, and 
reyolutioni.sed the whoh* world of modern .scien- 
tific knowdedge. d'ho exiMU'irnents attended by so 
vastly-important results wore conducted W’h<»n the 
young cou{>le were very poor. Since then the 
whole scientific world has paid them honour. 

Curwen, John 

b. Kot’Uuioiif!wilct», Eng .NcT. 14. \Sl«. i1 Ilralt-n Momw, l.anca., May 'SO. 

As the man who, by the Tonic: Sol-fa system, 
made it possible for the masses to learn music, 
Curwen is entitled to u placx* in the gallery of 
fame. An Independent minister, he w'as always 
interested in teaching, and this led to his being 
asked, at a conference of Sunday-school teachers, 
to recommend the best and simplest methocl of 
music-teaching. As the result, he gave to the 
world tho system w'ith which his name i.s 
associated. I’he principle of that system he 
seems fir.st to have acquired from a Miss Glover, 
daughhu- of a Norwich clergyman. His later 
years wcjro entirely devoted to the propagation of 
this system. He wrote many liooks upon it, and 
founded the Tonic Sol-fa College. Millions of 
people owe their knowledge of music to his efforts. 

buvler, Georges 

b. MonlbcH.xrd, Fraiioc, August ‘i.", 17rta d. Piiris, M«y 1", 

_ The full name of thi.s most famous of compara- 
tive anatomists was LtMipold ChrtHien Frederic 
Uagolxirt Cuvier that given in the heading was 
hiH literary style, lit' filled many offices in the 
State, and was an indefatigable worker. Tho 
theory of evolution found in him a doughty 
focman, but his work in comparative anatomv was 
of vast importance to tho science. 

Cyrus the Great 

b. about P92H.r. d.n29B.c. 

As to tho birth and death of the founder of 
the Persian empire, fact is loss traceable than 
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legend. He was a great warrior, an enlightened 
administrator, and a humane conqueror. The 
scene of his conquests lies in the story of tho Old 
Testament. It w'as ho who, after conquering 
liabylon. iK>rniitted the Jews to return to Egypt 
to rebuild tho temple. He not only permitted 
them to depart in peace, he restored to them tho 
vessels of tho temple which had been carriod aw'ay 
by Nebuchadnezzar. 

Daguerre, Louis Jacques Mande 

b. CormeilU*!*. Normandy. Novoiiibor IS, 1789. d. France, July 19, 1831. 

Skilled as a painter, Daguerre followed up the 
discoveries of Nicephorc Niepce in obtaining 
permanent pictures by tho action of sunlight, and 
with him produced tho “ Daguerrotypo ” process, 
the pioneer of modern photography. 

Dalton, John 

b, Kagli'sfleld, CuiiibcilMiid, Sppt«inber 6, 1766. d. Mniudie.ster, J uly 27, 1844 

One of tho greatest chemists of any age, Dalton 
was tho sou of poor parents, his father, a Quaker, 
being a weaver. It was his fortune to have within 
reach a cousin who kt‘pt a school, at which he 
was able to develop his love of science. During 
his life ho held many appointments, enabling him 
to impart his knowh’dgo to others. But ho was 
him.si'lf a student all liis days. There was so much 
for him to learn. It fell to him to demonstrate 
the atomic theory, and iK'wr facts innumerable in 
connection wdth gases, steam, acids, and so forth. 
He and his brother were colour-blind, and first 
diY‘W altmitiori to the existence of this phy.sical 
di.sabiliiy. hence its early name Daltonism. 

Dante, Durante Alighieri 

b. FlorMicc, May, 126.'>. d. Italy, Septembor 14, 13'21. 

Of honourable and ancient lineage, Dante was 
the son of a lawytT, and in his young manhood 
fought witli bravery in the wars in which Florence 
wa.s <‘ngaged. He attained to honourable office as 
a citizen, and .sucees.sfully di.scharged civic func- 
tions .seemingly incoini>atil)lo with a tenipc'rament 
such as hi.s. )n tin* struggle of his native .state 
to defeat tho plan of the Pope to make Florence 
simply a dependency of the Papacy, Dante took 
an active part. He wa.s afterwards sent on a 
mission to the Pope, and never permitted to 
return. The faction with which he was allied 
losing the day, a liasele.ss charge of fieculation was 
preferred against him, .sentence of banishment 
passed, followed later by threat of execution; this 
latter twice repeated. For many years afterwards 
he was a wandert'r, teacher, and student, acquiring 
that vast store of knowledge which made him the 
intellectual phenonumori of his age. Florence, 
which he so loved, he never saw again. His 
wanderings ended at Ravenna, and there he died. 
As to the production of his works, no chrono- 
logical record exists; nor docs that much matter. 
His “Divine (kmiedia” is known and loved 
wherever men have a written language. Dante 
gave Paly a language and a literature. It ho-s 
been said, “ God created Dante and Italian litera- 
ture tog<'(her.” He. began his great work in 
Latin, but abandoned the project, as Shelley has 
said, “ to create a language, in itself music and 

C er.sua.sion, out of chaos and inharmonious 
arha.ri.srns.” The Beatrice of his dreams was 
Beatrice Portinari, whom he mot when he was a 
child of nine, and she a few months younger. 
His pa.ssion for her was idyllic. She was married 
at the age of twenty, and died four years later; 
and some years afterwards Dante hiirrsclf married 
a Florentine lady, by whom ho had several chil- 
dren. She remained in Florence after his banish- 
ment; but when, later, sentence of death was 
passed upon her .sons with their father, she joined 
the poet in exile. 

Darwin, Charles Robert 

b. 8hrew«lmry, Frbmavy 12, 1809. d. Down, Kent, i4prill9, 1882. 

Anticijiated to a certain extent by his grand- 
father Erasmus Darwin, the founder of the 
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Darwinian th<H)ry of evolution, raisod the crude 
hypotheses of others to a * verifiable theory. 
Although he was destined for the Church, he was 
a “ born ” biologist, and the happy chance by 
which he^ was able to accompany the Beagle 
on her scientific survey gave him several y<*ars in 
which to collect data as to the flora and fauna of 
many lands, ^yhen afterwards In; settled down 
to country life in England, he was able to turn 
this knowledge to profitable account in his famous 
" Origin of Spocsies.” Ho devoted years to the 
compilation of the work, and, as it was, had to bo 
hastened by his friends into publication by the 
remarkable discovi'ry tluit Dr. Alfred Russel 
Wallace was working along lines similar to his 
own, to the same goal t)f disc‘ov<'ry. Wallace sent 
Ids paper on the subj<‘ct to Darwin, and the bitter 
was prevailed upon to read, with this, one of his 
own prepared a year <'arlier, before the Linnean 
Society. His theory i)rovoked fierce controversy 
throughout Europe, hut to-day is the sciimtific 
gos})or of the biologist. 

Davy, Sir Humphry 

b. IViizaiuv, DoLTjiilmr 17, ITTS. d. Ocuova, May 'JS, ISJl*. 

Countless thousands the \»erils of w'hoso occu- 
pations have bi^eri less(me<l by lln^ use. of the safety- 
lamp in mines— think only of Sir Humphry Davy 
as the inventor of that m<'ehani.sm. llis contri- 
butions to science, however, wen* many and im- 
portant. He discoveiNHl tin* n^e of nitrons oxide, 
and by previously unknown procs'.sM's proxed the 
existi'nco of numerous m<‘tals potassium, sudiurn, 
magnesium, calcium, strontium, and liarium. His 
resoarclies bad highly important results upon 
agriculture, wldle bis noble work was of in- 
estimable vahu' in far advancing the outposts of 
the scii'iililic knowledge of the |M>riod. He was 
the son of a w’ood-ear\(‘r, and Ix'gan life a.s a 
surgeon's appr<*nt iee. 

Defoe, Daniel 

b, Loiuliin, lt;ri9 I?). (1. L-imlun. \)nil jr., IT.U 

'Pho fathi'r of D<‘fot* was a hutelu'r, and Hvt'd in 
th<3 i)arish of St. Giles, (Jrip])legate, lli.s son 
received a sound, middle-class iMlucation, which 
th(? industry of the youth vastly iminoved. In 
business Defoo failed as a hosier and as a potter. 
In [lolitics ho was not mor<‘ to be ap})Iau<h*d. 
Many of his writings wx-n* political; but that hy 
which he will always be r<'nieml)ere(l is ” Itobinson 
("rn.soc.” a work sugge.sretl by the a<lventures of 
Alexander Selkirk, a marooiu’d sailor. 'J'he >'iorv 
is, of course, the creation of Dt'foe’s own brain, 
but it is a ma.sterpiece of i’eali.*^in, and of simjile 
yet elegant English. 

Democritus 

b AbdiT.i, Tlirfii'c, -Ifii) n.<'. •!. jb.xu .!'>7 u • . 

‘‘The laughing )^hiln^opher/’ as he is called, 
was a, man of nuhh'st mind, stored with all the 
learning of his age. lb' ttnivelled to wher4'ver 
knovv ledge was to be. gained. Era.gnu’nts of his 
writings which remain show him to have bt'i'ii 
another Aristotle. His exposition of tin? atomic 
theory has been substantially confirmed in suc- 
ceesivo eras. 

Demosthenes 

b. P}e.tiila, .*{84 ii.c. <1. C.ibiiiri'ia, (JriM ic, o. f.ilj( r rj. n.i-. 

Statesman and patriot, Derno.sihenes wa.s de- 
frauded while a minor of the greaf<*r part of his 
estate. To recover his possessions, he. studied 
law, and became a lawyer and the greatest orator 
of all time. Ilia “Philippics” w<?ro speeches 
against the encroachnH 3 nt of Philip of Maeedoii 
upon Greece. Philip’s attack uiam the State of 
Dlynthus called forth the “ Olynthiacs ” of 
Demosthenes. Perhaps the grcate.st triumph of 
his oratory was when ho confronted the ainba.ssa- 
dors of Philip, and in a great speeih induced 
them to join with Atlmns again.si Philip, Very 
famous, too, is hi.s speech delivered to clear him- 
self of the charge of peculation. Success crowned 


the arms of Philip and his great son Alexander; 
but when the latter wa.s dead, Demo.stlienes 
h(*aded anotlnu' revolt, and, being captured by his 
eiieiuii'S, took poison. 

Descartes, Rene 

b. ni H.iyo, Fi:uu-e, M:u>.h .‘n, J.V.Mb <1 S\v«’<lcn, Fob. 11, 1030 

The filllu'r of modem pl)ilo.sop}jy was educated 
by J«!.suits, but came t(3 the cojiclibsioii that he 
iTiu.st forget all ]»o had lejiml, and instruct him.self 
from the book of knowledge - the world itself. 
He became a soldier, a ml fought in several 
battles; then travelled far, si'ttliiig evt'utually in 
Holland, wlu're for tw('nty y<'ars he studied and 
wrote. Finully he returiu'd tf) Stockholm, where 
he died. He 4*stabli^hed i)liiloso))liy u]iou a n<‘W 
and sur<‘r foumluti(jn, and pre.sented an entirely 
new basis for tin* .‘?tudy <jf inutlH'matics. 

Dewar, Professor Sir James 

b. Khic.-inliiit' oii lMirOi, ‘J<l, JSl'J. 

A cliemist of worltl wide* repute, he is the co- 
invi'iitor f)f cordite, and wa.s the tir.st to obtain 
liquid and .-^olid hydrogen. He ha.s lieon Pre.sident 
of the British A‘<sociat ion. and the recipient of 
inimmerahle degree's and diplomas. 

Diaz, President Porfirio 

b. 0;i\,ica., .ShiiIciiiImm' I.'>, Is.’.d, 

'I’he man who hiis “mad*'” ]\b'xico wa.s intended 
hy hi.s iiaronts to <'?iler llu* Ghnrcli. hut he eho.^e 
the .sword, and plied it, witit tknully efi’cct during 
tlio.se. stormy day.s wliiel fo" 'd tin ithdr 
of tiio French tr»)()ps. lie has twice be<’n taken 
prisoner wlnm engagetl in r(!^ olutionary fighting, 
ami had tlni nun(nv<’st, escapes of death. 15ut, 
lighting hi.s way to tlie l'r('sidency, he has r('- 
muined ih<'r<* term afl<‘r term, to sui)pross the 
r<*voli. <lisortler, l>lm)d.''hcd, and dishonesty which 
lie found, and snb,«l il iite ja’ace and order, good 
,go\<‘rnmenj . eoininereial jn’osjx'rity, and .seeurily. 
^<^ has imiile Mexico tlie inodi'l nation (d South 
America. 

Dickens, Charles 

b. ii.-ui l*«ii t ,i,i..uUi. 1’i‘b T, li. U( .11- 111). hi'sUa , l''7d. 

“Mr. Micawber” is Dickens’s own fatlier, 
which Ib'lps us to reali^i' how the .son rogardotl 
his parent. lie was a thriftless, hclple.ss man. 
lirst a clerk in the Xavy i>ay otlic<‘ at Portsmouth, 
and years aflerwards a Parlianu'ntary reporter. 
The novoh\t Inn I Imt a meagre education, hut 
read <*agerly all the books upon w’hich could 
lay hamls. When his fallu'r lost his situation at 
J'ort •.mouth. th<' family lived iu ])Overty in Lon- 
don, and Dickens v\as c()mpelled to work iu a 
blacking fa{t(H’y, where, for six shillings a week, 
he pa-ited lalx'ls cm tin' jiots of blacking. From 
this 1 h‘ pa-M'd to a fnrtlier spell of schooliiig, then 
had ^enle e\p<'ri(‘me in a lawyer’s otfiia*, and 
finally entered journalism as a n'porli'r of Parlia- 
nu'iilary pi'ociM'dings. Golk'cting some article.s 
which ho iiad written, lie published them in book- 
form as “ Sketeln's by IJoz.” This attracted tlu' 
atfi'iition of a writi'i-, who was ahk* to re'-omnn'iid 
liim to M<'-.srs. Chapman & Hall wh<*n the 
latter ront«'ini)lat<‘jl starting a serial .story to run 
with the illiistral ions to be (Irawm by Seymour, the 
arti.-t. “ Ibckwick Pajjeis,” which began to 
a|>pear in 18v%, when Dickens was tw<'iity-four, 
wa.s the re.'.nll. Sm ci ,-.s was .is.surcd after tlio first 
few' instahiK'nls had aiipeared. Now fairly 
launchej), he wi’otc “ t)liver Twist,” “ Nicholas 
NicUU'by. ’ “ Maitcr Ihimiihrey’s Clock,” “The 
Old (kiriosity Shop,” and “Burnaby Riulgo,” in 
rapid succi's-sion. He. was famous throughout th(’ 
Fllgii^h -speaking world hy the time ho ha<l 
n-aclH'd tlie agt' of thirty. ^ Thereafter his popu- 
larity suffered a t<>mporary decline, and it was 
hecau>e he was in del>t that ho went to Genoa to 
I'mi.sh “ Chuzzlew'it,” and afterwards applied un- 
••ucces-fully for th(' jiosition of stipendiary magis- 
trate in London. Iqion the “Daily New’s ” being 
♦“•tablislu'd, Dickens was appointed editor, but 
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soon rolinquished th« post to start a paper o£ his 
own. The stage had always an attraction for 
I him, and this, as well as the prospect of great 
’ t>ecuniary gain, had much to do with his under- 
taking his famous readings. These succeeded 

beyond his wildest hojK's in this country and in 
America, which latter country he visited for the 
second time when over fifty. Ho made great 
sums by his platform work ; hut the <‘xcitemcnt 
and strain were too heavy a tax upon his energies, 
and ho died suddenly at Gadshill, the homo with 
w'hich ho had fallen in love us a youtli, and bought 
as a man. Dickcri.s's married lih‘ was not happy, 
and ho and his wn'fc separated twelve years before 
hi.s death. They had seven sons and three 
daughters. 

Diderot, Denis 

l». l.jinaTCJ', Franco, Octolwv In, in:». d. rari'i, .Tuly SO, 1781. 

Diderot’s forefathers had for genoralions Ijoen 
working cutlers and he, receiving a classical 
education, was the first to bn'uk away from tin* 
family hab^t. His father tin‘reui)on di.scardeil 
hjm, and h^ sot to work to maintain himself by 
his pen. Ho undertook, with I.)’Alembr*rt, an 
encyclopsedia, and for this gathered about him 
all the greatest writers of France. But the. 
pliilosophy of the authors ivas too revolutionary 
for the official public taste, aiid again and again 
Diderot W’as in dangt*r of impri.sonment. The .sah‘ 
was more than onee ])r<)Viibited. and D’xMembert 
throw up the work in despair. Ditlerot ciontinueil 
bravely at his task, though it t(»ok him twenty 
years to complete it. He <*nrielied French lit<‘ra- 
ture in many ways, and gaie a great impulse to 
intellectual progres.s. 

Diophanlus 

l.ivoti about 276 a.d. 

The wrikjr of the <‘arlie.''t extant troati.se on 
algebra, Diophantus is not clearly to be traced in 
any records giving data, concerning his birth and 
death. He lived at Alexandria in tlie third or 
fourth century, and w'roto thr<>e w'ork.s xVritli- 
metios ” (six of the thirte<‘n books being extant), 
“ Polygonal Numbers,” and *’ Pqrisms.” Algebr.a 
W'as diligently studied in tlie great days of tin* 
Arabian school of learning, but it is Ixiu'ved that 
the principles of the science were not known bcfor<‘ 
the day of Diophantus. Flv<.‘n if tlu'V w'oro .so, 
however, he viustly enriched it. 'The famous 
Ilypatisuifwrote a commentary on his works, but 
tlus, unfortunately, is not now in existence. 

Disraeli, Benjamin, Lord Beaconsfield 

h. bondun, Dt*cemN*r 21, 1S04. il. Londtiii, .Xiuil U». 1S.S1. 

The son of a Jew, I.saac Disraeli, the distin- 
guished man of letbns, Benjamin nnd<'rwent as a 
child the peculiar rite.s which inad<* him a meml)er 
of the Jewdsh community, but at tin* ago of twehc 
W'as baptised at St. Andrew’s, llolborn. Having 
established a njputation witli one or two political 
novels, ho travelled, then r<*tnrned, to stand for 
Wycomlx3 as an advanci'd Radical, but wa.s not 
elecksd until 1837, wdien Maidstone cho.se him. 
Ho was now’ a Tory, and assi<luousIy courted the 
favour of Pool, but, not winning the recognition 
he had expected, turned upon and helped to defeat 
him. Hitherto regarded a.s a needy adventurer, 
he now rapitlly rose to power -became Cliancellor 
of the Exch<*quer. and twice Prime Minister. He 
carried a democratic lleforni Bill, abolished 
Church patronage in ScotlamI, bestowed upon the 
Queen the title JCmpres.s of India, did a good 
stroke for his country in acquiring the Suez Canal 
, jsharcs, and embarked upon an Imperial policy 
;iis to the wisdom of which politicians differ. To 
.Jhoso of his own party ho ai>peared a man of 
inspiration, of lofty ambitions, and exalted 
instincts; to his opponents, an unscrupulous, un- 
truthful man, greedy of power, and prepared 
.b^f. any moans to |ain it. Disliked and distrusted 
iSrst by Que^n Victoria, ho became in time her 


most trusted counsellor. She made his wife— a 
wealthy widow, whom he, when thirty-five, had 
married when she was fifty-six — a viscountess, and 
in 1876 conferred upon him an earldom. 

Dollond, John 

b. Ixmdcn), Juno 10 , ITUO. d. bondoii, November 30 , 1701 . 

The inventor of the achromatic telescope was 
the son of silk weavers, who had fled to England 
on the revocation of the Edict of Nantes. He 
learned his parents’ trade, and was compelled, by 
the early death of his father, to forgo any ordi- 
nary <xlucation. But ho denied him.smf sleep that 
ho might .study, and acquired languages and 
scientific knowledge with <ixtraordinary facility. 
It w'a.s not, however, until he had a grown-up son 
that ho forsook silk-weaving to apply himself 
practically to optics and invent the telescope, by 
which he is rendered for ever famous. After his 
death a curious fact was ostuhlishod. _ Dollond’s 
(li.stx)very had lx*eri anticipated by thirty years. 
Another" student liad produced an achromatic 
telescope, 'rhis was clearly established in ovi- 
rk'iico upon trial, but flic court held that the 
Dollonds’ rights had been invaded when the 
earlier instrument was now placed upon the 
market. Hall, the other inventor, had “confined 
the discov<‘ry to Ids closet, and the public wore 
not acquainted with it. and Dollond was to be 
considered the inventor.” The le.sson from this 
decision, which still holds good in law, is obvious. 

Dryden, John 

b. AIilHiiiklc, Nurth.'inti, Ausu.'.tP, IS,’!!. d. Loudon. May 1, 170(>, 

A son of the |)urHonag<‘, Dryd<*n was first sent 
to \V«'st minster, then to Cambridge, and entered 
upon his care<‘r as a sturdy Parliamentarian. 
He became eventually a. convert to the 
Royalist side, and was Pot't Laureate and 
liistoriograph(*r Royal, ai\d at tifty-fivc scoedod to 
the Homan Catholic Church. The sincerity of 
this conv<'rsion, coming with tho accession of 
James If., has been inijuigned; but it seems to 
have IxMMi on<' of convict ion, for when tho Revo- 
lution was <‘ffoctril Drytlen doclimxl to take the 
oath, though his refusal cost hiin all hope of 
official emolunu'ut. lie wrote his many plays 
solely for profit. Ilis critical W'ork, his poems, 
and his satires, were deun<r to his heart, and among 
tlie. finest works in the language. His translations, 
too, were, admirable. He was a great master of 
puiH' English bold, vigfirous, original, with a 
perfect ear for * tho melotly of language— and 
wrought a revolution in prose and versification. 

Dumas, Alexandre 

b, Villi«*r>.-Con»T(;t'<. Frain-v, July 24, IK03. (i. I‘uy«, Kranw, Dfic. 8, 1S70. 

Ilis futluT, (h'luu'al Al<‘xandre Davy do la 
Pailletri<‘, Dumas, was a famous soldier, son of a 
marquis and a TTaytian negress named Dunui.s. 
The novelist and playwright had for his mother 
daughk'r of a tav<‘rn-keep<*r. Ho was first 
a clerk, Imt tlevoted some years to study, with a 
view to a literary career. Once launched upon 
the sea of letters, his output was little short of 
marvellous. “The Three ’Musketeers,” “ Th<‘ 
Black Tulip,” and “Monte. Crislo,” and other 
works by which he is rendered famous throughout 
the world, were only items in an unparalleled 
flood of books. He was a terrible plagiarist -put 
his name to other nam’s work, and is oven said 
to have contemplated issuing as his own story a 
prose version of jiart of Homer. Ho had nearly 
five score men as collaborators at one time and 
another during his career. They supplied jilets 
and descriptions, but Dumas put magic into the 
8Com*s, and breathed life into tho figures. 

Edison, Thomas Alva 

b. Miljui, Ohio, U.S.A., Fobriuiry 11, 1647. 

One of the most striking examples of what can 
be achieved when genius is supported by courage 
and determination, Edison’s career was for years 
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a struggle against disadvantages. He had little 
education, and when twelve years of age was 
turned out to earn his living as a newspaper-seller 
on a railway. He managed to set up a small 
printing-press on board a train, and to edit and 
print, and sell his own paper. In his spare 
moments he studied chemistry, and persuaded a 
telegraph-operator to teach him telegraphy. 
This led to his first invention, the duplex tele- 

? 'raph, by means of which mcssag<'s can bo sent 
rom one wire to another without the aid of the 
operator.. The printing t<‘legraph machine fol- 
lowed, and after that, patent upon patent, the 
carbon telephone-transmitter, the microtasimetcr, 
the aerophone, the megaphone, tho phonograph, 
,,ltho incandescent lamp, and electrical appliances 
innumerable. The incandescent arc lamp he in- 
vented to suit his own wants. He could not get 
sufficient light to carry out the work upon which 
he was engaged, and nevi r i<‘stod until he had 
devised his now method of illumination. 

Elgar, Sir Edward 

b. BroadheatL, Worcestershire, .Iviue 2, 1867. 

The greatest living English coniposcr is an 
entirely self-taught man. flis father was an 
organist, but Sir Edward cannot remembnr ever 
having a music lesson. For twenty years he 
studied and composed without recognition, l>ut 
since then he has gained the highest honours in 
England and bn tho Continent, and is regardc'd 
not mt'rely us tho greatest master of Engli.sh 
music, but as the foremost composer of the age. 

Eliot, George' 

b. uflor Nnm^itou, Wurks., Nov. 22, 1819. tl. ChclMM.. Uvc. 'J-2. 1880. 

One of the greate.st novelists produced by Eng- 
land, ‘‘George Eliot” was in private life Mary 
Ann Plvans, youngest daughter of a carpenter, 
turned land-agent. She received a sound educa- 
tion, and when her school-days proper were ended 
had lessons in German, Italian, and music. 
Her first literary eflort was a translation of 
Strauss’s “ Ijebon Jesu,” and this brought her in 
touch with the editor of the “Westminster 
Review,” whom, after she had visited the Conti- 
nent, she ioined as assistant editor. She lived 
with the Cliapnians, and th<*r<! mot all the literary 
lions of the ])eriod. Amorig them was George 
Henry Lew'es, to whom she was iritrothuMid by 
Herbert Spencer. Ijowos was married, but 
separated from his wife. I’lic fri<'ndship of the 
young people ripened into afrectioii, and they 
agreed to set convention at <lefiancG. They lived 
together as man and wife until 1x2 wes died. Her 
first effort in fiction, undertaken at the suggestion 
of Lewes, appeared in a maga/ino, under the 
pseudonym which she afterwards retained. Its 
success encouraged her to write “ Adam Bodo,” 
which won for her an irrinumse triumph. “ 'J’ho 
Mill on the Floss,” “Silas Marner,” and 
“Romola” followed, each gaining for her new 
laurels, but eat^h making her writing more than 
over a matter of anxiety. Towards the close her 
work suffered from over-elaboration, and too great 
care. Nevertheless, “ Middlernaroh ” is con- 
sidered by some her best work, even though one 
authority declared “Adam Bede” the “finest 
thing since Shakespeare.” She wrote some poems, 
but it is as a novelist that George Eliot will 
always bo remembered. Two years after the 
death of Lewes she married his and her old 
friend, Mr. John Cross, who afterwards wrote her 
life. She died the same year. Mr. Swinburne 
said of her : “In George Eliot it is the most 
vivid and vital impulse which lends to her large 
int^Uigence the. utmost it ever has of the spiritual 
brenth and living blood of genius, and never had 
anyone such gift more plainly and immediately as 
from the very heart of neaven,” , 


Elizabeth, Queen 

b. Greeiiwicb Palace, Sept. 7, ISKI. d. Richmond, March 24 , 1606. 

It wa.s the happy fortune of Queen Elizabeth to 
bo born in an age of gn^at men, an era which 
knew Shakespeare, and Spenser, Sidney, Raleigh, 
Howard, Drake, Hawkins, and the illustrious 
Lord Burghley. With skilful counsellors about 
her, and valiant men to do her bidding, she, with 
her “King’s heart, the heart of a King oLEng- 
land,” as she said, was bound to rank high in the 
roll of British sovereigns. Her early days were 
srient in obscurity. The daughter of Henry VIII.* 
by his second wife, she was declared illegitimate. 
VVhon her half-sister Mary ascended the throne she 
was subjected to close confinement, being suspected 
of complicity in Protestant conspiracies. Called 
eventually to the throne, she took tho most ini- 
)>ortant step of her life when she declared for a 
Proto.stant England, and refused the haml of 
Philip of Spain. Mary Queen of Scots was the 
centre of intinmerablo plots, and Elizabeth had her 
imprisoned, and, in the end, execufed. This act 
was made <iie pretext for invasion by Philip of 
.^pain; and the destruction of “the invinciblo 
Armada ” was the result. English influence was 
vastly extended in Europe by Tvlizatxiih, who niailo 
h<5r country a world power for tho first tim<^ Her 
ixdgn was distinguished for the advancxmient of 
learning, for tho extension of commerce and onbM- 
prise, and, most of all, of cours<', for tho establish- 
ing on a firm basis of th(‘ Proto.stant religion. 
Personally, Elizabeth was iiot an ideal character. 
She was vain and eoar.sfj, lickfo anUd revengeful. • 
She was a king in pcd-ticoats, but with the weak- 
nesses of a w'oinan of fe<‘blo character. Although 
'>he was too masterful to admit any special jiowers 
in I’arliainent, slie prided herself on basing her 
ruh‘ on the confidence and affeclion of tho 
people. Deficient in many ainiabh" and rnoral 
qjialities, she yet proved herself one of the greatest 
of sovereigns. 

Emerson, Ralph Waldo 

b. BiMton, Muah., May •J.’J, JWK!. d, Coucord, Muss., Apl'Il *J7. 1881 

“The Buddha of Ihe West,” as a distinguished 
admirer has called him, was for a few years a 
Unitarian minister at Boston. Tho view§ of his 
congregation not according with his own, he 
quitted tho pulpit, to be henceforth bnown as 
lecturer, essayist, and poet. Ilis works, which are 
as widely read in the Old World as the Now, are 
an unfailing inspiration to tho thoughtful. Lie 
was an idealist, an invineiblc op^timist, and in 
religion a rationalist. Twieo ho visited England, 
and on tho second occji'^ion delivered a notable 
scrie.s of lectures on “ lb‘pres<mtative M<‘n.“ His 
friendsfiip with Curlylo date.s from his first arrival 
in England. Knn rson was twice marriial. 

Empedocles 

b. AgriK‘'«'(inii, .Sbily, .VjO h.c. d. .Sii-ilj . jili.ml. 4^10 w.o. 

Siiflicicnt i.s now known of the life of this fajnoii.<^ 
Sicilian philosopher and physician to di.-ijose of 
the story that ho tlircw hiin.sclf init) the crater of 
Etna. His fame and liberality were .such that the 
people wisluid to make him king. This offer he 
declined, and e.stablished instead a democracy. 
His philo.sonhy embodied the belief that tho world 
was evolved from fire, air, water, and earth, and 
that the rovor.se process of dl'isolution proceeded 
under tho varying struggle between forces termed 
affinity and antipathy. 

EncKe, Johann Frans 

b. Hamburg, Qermiuiy. 8€pt. 26, 1791. d. Spandau, Pcmuria, Ang, *26, 

Famed for his investigations as to tho cornet now 
named after him, Encke, who was a soldier before- 
turning to astronomy, solved thp probIeir> of tho 
sun’s distance. He studied at Gottingen, arid was 
successively astronomer at Seeberg and director 
of the Berlin Obs<irvatory, 4 . 

■ ■ -X 
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Ennius, Quintus 

h. Ril'liiBi CalHbrIn, ‘i99 B.a d. Bonie, 100 B.O. 

He was the pioneer of literature representative 
of Rome. A soldier, ho returned from the wars 
under the patronage of Cato the Elder, through 
whose iiiflmuice Ennius, believed to Vk^ of Greek 
extraction, was made a Roman citizen. lie taught 
Greek, and wrote in almost every style of poetry. 
His work first gave, to Latin literature a character 
of serious elevation. 

Erasmus, Desiderius 

1>. BotterdHUi, Holland. Ofi. US, 1460. «1. BaiM'l, SwlUi-rUutd, July lU, l.'WKi. 

’ The father of Erasmus was the hero of Charle.s 
Roade’s Cloister and the Hearth,” and the philoso- 
pher's real name was Gerrit Gerritszoon. The 
two terms which he adoptf'd — the first Greek, th<' 
second Latin— have the. same meaning — “the de- 
sired, lovable.” During his father’s lifetime 
Erasmus was well cared for, and learned Greek, 
but afterwards he was defrauded of his inherit- 
anoe and forced into a monastery. His schf'Iar- 
ship won him the ]mtronag<‘ of the Bishop of 
Carnbrai, who enabled him to study in Paris. 
Thereafter he travelled throughout Europe, was 
rciea.sed from his monastic vow, and for some 
years held a professorship at Cambridge Uni- 
versity. He was forty-nine when his great work 
the first edition of the New Testament in Greek- 
was published. His original writings, wise and 
witty, come afterwards. Although he e.xpos<*d thi* 
abuses of th<> C/atholic C.hureh, he would not take 
any share in the Reformation, and would have been 
made a cardinal had not (h'ath previMited it. 

Ericcson, John 

b. Vermland, Swi'rtou. .inly ;u, l«o;i d. New York, Mureh 8, 

A born inventor, who before he was nine, had 
constructed a working model of a water pow'er 
sawmill, Ericcson was compelled to waste 8<‘vcral 
years of his life in the Swedish army. All hi.^;! 
leisure was devoted to planning inechaiiical con- 
trivances, and upon corning to England he built a 
steam-engine to compete againsi Stephen.son’s 
famous “Rocket.” Ericcsoii’s id<*as were aln^ad 
of the times. His .steam fire-engine was rendered 
a failure by popular prejudice, and ignorance; 
while the story of his efforts <o induce thi*. 
Admiralty to test his screw propeller for steam- 
ships is historic. Ho designed the fir.st vessel, 
driven in this manner across the Atlantic, and 
himsidf took up his residence in America, wlu're 
the reception of his schenu's was scarcely more 
friendly than liad be<m tlie ease in England. In 
spite of all obstacle.s, he completely revolutionised 
ruarirw' navigation and the building of warships. 
.Prom his schemes endless aehieyenientH have re 
suited, w>iile the inventions which he carried to 
perfection serve .still as finger-posts for othms' 
guidance. 

Euclid 

li. AlfXttiulriii, about 300 n.ci. d. Aloxamlria, diitf iiukiiowii. 

Beyond the fact that ho flouri.shed in Alexandria 
under the first of the Ptolemies, about 300 B.c., 
dates as to the career of this famous mathema- 
tician are not available. It is Ixdiovcd that he 
founded the great mathematical school of Alex- 
wdria, so performing a service of prime import- 
knee to the cause of exact science. His chief work 
extant is the “ Elements,” which to this day con- 
tinues the tf'xtbook for elementary geometry in 
the United Kingdom. Ho did not invent the 
system to wliich his name is given. He compiled, 
arranged, and permanently recorded known 
, mathematical truths. 

Eurlpld^u 

;bb Salamik, Gmoe. 480 0 . 0 . d. MaoedoiiLi, 406 b.o. 

The last of the Greek tragedians, and the model 
Upon whose style, the modern French and Italian 
drkma is fashioned,, was born when heroic history 
b^ing made bj'Gr«lK)e. He did not catch the 


martial spirit of the age, but passed his youth in 
study, he bmamo a poet, philosopher, and 
dramatist of infinite power and passion, and of 
inexhaustible love for the weak and suffering. 
Of his eighty plays, eighteen are preserved. 

EycK, Jan Van 

b. UiuiBeyok. PniMia, alnnit 13U0. d. Bruges, Flanders, July 0, 144r>. 

With his brother Hubert — who was twenty years 
his senior, and died in 1426— ;ho first perfected the 
^stem of mixing colours with oils for painting. 
The brothers painted together as a rule. Their 
greatest work- the altar-piece for the cathedral at 
Ghent — was one of their joint efforts. In the 
National Gallery, London, are fine examples of 
Jan’s individual work. 

Fahrenheit, Gabriel Daniel 

b. nantslc, Fruuia, May 1 1. KiSO. d. Holland, Sopt. 16. 17iH. 

He was the first to substitute mercury for 
spirits of wine in the thermometer. The thormo- 
metric scale to which he gave his name he fixed as 
follows : Zero was the lowest temperature observed 
by him at Dantzic during the winter of 1709; the 
space between this point and that to which the 
mercury rose at the temperature of boiling water 
he divided into 212 parts. He was an F.R.S. of 
England, and had some celebrity as a practical 
engineer. 

Faraday, Michael 

b. lAiudon. ‘J2, 1701. d. Hampton Court, Auk- ‘A'>. lHd7. 

Newington Butt.s was the birthplace of Faraday; 
a blacksmith, his father. Ho rew'ived but a scanty 
schooling, and owed to an accident his chance of 
winning success in life. Ho was apprenticed to a 
bookbind<*r, one of whose customers, attracted by 
the intelligence of the apprentice, gave him four 
tickets for Sir Humphry Davy’s lectures at the 
Royal Institution. Of this opening Faraday took 
suem advantage that Davy, nuiding his notes on 
the lectures, appointed him his assistant and 
aniaimon.si.s and look him for a tour on the 
Contiiu*nt. i.<ator, Karaday was appointed pro- 
fc^isor of chemistry at the Royal Institution, and 
for the rest of his days devoted himself to .scien- 
tifio research. His disco verit^s covered the whole 
field of magnetism, diamagnetism, electro- 
magnetism, and eh^ctricity proper. He elucidated 
the application of induceil electricity to light 
house.s. the firing of mines, telegraphy, and the 
magnetic currents of the cai-th. Within the space 
at ciommand it is impossible eviui to indioati' the 
number and scope of his discoveries of first im- 
portance. TTis locture.s were famous, his writings 
models of lucidity and pure English. Few great 
men have received a more slender educational 
I'quipmcnt, but none has eclipsed the importance 
and varied character of his investigations. 

Fawcett, Henry 

■>. SiilWuiry, Aui{. 2»J, IKW. 6. Cuuibrldgi.-, Nov. 0. 1HH4. 

Fawex^tt’s life-story is another <‘xemplification of 
the fact that will is greater than physical faculties. 
He was blinded when a youth by a shot from his 
father’s rifle, but bravely bore his handicap, In* 
came a member of Parliament, and as Postmaster- 
General gave us the parcel post, postal orders, and 
the sixpenny telegram. 

Ferguson, James 

b. Keith, BauOihire. April *25, 171U. d. Umdoii. Nov. 17. 1 77a 

The man who, by his lectures and writings, 
and still more by his mechanical appliances, did 
much to popularise astronomy in England, was 
almost wholly self-taught. Ho learned to read 
from hearing his father teaching his brother. lie 
gained his first idea of raechanios by seeing his 
Father plying tho lever. While working as a 
shepherd boy ho made models of mills and other 
machines, and at night studied the stars, and 
planned the heavens with beads strung upon 
threads. For some years he was able to^ maintain 
his family by painting miniature portraits. 
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Fichte. Johann Gottlieb 

b. ftHiiniienau, Oerniauy, Hay 19, 1763. d. Karlin, Jan, 37. IBli. 

A son of poor parents, Fichte Jackeil (he means 
to qualify for the Church, so took siuvice as a 
tutor until he could alTorcl to devote hiiiisedf whole- 
heartedly to the teaching of Kant. He published 
an essay which was mistaken as being from the pen 
of that philosopher, and this proved the making 
of the younger man's reputation. He wjus ap 
pointed professor of philosophy at Jena, and there 
remained until h<i was fals<*ly charged with 
Atheism. He removed to Berlin, where ho hn;- 
tured and wrote. Napoh'on’s gr<‘at vietories ov<m- 
the Germans called forth Kichte’s famous Ad- 
dresses to the Gorman nation, in wliicli h<* [lointed 
out that the true way lo national regeneration 
lay in a system of pnbl'n* education. Aft(*r the 
war Fichte was invited bv (he king to draw up a 
constitution fur a new university, and bi'cimn* il.^i 
first rector. H(‘ died of fever, contracted tlirough 
nursing his wife, who had herself taken it while 
tending the wounded German sohlicrs, of wliicli 
the Berlin ho-spiials were full. 

Fielding. H nry 

b. tn:istonb\uy, rtoiii.TSot, Aflil 32. il. I i-i. iit, t). t. S. 17'.1 

■‘The father of the Kuglish novel” was the sou 
of a general, and half brother of Sir J<dm 
Fielding, the famous bliml magistrate of H4>w 
Street. Ho becanu' a theatre proj)ri<-‘tor, but his 
bold attack upon tiu* ministry of (he <lay le<l to 
his l>eing drivtui out of this \<*u(ure. He was 
(tailed to th<! Bar, but turned to ]i(<*ratiire, to 
write the novels wliich have made him iininortai. 

Finsen, Niels Ryberg 

li. Knew U Mnuark, 1861. d. Corculi.ii;«'u, S»*pt. 34, I'.XU. 

Crowned by the di.scovcry of the application of 
light to tile cure of ditw^ase, Finsen s cai<‘er was 
one Jong battle against disease. Twenty y<‘ars 
Ix^fore th<‘ «*nd came h<3 know that be was a 
doomed man, yet sought the physical salvation of 
other.s, though h<* knew that his own life was 
ebbing away. His famous light cure for luiui.s 
was fir.st made pofiularly known in Kiigland 
through the wisdom and goodness of Qikmui 
Alexandra. 

Flaxman, John 

lj. York, July 6, ITKi d I.oikIoii, Dec. 7, lSi«. 

Destined to rank at the head of Kiu'ii.sh 

sculptors for inventive power, controlled by un- 
erring sense of beauty, Flaxman was the .son of 
people in the ixxire.st I'ircumstanccs. He hiin.sclf 
was seriously deformed. His genius discovered 
itself when he was engaged by tlie AVedgwoods to 
draw designs for their pottery. lie taught him- 
self Latin and Greek enough to enable him to 
read the poets, and spent seven years in Italy, 
where he executed numerous cUis.sical groups and 
drew illustrations for Homer. From his n-turn 
to England to tlie <*ik 1 of his day.s he was engaged 
upon monumental sculpture, tliough ho found 
time to discharge the dutii?s of profr--<»r of sculp- 
ture to the Royal Academy. 

Fo«HI 

fliutrlRhad about 2400 b.o. ‘1. Chlu<iUK>u. 

China gets her (lolitical and social systein from 
FO-IIi,, who is supposed to have lived in the 
twenty-fourth century before the Christian <*ra. 
Marriage, the division of time ami of siuiaons, 
the calendar, the use of metals and minerals, of 
building, fishing, and hunting, are ntnong the 
institutions said to have been originated by this 
representative of the founders of the oldest known 
civilisation 

Fox, Charles James 

b. Lciiidon, Jan. 24, 1749. d. CblHwIck, Htddlunox, Svpt. IS. 1S06. 

“ The greatest debater the world ever saw ” was 
Burke’s desoription of Fox. . He was the third son 
of the first Lord Holland. In Parliament he 
opposed the coercion of our American colonists 


and the war with France. Although George III. 
conliully disliked him, he was twice Foreign 
Secretary. IJo wa.s engaged upon a bill for the 
abolition of slavery when laid low by death. 
Foxks private life was doploralih'. 

Fox. George 

b. I)rH>tt>n, l.clorst* r-hiif, July 1634. rt. 1.(Uidou, Jau. 13, 1691. 

The fuumku' of tlu' Society of Friends, or 
Quakers, was a worthy itinerary preacher who, the 
of a Weaver, sm-ved au apprenticeship to boot- 
making. Mis ontspuken denunciation of forms of 
worshij) of which lie did not approve caused him 
lu bo the Mftiui 4)f repeated piu'secution and im- 
prixmniont. Bur Iwi made converts whm’ever he 
appeared, and tlu'y suffered with him. During 
llm latter part of hi.s ear<-er he was accoirqianied 
by Penn, and visited, uiuoug other plac<*s, America 
anil Holland. 

Francis, St., of Assisi 

b. A. Ituly, 11.S3. .1. Assisi, It.ily, Oct. 4. 1326. 

Hi.s surname was Benia rdone. A serious illness 
turned him from a life of profligacy to that of an 

a. sci-tio, vowed to cliastlty and pov<*ity. He 
gathiu-ed about him otlmrs who .subscribed to the 
conilitions, and fonmk'd the famous Franciscan 
brotherhood. After a visit to Egypt, where he 
preacluul btdon* tin* Sultan, and obtained for his 
tirdcr tin* guardianship of (ho Holy Sepulchre, he 
letired to a liermii's coll, when; tradition alleges 
he received upon lii.s own person tin* wounds of 
the Saviour. Ho wa.s canoni-ed two years after 
diiath. 

FranKlin, Benjamin 

b. Ibjiiton, Muhm.. .r.m. 17, 17iHi d. Phila b-lrbia. Apill 17, ITlW. 

The man who. by a nov4'l experiment, was 
to discovi'r that lightning and electricity ar<' 
idi'ntieal, to eslabliah the distinction Ix'twoeii 
positivi* and n<‘gativo electricity^ and achi<*vo 
other .scientific triumphs, lx*gan his career as a 
■* prinbu'’s devil ” in the in'wsiiapor office of one 
of his brothers. His life was ama/ingly active, 
lie .S4*t up a press of his own in Philadelphia after 
having worked for eighteen moiiilis in a London 
prini.iug - oflice, published with unprecedented 
success “Poor Richard's Almanack.” returned to 
England on a diplomat io. mission, and was 
honoured by scientific boilics and both Univcr.si- 
tie.s. While carrying on his business as a news- 
paix^r proprietor ho di.schargi d more or le.ss im 
portant offices under (]!overmn(Mit, and at the 
same time eondiicted scientific inv<‘stigations as 
to tides, meteorology, and colours. Prior to the 
War of Independence ho came again to England, 
ill th(' hope of securing the rights of hi.s hdlow 
colonists. Failing, he returned, took an active 
part in jirepanng the Declaration of Inde- 
pendence, then pri)ce»*ded to Paris, and negotiated 
a treaty wh<ireby France recognised the new 
Republic and lent armed ussi.stance. Eventually 
he opened a correspoinkuico witJi England which 
paved the way to peace. Ther<’aftor he was 
American Ambassador to Franco, and subse- 
quently filled various offices at home. One of the 
most eornpletely successful men of any ago in all 
the branches of jnfivity in which In* engaged. 
Franklin left bcliind him writings wliich to this 
day continue to Ini read by every nation which 
has a written language. 

FranKlin, Sir John 

b. Spilsby. liitir^., April 16, 1786. d, KImk Willium’u liaml, June 11, 1817. 

H<» di.scovered the North-west Passage, but 
died, probably starved to death, in the scene of hi.s 
triumph. x\fter .serving at the Battle of Copon 
hagc>n and at Trafalgar, and mapping ports of the 
coa.st of Australia, he twice commanded An-tic 
exploring expeditions, and received honourable 
reward for successes gained. For seven years he was 
governor of Van Diemen’s Land (Ta.snuiiiia). On 
May 18th, 1845, he sailed ui command of the two 
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Government ships Erebus and Terror, and never 
returned. In the twelve years following his 
dejiarture thirty-nine relief expeditions were sent 
out by England and America. The last — one of 
five despatched by his widow— discovered all that 
there was to bo loarru'd. The party had suffered 
frightful privations, and had all died. A memo- 
randum was found giving the tlatc of Sir John's 
death. Some of the victims had resorted to 
cannibalism in their agony of starvation. 

Fraunhofer, Joseph von 

ti. Sti-uiibtug, Bavtirift, Haruh 6, 1787. d. Munich, Juno 7. ISiS. 

A skilled optician, who did much to improve 
the ttdescope and other ojitical instruments, he is 
chiefly famous as the discoverer of the dark lines 
in the sun’s spectrum, named, in his honour, 
“ Fraunhofer’s lines.” 

Frederick 11., The Great 

b. Berlin, Jan. ‘J4, 17J‘J. d. Haux Soud, Potsdaui, Aug. 17, 1786. 

When Frederick came to tlu? throne of Prussia, 
Germany was loosely ruled by some three huii 
dred men of difl'erent titles. TIhm'c was no 
cohesion or national siiirit, so when the Ernix'ror 
Charles VI. of Germany died, and the validity of 
his duiightcr’s sueeesaion was impugm^d, Frederick 
dotorininod to take Sihvsia, part of which had 
anciently belonged to Prussia. Th<‘ number of 
hi.i pi'ople was inconsjd<’rabl<* -only half that of 
Ixindon — ^but ho had a highly-orgaiii.se<l army of 
eighty thousand men and a well-filled treasury, 
lie was everywhere successful, and adde<l Silesia 
to his own dominions. An alliance which ho had 
concluded with France and Bavaria was now 

torminated, but he was afterwards forced to 
renew this and to enter upon a second war. His 

third and last war was the greatest and most 

t<'rriblc. Allied against him w<>rc France, 
Austria, and Russia, an unparalleled combina- 
tion.^ England had been ludiMiig him with 

.sub.sidies, but this source of revenue was stop|K;d. 
What would have hajip<'n<>d had not the. Empress 
of Russia died, and the course of events been lhu> 
uiK Xiiectcdly altered, it is difficult to imagine. 
Ue had fought with magnificent skill and courage, 
but the odds had become overwhelming. Still, he 
had not allowed his country to incur one jienny 
of debt, though the land had been reduced almost 
to starvation. Th<; latter part of his reign was 
spent in peace. He added a part of Polish 
Prussia to his dominions, and h<! retained Silesia. 
For the rest, he was happiest wlioii firomoting the 
educational and material intcri'sts of his people. 
He loved literature and the arts. He was a friend 
of Voltaire, and had him for some tim(« at Berlin. 
Frederick dcscrv(?d the appellation “The Great.” 
Had not his time been so much occupie<l with 
wars, he would have proved a still greater man. 

Froissart, Jean 

b, V»l»’iu*Jeuue.'?, Prance, ]3,‘>7. fl, (Jhiiiiay, nclgiiini, hImmU 1410. 

The chronicler of the knightly doings in Court 
and camp of the fourteenth c<mtury was the son 
of a Flemish painter of armorial pictures. 
Showing antitude for poetry, he attained Court 
favour ana a rooommendutiou to the, English 
Court, where he was patronised by the Queen of 
Edward III. Thus favoured, he made tours 
throughout thi.s country, and afterwards in France, 
Germany, Italy, and Spain, and collected also 
details as to Hui.i'ary and the Balkan Peninsula. 
His influential introductions and his own pleasant 
bearing and address served to bring him talcs of 
chivalry, and of more serious affairs wherever 
dames and knights or squires assembled. Ho 
gives us a delightful picture of the Europe he 
knew from the third decade to the end of the last 
of the fourteenth century. His poems and 
romances have merit, but the ” Chronicles ” are 
for al|.t:me. 


Fuller, Thomas 

b. Aldwlokle, Nnrthuntti, .Tune, IflOS. A. Loudou, Aug. T9, 1611. 

This witty dfivinc and historian was a son of the 
rectory, and as a youth imbibed principles which 
made him all his life a sturdy Royalist. He 
suffered for his loyalty, but made good his losses 
at the Restoration. Of his writingt/ the most 
famous is his “English Worthies,” a posthumous 
ITublication, to which he had devoted twenty yearH’ 
work. It is one of the great classics oi the 
language. “A tithe of his beauties,” says Cole- 
ridge, speaking of his style, “ would be sold cheap 
for a whole library of our classical writers, from 
Addison to Johnson, and Junius inclusive.” 

Fulton Robert 

b. Lltllr Brit iln. Pa , 1765. d. New Vork. Feb. v»4. ISl"), 

Born of Irish parents, Fulton came to London 
to study portrait painting, but after some years 
devoted himself wholly to engineering, and was 
tin* first successfully to apply steam to navigation. 
He had many disappointments with other inven- 
tioTi.s, prejudice and ignorance bt'ing in alliaiieo 
against him. 

Gabelentx. Hans Conon von der 

b. Altniburg, <b'iiiiany, Oct. 13, 1S07. d. Tr1pti,s, Germany, Hept, 5, 1S74. 

One of the most gifted of philologists, he was 
master of eighty languages. lie wrote upon 
tongues of which previously little had Inmmi known. 
His son, who outlived him only nineteen years, 
was an aeeomplished Orientalist, 

Gainsborough, Thomas 

U Sudbury, Siitrolk. May. 17‘,i7. d. London. Ang. 2, J7SS 

In the estimation of Riiskin. Gainsborough was 
the greatest colourist sinct' Hulien.s. The son of u 
wool manufacturer, he showed from the earliest 
age a gift for sketching, and when fourteen wa^ 
sent to London to study. Four years later h<? r<‘- 
turned to his native place, maiTied a lady with 
means, and set up a studio as a portrait painter- - 
first at Ipswich, then at Bath. There he reniaintHl 
lor fourt<*on years, painting many fine portraits. 
Removing to London, he b<‘camc one of the 
founders of the Royal Academy, from which he 
withdrew four years before liis death, annoyed at 
the position awarded to his picture, “The King’s 
Daughters.” His works numbered ujiwards of 
three hundred, of which more than two thirds 
wore portraits. Gainsborough was a man of im- 

{ xtuoua temperament, but on the whole singularly 
ovable, musical, sociable, generous, loyal. 

Galen, or Claudius Galenus 

b. Pergaiuos, Asia Miuor, 131 A.P. U. Sicily (?J, about *200 \.(> 

This celebrated Greek j)liysician and philosopluM 
x-evived the old systematic study of medicine and 
surgery, and enriched it with independent ro 
search of inestimabk* value. He was the standard 
authority and fount of learning to whom 
students turned for the next twelve centuries. He 
travelled far in quest of knowledge, but wn.' 
driven from Rome by the jealousy of the 
physicians there. Of his treatises, some four score 
remain to us ' valueh'ss now in the light of moderi* 
knowledge, but wonderful records of the in dust r> 
and talent of a man vastly ahead of his time. 

Galileo 

b. PiH», lUUy, Fob. 15, J664. d. Arcctri, Floreuoe. Jrfv. «. bW- 

Galiloo Galilei, the father of physics, was fle- 
soended from a noble but impoverished Florentine 
family, originally iiamod Bonajuti. As a child 
he displayed versatile genius in music, in model- 
ling, in painting, and in niechauics. While in hi.'^ 
youth he invented the first instrument ever de- 
vised for accurately observing phenomena in a 
living organism — a pendulum for recording the 
speed of the pulse. After studying at Pisa 
University, he constructed a thermometer, im- 
proved the telescope, and turned it for the first 
time towards the heavens, with the result that he 
discovered the satellites of. Jupiter, proved thn 
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• xisitcncc of sun-spot«, and bccann' iwr-siiaded of 
truth of th« Copernican thonry. Ho carriod 
tho subject much farther, and, the atb^ntioii of the 
thoologists thus drawn afresh to the inutt(*r. the 
works qf Copernicus wore placed on th<‘ '• Index 
Expurgatorius,” and Galileo compelled to vow 
that he would not defend their t<‘aching. Some 
years later his own Dialogues of the Two 
Systems” was published. Thereupon he was sum- 
moned to Rome, and comp<*lled. under threat of 
death or torture, to sign a formal abjuration of 
the Copernican doctrine, fie yhddcd, and did 
not suffer the torture commonly boliev<‘d to have 
been his fate. But his activities W4'r<‘ not eln‘ck«Ml. 
Ho worked on, <‘Voti wlnm sight failed him, pre 
paring the way for Newton and the other giants 
who wore to follow. 

Gall* Franz Joseph 

ti. Tii>ffu»*ronn, Baden, March 9, 1738. d. near Paris. Ang. ‘Ji, 18*28. 

Tie is commonly called the fomuler of phren- 
ology. Ho never used tin* la iter word; liis 
disciples, who are said to have n'>einhl<*d him only 
in his mistakes, coined it. Tlieir master did not 
niake conformation of the skull tho foundalioti of 
his system. The functions of tho brain itself w<‘r<* 
his study. He was the son of a physician, and 
was prohibited from U'ct tiring in Vienna on his 
theories, on the ground that they wtuo snl)\crsi\«* 
of religion. He lectured through a great part of 
Europe, arnl became famous a" a )>li\'lcian in 
Paris, where hi.s closing year's were 

Galton. Francis 

h. Uintihigham, 182*2. 

A grandson of Erasmus Darwin, an<l cou>iu ol 
Charles Darwin, he. has gained distinction as 
(jxplorer and philosophtn*. His rt'searches have 
done much to advance the knowledge a.-; to 
heredity. Latterly he has rend<'r<?d a public 
service by invc.stigdtioti.s of ^ingt;l•-print^. !li.'< 
calculations go to prove that the chances again-.t 
the impressions made hv two diff<*rcnt fingers 
resembling each other are otk* to 64,000,0OO.()t)ti. 
He thus ]ilaces at the di.spo.''i\I of tho authnriii: > 
a potent mean.s for the di'teetion of criminal.^. 

Galvani, Luigi 

ti. Bologua, Italy, Hfpt. 9, 17:t7 J, Dor. 4, 17'.'.'< 

A noted physician and phvsieist at llnlogiia. h 
conducted expm'iments with metals placed in 
contact with the muscles of dead frogs, and came 
to the conclusion that electricity or iiiagnetiMii was 
an animal product. He was wrong, of course* : 
but he has au important place in the story of 
knowledge, iriaaanuch as it was his experiments 
which gave Volta a clue to tho important solutions 
at which ho was ablo to arrivi'. Galvanism t,ake<i 
its name from Galvani. 

Gatna* Vasco da 

r .iifiri, Poi'tiiM'').!. 14(i9. d. Cochin, Tinliti, Dec. *24. 1321. 

Ch.-.rged by his sovereign with tlie duty of find- 
ing a sea route by way of Ihe Cape to India, 
Da Gama valiantly discbargeil his niission, cstab 
lishod a Portuguese .station at Calicut, Malabar, 
and returned. A sncC/Oeding mission was 
massacred, and Da Gama led a punitive expe- 
*dition in ronsequenc<‘, and afterwards went out as 
Viceroy. His work was de.stined enormously to 
enrich Europe, and Engdand in particular. 

Garibaldi, Giuseppe 

b. NU-e, liitly, July 4, 1897. <1. (’iipvpm, TtsiD . Juuo*2, 18S2. 

Tho son of a .seafaring man, and educated for 
the Church, Garibaldi prefmred the s<*a. became 
involved in the Young Italy movement, was 
simtenoed to death, but escaped to South America, 
where he fought in more than one revolutionary 
War. His return to Italy was followed hy another 
flight to America, where he followed tho trade of 
a candlo-maker. This occupation gave place to 
that of a farmer on the Island of t^aprera, near 
Sardinia, which, by the geneio.sity of English 


adinircis. w'a.s, later in hia life, made his own 
property. From this point, until tho liberation 
of Italy wa.s consummated, his days wore given to 
fighting for the freedom of his native land. Ho 
wa.s a born leader of gum-ilia troops, but not gifted 
in statesmansliin, and his cari'or inelnd<>(l many 
mistakes, for wliich he paid dt'arly. But ho was 
a .sincere, unselfish patriot, and in England was 
treated as a hero. 

Gay<l.ussac, Joseph Louis 

»». HI. lA'onar.l Ic Nobkt, Haut^- Vienne. 1778. d. raii«. May 9. 1830. 

Di.‘itingui'<h('d as phy.si(*iaii and chemist, he is 
|•eno^yned for his researches on chmniciil corn- 
hinations, tho results of which wore highly im- 
portant to emnnu'iiM’. Ho made the dipcovery of 
th<* law of volumes, and was thi* first man to make 
a balloon asei'iit for scimitifie purposes. 

Ged, William 

h. Edliil.iii^li, IIKIO. .1. l.i iLh (?l. Ot;t, 19, 1749. 

The man wlio /ir.st invenlod stereotyping, a 
highly important advance upon tho original 
nu'thod of printing from tlu* r)ld movabh' ty|)€*s. 
had all hi-, life to light ignorance, ])rejudice, and 
jeahHisy. The.so won tlu* day, and, in spite of the 
inaiilfostly valnabh* oharaeti'i* of his worK. he died 
biokcn-liearted and in iibj«*ct ]»overty. 

Gibbon, Edward 

b. rutin-y, Apiil *27. 17.S7. tl. Lomlnn, .Ian. Id. 1794. 

*‘ It wa.s at Rome, on fhe 16th of October, 1764, 
as I sat musing among the ruins of the Capitol, 
while* the barefooted friars w<'i’<! singing vespers 
in llie lemph* of Jupiter, that the i<h*a of writing 
the decline and fall of tlu*, city hr>t started into 
my mind.” So canu- tlu* inspiration ff»r our 
gr<‘at<*-.t work in liif>tory. ” Tho Decline and Fall 
of the Roman Knqtin*.” A work of such magni- 
tudo and .spli'iidoui* could hardly havi* bt*en <’x- 
p<*cl<'d of tlu* man. IR* had liad little r<*gular 
schola-tic training, owing to ill-liealtli. [fis staj* 
at Oxford r(*sulted in his conversion to Roman 
Cutluiliinsin. 'I’liis cau.setl his father, n man of 
coinfortabhi (‘iri'uinstances, to .s(*nd him for five 
year.> to Jiau^anne. whi*!*!* tlu*. jndieiou.s harulling 
of a ( ’alviiii-'tie tutor brought him back to Ids first 
faith. lb*re Gibbon read prodigiously, and r<'- 
meniberod what he ;ead, and sioi*<*d uf) tlu* know- 
ledge. nliicli was to servi* him for his great work. 
Jb* had a lo\e affair hen*, of which the heroine 
was to Ix'conu* the wife of .M. \(*cker, and mother 
of the famous Madame dt* Stael. Upon the death 
of his father, lu* sat for Mum* years in Parliament, 
but never atldre.'^.M'd the House,, and though he was 
granted a sinecure ofiici* it lasted but three years. 
Tlu* preparation of Ins tir>t volume of the history 
occiipii'd him many years. The others were 
written with striking rapidil.v. and tlu* last was 
published .six years Ixd’oii* his death, whicii occurred 
following his return from Lausanne, where lu* had 
livetl .^inc<> 1783. and where nearly lialf his hook 
was written. iO.xci'pt an autobiogr.iv»liy. he wrote 
little worth mentioning beyond the history, but 
tliat amply hiiOiied to ‘live him iinmoriality. 

Giotto, di Bondone 

b. ni'.’ir Florence, 1*279. <1* Fb'JCiU'c, .laii. 8, 1837. 

His genius for art b»*irayed itself while ho was 
a boy tending sheep. A generous patron, seeing 
him sketching iijion a stone, had him properly 
instructed, and lu^ became the head of a famous 
Florentine school of ))ainting. Many fine spoc'i- 
nu*n.s of his work r<*niaiu. H© designed the 
C’arnpanile at Florence. 

Gladstone, William Ewart 

b. Liverpool, Doo. 29, 1809. Hawar.loii. Mu,y 19, 1898 

The fourth son of Sir John Gladstone, Bart., a 
Liverpool merchant of Scottish deset'ut, lie wa.-s 
educated at Eton and Oxford, and entered Parlia- 
ment, representing Newark as “a rising hope iif 
tho stern, unbending Tories,” as Macaulay said 
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hold minor offices under P<^ol in the Adminis- 
trations of 1834 and 1841, and though ho ivas out 
of Parliament when the C-orn Laws were abolished, 
he had a groat share in preparing the tm^asure 
which Pool passed. From this time he gradually 
drifted away from Tory traditions j and after he 
had raised the questions as to the condition of 
(irc'oce and of the Neapolitan prisons, a speech of 
his caused the r<*jeetion of Disraeli’s Budget of 
1862. This led to Gladstone's being niade Chan- 
cellor of the Exchequer in the Coalition Govern- 
ment which foUowed. Now and later he showed 
that genius for hnance which mailo him the 
greatest Chancellor of our own day. He abolished 
many vexatious taxes, among them that on paper. 
Over the Crimean War and the Civil War in 
America his attitude excited criticism, and hv lost 
his scat at Oxford University, for which he had 
sat eighteen years. South Lancashire elected 
him, and, Palmerston dying, Gladstone became 
fioador of the House of C’ommons and Chancellor 
of the Kxchetjuer. His Franchise Bill uiiex- 
pectedly caused the ov<’rthrow of his party, which, 
liowcver, at the next General Election, gained a 
great majority, and made him Prime Minister, 
'i'o take his seat, he liad to be elected for Green- 
wich, South Ijancashire having rejected him. 
The Irish Church was disestablished, th<' Educa- 
tion Bill of 1870 passed, and the Ballot Bill made 
law. ’rhe elections of 1874 were adverse to Glad- 
stone, and Disraeli l)ecunie Premier, whereupon 
the Libt'ral loader retin'd tonnwrarily into pri- 
vate lif(‘, to b<' recalled by the Bulgarian 
massacres and his comf)lete disagreement with 
Disraeli’s foreign and doiii<*stic policy. Mid- 
lothian returned him as its member in March, 
1880, and for that divisioti he sat until the end. 
H«‘ again took office as I’romier, and five very 
troubli'd years follow’ed. Crime in Ireland, the 
Hradlaugh incid<‘nt, alFuirs in Egypt and the 
Soudan, and the wdiolo foreign ]Jolicy of the 
Government, tend<‘d to make th<i period one of the 
juost exciling and <‘XHrting of the century. .Vgaiii 
the verdict at the i>oll.s W’as in his favour, but his 
Government last<*d only a brief tiirie. Home Rule 
causing a serious cleavage, and sending the 
Liberal party into exile for the, next six years. 
In 1892 the country for the hist time gave Glad- 
stone a majority, and he passed his Home Rule 
Bill through the Commons for the House of Lor<ls 
to reject it. Then he retired, conif)elled by fail- 
ing sight and hearing to withdraw from the scene 
in which for over three score years he had Ikmui a 
principal and splendid figure. He was a man of 
intense enthusiasms, lofty ideals, untiring in- 
dustiy, one of the greatest orators and debaters 
this counti'y has produced, and a writer of the 
first rank uyion po<‘try and classical and theological 
subjects. 

GlucK, Christoph Willibald 

I). Weidt'iivang, Bavai-ia, July *J. 1714. <1. ]Sov. 10, 1787. 

He was the son of a forest keeper in a princely 
household, and from his cradle showed musical 
talent. After study and teaching at Prague, 
Vienna, and Milan, he came to London, as cora- 
l)oser of operas for the Ilaymarket. Here he was 
enabled to study Handel, and this led to his 
reaching his highest work. Returning to Vienna, 
ho bi'came the music-mast^* r of Marie Antoinette, 
who materially assisted him in the proiluction of 
the operas which have made him famous wherever 
music is sung or played. 

Goethe, Johann Wolfgang 

b. Ww»kfort-on-the-Maln. Ang. 28. 1749. d. Weluiar. March 22. 

Another example of a career turning out 
differently from parents’ designs, Goethe was 
intended oy his father to follow the law, and did 
actually practise, but literature had always the 
stronger ap^al. A lovt* affair- -one of many 
which are reflected in his poems— inspired the first 
production, a little pastoral drama. Onc*^ begun, 


rhero was no end to the Bow. Poems, plays, 
.scientific and philosophical writings, even novels, 
streamed from his fertile brain. In 1776 he was 
invit4‘d by the young Duke Karl August to make 
his home at Weimar, and there he lived to the 
<md of his days, except when he accompanied his 
patron, who went forth to fight the French. 
Goethe was an able statesman, and performed 
'Service of note for Weimar. One of his many 
love affairs led to an association with a beautiful 
girl of humble birth, whom ho eventually married. 

Goldsmith, Oliver 

b. PmIUm. Indatid. Nov. lU. ]?2S. d. Loiidou, April 4. 1774. 

Good results have seldom been won from more 
improtnisiug material than in Goldsmith’s cas<*. 
The sou of an Irish curate, ho .spent his youth 
unworthily. With !io sense of the value of momjy, 
ho gambled away the little which .should have^ 
carried him to Anu'rica. ran away from c:oUeK<', 
was rejt‘ct<'d on seeking to take Orders, continued 
his di.ssipiition in Edinburgh atul on the Continent, 
and n*ach(‘<l London well nigh poiinilo.ss. Here ho 
passed a wretched existencje as chemist’s assistant, 
.IS hack-writer and proof-r<‘ader, ami as usher. 
Bettor times dawned with the production of his 
<*ssay on the condition of learning in FiUrope— 
written to raise funds to enable him to h’av<' the 
country. Thought of <'migration abandom>d, h<' 
wrote, sandwiched bc'tw'oen hack-work, his d<*- 
lighiful poems, his immortal novel ‘‘ The Vicar 
of Wakefield,” and hi.s drama “ She Stoops t<j 
Uonquer. ’’ lie was improvident to the la.st. ami 
died owing two thousand pounds. A genius of a 
high orth'r. he was <>rratic and unstable. 

Gounod, Charles Fran«^ols 

I.. Paris, June )7. ISIS. ’ il. St. Cloutl, Out. ix. lS9:k 

Son of a painter of no little ability, his talent 
for music early a.sserl(‘d it.self, enabling him to 
carry off tlie (Iruiid Prix de Rome before h(‘ was 
t w<*iity-one. His .stay in Rome gave him an in- 
.sight into .sacred music, which was to 8erv<* him 
later in life. When he returned to Paris, he tried 
in vain to find a publisher for some songs which 
he had written, so accepted a ])ost as church 
organist, and made up his mind to take Orders. 
Instead of carrying out this plan, he was ^x^r- 
suttded to wn itt* an opera. “ Saiipho ” w’as the 
result, satisfactory if not brilliant. No command 
ing succc.ss was w’oii until he took Goethe’s 

Faust ” for a subject. That prov(‘d the greatest 
success in Frer.ch music of the latter half of the 
niru'toenth century. ‘‘ Romeo and Juliet,” his 
next lie.st work, apiiealed as strongly to him. but 
ne felt older whim he wrote this. The Fraru'o- 
Prussian War drove him to London, where ho 
wTote a composition for the opening of the Albert 
Hall, and some, songs, of which “ Maid of Athens ” 
is best known. Upon h^ return to Paris he eorn- 
po.sod o{)eras, and then turned to sacred music. 
‘‘The, Redemption.” dedicated to Queen Victoria, 
is the effort in this direction most esteemed in this 
country. He wa.s a man of tireless activity, with 
innumerable works to his credit, but he will be 
best remembori'd by those mentioned. 

Gray, Elisha 

b. Baniv^riUe, Ohio, Aug. 2. ls;W». 

No history of the telephone is complete which 
fails to plapo the name of Gray in the forefront. 
He claims, indeed, to be the inventor of the 
instrument. His title to fame, however, does not 
rest on ground so well occupied, for he haA taken 
out scores of patents in relation to electrical ap- 
pliances mainly concerned with telegraphy and 
telephony. 

Gray, Thomas 

h. Loiuloii, D«-. 28. 1718. d. Camhridge. July SO. 1771. 

Associated as a boy at Eton with Horac<^ 
Walpole, he accompanied the latter on the ” grand 
tour,” but quarrelled and parted from him, and 
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went to Cambridge, and there had his residence, 
except for holidays spent with his mother at Stoke 
Pogos. After refusing the Poet Laureateship, he 
became professor of modern history at Cam- 
bridge. His best-loved poem is the “ Elegy 
Written in a Country Churchyard,” one of the 
most perfect g^ems in the language; next, the 
” Ode on a Distant Prospect of Eton Col logo.” 
His most ambitious work is “ Progress of Poesy,” 
a noble composition. ll<‘ lived a life of ((uiet 
days, was never married, and was one of tiic most 
painstaking poets of any time 

Green* John Richard 

b. Oxford. Deo. 12. 1837. d. Mentone, Mansh 7. ia*< 

Readers of “ Robert Elsrnero ” will recogniso 
Green in the hero of that novel. He nan educated 
at Oxford, and entered the C'hurch of England, 
but— partly through ill-health, partly through 
failing sympathy with its docirine.s — he re 
linquisln^d his association with the Clmrcli, and 
dovot(3d himself to literature. His “Short 
History of the English People ” had an iiiipr<‘ce- 
dented suctiess, and is the introduction of prac- 
tically all students into the history of our country. 
This, like his larger schemes, was written whih^ 
he suffered terribly from ill health. Hr was 
greatly beloved by a wi<h‘ circle of friends, and 
the story of his long battle against suffering and 
incurable disease is an ohjrct-lesson by whi<‘h all 
may ]U*orit. 

Gregory Xlll. 

b. Bologn*. Italy, IVb. 7. 1502. d. Hum.-. Avril 10, 15S.‘». 

He was a in ofcs^or of law for many years before 
distinguishing himself as one of the. theologians 
at tho Conneil of Trent. Eleetod Pope when 
seventy years of age, he made his pontilieate 
memorable by imposing upon Catholic Europe 
the Gregorian calendar. No rrvisioii liaving been 
made since the days of Julims Caisur, there had 
arisen a discrepancy of ten days, 1 |e caused ten 
de^s to bo cliiiiinatcMl from the month of October, 
15fe, anti moditied the plan as to Unip years. It 
took nearly two centuries to get I he reform ac- 
cepted ill England, but in the end there was no 
alternative to the adoption of tho Gregorian 
calendar. Gregory was an enlightened Popi', and 
.spent an enormous sum of money in promoting 
education. The one blot upon liis ( nicer was Ins 
ordering a ‘*Te Denm ” in Rome upon the oeca 
sion of th<' St. Bartholomew' massneres. That, 
however, may ha\e been the oiHcoiim* of tin; 
massacre.s being refjrt'seiited to him as the sui)- 
pression of a Huguenot plot and rising. 

Gresham, Sir Thomas 

b. London, alioui 1.51H. d l.onilim, Xov. 21, 157#. 

The son of a ])rosperous Norffilk merchant, 
Gresham madt; a fortune in fhiiincial open-ntions, 
and displayed such unselfish patri()ti>ni as to 
<dl:’eet a salutary influence for good upon tho 
ua|ional credit. Towards the erul of his life ho 
founded the Royal Exchange, Gresham College, 
and a numbei of almshou.ses. 

Grimm, Jacob Ludwig Karl 

b. I-Tuuau, (lerniiuiy, Jan. il, J7S*>. d. Berlin, Sept. 20, 

It is as part-author, with his brother Wilhelm, 
of the delightful fairy stories for children lhat 
Jacob Grimm is famous throughout Chri.stend«mi ; 
but his reputation is based upon higher grountl. 
He was on<i of the most accomplished philologii^ts 
ever produced by Germany, and hi.s great 
dictionary and German grammar are among tho 
most notable of that cla.ss of work in existence. 
He is the father of comparative Cerniaiiic 
philology. Like his brother, ho studied law' at 
Marburg, and together they shared the duties of 
librarian to their patron, the King of West- 
phalia, and simultaneously filled professorial 
chairs at Gottingen. 


Grote, George 

b. B^okeiihHUi. Kent. Nov. 17, 17114. d. Londim, Jnue IS, 1871. ‘ 

The author of tho monumental history of Greece* 
spent thirty-two years of his life in the bank which 
his grandfather had founded, and of which he 
eventually became the head. He sat for some 
years in Parliament, and wa'« an earnest advocate 
of electoral reform. In addition to the famous 
hi.story, ho wrote an exhaust iv<j work on ‘‘ Plato’ 
and tho Other Coinpaiiions of Socrates,” and was 
engaged up to tin* time of his death upon a 
volume on Aristotle.” 

Grotius, Hugo 

b. nolluud. Apill 10, 1583. d. Oemany. Autf. 28, 1845. 

^ From his youth up a diligont student of law, 
Grotius war< early initiated into diplomacy, and 
tuine<l his atti'ution to the study of International 
law, of which lie may bo said to have been the 
father. Ilis works upon tho RubjecI W(‘re for long 
the standard authority. Th<‘ological conflict 
caused his expulsion from tin* Nothorland.s, and 
he found sanctuary in Pal•i^. to which he was 
.suh.setpiently sent as Ambassador for Sweden. Ho 
died while on a return journey from Stockholm. 
-Vlthough law was his absorbing study, he was 
also a gifted poet, a sound liistorian, and a stutes- 
iiian of rare ability. 

Grove, Sir George 

h. Clapham, Aitg. 1.!, 3820. ^ d H>«l«Mi1iain, May 28, 1800. 

In early life an engineer, Grove erected the 
lirst tivo cast-iron lightliouse« in tho West Indies, 
and as.sisfi'd in the constnu l ion of tin* Britannia 
lubului' bridge. An extraordinarily versatile man. 
ho iK'came soeretary of the Society of Arts, edited a 
[amous magazine, edited and )iartly w'rotc the 
admirabh; Dictionary of Music and Musicians to 
which he gave his name, and actod us a director 
of the Royal Acuidemy of Music. 

Grove, Sir William Robert 

b. Swausoa, .Tnly 14. 181 1. ^ <i. I.Miiduu, Auir. 1, ISdrt. 

As distinguished for versatility as hi.s namesake, 
he was famous fiisl as a lawyer, tlien as a judge 
of the Court of Common Pleas, and, cliiefly, us a 
great physici.-.|. He irivinited the Grove voltaic 
balb'iy, and greatly advanced the whoh* scienoi* 
of (dectricity and optics, as well by his h'ctnres 
from I ho chair of Natural Science at tin* London 
Institution as by hi.s book^-. 

Guericke, Otto von 

b. 3I.»i'dehur.< .rius-.Ma, Nov. 2i>, UJO'J d. Mumbnis', May 11, 1888. 

After a long course of study at the best Conti- 
nental universities, and \isiting France and Eng- 
land. ho Ix'came engineer-in-chief in tho Swedish 
army. Civic appointments allowed him to ilevote 
hid aib idion to experiments, with the re.sult that 
he inv<*nti <l the fir.st air-inim|), and fashioned the 
famous “ Magdeburg hemispneres.” which, being 
deprived of air, wi're not pulled asuiidor until the 
imiK'd strength of riftc(*n horses hud been em- 
ploye*]. He inventi'd aKo the air-balance, and 
mad' imp<irtant di.scoveri«-s in <'l(*ctricity. 

Guido d’Arezso 

b. ueiii i*iii j-i. alHJut !♦!*<). d. t?i. lu-ar Pm N about 1050. 

It is not quite accurate to say that Guido 
d’ Arezzo iiiverd* *! the notation of mu.sic, but it is 
indispuiabh; that he lirst th'vised -or, at anv rate, 
lirst sNstematically emplo.yed— tho lines of the 
staff and tho intervals botwocn them. The im- 
portance of thi.s advance from the chaotic con- 
ditions previously existing can hardly bo over- 
stated. He seems to have invented the F clef. 
Undoubtedly he gave their names to the first six- 
notes of the soah' -lit, re, mi, fa, sol, la - tho.s<> 
being the lirst syllables of six lines of a hymn 
add ressed to John the Baptist. It was Guido’s ' 
boast that by bis system a pupil could learn more 
mu.sic in five months than by previous methods he 
could learn in ten years. Pojie John XIX. was 
one of his most notable and successful pupils. The 
reformer was a monk, and, like most other re- 
formers, persecuted by his contemporaries. 
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Gurn«ir» Sir Goldsworthy 

bk frciator, Conmall. Feb. 1'4, 1793. d. Reeds, Cornwall. Feb. *28, 1875. 

Trevithick’s experiments with the steani^engini* 
inspired young Gurney to efforts in the same 
direction. The result was his steam-carriage, 
which, in July, 1829, ran from London to Hath 
and back again on the open road at the rate of 
fifteen miles an hour, the first vehicle driven by 
steam to accomplish such a joiirney. The success 
of the enterprise was iminediaioly nullilied by 
Parliament, w hich, c'^rriod ^ away by ^ stupidity 
and folly, passed laws imx>OBing prohibitive tolls. 
Gurney’s steam-jet, however, was very successful. 
It was einplovod by George Stephenson for his 
famous " Rocket,’^ and raised its speed from 
twelve miles to twentymine miles per hour. It 
was suuoesfully applied, too, to steamboats and 
furnaees, and had a great inflinmce in the manu- 
facture of iron. The so-called “ Drummond light ” 
was Gurney’s invention; .so was the oxyhydrogen 
blowpipe. In his Royal Institution lectures, where 
ho had Faraday among his listeners. In; antici- 
pated the principle of the telegraph. lie lighted 
and ventilated the Ilous«*s of Parliament, iiiv<*nt<‘d 
a gaslight derivable from oil, and in many way.s 
showed himself one of the gr<'at master mind.s of 
his age. II is work in connection with lightlumses 
was specially important. 

Gustavus Adolphus 

b. Stock bulni, Deo. 19. 1894. d. near I.eip/-ig. Xov. Id, 16:fc!. 

Uiion succeeding to the thi-one of Sweden, 
Gustavus found upon his hands wars with Den- 
mark, Russia, and Poland, Girt about by 
enemies, torn by internal dissouhions, with the 
kingdom weakened by the los.s of terriiory. Sweden 
seemed in hopeless case. Gu.stavus was her 
saviour. He had been trained to statecraft; he 
showed now that he wa.s a born warrior and leader 
of men. He healed the feuds by which his king- 
dom was rent ; he fired his nobles with patriotism ; 
he encouraged commerce and learning, and gave 
Sweden a new spirit. Peace was concluded with 
Denmark; Russia was compelled to relinquish 
to Sweden her Baltic provinces of J/ivonia. 
Ksthonia, and Courland ; Poland agreed upon 
a six years’ truce. 'J’hen came work of wider 
character. Austria, crushing German Protestant- 
ism, was rapidly making herself supreme, and 
threatening both France and Sweden, Richelieu 
agreed to subsidise Ciustavus, and with fifte<‘n 
thoasand men ho took the field ag-ainst this 
gigantic foe. It was expected that this little forci- 
would bo laughed off the field of battle, but it 
proved an army the like of which Eiiroix? had not 
previou.sly known. Every man felt himself a 
Protestant champion. Each day was lK.‘gun with 
prayer: it ended with prayer. The army was 
perfectly disciplined. It was terrible in battle, 
humane in victory, considerate for th<' people in 
whose country itst war was waged. With readier 
co-ofieration from the people whom lie had come 
to help, Gustavus would have sweiit all In-fore him, 
and probably have become Emperor of Germany, 
saving the land from the terrible evils which 
threw her hack a century in the march of civilisa- 
tion. As it was, ho was everywhere .su(x:<’ssful. but 
tardy support prevented his conducting operations 
upon a greater scale, and so pr*rmittcd tin* 
atrocities of Tilly and Wallenstein. It was in 
battle, wiRi the latter that he fell, and his troops 
Itvcnged him by winning a peat victory in ono of 
the bloodiest battles ever fought. Gustavus was 
pine of the greatest characters in history — a 
9 <^]a.r, an enlightened ruler, with pure and lofty 
^|l^p0se,..and a soldier of the very highest order. 

'! C^I0Aberg. Jobann 

b. aboVi 14M. <1, Mainz, Fflb. 2, 145S. 

Hi, a.; father’s name was Gansfleihcb. but ho took 
his ipbthar’s maiden name, and suffered with his 
family when the patricians, of whom ho was one, 
W0ie driven by the common people from Mainz. 

craw ho 4|0em« to have shown mochani- 

' i ' "'Sv-- ' . 


cal ingenuity, and had a project in his ^outh for 
polishing stones and making mirrors. This project 
not succeeding, he turned his attention to printing, 
and was, the Germans say, the first man to invent 
metal type and print a book. There' is some 
doubt as to whether the idea actually originated 
with him. Pictures had been printed from en- 
graved blocks. Gutenberg’s departure, however, 
was the first attempt at making a book inde- ' 
pondently of the pen. A man named Dritzehn 
and the two brothers Heilmann were his 
parlmna in the enterprise; and there was Peter 
Schbffor, an expert metal'Workcr,^who made the 
iiictul ty[)es. These names , occur in the contro- 
versy ; while there is the legend that the first types 
were stolen from their inventor, Laurens Jaiiszoon 
Cosier, and taken to Gutenberg. After exarnina- 
lion of all the evidence, however, German scholars 
credit Gutenberg with the invention. The first 
book produced was a Latin Bible, which appeared 
iti August, 1455, twenty-two years before the first 
book printed in England made its appearance. 
The invention spread rapidly to other German 
town.s, but Gutenberg did not profit. A money- 
lender named John Fust, who had financed him, 
seized his types, and he was coiiii)elled to w’ork 
with inferior metals. So poor was he that ho was 
triad to take a Court appointment, which brought 
l)im t‘ach year one suit of raiment and an allow- 
ance, of food. He died in i^ovcrty and misery, 
lliough he had given to the world an art which 
Jiiakes it for ever grateful to his memory. Guten- 
l>erg is finely celcmratcd by Victor Hugo in the 
following passage: “A Gutenberg discovering the 
method for sowing the seed of (fivilisation and the 
means for th(‘ ubiquity of thought null be followed 
by a Christopher C()lurnbu.s discovering a new field. 

A Chrisloplier (’oluinbus discovering a W’orld will 
b(* follow't‘d by a Luther discovering a libi'rty. 
Aft»*r I.uther, innovator in the dogma, w’ill come 
Shakes; K‘uvo, innovator in art. One genius com- 
pletos th(‘ other.” 

Guthrie, Thonaas 

li. Bret-hia. Forf<u'»hlr»‘, July 12, IWn. ^ il. St. l.conftvd8, Peb. 24. 1973. 

An emine.nt orator and j>hilunthropist, he helped 
to found the Scotti.s}i Fro<' Church, for which he 
raised £116,000 in eleven months, and by his 
writings led to the building of the first Ragged 
School. He was also renmrkable as au advocate 
of tejiipcranee and compulsory education. 

Guy, Thomas 

b. SoulhHMik, about 1644. rl. Loinbui, Uoc. 27, 1724. 

'J’Im* .son of a London lighti'rmaii, he* W'as ap- 
prenfieed to a book'-cdlor, .set u{> shop himself a.s 
jmolber. printed Bibloa and I'rayer-books from type 
imported from Holland, made much money by 
buying sailors’ pay-tickets at a huge discount, and 
still more from the dealing in South Sea slock. 
Of this he had investtid £45,000 in £100 shares, 
which he sold in t ifne to avoid the crash at prices 
varying botw<‘en £500 and £600 per share. He i.s 
commonly reputed to hav<j been mean and 
avaricious, but thi-s legend does not bear. exarnina 
lion. During his life no established almshousos^at 
Tamworth, and built there a town-hall. He paid 
the debts of innumerable people confined in the 
prisons of the City, and set up many deserving 
young men in busiuesa. He added throe new ward.s 
to St. Thomas’s Hospital, and built the hospital 
which bears his name. Ilia will, a remarkable 
document, liberated six hundred persons from the 
debtors* prisons, and made provision for a great 
number of relatives and persons, not related to 
him, provided almshouses and pensibns and pf^eny 
other benefits. He never married, lived ^sitnply, 
dressed simply, and thus, it is probable, got the 
reputation for avarice and miserliness. 

Hadley, John 

b. Loudon, April, W, 1(»2. d. London, Feb. 14, 1744. 

By his improvement of the telcsco|)e, left im- 
perfect* by Newton" and Gregory, he ffave 
astronomers the first instrument of that kind which 
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wae of real value to them. Ho also matlo itn- 
poriiant improvemoiits in tlio invontif)?i of tlio 
reflecting quadrant, which rapidly oocamo indis- 
pensable at S(‘a. Hadley's younger brotheu* 
George, seicntilic writ(‘r (1685-1786), had hi^ 
share of the family talent, and was the first man 
clearly to formulate the correct theory as to th<* 
trade winds. The gemius of the family was not 
transinitted beyond this generation, for John 
Hadley’s son, inheriting an ample fortune in 
money and real estate, sciuandercd it, and died in 
poverty and disgrace. 

Hadrian, Publius i^lius Hadrianus 

l». iloiiKj, .Ian. --M. 7'i A.i». «|. Unit-. lt.il.\. .Iiih in I S n 

When fortj’-ono year.s of age, Hadrian succefdrd 
his guardian and cousin ’rrajan and at once in 
auguratod a now and beiielioi'nt ])()liey. lie 
realised that the era of conquest had ]>aB&<*d. that 
Kome must now bo wisely govinried, and the 
Km])iro secured rather than indefiniti ly extendiMl. 
Determined i>ersonally to know tin* ne<*ds of the 
Minpire and its p<‘ople, he undertook a jouriu'y 
throughout the, entire dominions of Konu-. 
VVl-orpver he went architects and arti.sans aeconi 
})anied *him, organi.si'd like a legion, to buil«l 
aqueducts, temph s, fortilieat ions, \\hat<‘ver he 
(h'emc'd necessary. 'I’ini niagnitudt' of lii>, scheme 
may bo cstimatc'd from th<‘ great wall bearing his 
name which lie constructed, upon visiting Britain, 
from the. Solway to ihi' I’yne. Its purposi* was to 
si'fve as a deteiici! against the l*icts and Scot". 
Sevent|^-tli roe mih'S in length, it was in places 
more than twidve feet in height, and betwi'cn si\ 
leet and nine and a half fiM’t tliick. and included 
for Iho accommodation of troops, statioii.s, castles 
and turivts, which communicated with one aiiollier 
by a military wav. Although no more conqm'sts 
were to be attenijiti'd, Ids army was maintain<‘d in 
lh<* highest state of <'fliei<‘i\ey. 'I'hai tlie sohliers 
-should not complain of the rigorous discipline 
which ho imposed, lie himsidf shannl tlndr hard- 
ships. Ho lived on the food which they had, and 
walked his twenty miles a day bandunuh’d. Ili.s 
laws wore merciful and wise, and Roiiu' flourished 
greatly under lii.s rule. Towards tin* end of Ids 
life his mind .semns to have wi'akmied ami to have 
hooome overcast with jealousi<'s and Iittleness<‘s. 
His character w'a.s stained with bloods crimes. The 
oim groat war of his rcdgri was wagml against the 
flews, of whom it was said over half a million were 
slain, while the Roman losses also were a])palling. 


Hahnemann, Samuel Christian Friedrich 

>1. MfinsiMi, Sjixoiiy. .Xpiil 10. I7.>ri, .1. 1‘ ii i>. .Iiilyj. Ih4.!. 

After studying medicine at Leipzig ami Vienna, 
ami taking his degree at Erlangen, he became 
convinced that old methods were wrong. ’J'lx* 
ri'sult of his invesl igations led to his founding the 
hoiiKOopathic syskmi of medicine. 'J'he new' treat- 
ment was vigorously denoune<'d, and lie w'as boy- 
cotted by his ]>rofcs.sion, but ho courageously 
adhircd to his work, submitted to jiecuniary loss 
for his faith, and, moreover, made many painful 
experiments upon his owm jx’rsoii for the furthering 
of the system which ho had founded. 


HaecHel, Ernst Heinrich 

1< Hntsdiim, Ot-noany. Voli. 1(1. l.S.U. 

This distinguished G<Tnian biologist was enteriiyg 
upon his scientiiic course whmi Darwin's “Origin 
of Siicch's ” made its apiiearance. That hook 
determined Haockers career. He read it, accepted 
its teaching, and by his enthusiastic advocacy niad<‘ 
file doctrino known throughout Gi*rmany. Since 
then Haeckol has engaged in re.search w'ork of file 
highest value, and contributed greatly to the 
eommon stock of knowledge upon biological mys 
teries. Latterly ho has formulated theories which 
C’hristian students of science cannot accept. 

Haggard, Henry Rider 

l>. Brndouham Hall. Norfolk, .liino'i'i. ISW. 

One of a distinguished brotherhood, he went to 
Natal as secretary to Sir Henry Bulwer; pa.sscd 
on, as secretary to Sir Theophilus Shopstom*. to 


till* Transvaal, where ho hoisted the British flag at 
Pict<nia. Afterwards returning to England, In- 
wrote a nnmbm- of successful imaginative novels. 
Latterly lx* has been engagcxl in investigations 
c<>ncerning tlxs comlifions of rural England, and 
lias carried out inijuntant inquiries on Ix-half of the 
(hiverimient in coiiix-ction with emigration schemes 
1(» the Colonies. 

Hakluyt, Richard 

li II ■ ' i-fi ii ■(..( 111 c, iiliiiiit (1. Ltiiiiliiii, N'ov. *ri, lOUl. 

The author of what has been termed “the prosf^ 
epic of the modi'i'ii l^iiiglish nation ” was a West- 
fiiiiisfjT .scholar, ami graduati-d at Clirist Church, 
Oxford. His ab.sorbiiig study w-as tlx-! history of 
f ravel and disein'ery, whether in (Irt-t-k, Latin, 
Italian. Spani.sh. Portuguese, Enuich, or English, 
lb' le(*tur<*(l oil hi.s favourite subject, and had tlxj 
gratirxatioii of introducing tlx; globi-s into English 
.schools. U’lieu he wrotf- an account of tlx' dis- 
covery of Ainerjea, ami so gained the patronage 
of Ixird How'ard of Ellingham. who look him to 
Paris. ’J’her'! he pur.sued with all diligerxM! his 
.speeial .study, ami, piijuetl to find JOuglislmx'n re- 
garded as of no account in the story of di.sc<ivery 
ami adventure, lie eoiiseeratc'd his life to writing 
Ins immortal liistory of the \oyages. udvi-iitures. 
and discoveries of our national Ix-roi-s. For some 
MUirs befon* his dmith he was Archileiicon of West- 
miusier, ami om? of the chaplains of the Savoy. 

Hales, Stephen 

1>. r.t-k * -.’muii IU-, Ki’iit, Sept. 7. Xi7T. fl. Ti-iMiu'-Moii, Mldillt'st'x, .I.-in. 4, 17(»1 

Although little is lieard nowadays of his works. 
Hales was a man far in advance of Ids times. 
I 'poll his “ Vegetal)li‘ Statics'’ is founded our 
wliole kiiowli-dge of vc'getable jihysiology. Ho iu- 
\eii(ed llu* arlilleial ventilator, and got it intro- 
<lueed into prisons, ships, ami ollx-r building.s. Ho 
had a sehenx- for ])res(‘rv iiig w'ati'r and meat on 
-ea voyages, ami for distilling driukabh! water from 
tile .si'u ; ami a method of registi-riug sea dejiths 
w'liieh wa-ri' by ordinary means unfalhomabh*. 
Hales was a ek-rgyman, ami resided for many 
vear.s in charge at 'reddington. He provided a 
m-w' water supply, ami his <'nlry conc^-rning the 
mov .supply is ciiaracti-ristic of the mimderx-.ss W’ith 
which hi.s in\esugalions won' carrit-d out. 'I'lx' 
outflow w'as such that it would (ill a half gallon 
vessel in “ thri'e swings of a pi'mlulum, beating 
seconds, which lu-mluluiii was 39 2-lUtli inches long 
fiom tlx' suspi'mling nail to the middle of the 
plumbet or bob. ’ 

Halifax, Charle.s Montagu, Earl of 

l». Niii Vpiil Hi, I'lia. il. Loudon, M»iy Itl, ITlTt. 

Statesman, poi'l, munilici-nt patron of liti'rature, 
friend of Ni-wton, .Afldison, ftongri-M-, Prior, and 
Swift, Charh's Montagu is bc-st rememlx^red 
for his acldi'vements in the. House of Ckirninons. 
A million of money bi'ing needed for government, 
lie est aid i shed the National Debt. A further 
iiiiilion ami a (piarter Ix'ing neeaxssary, he <’Siab- 
li.shed the Bank of England -a plan originated, by 
the way, thri'e years earlii-r bv William Patterson. 
He made N’t'wlon Warden of tlx^ Mint, ami with 
his lii-Ip. ami that of Somers, Locke, and Hal ley, 
reformed the currency. Exchequer bills, by which 
the Govt-rnment gets its first cr<*dit from the 
House of C’ommons, also had their origin with 
Montagu. Ilis vanity and arrogance made him 
fnipoiiular. and he had to take a peerage and 
(lepart to fix' I'pjier House. Two att<*mpt.s to im- 
peach him for miscomluct of public affairs came 
to nothing, lie wa.s a grandson of the Earl of 
Manchest('r, the Parlianx-ntary general. 


Hall, Sir James 

»> DuuhIh-h. UjidiUunt'inNhirc, I7HI. d, Kdint»urtth, .)uup ‘J:), IS-W 

He wa.s the father of throe distinguished soils. 
John, the eldest, became a Fellow of the iloyal 
Society; Basil, traveller and writer, made irn- 
|K»rtant di.scoverie.s in the Eastern .seas; James was 
a talented artist and patron of art. Sir James » 
owm claim to fame rest.s u|X)n his having Iwen the 
first gi^ologist to embark upon experimental 
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^{oology. Hutton protested that it was impossible 
to judge of the great operations of the mineral 
kingdom from ha\diig kindled a tire and looked 
into the bottom of a little crucible. But time 
justitied the chemical tests of the baronet, and it 
was in his laboratory that experimental geology, 
from which wo have learned so much, had its birth. 
Il<3 was the inventor of an instrument for register- 
ing high temperatures. 

Hallam, Henry 

J>. Wimlstir, July !>, 1777. l*i'n»lnir«t, Krtit, Jnn. 21, ISiiH. 

The son of a Canon of Windsor and Dean of 
Bristol, he took his degr<*(' at Oxford, and then heltl 
the ]io.st of Commi.ssioner of Stamps. Upon in- 
heriting his father’s fortune;, lie devoted himsolf 
r,o literature, and by lii.s “ Kuropo During the 
Middle Ages,’’ his “ Oon.stil uf ional History,’’ and 
bis “ Introdiietion to th<* Literature of Kuropo,” 
jdaced himself in tlie very front rank of bi:?torians. 
Ho is severe, but accurati'; austere, but learn<‘d 
and judicious. Arthur Henry IlalJani. of Tenriy- 
son’.s “ In Aleiiioriam, ” was one of liis eh‘v<‘ii chil- 
dren, of whom only four survi\ed to cheer his old 
age. 

Haller, Albrecht von 

b. llt’iii. Swlt/.rrl.iiul, Oit Ki, 170:?. <1. llrri). IKv. 12. 1777. 

Here the boy was truly fatber of the man. 
B(‘fore ho was ten he, had drawn up a Chaldee 
grammar and a Cri'idx and HebiX'w vocabulary, 
and compiI<'d a great eollr'ction of biograiihie.s. 
He. ri.sk<‘(l bis life to reseue from |jr<’ liis transla- 
tioiLs of tlu' cilas.sies, ami aft'M’waivl.s burn<*<l them. 
After a course of study at tie; best uuivtMsities. be 
rapidly t|uali(it'd to rank as one of llu' greutt'st 
anatomists and ph\ 'iolo^ist.s of liis century. lb* 
filled tlie chair of tm'dicine, anatomy, liotany, and 
surg(*ry in the new' Cnivei-silv of Cotfitig<*n. and 
attaint'd a lOuropean reputation by Ids industry, 
his original j-i'seafclu's, ami hi.s .success as the 
leader of a new' school of U'aniing. 

Halley, Edmund 

b LflflMloii, N<iv. .s, tri')*; (I. Civ Ml uicli, .1,111 14.1742. 

The great astronomer w'as the son of a rich .soap- 
boiler. who gave him an <'xc<‘lleiit education, and 
when sending him to Oxford |)r<‘s<‘nt(‘(l him with a 
larg<; tclo.scopi’. Bofori' he had n'aelmd manhood, 
Halley devised a new mctliod of <lett'rndidiig tlu; 
elements of the ]tlauetary orbits; he then resolved 
to catalogue the star.s in the Soutliern Ib'inisphere 
by way of complementing the efforts of Flamstei'd 
and Hevelius in tin' Northern H(‘iuisphere. During 
his stay at, 8t. Helena, lie oh.served a transit of 
Mercury across the sun’.s di.'-^e, and by so doing 
arrived at his method of ascertaining the .solar 
distance. His successful chart iiig of 360 stars ami 
his other important di.scoverie,s led to Id.s beitig 
termed the ** Southern "I'ycho.” Honours ami 
more notable labours follow'ed, and tlu'n his in- 
quiries into gravity brought him into as'-ocialion 
with Newton, whose ‘‘ I’rincipia ” h<' publi‘-hed at 
bis own cost when, at Halley’s earne.st solicitation, 
Newton had written it. Halley’s other work, 
undertaken w'ilh n view to solving problems as to 
the variation of the compa.s«, tlie discovery of 
Southern lands, and his observations I'liabling him 
to predict the rt'tuni of the comet named after 
him, was all-irnportant ami valuable as opening 
new horizons for the men who W'ere to follow after. 

Hamllcar. Barca 

b. CRrlhfufp, Xurtli Afrif;i, iilMiiit 2<i0 n.r. »|. .Sp.alu. 22S n.i”. 

‘Jiarca,’’ his surname, is the Jewish term for 
“lightning,” and refers to the character of the 
military o])eiations of tins great w'arrior and 
statesman. in his day, Carthage w’as the great 
rival of Home,, ami had colonies in Bicily, (Corsica, 
and Sardinia. Hamilc.ar died in the attempt to 
add Spain to the Carthaginian possession.s and 
to make it a centre for an attack upon Rome. In 
tlu first Punic war he landed in Sicily with a 
small army, at first little bettor than savages, but 
afterwards moulded by hi.s will into a magnificent 
fighting force. He maintained hirpself for three 

sot * 


years on Mounte Ercte against the Romans, who 
for the wdiole time were in i)o.ssessiori of the rest 
ot the island, save for two additional strongholds 
wdiich ho hold but they blockaded. To raisti the, 
bleckadc, ho moved to what is now Mount 
*St. Giuliauo, and there for two year.s withstood 
the on.slaught.s of tin; Romans. At length over- 
whelming numbers defeab'd him, and brought to 
an end tht' lirst l^unic war. Returning with hi^ 
army to Africa, he was unable to obtain the pay 
for his .solfliers, and wa.s called upon to .subdue a 
formidable insurrection. , This accomplished, hv 
became commander of all the Carthaginian force.s. 
and, having sw'cum hi.s eldest .son, Hannibal, to 
<'l«‘riial hatred and t*nmity to Rome, he sot out with 
a picked force for Spain. Some parts of the 
coiiiilry he subdued liy force of arms; other parts 
he w’on to alh'giance i)y .stat('smanshii>. Ho died, 
liow(‘ver, befun* he could comph'te his plans, slain 
in a hatth' between the Tagus and the Douro. His 
•Min llannihal currieil on his task. 

Hamilton* Sir William Rowan 

4t l)illi!lll, Allif. 1. l.HII.-). il. Iliiiiitiiik. 11' HI I>ulilin, 2. lS({.->. 

ill' wa.s a phenoiiK'fial boy, could .^jx'ak thirteen 
languag<*s by the time he was twi'lvi', had 
mastered all tlu' ordinary Univ<'rsity course at 
fifteen, and i.mtf'red ui)on original research. lb' 
distinguished hinis<‘lf in astronomy, acting as 
Iii^h A.sfrotjomer Royal, but is siiecially eelebrati'd 
as the inv<‘ntor of (juatt'rnioiis, a calculus of 
pei'uliur power and generality. 

Hampden* John 

1i. l.oiiiii))i. I. 'to «1. 'rhiuiu'. .liuK'. 24, Kii:!. 

eousiti of Oliver (horn well, ai\d a memlier of 
a lii.st inguisheil old IJnckinghumshirf' fairiilv. 
TT ampden eaiiK' into pi‘ )niinenee in Parliann’nt by 
his re.si.-siance of lh«' loan which Charles 1. at- 
tempted uiieon.st itut ionally to raise, lb' was con- 
spicuous ill th<' imi>('aelijm*nt of Hiukiughani and 
StralVord. It wa.s his resistance of I hi' Royal ih' 
maiid for shi})-mon<*y, however, which made him 
u national figure'. Ib' undertook the ('xpeiise of 
lighting the* ease*, and though sc'ven of the* twe'lve* 
judge's deeid(‘d agaln.sl him, the patriot, had tin* 
.sympathy and approx al of all right-thinking nmn 
in the country. Hampden was one of the five 
membi'rs whom Cliarh's I. sought tt) arrest iu Ihi' 
]i< )usi5 of ConiMions, ^I'hat act brought on the 
(’ivil War. lime Hamiidi'ii, wlio .sub.scribed 
i)2.000. and took an activi' part in lh(‘ campaign of 
tlu; I’arliamenturian.s, showed fourag«' and ability, 
lb' died from the elVects of a bullet-wound .«‘U.s 
tairied while attempting to counter a foiay of 
Prince Rupert from Oxford. Haniiiden was a 
great patriot, and a noble (Uiristian gentleman. 

Handel* George FredericK 

11. n.ilh'. Ufiiii.-Hiy. Ffli *'.■{. Ilisr,. it. Lnnilnii, April H, 17.0P 

'riie son of a Halle surgeon, he was regarded, 
almost from infancy, as a musical nrodigv, and 
W'as given the best mu.sieal enucation his 
father could afford. Jfeforo he was twenty 
he had written and produced his fir.st opera. 
He played in a Hamburg orchestra, gave le.s.son-, 
W'rote minor jiieci'S, anrl th.en made a triumphal 
progress through Italy. Returning to Hanover, 
lie was made Cha])elmaster to the Elector, our ow’ii 
(R'orge I. It W'as in 1710, when ho was five-atub 
tw'cnty. that hi’ came to England, which from that 
time became his honu'. 'I’en years later the Royal 
Academy was founded, “to .secure a constant 
sujiply of operas by ITaiidel.” That scliemc did 
not long flourish. Handel w’roto opera after 
ojiera. but quarn'Is with rivals and wdth his singers 
brought him eventually to bankruptcy, and for 
the lime being unhinged bis mind. It was upon 
his recovery that he began what was to be the work 
of his life-- his oratorios. Fifteen of them ho pro- 
duced in .a dozen years. His sight, long failing, 
now deserted him, but ho still edntinuod to com- 
poso and to give his magnificenjb organ recitals. 
Altogether* he wrote a score of oratorios, twice as 
many operas* hundreds qf cantatas, p^ahns, songs, 
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and instrurnental nieces, llis industry was inex- 
haustible, his fertility so phenomenal that soni<* of 
his greatest works are said ahnost to have bc'en 
improvised. He treated all stylos, and lie <‘xet*lh*d 
in all. No man over more richly dowered the 
world with sublime, inspiring nudody. 

Hannibal 

1.. N.m IIj Afnt :i.*.U7 u c. il. Bltliyni.i. .Wiri uIk.iiI Kl tt.i . 

When nine years of age, Hannibal, eldi'f't of the 
“lion brood” of JIamilcar, the great general, wa^ 
eoinpelied by his father to swear on the altar of 
saerilice a vow of eternal enmity to Rome. He 
was then permitted to accom])any his father from 
Carthage to Spain. At Hk' di'ath of ilamilcar, tlu^ 
command evoKed upon his In-other in-law, but 
Hannibal becaini' ."Upi-tniK*. and proeeedc'd to give 
effect to that jjart of llamilear s plan which di'sith 
had caus(‘d to bi* left unfinished. Hi‘ completeil 
the conejuest of Spain, all save oiu* strongliold 
Saguntum, widen was in fri<'ndlv relations with 
Rome. By at lacking and nnliicing tins he made 
all Siiain a (\-irtliaginian jirovinee. and brought 
on the second Runic war. Willi an army wliicli 
finally dwindled down to 40,000 infantry. 6,000 
cavalry, and fewtn* than two score <'l<‘phanfs, In^ 
crossed first the Pvri>n<'(‘s and tlien tin* Aljis. a 
daring, grandiose sclu'Uie, which onl\ tin* greatest 
.soldier of all time could hav(* eairi('<l through. It 
was a Avar for tin* coMqui*st of tin* world in which 
li(' was now' ('Jigagi'd a woi’ld i-iilcd by Cartilage 
or Rome. In bat lie afti'r balth' In inflict (*d appal- 
ling l(jss(‘s upon fin' Roman anni< “ n<'\<*r 

knew (h'fe.at in all the sixteen <'avs in which In* 
overran Italy. Reinforcem<‘iits which wen* being 
sent to him from S])aiii Avere cut off. He Avas n*- 
callerl to defend (karthagi* from a Roman invasion, 
ami at last Scipio won a di'cisivn* triunqih ov<*r 
him. Ilanidbal’s A'l'terans, outiiumberi'd. were cut 
to pi'.'cs's; his raw h'vies fh'd. C’urthag<* Avas 
alri'ady comjuered Ix'fore llantdbal appeared up«m 
tin* scene; his small urmy could not avert the 
ruin. He iioav turned his genius to .statesmanship, 
Init his enemies cuusc'd him to flee, first t(A 
Anfioclius of iSyrlu, next to Bithynia, Avher<*. still 
pursui'd by tin* vindictive Romans, he took poison. 
Hannibal has bei'ii calk’d at once the Burke, the 
Ritt, and the Wellington of his count rv. He Avas 
a great statesman, and the finest- gi'twral it his 
lory. He only just failed to make Carthage inis- 
trc.ss of the Avlioh* w'orltl, 

Hansbm, Joseph Aloysius 

I-. Voik, Oct. ‘JO. 1S0;i. Il, .Iuiu*--'!». 1*<M*. 

The inventor of the cab, Avhicli still retains his 
name, was apprenticed to his fatlu'i-, a carpenter, 
i)ut showed great skill as a draughtsman. He 
attended a night school, improved his scanty edu- 
cation, and became a famous architect. His 
churches, mostly Roman Catholic, ar<* tcj be se<*ii 
in many parts of Bnglaiid, and even in Australia 
and South America. His church at Preston St. 
Walburge’s -has a spire 3(l6ft. high, the loftie.st 
built in Knglaiid siiic<; the Reformation. 

Han-way, Jonas 

t». PortyuinuOi, A\ijr. 1*2. 171’2. *1- .1 I7s»:. 

Left fatherless at an early age, he avus a]>f»ivn- 
ticed to a Lisbon merchant, and bi'came a great 
traveller for commercial purposes. Inheriting a 
small competence, he devoted tlie remainder of his 
life to social and philanthrojiic work to such 
schemes as the jiaviiig of London, the care of 
foundling children, of sw'oeps’ boys, and outcast 
women, prison reform, and the establishment of 
Sunday-schools. lie w'as the first Englishman to 
earry an umbrella, and after thirty years of 
derision saw his invention generally popular. 

Hardy, Thomas 

It. i»par .Maiu*heHter. IJc.>*8B*<*hlre, .luno 2, 1,S40. 

The novelist aud poet of Wessex scones and lif<* 
bt'gan his career as an architect, ‘‘bar From the 
Madding Crowd ” and later novels -notably. “The 
Return of the Native” and “Toss of the D'Urbcr- 
villes” — have given him a unique place among 
English artists in fiction* ITo writes with great 


imaginative power, tinged w'ith pessimism. 
Latterly he lias forsaken fiction for historical 
lira in a. 

Hare, Robert 

h. l•hlKllll•ll)llill. ./.in 17. 17*^]. <1. Mtiy 15. IHfiH. 

He was a famous ^•h('mi^t of his day, and added 
notably to the seience in which he Avas interested. 
His inalcrial gift to the world was the i alorimeter, 
an in.*<trumenl for mi*a.**nring the specific heal of 
a body. He iiuenfed also an ovyhydrogen blow- 
)>ip«*. but ill that h<* h.-nl bi>(*i) antiiijiatcd by the 
Englisli invciilor. Sir (lold.swoif hy Ciirni’y. 

Hargraves. Edmund Hammond 

li. Oi.siKiit, H.uit.s. e t. 7 . Hlti. (I Si-iiin y, N.S.AV,, Oct. *3. 

'rii(* man who was (1csfin(*d to discover flu* Aus- 
tralian gohllii'lds AA'i nt to Au.-'tralia in 1832, and 
afti*!* narrowly ('reaping death ''i*tlhd doAvn to 
sheep-farniiiig for lifleen years. He joined in the 
rush lo the t'alifornian goldfields. Arrived there, 
his kuow'iedgi* of geology told him that tlie geologi- 
cal formalion w'as similar to iliat of the quartz 
rocks of tlie Blue Alounlains. New South Wales. 
He rctiiriieii to Australia, put hi.s tlu’ory to the 
tcsi. and at once found gold. His discovery was 
un'.i*lfi.>iily commiiuicated to the (loAernment, and 
a new era for tin* island continent openi'd. 

Hargreaves, James 

li. r>l;i- Uliiiiii (?>. 1 1 1 ). <1, Not April, 177>t 

'I'Ik* in\eiitor of th<> spinning jenny was an 
iililerati* weaver, who liegan life as a carp(*nter. 
Ills in(‘clninicul .•'kill in-ing (l(*tected by the grand- 
fatliei of Sir Robert I’ei*!. he was si*! to work to 
impjove tlu* caidiiig maeliine. An acciclent the 
overturning of one of the old hand spinning-wheels 

reveah*d lo Jlargn*a\<‘s p<)s.'>ibilit i(*s of a 
ditreri’td sy^leln of const ruel ion, and hi* socn’tly 
made the spinning j'-nny. which w’ould spin wool, 
cotton, or flax into a plurality of threads at the 
.same tinu* and by one operation. It was the fir.st 
advanei* of tin* .mu-i from the old plan of imimiai 
labour. When tin* inv<*ntion became known, 
Jealous workmen seiaslu'd the machine and de- 
lnoli.^llcd I largreavc.-* hoii.se. Lihc Arkwright, he 
Avus drivi'n to .Voftingliam. Hi'ic hi* enlt>r<»d into 
partnership willi a man nanu'd James, aud 
pab*nted his inaehini*. He .sei'ins lo liavi* made 
litlli* out of it. I.aneasliin* inanufael ui’i'rs pirating 
the iuA’entioii. and lea\ing his family to poverty 
Avheii hi* died, 

Haroun-Al-Raschid 

1>. Ill-Ill IVlioniP, lVI;in-h ‘2(1. tli-Kl-i. i.n. 'I. Klim i*i.-*iii», Pismi.-i, SOU i.u. 

'rill* hero of -o manv .stori/'.s in tlie “Arabian 
Nights ” w':is til - most faniou.s t F all Araliian 
califs, the inosl learned man of I lie then most 
learned people* in the world. His dominions ex- 
tended from Egypt to the Indus; his Court waa 
the home of tin* mo.sl brilliant eonipany of .seholars, 
pi ets, gratninarians. cadis, and scribes ever 
„ iembh'd round one calif. .Ascending tin* throne 
Avheu twenty-two A(*ars of agi', he eiitrusti’d the 
Covernment to tin* famous Barmecide family, and 
.saw to it that frontiers were strengtheneii, coin- 
merei* dcAi’loped. and learning encouraged. Five 
years before liis own death, how-ever, in an i insane 
lit of jealousy, he had the Barmceides put to 
death. This amis the* one hlot uj/on an otherwise 
noble character. .\s a w'arrior he ovcrniu Asia 
Alinor at the. lii'Uil of a splendid army, and died 
Avhile suppressing an insurrecl ion at Khora.ssan. 
ill* scA'cral times made the pilgrimage to Alecca, 
and, despite the murder of the Barmeci(le.s, was re- 
iioAvned for humutiity aud cliivalry. At the coro* 
nufiou of (’harlemagni* he sent, among other gifts, 
the keys of the Holy Sepulchre. Medieeval culture 
oAved much to the iiitellectual splendours of the 
reign of “Aaron the Jinst,” as ho was called. 


Harriot. Thomas , , 

h. O\*oril. 15H0. »t- THh'woH.h, Middlesex, Jiil.v ‘2. U'-l. 

ffaviug graduated at Oxford, he became mathe- 
matical tutor lo Sir Walter Ruleigh, ihi-imgh 
whose influence he was sent as .sur\eyor with Sir 
Richard Grenville’s expedition to Virginia. The 
result of his labours was the presentation of one 
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of the earliest examples of a statistical survey on 
a lar^o scale. Harriot was one of the famous 
scientists who bore Homy Earl of Northurnlwrland 
company during^ his impriaonnicnt in the Tower. 
With Walter Warner and Thomas Hughes he used 
to go there daily, and dream an(l solve problems. 
Ho was warned that if he did not make his dis- 
coveries public he would be anticipated, and bo 
wasi Viete, the French mathematician, antici- 
pated his publication of the discovery upon which 
modern algebra is based. Still, Harriot cai’ried 
the subject further than hia contemporary, and it 
is claimed for him that but for hia foundation 
Descartes’ whole superatriujturo would have been 
impossible. The Earl of Northumberland gave 
biin a pension and quarters at Sion House, and 
there he died. 

Harrison. Frederic 

b. fiOtidun, Oft. IS, Js:n. 

After a distinguished career at King’s Colh^ge 
School, London, and at Oxford, he was culled to 
the Bar, and practised conveyancing atid equity. 
It has been as a publicist and man of letters, how- 
ever, that he has tak<m a foremost place. He has 
.striven unceasingly for popular right.s, and as the 
intellectual leader in England of the Positivists 
has laboured without remission to win converts to 
the doctrines of Auguste Comte. He has been 
Professor of Jurisprudence and International Law 
at Lincoln’s Inn Hall, and served upon Rtiyal 
Commissions. 

Harrison, John 

to. Ftmlhy, York*, March 24. 1«‘«. <1. I-ondoii, M.in h 24. I77rt. 

The inventor of the chronometer was the son of 
a carpenter who knew a little about clock-making, 
and set his boy to walk in like paths. But the boy 
was a genius, though he had to dispens<‘ with the 
education of one. He. made a clock all of wood, th<*ji 
one with his famous “gridiron” pendulum, which 
was so constructed that changes of temperature 
<lid not affect tin? tiin<>kee|)ing. At this time navi- 
gation was very much a haphazard matter, so tho' 
(iovornmont off’erecl thre<i priz(*s — £10,000, £15,000, 
and £20,000- for the discovery of a method of 
determining tho longitude at sea within sixty, 
forty, and tliirty g<*ograi»hical degrees respectively. 
Harrisson, with nothing but native genius to help 
him -no education and no models to suggest a plan 

d<! voted the best years of his life to the task. He 
made four timepie>c<*s, each better than its prede- 
oc^ssor, until, after voyages to and from Jamaica, 
and to and from Barbados, it was found that lie 
had deturminod the longitude within ten miles, or 
twenty miles better than the distance required to 
qualify him for the lirst jirize. He wa.s .submitted 
to scandalous indignities, his U70iiey withheld, and 
potty sums offered by way of solatium. He was 
friendless, but he had earned the prize, and he 
persisted with p<>tition after petition until eventu- 
ally, little by little, h<> got tho sum duo to him. 
But it co.st nearly a lifetime to obtain tho money. 
The prize was oli’ered in 1713; he won it in 1762; 
he got his money in 1773, when he was within les.s 
than three years of the grav<?. 

Harvard, John 

K Ijoudoti, 1007. d. OharU'stown, M.a-s.. Sopt. 14, IfttS 

The principal founder of the famous Harvard 
University’ was tho son of a Southwark butcher. 
His mother was thrice married, and, deriving 
property from each husband, left John the Queen’.s 
Head public-house, Southwark. Ho graduated at 
Cambridge University, 'married, and went to 
America, where he ofTieiatod as minister at 
Charlestown. In his will ho left £700 and a 
library of 320 books to the college then about to 
bo built. It W'as called Harvard in his honour. 
Harvey, William 

b. Folkestoa©, Kent. April 1. 1IJ78. d. London. June 3. 1057. 

Tho discoverer of tho circulation of tho blood 
came of good old Kentish yeoman stock, and was 
given tho advantage of a Hrst-class education, not 
only in England, but in Italy, where the schools of 


medicine were already famous, and where ho was 
jirivilegcd to hear Galileo and Fabricius of Aqua- 
pendente. Tho latter had already made known his 
discovery of vjjvcs in tlm veins, tending to a flow 
of tho blood in a special direction. Many minds 
wore conceiiirating on tho problem as to the 
blood, and controversy afterwards raged as to 
whether or not Harvey really discovered the truth. 
He did. Otlicr inquirers had got some glimmer- 
ing of tho truth, but they had inverted the fact.s. 
’L’o Harvey alone is due tho credit for demoii- 
.strjiting that tho perpetual motion of the blood in 
a circle is produced by tlio beat of tho heart. The 
grand iliscovery was announced quite informally 
in discourses before tho College of l^hysicians in 
their h'cture-hall at Knightridcr Street, near 
.Si. Paul'-s, and tho MSS. of tho lectures are still 
pre.served at the British Museum. For some years 
after his return from the continent, Harvey ach'd 
.15 physician to St. Bartholomew’s Hospital, where 
iie harl a salary of £33 6s. 8d. per year and no 
resid<‘nce. Ibi was in favour at Court, being 
.•5nccessiv(*ly physician to James I. and Charles 1. 
He aecom)>aMi(Ml the latter as medical attendant 
tluring tii<‘ Civil War until the surrender at 
Oxford. 


Haussman, George Eugdne 

li. Maiih -7. 1«K>. 


Paris. Jan. 11. ISHL 


'I’o all who love Paris, with its noble boule- 
vard.s, its open spaces, its many fine bridges, and 
its Iji'autiful parks, Haussman is indeed a groat 
man. it was he whom Napoleon HI. entrusted 
with tho making of the inoderii Paris, when, 
having thrown uji the Bar, he entered the Civil 
Service, lb; carrii'd out the whole work for wahn* 
supply and .sanitation, in addition to the embellish- 
ment of the, entire capital. The work left Paris 
with a (h'bt of thirty-five million pounds, and 
caused his di.smis.sal. Turning bank director, and 
tlu'n being <‘h*ct<'d a debility, he was still dogged by 
evil fortuiH', and' died in iioverty. 


Hauy, Rene Just Abbe 

to. S».. .liNt, Kr.mc.*. 2S. 1742. *1. P«nM. Juiu' 'I, 1H22, 

lli.s parents wer(5 so ppor tliut it was only 
through th(‘ ehariry^of friends that ho was edu- 
eated. Ibi underwent his course at college amid 
alnio.st incretlible [irivations and misery. The 
accidental fall of a treasured .specimen of cal 
careous .spur led him, on examining the fragments, 
to discover the geonu'trical law of crystallisation. 
Ife tlevoted his life to rtiinoralogy with important 
results. He was given an honorary canonry at 
Notre Dam<', hence he is generally .si)oken of a.s 
the Abbe Ilaiiy. His brother Valentiii--likc him 
.s«'lf, |)oor all his days consecrated his life to the 
e<lucation of tho blind poor. 


HavelocK, Sir Henry 

l>. iM’ai SuiuliM'hunl. .\prll ?>, 17*5. fl. Luckmiw, 1n<lia, Nov. ‘24, 1M7. 

This great Christian soldier was tho son of a 
wealthy shijibuilder, and was to have been a 
lawyer, but, like his throe brothers, entered the 
Army. He went to India, where ho was converted 
and "publicly baptised. Ho had an active part in 
all till' fighting of his time, and his crowning 
work was, dumig the Mutiny, to relievo Lucknow. 
There In? <lied two months later, killed by work 
and worry and responsibility. When tho tidings 
of hi.s great feat reached PUngland, Parliament 
voted him a baronetcy and a pension of £1,000 a 
year. But they were voting the reward to a man 
who, though they did not know it, was already in 
his grave. 

HawKo, Edward. Lord ^ ^ 

b. London, 1705. d. Suidmrv, Middlesex, Oot. 17, 1781. 

The .son of a barri.ster, ho took early to sea, and 
when thirty-nine was dismissed tho Service for a 
too groat success. Ho was in command of tho 
Wolf, and broke from the line of battle at Toulon 
to engage and defeat a French ship. For this 
broach of discipline ho was dismissed, but was 
restored as an act of Royal favour, and lived to 
defeat tho French fleet which, under Admiral 



Do Conflans, was to have covcrod an invasion of 
England. He was raised to the peerage, and given 

a. pension of £2,000 per annum. 

Hawthorne, Nathaniel 

b. Salem, JIsws.. July 4, IHOI. «1, Pl> mouth. U.S.A.. May 1!>. ISiU. 

A dreaming, solitude-loving boy, ilawthorm*, son 
of a merchant captain, was left much to his own 
resources from an early age, his father dying when 
lie was four. The love of isolation never left him. 
He lived, as a boy of fourteen, at a lonely farm in 
tho woods of jMainc, and as a man ho became one 
of tho Brook Farm community, where, with one 
or two other mmi, ho tried the ex])erimoiit of run- 
ning a farm on idyllic scnii-socialistic lines. He 
shut himself up for u dozen years in conipU'h* 
seclusion before he gave the world his first novel - 

Fanshawe.” America would have none of his 
works, but his writing found immediate aeceiitance 
in England, where to tho end his reinitation was 
higher than in his own land. England, indeed, 
set tho llawthorno vogue. For many years his 
•circumstances were not easy, and he had to tak<^ 
employment as weigher aiul gaugcu* in a customs 
house, while afterwards he liehl a consular ap- 
pointment for four years at Liverpool. llis 
incomo grew in time, ami he was able to trav<‘l 
Europe, and finally to end his days rich in this 
world’s gooils -and rich, too, in honour. His 
writings are simplo but melodious, full of tine 
feeling and insight. llis reputation is .still 
increasing and will increase'. 

Hay, John 

•b. Jiid., II.H.A.. 0<jt. H. is;!s. d. .Inly, 

Having been called to the Bar, h(! b<*came 
as.sistant jjrivate secretary to l^r<*sid<*nt Lincoln, of 
whom, in conjunction wiili another writ(‘r, he pro- 
duced an <‘X(jelleiit biography. Famous as a 
statesman of wisdom and high ideals, Ik* is best 
loved as tho author of th<' d<‘lightful po(‘nis “ Bike 
LJouiity Ballads,” of which "Breeches” sullices to 
ensure his immortality. 


Haydn, Joseph 

b. UoliiTiiti, AiirtiiiM, M.'in'hSI, 17.1'i. <i. Vifiui.i, Muy "I, Iwill. 

Ho was wretcln^dly poor, only a wlici'lwright's 
son, and wIk'Ii his term as a soprano in the choir 
of a Vienna church emk'd ho had a hard fight for 
bare existence. But genius burned, and a man of 
iliscrimination hearing a composition of Haydn’s 
played by the composer himself in tho stri'ct, com- 
missioned him to write an opera. Haydn seized 
his chance, llis ojiera was a success. It brought 
him introductions to influential ijoople, and finally 
got him a lucrative appointment. lie had to come 
to England, how’over, before he was truly ap 
predated. Ilero, in two visits, lx* ]uoduced his 
t'W'elvc great symphonies. Thereafter he composetl 
his magnificent oratorios. 'rh(» importance of 
Haydn to tho world has been thus iinyiressively 
expro.ssed by the Right Hon. A. J. Balfour: 
"Without Haydn w’o shouhl not have the Mozart 
we know; without Mozart we should not have the 
Bedhoven wc know; and without Bei’lhovcn the 
whole mu.sical history of the nineteenth century 
would have been utterly different from w^liat it is.” 


Hftzlitt, William 

Maldstoiie. K<*iit, April 10, 1778, »1. l.(iii<bn». .Sept, is, ls:|0, 

"Well, I’ve had a happy life,” he said with his 
last breath. The statement does not quite accord 


with fact. lie was twice iuihap])ily married, and 
hud a stupid love atVair with a woman intellectu- 
ally his inferior. But there was something lovable 
in the man who could command tho friendship of 


Lamb, Leigh Hunt, and Coleridge. He quar- 
relled, where it wa.s possible, with all his friends, 
but Lamb was loyal and true to tho last. Ilazlitt 
tried his hand at painting without success. llis 
contributions to literature are unequal. At his 
best he is very fine, and his reputation has been 
greatly enhanced of recent ye.'/rs. Ho was a 
master of eyiigram and of virile, nervous Fmglish. 
His father was a Unitarian minister, and ilazlitt 
himself studied for the Church. His early meeting 


with Coleridge dissuadejl him from his original 
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iiitciition, anil turned his thoughts first to art and 
then to literature. 

Heathcote, John 

b. DiiflU’lil, iM-ivr n'rl»y, 7, 17.*<’', ^ *1. Tiverton, Devon, •Tun. IS, lOHt. 

lie was the son of a Ijcicestershiro farmer, and 
was apprenficed fir.st to a liosiery manufacturer, 
then to a .slocking inaker and framesmith. His 
iiulciitures eonipleted, he worked as a machine- 
builder, and bought out the man by whom he had 
been eiiiployod at Nottingham, 'i’hon he turned 
his attention to the con.'^truction of a machine 
which W'ould do for lace uliat the loom had done 
for stockings by .suiiersediiig the knitting-needle. 
For llis puriiose he took himself to llathorn, a 
little town near Loughborough, and carefully 
worketl out his scheme first on paper, then ex- 
presseii in material form. Tho outcome was that 
at twenty-four years of age he had ]ierfectod what 
was (U'seribed as the most complicated machine 
ever produced. The first .square yard of net made 
by the machine sold for five sovereigns, 240 times 
the price which it would now command. Here, 
then, was tlio origin of the enormous lace industry 
which has iiH-ant so many millions sterling to Mid- 
land England. Heathcote was not long permitted 
the t(uiet enjoyment of his reward. Tho Luddites 
ilciiiolished the machines which he had erected in 
his Nottiiigliani factory, and ho was awarded 
£10,000 by the country, but never got tho mone>. 
IL*. moved to Tiverton, si't u]) new machinery, con- 
stanfly addl'd inqiroveineiits, invented a .steam 
plough, sat in Parliament, built schools, and died 
wealthy and honoured. 

Heathfield, George Augustus Eliot, Lord 

It. Stubs, IbixInuKliHhhv, Dec. •J.'), 1717. il. Aix-lii-Clm'ielle, July 0, 1790 

The gallant defender of Gibraltar was educated 
at Le>den I'niversity and the French military 
•school of La Fere, a.s well as at Woolwich. Ho 
saw a great deal of fighting on the Continent 
b'cfore being sent to Gibraltar. IIo had some time 
in wliicli to strengf Ill'll the defences of tho fortress, 
but his di'fenci* for throe ycar.s was one of the 
greafest achievements in the- annals of war. Not 
only had he fo withstand th<‘ combini'd assaults of 
fleet and army; the fortri'ss was blockaded by sea 
and laud, and the garri.son was all but starved. 
While solicitou.s for the comfort of his men, ho was 
himself of the simplest habits — a vegetarian, ami 
total abstainer from alcohol. llis peerage wa.s 
granted in recognition of his valorous defence. 

Heber, Reginald 

l>. Milpn-*, eiH'nhiM', April ‘Jl, 178:1. il. Trichinopoly, India, April:!, 18*8. 

After a distinguished career at Oxford, where 
llis prize poem " Palestine ” attained lasting fame, 
be accepted a country rectory in Shropshire, but 
wa.s called to India as Bisliop of Calcutta, and 
there died, llis literary reputation rc'-ts upon hjs 
collection of hymns, of which "From Greenland’s 
Icy Mountains," •’The Son of God Goes Forth to 
War,” and " Holy, Holy, Holy,” arc sung in every 
Chri.stian land. 

Hedley, William 

1». Nrvibiun. NowrnHtlr, July l:J, ImI'. «1. Laiicbrsler, Durham, Jiui. 0, 1H4«. 

Oiie of the. jiioni'crs of tho age of .steam, ho has 
ri'ceived less credit than he deserves. Working in 
a colliery, he perceived the need for bctti'r methods 
of hauling the. coal from the pit-mouth to tho 
Tyne, and, scorning the old toothed rails and 
digged wheels with which locomotives* were liTSt 
invented, he do vised and patented the smooth rail 
which we .still u.se. Ho was among the first to u o 
the steam blast for furnaces, and to apply steam 
for the purposes of barge propulsion. 

Hegel, George Wilhelm Friedrich 

b. SiiiUtiiut. Ufriimiiy, Auif. 27, 1770. d. Berlin. Nov. 14,18:11. 

De.stined by his [larents for the Church, Ilcgcl pre- 
ferred the career first of tutor, and afterwards of 
professor. In the latter capacity ho drew crowds 
of students to Heidelberg, and, later, to Berlin, and 
bocaino the philosophical dictator of G< rmany. He 
established two dilferont schools of thought. One 
of these interpreted his philosophy a.8 true Chris- 
tian theism; tho other, as a pantheistic and 
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uvontually materialistic direction, denying both the 
personality of God and the immortality of the soul. 

Heine* Heinrich 

*». nii8H«*l(iorf, rrtUkHJtt, 13. 1799. <1. 17. 18M. 

Pootvy was to Heine a “holy plaything.” His 
writings on ridigion, philosophy, and politics were 
often merely vehicles for his wit and cynicism. 
Yet their revolutionary character made his native 
Germany no place for him, and ho .spent the last 
twenty-five years of his life in Paris, draw’n thither 
by the Revolution of 1831. Jly that time he had 
<’.stablished his fame upon u Firm foundation with 
hi.s “ Buoh d<‘r Liodm- ” and “ Reisehilder.” These 
caused him to be hailed as the successor of Goethe. 
But born a Jew, and compelled to become a mem- 
ber of the Lutheran Church in order that ho might 
piacti.so law in accordance with the terms ui)on 
which ho drew' an allowune<* from a w'<*alfhy uncle, 
he became very unpo]>ular w'ith hi.s compatriots. 
II is best w'ork was done before he w'as thirty. 
When he was in his fiftieth y<‘av he was laid low 
by .spinal paralysis. Ho suffered tortures, and was 
confined to hi.s be<l for the roiuaimler of his life. 
In that ])criod. however, inta.stering pain and in- 
firmity, he wrote much which w'ill a.s.si.st in main- 
taining his reputation as one of the greatest of 
modern poets. 

Helena* St. 

1>. third iviUury a.u. di.d iiiioiil .Tis. 

Supposed to have bi'en the daughter of rii inn- 
keeper, she becaiiK' the wife of Gonstantiua 
C-hlorus, who, upon being made (unperor. was 
coinpollf‘d to divorce Helena and take a wife of 
more exalted birth. Her only .son was (Vm.stantiiie 
the' CJroat. Whim he la'canw Emperor of Rome, 
and a convert to Chri.stianity, .she, too, wa.s con- 
veited, and, proceeding to Jerusalem. <liscovere<l 
tho Holy »S('pulchro and the C'ros.s. 


Heliodorus 

'i. Kuiuvii, Syriiv. f .nrth uciitiiry A.ii. d « <>( fourth \.ii. 

The earliest and Iw'si of tiie (JriH'k romauco. 
writers was a inombor of a family of jiagun priests, 
but himself bi'cunie a C'hristian, and wa.s Bishop 
of Tricca, in I'lie-ssaly. He i.s famous us tlie author 
of “ ..d^thiopica,*’ which became tht* model for all 
later Greek romance, and ha.s in.^pired many 
irind(*rii writer.s. It has been translated into ov<‘ry 
w ritten languagt*. 


Helmholtz* Hermann Ludwig Ferdinand von 

it. I‘<it»d;uii, Umiiaiiy. Anir. Ill, IS21. d, iimr IJf-rlin, Si>pt 8, IHIM, 

One of the world’s greatest niatheniatician.s and 
physicist.s, ho was so poor early in life that he had 
to begin his career a.s an army sarg<'on. His dis- 
coveries in phy.siology soon attracted attention, and 
brought him a prof(\ssorship at Kdnigsbm’g, fol- 
lowed by still higher appointments at Bonn, 
Heidelberg, and Charlottenburg. His investiga- 
tions covered an immense field, and to whatever 
subject ho turned it was to bring to light new data. 
Ho re\olutionised the sciiuice of tin* ear; he 
ofiened a new world to the eye .sjiecialists ; ho 
threvv juew light upon the nervous sy.steni. In 
chenii.stry, mathematics, electricity, inagnetisni, 
meteorology and theoretical mechanics ho was no 
les.s successful. 


Helmont* Johann Baptist van 

l» BneMttls, 1577. d. iir;ir II544. 

.After several years’ devotion to mysticism he 
turned his attention to chenii.stry, and helped to 
reduce it to order out of tin* chaos to wliich it 
had boon brought by the alchcmi.sts. He was the 
first to use the balancf? in chemi.stry, and gave 
science tho word “gas.” His discoveries marked 
a new departure for a future generation of 
scientists. 

Hemans* Felicia Dorothea 

!♦. nive'Dool. •i\ J7H3. ,1. Unldlu. Mny 1«, 18.*W. 

For many years this gifted woman was an 
invalid, and soimi of her most charming poems 
worn produced during intervals of intense suffer- 
ing. Her genius was not of the highest order, but 
lyrics liko “The Trea.sures of the Deep,” “The 
Better Xiand.“ “The Homes of England,” “Casa- 


bianoa,” “Tho Palm Tree,” “Tho Graves of a 
Household,” and “The Wrock,” may last as long 
as tho language in which they are written. She 
wa.s tho daughter of a Liverpool merchant named 
Browno, who.se reverse of fortune caus<;d his re- 
moval to Wales, where she grow up in an atmo- 
sphere of romance and mysticism. She married 
in 1812 an Irish otiicer. They had five sons; then 
her husband left her, and they never afterwards 
met. 

Henderson* Alexander 

1». CreicJi. Kliexhiiv, 1.1.8't. d. Kdiiilini'Kli. Anif. 19.1041}. 

Till* .SOU of a Eifeshiro tenant farmer, ho was 
appointed by Archbishop Gladstanos to the living 
of Leuchars. Tho apiiointinent was so un])opular, 
proceeding from a prelale, that Henderson, for 
his induction sei vice, had to enter the cliurch hy 
way of u window. lie soon identified himself with 
tlio pojmlar causi*. attained to fame, dis])Utod with 
Charles 1. on public and ecclesiastical affairs, and 
drafted th(‘ National (’ovenaiil and the famous 
Solemn League and (kivimant. Ho was foremost 
in restoring to the Kirk of Scotland her ancient 
lights and libm'ties. 

Henry IV. of France 

1». P. 111 , l iaiice. I)w. i;«. l.m d. riu }.s. Muy 14. IfilO. 

'J'hc author of tin; Edict of Nantes, w'hich gave 
perfect religiou.s equality to France, was bred a 
Huguenot, and a.s one made himself famous at the 
lioad of th('! Huguenot army. He escajued th<‘ 
massacre of lh(‘ Huguenots by submitting to Rome, 
but when at liberty repudiated his conversion, 
only to recant onee more, saying, “Pari-s is W'ell 
north a Ma.s.s." By great .skill as a general and 
diplomatist, he overcame all his <*ru*mie.s, and 
Ix'cami' King of France. He was a wise and 
Immune rul(*r. 'J’o him Franci* owes the inception 
of her industries ; to his gifti'd Minister Sully 
the reorgan i.sat ion of Inu’ liminces. He plannml a 
groat scheme for tho union of all the countries of 
Europe into a fedc'ral ri'puhlic. but wa.s assassi- 
mitiMl by a Jesuit fanatic before tlie world could 
becoiTK' ac(iuaint<*d wkh thc‘ di'tails of his plan. 

Henry 1. of Germany 

li. Siv\<*iiy, H7H. d. Saxoiiv, .inly 2, 

Suriiamed tlie Fowler. becaus<> of his love of the 
cliase, Henry 1. was the promoter of the unity 
and civili.sati<)n of Germany. He expelled thi' 
Hungarians, made Austria part of tin* GiTinan 
Empire, recove r<*d Lorraine, gave the country 
fortified cities in place of squalid villages, and, 
great as a statesman and warrior, played a notable 
])art in tho upraising of his own country and of 
Europe generally. Henry II. “ St. Henry ” 
another gr<>at .soldier and administrator and a 
zealous Christian monarch, was the great-gruml 
son of the Fowler. 

Henry II. of England 

l>. 1.1* Miuii*. Kmiiir, March !i, I d. (.'hiiioii. Fiance, July 6, IIMK 

Expotliency rather than principle dominated the 
life and actions of this lirst Plantagenet king. His 
reign was important to posterity, because of his 
gn>at legal reforms. He substituted tho jury for 
trial by battle, established assizes and the High 
Court of Justice. One of the great blots upon his 
ri’ign wa.s tho murder of Becket. From his clde.st 
daughter Maud -by her marriage to Henry V., 
Duke of Saxony, the jiresent royal family of, Great 
Britain is descended. 

Henry VIII. of England 

li. Gi-ceiiwlch, JiiiicllH, 1491. d. Wi*stiin’iii.ter, Jan. CS, 1547 

Of this King, .son of Henry VII. and Elizabeth 
of York, it has boon said that he approached as 
nearly a.s possible to the ideal standard of perfect 
wickedness as tho infirmities of human nature 
would allow. Yet it is impossiblo to exclude him 
from the roll of men who have achieved great 
results. Not because he Was more Protestant than 
his predecessors, but from quite other motives, ho 
overthrew the supremacy of tho Pope in England, 
made tho sovereign of this land head and 
“ defender ” of the Church, and suppressed 
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monasticism. Ho had Fix wives. The first and 
fourth ho divorced; the second and fifth ho Ik.*- 
hcadod; the third died, after givin^^ birth to the 
future Edward VI. ; tho sixth was so fortunate as 
to survive him. 


Hero 


b. Alexaiidiia. 

The fame of Hero -or Heron-- surviv<'S, but the 
exact dates of his birth and death - about 5rd cen- 
tury B.C. -it is impossible now to ascertain, lie 
was a pupil of Ctesibius, the fatlu'r of hydro- 
mochanics, and fir.st appli('d science to industry. 
Ho know tho use of steam, and invent'd what was 
practically a i)rimitive stjuiin-turbine. Ho antici- 
pated by two thousand years the modern hot-air 
engines, devisinl an instrument for siirveying 
which was the forerunm'r of the theodolite, and 
left valuable writings on ])iieuinat ics and on other 
scientific subj(*cts. His discoveries servetl no use- 
ful purnosti in his own age, but th<\v d<Mnons( rat<‘ 
wonderfully tl)e genius and skill of tin‘ man and of 
the great Ah'xamlrian school to which Ik; b(‘longed. 


Herodotus 

b. lJanc.U'iwt.SMns, AmIji Idiimr, 4S4 n,i . il. Thiiiii, Itiily, 4*J4 «.<•. 

Although a CJi'pi'k. th(' gn'at historian of 
antiquity was born a JVrsiaii .Mibj(*ct, and helped, 
it is b(‘lif;vod, in the ovcntlirow of the Persian 
j)Ower anrl in making liis nativ<; town jnirt 
of the Atheijian union. He travelh'd throughout 
(ireece, familiarisi'd himsidf with <‘very jiart of 
the coast of Asia Minor, and with Egypt, aiid 
lived in Sarnos and Atla ns, (lonsiih'rahh' as w<‘r(; 
his travels, he found time for eNtensi\e study, and 
was familiar with tlu' whoh' range of (Irt'ek 
literature <‘xtant in his ag(‘. Wherever he 
travelled, ho ina<le himsf'lf mastt'r of all that there 
was to be learned of hi-^tory and in>tilulions. 
manners and cuslonis. So he <‘(juipped liiniself 
for Ilia great work, tin* w'l’iting of his Tli^lory, 
whoso charm to-day is as pcjti'iit us <‘ver, and 
who.'je authenticity is itioim* and more firmly estab- 
lished by niod(*rn researclu* Herodotus was not 
only the fatln^r of history; he was, as l)e Quincey 
ha.s called him, tin; gein'ral father of prose com- 
position. 


Herschel, S‘r William 

li. Uuiiovcr. N<»\. 1'*. 17;ts. «I. Slousjh, \u.'. ‘J'l. is’JJ. 

The son of a bandma“t(’r, and him-elf a profes- 
sional musician in his youth. In* <*ducated himself 
in mathomatic.s and asironomy, and, too poor to 
buy a reflecting teh’seoia*, made one for himself. 
Eamous among his discoveri<*s was iliat of the 
]jlaiiet Uranus. Herschel wuis the virtual founder 
of sidereal science. H(‘ was notably assi-xted in his 
labours by his brilliant .sister (Caroline Herschel 
who made important astronomical discoveries of 
her own. 


Herschel, Sir John Frederick William 

b. Bdiiki*. Maivh 7, .1. C..ltinKwo...l, K. iit, May 11, 1S71. 

nerschel’s father had but one rival as an <’x- 
plorer of the heavens, and tlnit rival was his 
greater son. The latter carried on the work which 
his father had begun, and enormously increased 
our store of astronomical data. After re-examin- 
ing his father’ .s work, he published a catalogue of 
a vast number of stars and nebula?, and, having 
t?xhaustod tho Northern Ileinisphorc, completed his 
work by exploring and cataloguing the stars of 
the southern one. He was a distinguished cheini.st, 
to whom photography owc.s much; while as a man 
of letters ho made notable contributions to 
English, literature, in tho form of translations 
from the Greek and German. 


Herts. Heinrich Rudolf 

b. tlaiubUrg, Feb. 28, 1887. d. Bonn, Oennany. Jan. 1, 1HR4. 

One of the most brilliantly successful of modern 
physicists. Hertz began his career ns an engineer, 
but happily abandoned that vocation for the jiur- 
suU of physical science. Following up tho work 
of Faraday and Clerk-Maxwell, ho added ffreatly 
to the advanoement of knowledge of electricity— in 


its relation to light. TIis most important dis- 
covery is commemorated by the name given to 
the Hertzian wave.s. 

Hesiod 

)<, Uu'i.tla. Oi-i*.*, r, iimtli .•.•iitury ii.< . <1. Ort'bcniienvi*. 

'rile father of Greek didactic poetry exercised 
so great an influence ov<'r the minds of hi.s 
coumryineii that h<? i.> said, with Homer, to have 
cn'uted the la'ligiou of the ancient Greeks. Ho 
wrote not to pl(*a'<e, hut to instruct. Scholar.s arc 
not agr«'e<l as (e liow many of the works attribut.Ml 
to him wer<* really hi.s, how many received his 
name which really helonged to the .school of 
j)oetrv which he foumled. His carecjr is en- 
shrouded in ol)M'urity, and date.s cannot be given 
with any certainty. 

Hill, Matthew Davenport 

b. I’.iriiiiiivliaiii, .An;.; I>, I7H.;. .’i. in*;U' Rrlsl.it, .Juno 7, 1^72 

Ehh'st hrotlier of Sir Uowland Hill, he was as 
conspicuous for «-fl()rts on behalf of the reform of 
the criminal law as .Sir Rowland was in connection 
with postal reform. He was succe.ssively ?\r€mber 
ot Parliann'iit. Kecoriler for Birmingham, and 
Uommis.sioner of Bankrupts, hut his grc'atest efforts 
lay in the <lirection mt'ntioned. Ib' was one of the 
pioiKH'rs of the movc'UM'ut for r<*formatories for 
juv4*nile criminals, a vv(jrk attended by great 
benefit to I lx* comnuinitv. 


Hill, Sir Rowland 

1>. Oiv ,i, IT'.'-'*. il. .Vntr. :!7, IST'.i. 

\VlK*n Hill was a young man it co.sC 1/4^ to 
.send a letter from London to Edinburgli, ami ab- 
.sorbed a fifth of tlx* w'ag<>,s of an Irishman labour- 
ing in England who wi.‘,iied to .si-nd home a hdter. 
Hill re])eated]y witnessed tlx* b'ar of hi.s mother 
that a l<*tter slx)uld !»* deliv<')ed at hei- house for 
vvliieh she should bt* unabh* to pay. lie saw that 
illicit nx'thods were employed to get h'lters con- 
veyed, and that th'* [mhlie, revemx* from the Post 
Oliiee, instead of incia'asing willi the growth of 
tlx‘ national wc'alth. stt'r.dily decreased. His 
scheme of penny postage was tlx* result r)f Ids own 
personal <>xperiet ee.s. It was strongly opposed by 
the postal anthorif i('s, who predicted terrible con- 
se<|uenee.s tiotn its adoption; but by patience, 
skill, and courtigc; lx* carried hi.s sclu'tiio in tlxj 
fae(* of alnxist unpreeedi'til ed opposition. Ap- 
})ointed finally Seeri'tary of tlie Post Office, lx? 
saw tlx* numbt r of lellers dc'all. with by the Post 
Ofliee iner(*as''d from 76 millions to 642 millions a 
year, and the revenue raist'd from 2,' millions 
sterling to upwards of S.J millions. Kow men of 
the niix‘t(‘enih century accompli.shed a more 
nofablt? work for tlx? miLion. 


Hipparchus 

b. Ni.-.i'i, .Vsia Miimr. .si*< niid i-i'vtiir.x ii e. <1. N iitioiil liJO ii.i-. 

'I'lx; founder of scientiliL? astronomy conducted 
ills <*xperim<'nts with iiist rumetits falling short 
a hundroflfold of the precision of those now in use, 
but his diseov(*ri(’s wen* of gr(>at imjiortanee. H(? 
catalogued a gr<*at tiumber of stars, discovered the 
eccentricity of the solar orbit, some of the in- 
equalities of the mooii'.s motion, the procession of 
the equinoxes, aixl did much in the application of 

a. stronomy to gi ography. Hipiiaixhus was a man 
of fow'eriiig intf'llect, who, armed with the crudest 
implenxMits, achieved results which, for centuries 
afterwards, W(‘re the basis of all 8ck?ntific kix)W- 
ledge in the paths he had chosen. 

Hippocrates , , . 

b. iHiaml of f.'os. litHJut 4C0 B.c. <1. LfUittHa, Orepce, uboni r*.77 

Tile greatest phvaieian of ancient times, u pro- 
found scholar anti philosopher, IIippocratt?s was 
not only the founder of the art of medicins, but 
prepunid the way for men like Aristotle and the 
great school of Alexandria. Nearly four.s(oro 
work.s bf?aring hi.s name arc in existence. Many 
of these are forgeries or wrongly attribtited to him. 
A sufficient number of writings inconfestably Ins 
remains for us to reconstruct tHe splendid learning 
of which he w^as tho founder. 
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Hobbes. Thomas 

h. Westport. Wilts, April 0, ir^S. d. H.udwlok Hall. Dec. 4. 367». 

Scholar and philosojphor, associate of Bacon, 
Galileo, and other intolloctual giants, Hobbes pro- 
duced works of philosophical character, which, 
while affording a stimulus to thought, brought 
him into serious difficulty. Ho was accused of 
heterodoxy, and even atheism. But, though ho 
submitted to the Commonwealth, he died u 
Royalist pensioner. 


Hofman. August Wilhelm von 

S. ntuiwon. Ooriiiiiiiy, April H, ISIS. ^ d. IJtTHn. May .’S, iSiW. 

One of the greatest chemists of the last century, 
as a young man ho was a]>poinl<‘d first director 
of the Royal College of Chemistry in London. Ho 
was brilliantly successful. All the future great 
ehemi.stH of his day came under Hofman’s influence, 
it was by one of his pupils that the aniline dyes 
were discovered. In spite of all his .success, his 
efforts m(5t with no reward in England. English- 
men did not believe in science in coinmere<‘. He, 
therefore, returned to Germany, and gave his 
native countrv the secret of the great coal-tar 
industry, wliich has been productive of inealciilablo 
wealth to her. 

Hogarth, William 

li. Loiidtiii, Moy. 10, 1HI*7. d. Loiulfui, Oct. *25. 1704. 

Our great satirist upon canvas was ai>pre.niiced 
to a silversmith, but learned drawing in the .school 
of Sir James Thornhill, with wlio.se daughter ho 
(‘ventually eloped. His work as an artist seriously 
l>ogan with illustrations of “ Hudibrus.” I’ortrait.M 
followed, and then the series of cartoons pillorying 
tho vices of his time. His powm* as a humorist 
was great; but he was still iu<»r<' a ]»r<'ach<'r on 
canvas. Many of Hogarth’s drawings are coarse 
and unlovely, but so were the siibji'cts he attacked. 

Hogg, James 

•>. Kttrk'k, S('Jkirk«hir«, 1770. d. I.iik<’, Yjutoh. Mov. 21. 

Receiving less than a year's education, this d<*- 
lightful poet boeaine, at seven years of age. a 
shepherd-boy, and lives in history us the Ettriek 
Shepherd. It was while working as a. shepherd 
that ho was granted ae<;<‘ss to books which viiubled 
him further to odui;a.to himsi'lf. '^I'hen meeting a 
half daft man,” who recited some of Hurn.s’s jioeiiiH 
to him, and said that tliey were by th<‘ swoete.st 
poet that ever was born, Hogg deterniinod that 
he would inako an effort to till tho dead singer’s 
place. His work attracjted the attention of Scott 
and Byron, and both ln*lpr*d liim, as did the 
Countess of Dalk<?ith. The latter left him a farm 
at a nominal rent, and he fanned and wrote poetry 
to tho end of his days. Homo of his work is 
i'xquisitely dainty, and it ha.s beim juJ.ly said 
that at his best ho might hav<i claimed over all 
his contemporaries tho laurel for direct and 
immediate in.spiration. 


Holbein, Hans 

•>. AuKBlm«K, Bavivria, 14S7. <i. Lomlou. 154::. 

Ho was called Holbein tho younger, to di.s- 
tinguish him from his father, who also was a 
skilful arti.st, and was his ma.ster in painting. 
HolUiin’s early manhood wa.s siient partly on th<* 
continent, partly in England. Here ho painted 
the portraits of Krasnius, Anno of CUeve.s, Sir 
Thomas More, and Henry VTll. He died of the 
plaguo upon a date unknown. 


Holberg. Ludvig von 

b. BerffAu, Norw.ay. Hw;. :l, IfiSI. *i. C«.p»-nliiiKeii. .Tail. •2», 17.74. 

The father of the Dani-sh drama and tho greatest 
figure in Danish literature, ho was a man of vcrHatiI <3 
goniuB. In addition to hi« plays, ho wrote satires, 
history, biograiihy, as well as serious reflective 
works. He. also held important academic rank at 
the Copenhagen University. 

Holden, Sir Isaac 

b. Burlet, lUttifrewphire, May 7. 1807, <1. Kylghley, Yorku. Aiiff. j;i. ItW, 

Ho was the son of a collier, who. though a noor 
man, did the best ho could for his boy's education. 
The boy himself was studious, and though a great 
part of his early days was spent in tho factory, 
managed so well to equip himself with know- 


hidgo that he became a school teacher. While 
acting in this position ho discovered tho principle 
of tho lucifer match, though — unknown to him - 
a Stockton chemist had been Ixjforo him. His 
greatest triumph, however, was won in connection 
with tho wool-combing machinery which he 
invented. This brought great wealth to him and 
to all associated with him in tho busines.s. Ho was 
iiiatle a baronet four years before his death. 

Holinshead Raphael 

h. CfiphniHl, CliLshire. <t. Brftim-ote, W'arkH, 1580. 

The author of the famous ‘‘Holinshead 
Chronicle,” giving the history of England, Scot- 
land, and Ireland down to his own ora, had 
assi.starice in hi.s great work, but ho was responsible 
for the enterprise. The work is of |freat import- 
ance (o hi.st(>rians, and additionally interesting to 
us ail, from the fact that from this “Chronicle” 
.Shake.'!i[)care drew the material for his early 
Engli.sh plays. 

Homer 

Livril abniit Oth century ji.r. 

No fewer than seven towns in Creeeo claim to 
be the birthplace of Horner, the father of poetry, 
but no authentic rc'cord cm the subject exists. 
Nc, thing is known of the poet himself ; even tin* 
story that he was blind iinil a beggar is a legend. 
The two grc*at epic po4*ni.s which we call Homer 
tho “Iliad ” and the* “Odyssey ” form one of tlie 
most priecde.ss becjuc'sts which have come down to 
us from ancient Gn'c'cc. It is inipos.sible to dotcr- 
iiiine whetlier the whole work is by one hand. 
Both an* noble [looms, but the ditfcrences in 
general tone and stylo b«.‘tw<'en the two lead the 
critics to believe that the “Odyssey” may have 
been by an unknown later poet, or by one [loot 
welding into a hannoniniis who’e the etforts of 
a .sc'hool of poets. It is unlikely that wo shall ever 
approach any nearer to a solution of the mystc'ry. 
\Vc* liavc* the* works, and in tli(‘m Homer, one* 
man or twc'nty men, liv<*s immortal -the grc.‘at 
Gn*ek of Greeks, as Ruskin says- -the more notable 
because of his influence* on Virgil, and, through 
him, on Dante, and all the* after agc's. 

Hood, Samuel, Viscount 

b. IbuhMk'h. Honu iwt, V2. 17*24. <1. lUth Jan. ‘27. 1818 

The .son of a clergyman, Samuel Hood entered 
the Navy as a captain’s si*rvatit, .served as an 
able .seaman, and gradually worked hi.s way up 
to the rank of admiral. He liad a coinspicuous 
place in the sea battles of his time, and, in Iht* 
words of Nelson, wlio serv(*d under him, was 
‘ tin* be.st officer, take him altogether, that Eng- 
land has to l)oa.J. of.” lb* was created a viscount, 
and inadi* Gov(‘rnor of Gre<>nwieh Hospital. 

Hood, Thomas 

b. 17S«». d. I.oiidfui. May .'1. 184.''. 

“He wang the Song of the Shirt” is the 
e[»itiq)h on Hood's tombstone. If ho had written 
nothing else, his days would have bc*on ju.stificd. 
But ill grave vein or gay he was always writing, 
though his health was of the worst, and his 
fortunes often dismal in tho extreme. A business 
misfortune consumed all his possessions, but he 
was too honourable to declare him.solf bankrupt; 
he mortgaged bis brain to work off his liability, 
and broke down while still at his task. Hood 
ln»gan his career in a merchant’s office, and was 
afterwards apprenticed to an engraver, but was 
too delicate for tho work of either [lo-sition. 

Hooke, Robert 

h. lulu of WiKht. July 18, li. MHch II, 17():(. 

One of the greatest of experimental philosophers, 
Hooke anticipated the invention of the steam- 
engine and of the flying-machine, and made material 
contribution to mechanics in tho direction of in- 
genious contrivances for clocks and watches. He 
carried further tho scientific manufacture of 
optical instruments, and afford<id Newton valuable 
assistance in his theory of gravitation. He was 
delicate and eccentric, but a good man, and very 
industrious; he earned his place in history as the 
mo^t notable of philosophical mechanics. 



Horace, Quintus Horatiua Flaccus 

b. Venufla, Italy, Dec. 8, 65 B.c. d. Home, Nov. 27, 8 b.«.. 

He was tho son of one who, once a slave, had 
as a freeman attained to means, and was able to 
give him a sound education. He was a student in 
Home at the time of the assassination of Ccesar. 
Horace took arnis under Brutus, and fought as 
an officer at Philippi. Returning to his home, he 
found his proi^crty confiscated, and himself driven 
to write verses for a living. Thanks to the friendHliip 
of Virgil, he came to enjoy the patronage of 
Maocenas, who presented him with a pretty pro- 
perty in the Sabine Hills. Here the greater part 
of his year.s were spent, and hero were written 
the famous satires, epistles, odes, and lyrics by 
which he immortalised himself. 


Howard, John 

li. Lonili n, Sept. 2. 1720. d. Klumm, auhsla, Jan. 20. IT«0. 

A personal experience made Howard a prison 
reformer. He was on a voyage to Lisbon when 
captured by a French privateer, and thrown into 
prison at Bi*est. The horrors of a fortnight\s 
detention led him, upon his return to England, to 
inquire into the condition of English prisons. 
From that time his life and fortune were devot<‘d 
to the cause of the reform of our gaols. Ho died 
while on a tour of ins[)oction in Russia, killed by 
typhoid fever. 

Huber, Francois 

l». Oeiievft, July 2, J7.i0. _ <1. Gwifva, l»tv. :n, ItcJI 

He worked with such a.ssiduity in the pursuit 
of knowledge that, by the ago of lif<»;eu ho had 
bc‘gun to lose his sight, ami ovenlually boeanie 
totally blind. But the noble woman to w'hom ho 
had wcome engaged married him in spite of his 
blindness, and wuis sight to him. Tog(*(her t.h<*y 
inadc the boo their lif(*-.stu(ly, and laid tho founda- 
tion of all our scientific know ledge of the 
fascinating subject. 


Hugo, Victor Marie 

l». BcMJtiicoH, Ki'iince, Folt. 2t!, 1802. <1. Pari.", Mjij* OJ, 

His father was u goiioral in tho army of tho 
Empire, an<l carriod his family with him. as far 
as possible, to tho variou.s place.s in w'hich ho wu.s 
ouartcred. Hugo w^a.s a jmonomeiioii as a boy - 
there can never have been another such. I3otweon 
his thirteenth and sixteenth year,s he had written 
every possible kind of verse od<'s, .satires, epistles. 

S oeiii.s, tragedies, elegie.s, idylls, imitations of 
ssian, translations from the classics, roiuaiioos, 
fables, stories, epigrams, madrigals, logographs, 
acrostics, charades, cnignia.s. ininioiuptus, and a 
comic ojHira. • And yet this boy w^as destinojl by 
his father for a military car<M*r ! The Academy 
withheld the prize which ho had won for a poem, 
believing it impossible that the author was only 
fifteen years of age. His example, Mr. Swiiibunio 
hp said, will stand for ever as tho crowning 
disproof of the doubtless more plausiVdo opinion 
that the most amazing precocity of power is a 
sign of ensuinf^ impotence and premature decay. 
Ihe bby, in this instance, was father of the man. 
His literary activity was unbounded. He took hi.s 
share in the. public" life of France of liis day, and 
helped to aclrninister tho affairs of the country. 
Napoleon fired his imagination, hut iho coup 
d*4tat of Napoleon III. filled him with indignation, 
aqd France and Belgium became successively im- 
possible as places of residence. lie retired <o 
Guernsey, where his literary outpouring.s jiro- 
ceeded unchecked. The fall of tlio Second 
Bmpirc recalled him to Paris, where he remained 
throughout the Commune, but, retiring again to 
Brussels, was again expelled the kingdom. Paris 
o^oe more opened her arms to him, and made him 
a Senator. Almost to tho end of his long life he 
continued to write, and though towards the close 
of his career he fell below the high standard of 
his earlier work, his record is almost without 
pataUel for variety of themes and treatment, for 
of aim and beauty of expression. He has 
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been acclaimed the finest purely literary spirit 
that France has ever produced. 


Humboldt, Friedrich Heinrich Alexander 

l*. Berlin. Sept. 14. 1781). U. Berllu, M»y 6. 1880. 

As a child he was called “The Little Apothe- 
cary,” so keen wa^s his devotion to scientific sub*' 
jects. At twenty he had matured his powers, and 
re.solved upon the career of scientist and explorer. 
All hi.s studies were directed to that end. Ho 
travelled through Europe, spent some years as a 
milling ongineor, resumed his Euroiioan travels 
and studies, then made a productive exploring 
trip to Mexico and South America. For the next 


twenty years ho residoil mainly in Paris, engaged 
in scumtific pursuits, then went to Berlin, whence, 
at the invitation of the Emperor of Rus. 9 ia, he 
departed on an cxi)edition to Siberia and the 
Caspian Sea. The nionuinental results of his 
inve.stigations were given to the world in thirty 
voluiiu's of brilliant writing.s. He found time to 
dlseharge numerous important iwlitieal missions, 
and was not less esteemed a.s a diplomatist than 
as a gr<‘at master of learning, the Encyclopaedia 
of Science, as Emerson has named him. 


Hume, David 

b. EilliiburKli. .\pril 2(i. 1711. 8. Erlliibiir«h. An?. 2.'5. 1776. 

The famous hi.storian and metaphv.sieian ” found 
himself,” after expeditions in variou.s directions 
in search of a voeation. He first tried the law, 
then commoree. wa.s at various times companion 
to men of note, Lnder-Secretary for the Home 
Offic<‘. and Juilg<'- Advocate. He had attained his 
forty-first year when h<* decid<!d to write his 
“History of England.” and completed it iiitfe 
years later. His political and moral essays, 
though not invariably attracting great attention 
at the tinu' of publication, have since had a 
decided efi’eet upon the opinion of the country. 


Hunt, William Henry 

b. l.(ii>«ion, Man'll 17!.(). d. l.ou(l >u. Foil. JO, 18R4, 

The father of English water-colour drawing was 
a puny cripph*. son of a journeyman tinplate 
worker. His gift for drawing was inexplicable. 
It showed its<*lf wIkmi he was quite young, and ho 
vva.s soon copying Gainsl)orough.s at eighteenpence 
apiece. .V good-natured patron of art bxik him 
in hand, and gave him an introduction to the 
Karl of Essex, rlie intm-ior of whose house formed 
th(‘ subject of llunt'.s fiist iiictun* at tho Royal 
Academy. Ruskin places him among the greatest 
colourists of this country. He left a fortune of 
over twenty thousand i>ouiuls. all earned by his 
brush. 


Hunt, William Holman 

li. I.oi .bill, Apni 2, 1S27. 

With Dante Gabriel Ro.ssetti, Millais, and 
other artists he founded tlu* “ Pro-Raphaolite ” 
school of painting, which aims at telling the truth, ^ 
the whole truth, and nothing but the truth in a 
painting. 'I'he most famous of all his many woU- 
known pictures i.s "The Light of tho World.” 
The original is in the chapel of Keblo College, , 
Oxford ; a replica has been .sent by Mr. Chanes 
Booth on exhibition throughout the British 
Empire. 

Hunter, John 

b. iHHig t al<lerw4iod. l,anarks»hir(>, 172S. il. boitilnii, Out. la 1793.' 

Destined to become the founder of modiarn 
scientific .surgery, Hunter wasted his youth, 
never quite made good the opportunities neglected. 
Spelling and grammar were always too much for 
him, yet he was tho instructor of the great 
surgeons who were to follow him. He disregarded 
books, and studied instead men, animals, and 
plants. His discoveries were of the greatest im- 
portance to tho science of which he became the 
chief exponent. All the money ^ which he could 
spare ho devoted to the ccUection of specimens 
which, when catalogued years Inter by Oweil,;;,.'; 
formed a priceless possession to comparative 
anatomists. Hunter's wife was the author oi ,^ 
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’* My mother bids mo bind my hair,'* and other 
popular poems. Among his pupils wore Jenner, 
Astloy Cfoopor, and Abornothy. William lluntor, 
another great surgeon, was his brother, and gavo 
his more famous junior his first insight into 
surgery. 

^ Hunyadi, Janoa 

n, Uuuyad, Trails* IvaiilH. 1:187. d. SoinHti, Croatla-HlaToiiia, 1466. 

A groat Christian general, ho was Regent of 
Hungary during the minority of Ladislaus V. 
His whole career was one long campaign against 
the Turks, whom ho defeated in many brilliamt 
battles. His most famous achievement was the 
storming of Belgrade. 

Husa, John 

b. PnwhaUt*. Boheinla, .July 6. Vm. d. Conataiice, BiuImi, .Toly 6. 141.V 

His preaching of Wyclif’s tenets brought him 
under the ban of the Roman Catholic church. The 
Pope by bull condemned Wyclif's teachings, but 
Huss continued to expountl thorn, was brought to 
trial, refused to recant, and was burnt at the stake. 
The Hussite war, which followed, was the outcome 
of the resistance of his followers olfered to the 
whole forces of the Empire, and sustained for a 
generation at terrible cost in lives to both sides. 

Hutton, James 

fa- ^inbnrgh. June :i, 17J6. d. Edinlnirirb, March 26. 17!>7. 

The son of well-to-do parents, he received an 
excellent education, and was then placed in the 
office of a lawyer. But his mind from tlu! out.set 
ran wholly on science, and when he should have 
been studying lawv<irs’ laws, ho was probing 
Nature’s. His articles were cancelled, and he was 
sent to Paris and Iweydon to study nieclicino. This, 
too, ho abandoned, and detorniined to try scientific 
faiming, which conducted him to mineralogy and 
geology, in which his interests really lay. IIi« 
laborious researches led to his discovering the 
modern explanation of the phenomena of tlie 
earth’s crust by means of charjge.s still in progress. 
The “ Huttoniaii Theory ” wu.s iissaih'd by his 
contemporaries, and it wa.s not until the luniinons 
exposition of John Playfair made the ponderous 
tomes of the founder of geology pojmlar that the 
significance of Hutton’s discoveries w'as realised. 
He had no mathematical knowledge, and went 
astray in adoiiting the phlogiston theory; but, with 
every detraction con.sidcretl, the value of his work 
remains very high. 

Huxley, Thomas Henry 

Ik Kalinif Miadlencrtc. May 4, 1S25 6. Ra»t»K»iuiu-. .Fuue 29, 1899. 

The seventh child of a seventh child, Huxley 
began his education under hi.s father, who had the 
future Cardinal Newman among hi.s students. For 
the son of a school teacher, his education was 
strangely desultory and irregular. “ I had two 
years of a pandemonium of a school -between 
eight and ten — and after that neither help nor 
sympathy in any intellectual direction till I 
reached manhood.” he recorded, flis dc.sire was 
to be a mechanical engineer, but the study of 
Hutton’s w'orks, of logic, and of Gorman, anJ the 
fact that, two of his sisters married doctors, fortu- 
nately led to his taking other paths. He was 
apprenticed to a London surgeon, and at his first 
post-mortem examination contracted an illness 
which left him with chronic dyspepsia. In his 
twentieth year he announced an important dis- 
^very in relation to the human hair. In the 
ISanio year ho graduated M.B., and won a gold 
medal for anatomy and physiology. Like Darwin, 
he was destined to find tame on the sea. He took 
voyages, in the capacity of assistant-surgeon, in 
two ships, and in both made important contribu- 
tions to the science of biology. His fame was now 
growing, but ho had no funds with which to 
publish the full results of his work. Ordered to 
rejoin his ship, he had to throw up his only certain 
income rather tfian leave unfinished the work of 


completing the description of his collection of 
specimens. Fortunately, tho position of lecturer 
on natural history at the Royal School of 
Mines fell vacant at an opportune moment, 
and Huxley was appointed. Ho was now in a 
position in which he could make his influence 
felt. Despite lasting ill-hcalth, ho addressed him- 
self with heroic energy to the popularising of 
science. In the great controversy on evolution he 
played a leading part in support of Darwin. His 
lectures to his student.s, to unscientific audiences, 
and especially to working men Ix'came famous. 
Honours crow^lod ui.K)n him, and no man of science 
of his ora had greater influence. Ho was one of 
the first members of the London School Board, 
and accomplished much for the improvement of 
popular education. His waitings and lectures on 
scientific and philosojihical subjects are by this 
time for tho mo.st part classics. The nineteenth 
fonturv produced few such splendid brains as 
Huxley's, f<*w' men so strong and courageous and 
lovable w’ilhal. 

Huygens, Christian 

K The UftgMe, lU.lhinrt. April 14, 1019. d. Tlie Uugue, July 8, 169.1, 

He was the son of a ixiet and diplomatist, whom 
James I. knighted, and studied physics, astronomy 
and mathematics at lA'vden University. One of 
his greatest advantages was his adaptability. He 
eoiilfl seize upon and improve a now idea. Thus 
h(‘ invented the niMidulum clock, on the suggestion 
of Galileo; amk developing the same philoso- 
l>hei‘ s theory of the aeceleration of motion under 
Die influenc(» of gravity, prepared the way for 
Newton. Huygens, who first expoumb'd tho 
undulatory theory of light, discovered Saturn’s 
ring and one of his satellites. 

Hypatia 

1». Alrxaiif’iii.fouith ci'iiOiry d AW'XMidrla, fifth fintury. 

The daughter of an Alexandrian a.stronomer and 
math<*matieian riamt'd ’riieon, .«ho learned all that 
Ih'r fathi'i* could ti'ach ln'r. tlnm went to Athens, 
where she becairn* .so proticiont in philosophy that 
she returned to .Mexandria to become not(*d her- 
.s(‘lf as a teaclu'r. She tnt'sided in the public 
schools, teatdiing philosoi>hy and mathematic.^ 
Her b(‘auty and talent made her very famous, ami 
<»xeited fh(‘ hatred of a l)igot(‘d Christrian arch- 
bishop, one of who.se creatures headed a riot in 
the course of which .she was stripped of her 
c|^othirjg and torn to pieco.s in the public street.?. 
Kingsley’s nov<d i.s founded upon her career. 

Ibsen, Henrik 

li, .‘•klen, No-w:iv, M.arcli 20. 182«. d. OlirUtlaiia. May 21, 1900, 

The. failure of his father’s fortune coloured tho 
early life of the future poet and dramatist. He 
was aimreriticod to an aiiothocary, but studied 
literature in his leisure, and l>efore"he was twenty- 
one published his fir.st work. It was a failure, as 
were several others - dramatic and poetic. He had 
tried hi.s fortune in journalism and as manager of a 
theatre before ho gained the approving attention 
of the world with the plays which made him 
famoas. “ Love’s Comedy,” written in his thirty- 
sixth year, linked his name with tho social and 
.satirical drama, and the’ future held no more diffi- 
culties for him, though his works were never re- 
ceived without ]jrolongod and bitter controversy. 
Ibsenitcs s(?e in him the stern moralist depicting 
conditions and life as they are ; hia critics find him 
morbid, and a painter of things which ought not 
to be painted. 

Ivan HI. 

b, Moscow, im ^ a. Moscow, Oot. 27. 1806, 

Ivan the Great, as he is commonly called, was 
born Grand Duke of Moscow. Finding the 
country divided into many petty states, and tribu- 
tary to the Mongolian Tartars, he made Russia a 
whole, and became the first Tsar and founder of 
the Russian Empire, Ivan the Terrible (b. 1530; 
d. 1684) was an' enlightened but cruel ana 



barbarous prince, who slew his own son in a fit of 
passion. He extended the dominion of Russia— 
notably by the acquisition of Siberia. him 
the first printing press was establishid in Russia, 
and the mission sont to England by which the first 
treaty between Russia and this country was signed. 

Jacquard. Joseph Marie 

b. July 7. 17ff2. d. noar Lyons, Atig. 7, 

The inventor of the famous silk-weaving loom 
which bears his name was the son of poor parents, 
and while pursuing his exm'riments had to sacri- 
fice everything ho possessed to carry on his work. 
He was unsuccessful, and became a labourer, then 
a soldier. It was not until he had entered his 
fiftieth year that the fame of his invention became 
public. Even then ho still had years to w*ait 
before it was perfected. The workpeople of 
Lyons fiercely resisted its introduction, but he 
lived to see it in nnivi-rsal use. 

Jenner, Edward 

h. Berkeley, Oloa.. Miiy 17, 1749. «l. Bt'ikfley, Jftii. 2fl, IHAl, 

The discoverer^ of vaccination for smallpox wa.s 
a son of the rectory. He W'as twenty-six when he 
began his investigations, but tw’enty years had 
elapsed before the medical faculty accepted his 
theory. His own hope was that by the universal 
application of vaccination smallijox w’oiild become 
extinct. lie w'us rewarded by tw’o Parliamentary 
grants, aggregating £30.000. 

Joan of Arc 

b. Doiiireiiiy. Knuu-e. .lull fi. 1412. cl. Konen. M ty :(0, llll. 

“ Tho Maid of Orh'ans ” was the daughter of 
()easarits. She never learned to read or write, but 
was ^ characterised by boundh'ss mental and 
physical activity. At this time the English were 
masters of tho wh ile of France north of the Ixiire. 
and Henry V. of England had been proclaimed 
King of France. A local saying that France was 
to redemiied by a virgin out of the forest of 
Domremy seems to have impressed the mind of the 
girl. Although she was devoted to h<'r parents, 
and received with reverence the spiritual instruc- 
tion of her mother, she dwelt apart, a.s it were, 
and dr(*amed of the ])rophecy, until sho fancied 
that she hoard supernatural voices declaring that 
she was tho maid appointed to the task. She 
eventually gained access to the Court of 
Charles VII., and persuadi'd him to give her the 
command of an army. At the h<*ad of this force 
she was brilliantly successful. She raised the 
siege of Orleans, drove the English from their 
principal fwsition on the I.oire, and had the king 
crowned at Rheims. Still continuing her cam- 
paign against the invaders, she was eventually 
captured by the English at Compiogno- so’d, it is 
said, by traitors for 10,000 crowns. Arraigned 
before a spiritual tribunal at Rouen, she was con- 
demned as a her<dic, and, according to a version 
upon which later research casts doubt, burnt at 
tne stake. 

Johnson, Samuel 

b. Llobflcld, Bepteiiibt'r, IS, 1709. d. Lftiidon. Der i:i. 1784. 

Johnson owes immortality to his disciple and 
biographer Boswell. The groat literary dictator 
of his ago would not bo known to po.stcrity as the 
man ho was but for his faithful henchman, who 
mirrored his manners, ideas, and diction in a 
manner wdiich Johnson in his own writings quite 
failed to do. He was the son of a second-hand 
bookseller, afflicted, in spite of groat physical 
strength, with a disease for which he was 
“touched” by Queen Anne, In spite of his pro- 
digious mental activity, he failed to obtain a 
degree at Oxford during his years of residence. 
He made two or three attempts as a schoolmaster, 
but without success, and came to London, accom- 
panied by a pupil, David Garrick. He had 
already married a widow, whoso small fortune a 
calamity soon absorbed. During many years his 
life in London was one lorg struggle with ad- 
tersity. He was still verv poor when he projected 
his famous dictionary. The publisher agreed to 
pay him i6l,675 for the entire work. To complete 
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it he had to employ six amanuenses, five of whom 
were Scotsmen, whom ho affected so heartily to 
d^piso. The dictionary was dedicated to Lord 
Chesterfield, whose discourtesy and neglect were 
noted in a letter which has become famous. 
During tho latter portion of his life, Johnson en- 
joyed a Government pension of £300 a year, and 
became tho centre of that literary circle which 
Boswell has rendered famous. He had no taste 
for music or pictures; ho had many prejudices, 
and \vas dogmatic, and ant to browbeat those who 
cro.ssod him. But, withal, ho was one of the 
greatest figuro.s of his age-^a nohlo-hearted. 
lovable man. whose wise and witty sayings are to 
tlii.s day in all men’s mouths. 

Jones. Inigo 

». Uma.n,. July 15. 167:1. ,1. Li utlon. Juno 21, 18W 

Like many another genius, thi.s great architect 
began his career in unpromising circumstances. 
His father was so poor that ho was conipollod to 
pay a debt by instalments .so small as ten shillings 
a month. The boy was apprenticed to a car- 
penter, but his aptitude for drawing attracted tho 
attention of tho third Earl of Pembroke, who sent 
him to Italy to study. Ho is said to havo designed 
a palace during this trip for tho King of Den- 
mark. Hi.s first work of note in England was to 
design tho scenery and machinery for the presenta- 
tion of plays by Ben ,Ton.snn and other dramatists. 
Following this came his ayipointinent as Surveyor- 
General, and th<‘ beginning of his architectural 
work. His bau(|ueting-houso in Whitehall was 
intended us part of an immense palace. His 
Lincoln’s Inn Ghanel, hi.s residence for tho Queen 
at Greenwich, and many otheu’ notable buildings 
in the capital and th<‘ country, caused it justly to 
ho said that “ whal was truly meant by the art of 
design was scarcely known In this kingdom until 
ho brought it into and esteem amongst us 
here.” 

Jonson, Benjamin 

I.. leiwlon, I.ITI. d. r,ondon. Au^r 16, Iff!?. 

One of tho most celelirated ])Oota and dramatists, 
he was tho posthumous son of u clergyman. His 
mother marrying a hriekluyer as her second hus- 
liand, tho boy was taken from .ichool, and put to 
work at his stepfather’s trade. His .spirit revolted 
against it luid he fled, to join tho Army as a 
private soldier, and serve bravely in a campaign 
m Holland. Rc‘turning to E'lgland, ho got him- 
self entered at St. John’s College, Cambridge, 
hut was forced back to London, to earn his bread 
.as author and actor. A duel with a brother actor 
terminating fatally for his antagonist, Jonson was 
imprisoned, and narrowly escaped execution. At 
twontv-four he published his famous play, “ Every 
Man in His Humour,” and thereafter produced a 
]»lay annually for several years, in addition to 
nias<|ues and smaller pieces for the Court. His 
share in a dramatic piece which Court favourites 
rc.sentcd nearly cost him his nose and ears, which 
he w’as condemned to lose in the pillory. Hfy soon 
regained the Royal favour, and appointed 

TWt Laureate, and, following journeyings on th« 
C’ontinent. wa.s the recipient of an honorary degreo 
from Oxford University. But his health was now 
iniyiaired, and he tlied of ]jalsv, and was buried in 
Westminster Abht\v, with tho simple epitaph, 
“ 0, Rare Ben Jonson.” His dramas exhibit 
pungent humour and profound philosophy. They 
are unequal, as are his poems; but while Shake 
.syieare is accounted among the gods of English 
verse, Jonson is in the forefront of the giants. 
Some of his songs are for all time. In spite of 
his poverty and hard ;youth, he was among the 
most learned men of his age. 

b. <1. Kom«. HOoond c«nturjr a.d 

The groat Jewish historian was tho son pt a 
priestlv house, and so early profited by educational 
advantages that he was frequently consulted as a 
youth by the high priests and prominent citiEens 
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upon points of Jewish law. After three years in 
the wilderness as the pupil of a hermit, he went 
to Rome. His visit impressed him with the 
jiower and resources of that empire, and upon his 
return he did all he could to dissuade his country- 
men from their contemplated rising. His voice 
was not heeded. He himself was swept into the 
revolutionary movement, and held important mili- 
tary commands until defeated and taken prisoner 
by Vespasian. The latter befriended him, and 
upon becoming emperor gave him a residence in 
Rome. Here Josephus produced his immortal 
literary works. 

Juvenal, Decimua Junius Juvenalis 

)|. Aqiilulmii, Italy, flrut eentury A.ti. il. H>>ontl40 a.ik 

Little is known of the life of this celebrated 
Roman satirist. lie was the son, either by birth 
or adoption, of a wealthy froedinan, who gave him 
a liberal education. Half his career was spent at 
the Bar, where he acquired considerable reiiuta- 
tion. Against his will he was st.‘nt to Egypt, and 
resided afterwards for some time at his native 
place. His immortal satires were directed against 
the .social vices of the early Roman Einjiire. and 
underlying them all is a strong dislike of the 
imperial regime, and regret for the loss of the old 
Republican system. Drydon’s translations of 
Juvenal are among his finest work. 

Kant, Immanuel 

h. KiiiiigMlioiK. Oennany, April IH, l?i4. «l. K^IuIkkIhth, F*>b. Iti, IK(I4. 

The son of a poor saddler of Scotti.sh .stock, he 
studied at the local university, and never re.sidi'd 
away from hi.s native city. He was successively 
private tutor and university lecturer. He lectured 
on logic and the various branches of ineta])hysics, 
on anthro])ology, physical geography, and mathe- 
matics. Ilis great work, the “Critique of Pure 
Reason,” was twelve y<^Hrs in i^reparation. It was 
only during the last twenty ,vears of his life that 
he was famous, though he had pubiisht'd 8ev«‘ral 
treatises, in one of whieli he preilieb'd tin' exist- 
ence of L'ninus, which Her.schel afterwards dis- 
covered. His fame spreml throughout Euro|)e as 
work after w'ork followed his *' Criti<(ue.*' and an 
<'normous impulse was given by lii.s labour tf) 
critical philosoiihy, of which he was tin* founder. 
Kay, John 

b. IWM Blip-. I.JUICH,. July. |«. 1704 d Fnuuv. uftor 17(54. 

The inventor of the ” tly sliuttlo” w'as twenty- 
nine when granted a patent for this <'xtreinely 
important invention— perhap.s the most important 
improvement ever made in the loom. His patent 
was unblushingly infringed by the manufacturers 
of his dav, and the cost.s of litigation almost 
beggared him. Ilis brain teemed with schemeH 
, for further improvements in industrial machinery, 
but the mob broke in and destroyed everything he 
possessed. He fled to France, and there died in 
obscurity and poverty. British industry owes an 
enormous debt to this poor fugitive, who starved to 
4eath in a foreign land. 

Keats, John 

This rare and great pnius was the son of an 
ostler, who had married the daughter of liis em- 
ployer. a livi'ry-stable keei>er in Moorfields. l^n- 
don. The poet was horn in the house adjoining 
the stables, and went U) school at Enfield, where, 
after two idle years, he applied himself with extra- 
ordinary enthusiasm to the study of literature, of 
. which classical mythology was his favourite. He 
carried from school some Latin and French, but 
no knowledge of Greek in the original. Keats 
/ inherited a modest compotenco from his grand- 
P father, a practical old man, who apprenticed him 
to an .Edmonton surgeon. The work did not 
lineal to tho poet; and though ho studied for 
tiirM years at tho London hospitals, he withdrew 
at the earnest possible moment to devoto himself 

M nmw* encouraged bv the example, if not 
of literary friends, among whom were 
ai^d Hunt. Endymion,” though 


not free from fault, contains so many beauties that 
it was hailed with acclamation by all but the 
terrible “ Blackwood and ‘‘Quarterly,” which 
attacked it with characteristic ferocity. He boro 
the onslaughts bravely, but they left an in- 
eradicable scar. The last volume contains some of 
his finest work, but his health was broken. His 
devotion to a sick brother, the fatigues of a walk- 
ing tour in Scotland, and his passionate love for 
a woman w»ho did not appreciate him, rendered 
his condition critical. He went to Rome, and died 
three months after arrival. He had many friends, 
one of whom— Severn the artist — accompanied him 
to Rome, and tenderly nursed him until he died. 

Keble, John 

b. Fnirford. OIdk., Aptil 25, 17951 d. Bournwronth, Marcb 21), ISOfl. 

The “ sweet singer of Israel ” and true saint, as 
Mr. Gladstone called him, was an Oxford professor 
mid a clergyman. With him originated the Trac- 
tarian Movement, culminating in the famous 
“Tract No. 90.” His “Christian Year” is the 
most famous of hi.s poetical writings. Keble 
College, Oxford, was erected to commemorate 
him. It is for students of limited means. 

Kelvin, William Thompson, Lord 

b Jitiip 2(5, 1S24. 

Hi.s father wji.s Profe.ssor of Mathematics in the 
riiiver.sity of Glasgow, where, at the ag<! of 
tweiitv-two, young Thonip.sou was to begin a pro- 
b'ssorship of natural philo.sophy which wa.s to last 
over half a century. Meanwhile, he much dis- 
tinguislu'd himself at Cambridge University. Not 
onl> was he a brilliant student, he was famous as 
an oarsman. At seven teen he attracted the atten- 
tion of scientists by a brilliant ])aiK*r on beat and 
electricity, which showed quite original metliod of 
investigation, and was destined to be of imixirt- 
anee to subsequent invi'stigations. Since then his 
vvvilings on sciiuuM' have Ix'on beyond .oimniera- 
tion. and tln'ir etlVct U))on the scientific learning 
of the ag<' above conijiarison. His inventions aiu' 
of e((ual iiiqiortance. It u by those in the field of 
telegi'aphy, and those which form aids to naviga 
tion. that he is best known to the public, lli-^ 
slian* ill th(.‘ Atlantic cable brought liim a knight 
hood; his inventions of tho magnetic comjiass and 
of his famous sounding-n)achiii<>, which enables tin' 
depth of water to lx* taken without a ship 
slackening sjieecl. nnike Ids name a household word 
with sailors. TIis researches in electrostatics gave 
us those infinitely fine instruments which embody 
the perfection of mechanical and geometrical ad 
jnstrnent. Ho has received all tho distinctions 
possibh* to a inan of scionco, and his jubilee at 
Glasgow University drew together a notable 
gathering of British and European scientists. 

Kempls, Thomas a 

b. K. inpeii, Germany. ni/S. i|. Zwolle, lloliuinl, July 25. I4TI, 

His real name was Thomas Hanierken; that bv 
which he is known comes from his birthplace. He 
was trained in an Augustine convent near hi^ 
native town, and became eventually its suiierior. 
Of all his writings, tho “Imitation of Christ,” of 
which he is believed to be the author, is the most 
famous. No other Iwok, after tho Scriptures, has 
been .so often reprinted; none other translated 
into so many languages. A copy of the work— not 
the first— in the handwriting of Thomas himself is 
to bo .seen in Brussels. 

Kepler. Joliahn 

II. WpH. Oernmny, Ileo. 27, i:7l d. KAtlubon. Gennany, Nov. 15. 16:w». 

He was the .son of poor gentlefolk, and himself 
scarcely ever free from domestic worries. His 
first annointmont was that of mathematical lec- 
turer at Gratz, he not having as yet taken any 
interest in astronomy.* Fortunat'^ly, he was 
brought into wmmunication with Tycho Brahe, 
who directed his studios to tho work with which he 
was to immortalise himself. After labouring for 
some time with Tycho, Kepler aucoeeded him as 



aistronomer to the Emperor Eudolf, and at the 
death of the older man inherited his vast store of 
f,aot8, as he had benclitod by all that he had 
learned of him. The publication of his famous 
astronomical laws formed the basis of Newton’s 
work, and the foundation of modern astronomy. 

Kingsley, Charles 

b. Da'tmoor, Jiiue 12, 18l». il. KverHloy, Haiito, Jaii. 1875. 

The son of a clergyman, Kingsley, after a suc- 
cessful course at Cambridge, took orders, though 
at one time he had such religious doubts that he 
declared his intention of quitting the University 
for the prairies. He first liecame curate, theii 
rector of Evorsloy, interested himself in Chriatiiin 
Socialism, and became one of its most powerful 
exponents. His earlier novels, written with this 
purnose in mind, excited extraordinarv interest. 
Unner the pen-name of “Parson Lot” ho wrole a 
great number of articles for the Pri'ss, furthm* 
elaborating his doctrines. The latter he ))iit info 
practice in his daily intercours<' with his own 
nock. He held two professorships, and was made 
Canon of Westminster and chaplain to Queen Vic- 
toria. Miss Mary H. Kingsh'y was his niece. Hia 
second daughter, who in 1876 married the rector 
of Clovelly, but has siiilh.' become a Roman 
('Catholic, is the well-known novelist “ Lucas 
Malet.” 


Kipling, Rudyard 

)•. B-iriibay, iKn'. 


Inheriting talent from both sides of his fafiiily, 
he was sent home to W<‘st\vard Ho for his educa- 
tion. then, r<‘turning to India, was put to work 
on a newspaix'i*. 'Iho short tales which were latm* 
to make liini famous were written for the paper 
with which he was assnciatc'd, and accepted 
additions to routine work not willingly, but as a 
favour to the author. These he cv(‘ntually j»ut 
into liook form, issuing th<*ni on<‘ at a time in 
slim, paper-hacked volnm<*s, Th<‘y made his name 
at onco ill India, and later in England. Since 
then he has travelled almost us far as his fame. 
He mu;rriod an Ainericau lady, and nearly died 
in the land of her birth in 1899. The “ Hard of 
Em])irc,” as he is called. In; is also tlie laureate 
of the barrack-room. His noblest ooiuposition — 
one which, wdiatever befall tlie rest, is siire of im- 
mortality -is his grand and splendid “ Re- 
cessional,” wu-itten for the Diamond Jubilee. 


Kircher Athanasius 

U, (.(•Ivt, Oennnny. May 2, nmj. ‘I- K-'iir.*, Nov. 2S. 

Although he was a gnuit scholar and matliema- 
tician, Kircher, who was piofe.ssor liivt at Wurz- 
burg of pliilosoi)hy, inathoniatics, and Oriental 
languages, then of mathematics at Rf>me, is be-r 
remembered as the inventor j>f what is still 
popularly termed the magic-lantern. 


Klopstock, Friedrich Gottlieb 

b. fl)v\wy. .Tulv 2. 1724. <1. Hniinmiv. March 14, IWK.. 

The founder of niodeni jipetry in Gi'iinany wa.s 
educated at hia native Quediinglmrg, at 
and at licipsic. Inspired by Milton, and, to 
a lesser extent, by Virgil, he nublished tlin*e 
cantos of his sacred epic, the “ Messiah.” This 
at 'once brought him favour and fortune. 'I he 
completion of his ejiic occupied him nearly thirty 
years. It has been aupersedeil by fur nobler 
works, but its influciiCM* in creating a German 
poetic literature can never W overlooked. 


b. rf- K.lliiV.iir«h. N.iv. 24, 1572. 

The perfect symbol of Reformation in all 
countries, and times, as Ruskin has called hini, 
was, first a lawyer in Glasgow, where he wa^s edu- 
cated at the university, then a priest of the Roman 
Catholic Church. He next became a tutor, and 
was brought in touch with a Lutheran reformer, bv 
whotti his religious opinions wore much influenced. 
.This man, WTshart, was burned at the stake for 
herewy.. His death was avenged by the murder of 
Cfurdmkl Beaton, whose assassins held the cattle 
th^ crime was committed, and called 
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thither Knox, who was now formally admitted to 
the ministry. St. Andrews yielded to the French, 
and Knox vvas confined to the galleys for eighteen 
nionths. Upon his release he travelled and 
nreached in England, was made one of the chap- 
lains to Edward VL, and assisted in the reforma- 
tion of the seeontl Prayer Hook. On the accession 
of Marv Tudor he fl<*d to tin* Continent, and came 
under the influence of Calvin. His “Blasts of the 
Trumpet^ Against the Monstrous Regiment of 
Women ” was first directed against Mary of Guise, 
then Regent of Scotland, against Mary of Eng- 
land and Catlierine de Medici, but it complicated 
his relations wdth Mary Stuart. Wlien the latter, 
as w'idow of the Dauphin, returned to Scotland, 
th(* battle lietw’e^'ii lu'rself and him at onco began, 
and Ir'd to the dramatic intervuwvs. which have 
become famou.s. In the end, thanks mainly to his 
efiorts, Roman Catholicism was abolished in Scot- 
land. The times in which he lived were violent, 
and tin* cau8<! wliicdi lie made his own w’a.s en- 
dangered by many terrible d<*i*ds by liis disciples. 
He himself was rough .and rude at times, but the 
v<‘rdict of history upon his life, his acts, and his 
writings is that po one in Englarnl or Scotland 
who value.s liberty- national, eivil, or religious — 
can .s)>eak of John Knox without reverence and 
gratitude. 

Koch, Robert 

b. K!HU.sthal. n»»nn'in.v, 1 )*•!•. 11. IS4". 

It was while practising as a ])hy.sieian tliat he 
U'gan tho.se researches in baetorioiogy which have 
made him famou.s. His investigations as to 
anthrax. Asiatic cholera, rind<'r|)est, and bulKiiiic 
plagin* havi* l(‘d to important results. Contro 
ver.sy still rages round tin* eonclusion.s which hr. 
has r<‘achod on the subji'cL of luberculo.sis. 

Kbnig, Friedrich 

b. KiHelWeii, Oeriiianv. .Vjiiil 17. 1771. <1, .Ian 17. ISXl 

'rruilied to the trade of a printer, he devoted his 
leisure to planning a .«5t<'am jiress. This, with the 

a. ssistiuice of Hensley, a I.oiidon printer, he was 
able, in 1810, to jiatent. In the following yvar he’ 
obtained a patent for u cylinder pr<*ss, which, in 
improved form, w'us ado])f(‘<l tlirei* years later for 
the printing of the “Time*'.” 

Lagrange, Joseph Louis de 

I). Tmln. .Ian. 2.">. «l. Pans Apill 10. ISI.'l 

Interested at first in lit<‘raturo rather than 
inathemaf ies. he eventually devoted himso.f to his 
calculus of variations, which had highly important 
results for the higher branches of physical 
astronomy, lie wa.s for twenty years a profossot 
at lh*rlin. on the invitation of Frederick the 
Great; but, lurning to Paris, was received with 
honours and <‘moluiin>nts, to devote the re.st of his 
days to tin* dissemination of knowledge in the 
French capital. 

Lamarck, Jean Baptiste Pierre Monet de 

b. .4ny. 1. 17.4. fl. PhI.h, U.v. 1H. 1S2». 

The founder of inverN'brate zoology was for 
.some y<*ars in the French Army, from* which his 
retirement was necessitated by an injury. He 
lieeame bank clerk, stiidieti medicine, and then 
botany. Securing an apiMiintment at what has 
.since beeoim* the Jardin des Plantes, on the crea- 
lion of the museum, he becannj r('.sixmsible for 
the lowe.st ord<>r of animals, what Linneeus had 
called merely in.sccts and worms. Those he 're- 
classified into ten classes, and, though his work 
has be(‘n sup<u*.seded by subsequent labourers in 
th<» same field, it.s importance at the time was very 
gr<*at. Ilis researches led him to the theory that 
altered condition.s of life lead to variation of 
specii'S. He was the forerunner in this matter of 
Darwin and his school. 

Lamb, Charles 

li. l.,fiii(lon. Keb. 10. 1775. d. KdnkO.\ton. M)dll<*-<*’. fw. £7, im 

The best-loved personality in English literature 
w^as the son of a man who had graduated from 
domestic service to the position of clerk to a 
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wealthy Bencbot of the Temple. He was oiik'red 
at Christ’s Hospital— the Blue Coat School^^where 
Coloridsro, his lifelon; friend and first collaborator, 
was also a pupil. Lamb became a dark in the 
South Sea House, and afterwards^ in the India 
House. When he was twenty-one his sister Mary, 
in a fit of madness, murdered their mother. 
Thereafter ho booamo her constant guardian, de- 
voting his life to her care. In her lucid intervals 
she wrote; the comedies in their joint “Tales 
from Shakespeare ” are hers. His early poems 
were inspired by an attachment which the care of 
his sister caused him to renounce. His famous 
essays — the “Essay.? of Elia’* — were begun when 
he was fort^-five, and appeared in “ The London 
Magazine.”' The name under which ho wrote was 
that of a former clerk in the India House. 
Ho enjoyed the friendship of all the literary men 
of his age, and was recognised as a critic and 
humorist of the highest order. When, after a 
generation spent in the service of the India House, 
he retired on a pension of £450 a year, he went 
with his sister to Edmonton. His term of rest was 
not more .satisfactory to him than the condition of 
retirement which he describes in one of his e.ssays. 
His sister Mary was all her life subject to fits of 
insanity. an<l those In'came more, frecpicnt and of 
longer duration as age increased. II is last days 
were thus saddened by this grief, and also by the 
loss by death of many of his dearest friends. In 
life he was the same gentle, merry, tender-hearted, 
delightful man which his writings suggest, and hi.s 
position in the affection.? of posterity can nev<‘r Ik> 
assailed. 

Landseer, Sir Edwin Henry 

t). T/Hiflciii, March 7, IWi. <1. Kuti<l«»n. Oct. 1. 187:5 

The youngest of a tah'ntetl brotherhood. I^and- 
Roor was the son of an engraver, wlio earlv taught 
his .son the art of drawing from life. When he 
was yet in hi.s fourteenth year h<‘ exhibited a 
nicturo at the Royal Acudomy, while at sixteen he 
became famous with tlu‘ picture “ Fighting 
Dogs.” From that time forward he was a 
regular exhibitor at the .\cademy, of which ho 
boeanift an a.^-sociate, tlion a nKunlter, and finally 
declined the presidency. Ht? attained the v<»ry 
highest rank among animal painters. Ih'cr and 
dogs and horses w’ere his favourite stiidie.s. His 
one fault wa.s that lie gave his animals too human 
an exprcs.sion. The noble lions at the bnsi* of the 
Nelson monument in Trafalgar Squan* are of his 
execution. He received the commission in 1858, 
and the figures were finally i)laco<l in position in 
1867. 


L^o-Tsze 

K Hoti'Ui, CVihia. <1. China, aat.-imknown. 

Although five-and-twenty centuries have elap.sed 
since the birth and death of Lao-Tszc, his liirth- 
placc and the temple erected in his honour are 
still pointed out. He w'as for some lime one of 
the keepers of the king'.s archives, but retired to 
live a life of quiet and conteinplation. He l)e- 
queathed to his country the religion wdiich, wdtli 
Buddhism and Confucianism, still holds sway to- 
day. It was the simple and quiet life which he 
preached. He deprecates learning and recourse to 
arms, and bids his followers requite injury wdth 
kindno.ss. Confucius, w'ho was much his junior, 
Wjsnt to .sw him, and wa.s reproved for troubling 
himself with the affair.? of tho world. The teach- 
iiig of this philosopher is contained in his cla.ssical 
“Book of the Way." 


Laplace, Pierre Simon Marquis de 

b. PraiK^. J(arcl) 28. 1749. d Parla. Marcli «. 1827, 

Th© son of a farmer, he booamo a professor of 
mathematics, and renowned for his mastery of the 
whole fioionoo of mathematics and its application 
to jjractical astronomy. For six weeks he was 
Minister of tho Interior under Napoleon, His 
CXifitributions to science deal with the tides, with 
iun^r motions, and the nebular theory. 


Latimer. Hugh 

h. ^^uroastoii. Leleo^ter. About 1481. d. Oxford, 0«t, 16. 1866. 

The son of a yeoman farmer, he became Bishop 
of Worcester. He was one of the divines who 
found in favour of the divorce of Henry VIII. 
In his forty-fifth year he Was, in his own words, 
“ as obstinate a Papist as any in England.” 
Prom that time, however, he turned strongly to 
the Protestant faith. Called upon, after the 
accession of Mary Tudor, to recant, he declined, 
and died, burnt at the stake, in company with 
Ridley, saying. “Be of good comfort, Master 
Ridley, and play the man. We shall this day 
light such a candle, by God's grace, in England 
as I trust shall never lie put out !*’ 


Lavoiaier, Antoine Laurent 


b. Paris, Auk. 174.?, d. Paris. May 8. 1794 

One of the crimes of the French Revolution was 


the execution of Lavoisier, the father of modern 
chemistry. A man of exceptional talent, he first 
exploded the phlogiston theory of combustion. 
I'ntil this was dis^xdled, although Black and 
(’avendish and Priosiley were doing brilliant 
work, .substantial ])rogresR could not be made. 
Lavoisier showed that tho true theory of com- 
bust ion w’as a process of oxidation. This opened 
up the w'ay to the correct study of life, by render- 
ing the function of respiration and the production 
of animal heat for the first time intelligible. This 
was not his only discovery, but it was tho most 
important, as establishing tho basis upon which 
modern chemistry has U'en built. He accoyited a 
liosition as tax-farmer in order that he might 
linve fund.? with wdiich to curry on his experi- 
ment?; and. popular rage being excited against 
all eonrerned in tax-gat hru’ing, he was condemned 
and guillotined whmi in tho prime of life. 


Layard, Sir Austen Henry 

b. Pa*U, Maich .1, 1817. «). JhI> 5, 1894. 

He had two careers. One was as member of 
Parliament and Anilnissador ; tho other, and 
earlier, was the more picturesque, and is that upon 
ivhich lii.s fume will re.st. Me discovered and ex- 
plored the remains of ancient Nineveh, and made 
important contributions to our knowledge of 
Banyloii and of the inscriptions on Assyrian 
monuments by which th<‘ history of tho Old World 
is reveab'd. 


Leibni*x, Gottfried Wilhelm von 

l». I.elpH c, .Inly 6. 1H4 !. cl. fTaiiover. Xov. 14. 1710. 

Equally celebrated in philosophy and mathe- 
matics, Leibnitz is regardc*d us having possessed 
one of the finest minds of hia own or any other 
time. He inherited a bent for philosophy from 
his fatluM’, and was free to pursue his education 
umler the wisest thinkers. With the pjlectqr of 
Mainz he was engaged in litA?rary and political 
work. A .similar api>ointrnent at the Court of 
Hanover led to his undertaking a history of the 
House of Brunswick, and tho character of his 
labours entitles him to be regarded as ono of the 
first of the critical school of historical research. 
He was the inventor of the calculus. It i.s 
claimed for Newton that he arrived at the. same 
discovery by independent research. The point 
was the source of long and acrimonious debate 
betw’eon followers of tho two men, but there seems 
little doubt now that tho German was really the 
nionoor. He visited England, and met the mem- 
l>er.s of the Royal Society, and endeavoured to 
in.stituto similar bodies in all the capitals of 
Europe. His discoveries as to the laws of energy, 
his work in material directions for the better 
health and comfort of his fellows, his part in tho 
theological discussions of the age, all show the 
universality of his genius. 


Leo t.» the Great . * ^ 

h. anme, Ahont .yiO. d. Ronie,^!. 

One of the greatest of tho Roman fathers, no 
was of a good Tuscan family.^ and during his ewiy 
manhood was employed in distant missions, which 
brought him in contact with St. Augustine. He 



vi&a called to tho Papal chair wluui ab,sout on one 
of these errands. He entered with spirit into the 
duties of his high office, and established a 
procedont by preaching from his own pulpit. 
When Attila overran Italy, and had Rome at his 
mercy, it was Loo who interooded for the capital. 
He was less successful when the Vandal Genseric 
invaded Italy. Rome was sacked, but the Pope 
managed to induce the conqueror to forgo some 
measure of the conqueror’s licence. The re- 
mainder of his days Loo devoted to repairing the 
ruin which the barbarians had wrought. The 
Roman Empire had fallen, to rise no more; but, 
thanks to his <>flForts, Rome now’ became the 
spiritual centre of the West. 

Leonardo da Vinci 

b. Vinci, Italy, U02. d. Cloux, France. May 2. 131H. 

On© of the most richly-endowed of Nature\s 
sons, he excelled in art, in sculpture, in all forms 
of engineering, in music, and in writing. His 
father was a Florentine notary, who gave him the 
advantage of .study under the greatest masku-s of 
the ago. But it was as engineer to the Sultan of 
Cairo that the artist first attracted attention. He 
resumed the old life years later, when ho was 
appointed to drain the plains of Lombardy, as 
well as direct the Court pageants. Few of his 
paintings remain. One, however, “The Virgin of 
the Rocks,” is in the National Galh'ry, London. 
His famou.s “Last Supper,” still, after four hun- 
dred year.s and in spite of many restorations 
necHJSsitatod by damp, one of the greatest art 
treasures in the w'orld, was painted on the re- 
fectory wall of th<' Santa Marie dell(3 Grazio Con- 
vent. Ilis most notable sculptural work was the 
equestrian figure of Duke Francesco of Milan, a 
tjolossal and noble statue, which the French 
dostroyod in 1800. Apart from his great subject 
pictures, ho painted many lovely easel pictures; 
but the stud(*nt now must roly mainly upon his 
rlrawing.s, of which many authentic collections 
exist in England and on the Continent. His cele- 
brated treatise on painting w’aa published in 1651. 

Le Sage, Alain Rene 

b. harzt'Kii, Hrittmv. May S, <1. Boulogne. Nov. 17. 1747. 

Having failed at the Paris Bar, he turned to 
literature, and |M)ured out plays, stories, and 
translations. Most of them were failures. His 
famous play “Turcaret” was at fir.st rejected. 
His fame rests u])on that ami upon his greater 
work, the immortal novel “Gil Bias.” The 
originality of the work is challenged; his enemies 
called it a more conveyance from Sjianish sources. 
But, though the scene and characters are Spanish, 
the treatment is esscntiallv French, and the result 
and glorv his. He was the* first to sec the possi- 
bilities of the picturesque novel, and later writers 
of romance owe him an immonso debt. 


Leslie, Sir John 

b. Flfeuhlm. April Ifi. 17S6. d. C!o«te«, Flfe«hlrM. Nov, :l. IXU 

The son of a carpenter, he was enabl 'd, by the 
kindness of the eighth Earl of Kinnoull to study 
at the Universitv of St. Andrews. Engaged by 
his friends the Wedgwoods to superintend their 
studios, he had time for experiment and rosea rch, 
which resulted in the production of a dilTorontial 
thermometer, a hygrometer, and a photometer. 
Afterwards he travelled much, and conducted in- 
quiries into the nature and properties of heat, 
with the result that he was the first to announce 
important discoveries in relation to the radiation of 
heat. He also first announced the process of arti- 
ficially frooxing water — a discovery of considerable 
im^rtance. He became mathematical professor 
at Edinburgh University, and made many potable 
contributions to the scientific literature of his age. 

1 Ferdinand Vlscomta da „ , _ , 

b. V«r»)iir«w. Nov 16, I80S. <1. P’<.rlii. Deo 7. 1W4. 

Educated for a diplomatic career, he went, in 
th«,ooura6 of his profession, as French Consul* 
Qotteral to Aloxandria. When he returned, y^ars 
la^r, on a visit to Egypt, he unfolded to Said 
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Pasha, the then Viceroy of Egypt, his scheme for 
the Suez Canal. The project met with fierce 
opposition, nowhere more severe than in England. 
In spite of all difficulties, however, the work was 
^rriod to a successful conclusion, and to-day 
England is paramount shareholder in the canal. 
Honours were heaped upon the engineer, but with 
his scheme for the Panama Canal came ruin. 
Enormous sums wore involved in the work, and in 
1892 ho, with five directors, was condemned to im- 
prisonment for breach of trust. lie was too ill to 
undergo sentence, and died at his own house in 
the following year. De Lesseps was a cousin of 
the Empress Eugenie. 


Leverrier, Urbain Jean Joseph 

»•. St. lA. Noruiaiirty, Mayeh 11, ISH. d. Purls. Sopi 23. 1877. 

Ho at first intended to devote himself to 
chemistry, but a post as teacher of celestial 
physics was offered to him, and he became one of 
the greate.st astronomers of his ago. Certain 
planetary irregularities led him to investigate the 
cause. Ho predicted that the origin of the dis- 
turbance would be found in the existence of a then 
unknown planet. Unsuspected by Leverrier, 
Adams, the English astronomer, had at about the 
same time committed himself to a like prediction. 
Within a few days of the Frenchman’s announce- 
ment, Gallo, of Berlin, actually discovered the 
planet- Neptune. The two prophets shared the 
honour.8 of the prediction. Leverrier had a share 
in shaping iho political de.stinies of Franco, but it 
is in astronomy that his fame is established. 


Liebig, Justus Baron von 

b. Oermany. May 12, 180:}. d. Miuiich, April 18,1878. 

()ne of the greatest chemists of all time, Liebig 
claims the gratitude of posterity not only for the 
immense amount of data which he him.8clf added 
to the store.s of knowledge, but for the enormous 
impulse to the study and development of chemistry 
which he gave through tho hosts of brilliant 
.students who during two generations sat at his 
feet. IJi.8 father was a drysalter, and the boy was 
fired w’ith a desire to become a chemist from "read- 
ing old-time experiments. The result of his 
labours was the foundation of agricultural chemis- 
try, in itself sufficiont to make him for all time 
famous. In addition, he shared in tho discovery 
of chloroform and chloral, and in the extension of 
the functions of organic and animal chemistry. 
He invented an extract of Ix'of which has made 
his name known throughout the W’orld. As 
professor of chenii.stry at Giessen and Munich, 
his lectures attracted students from all parts of the 
civilised world ; and so gr(‘at was ho as a teacher 
that ho trained his sons in acierioe almost to equal 
him in his owui day. His 8ucco«i.sors, of course, go 
far beyond tho frontiers to which ho had advanced, 
but as a pioneer his work w^as of incalculable value 
and merit. 


Lincoln, Abraham . „ . . . „ 

b. K«*i»fucVy. r.S.A.. ‘•eb 12, I80P. <1. W'JMililnirtoii, April 1.7.1885. 

The sixteenth President of tho United States of 
America w’as the son of a backwoodsman, and was 
born in the wilds of Hardin County, Kentucky, 
Ho received an education which could barely bo 
said to comprise the throe R’s; but ho did learn 
to read. During youth and early manhood he was 
sucoossivelv farm labourer, boat-hand, splitter' of 
rails for his father’s log hut, salesman in a tiny 
store of his own which made him bankrupt. Then 
he began to study grammar and law, and qualmod. 
himself for tho aoceptanoe of a minor State office, 
and to contest a seat in tho Legislature. He prac- 
tised law at Springfield, fought in a war against 
Indians, then resumed his attempts to enter tha 
Legislature. Successful at last, he attracted wide- 
spread attention as an unbending opponent of 
slavery. Finally, in 1858, he was ebeted, as a 
l^publican, President of tho United States. His 
election precipitated a crisis in the affairs of w 
nation. The slave-owning states, 
end of temporising had come, soooded from tho 
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Union, ao that they might be free to retain their 
alaves. The North determined that the South 
should neither retain slaves nor secede fwm the 
Union. The result was the most terrible civil war 
in history. Lincoln, as President, issued a pro- 
clamation liberating all slaves. He behaved with 
courage, fixity of purpose, and diplomacy through- 
out the war, and had been re-elected for a second 
Presidential term before the conflict ended. It 

* was while he was occupied with plans for the re- 
construction of the deyasted South that he was 
assassinated at a Washington theatre by an actor 
named Wilkes Booth. He was one of the greatest 
men America has produced. A sincere Christian, 
though not attached to any one church, he was 
truthful, honest, abstemious, a pattern of morality 
and probity. Ho was the saviour of his country 
and the emanci))ator of a race. 

Linnasus, Carl . , ^ „ 

b. BlUhult. Sweden MayOfl, 1707 d. UpHaln, Sweden. Jan. 10. l??^ 

The founder of modern botany was the son of a 
poor clergyman, from whom he inherited his love 
of Nature. Declining to devote himself to a 
clerical life, the boy was apprenticed to a shoe- 
maker, but managed to work . his way to the 
Universities of Lund and Upsala, living on £8 a 
year, and making his own btjots from the bark of 
trees. Luckily, he attracted the notice of a man 
whose interests were similar to his own, and for 
the future his path was smooth. When twenty- 
four, he was sent on an expedition to La)>land, 
whence ho returned with a mass of new material 
on natural history. Befriended in TJolland by 
Hoerhaavc, he was given charge of the gardens 
and collection of a wealthy Haarlem merchant. 
His career closed with an appointment to a pro- 
fessorship of physic and botany. Ho devised the 
system of classification of the animal and vege- 
table world called, after himstdf, the Linnaean 
system, and his grouping has been of inestimable 
value to succeeding generations of botanists. 

Liater, Joseph, Lord 

b. ^tou, Katiex, Apiil fi. 1827. 

The son of a scientist, he has held during hi.s career 
professorship.s at Edinburgh, Glasgow, and King*.«« 
College Ho.spital, London. He was house-surgeon 
to the great Syme, whose daughter he married. 
His original work has included observations on the 
coagulation of the blood, on inflammation, on the 
fibre of the involuntary muscles. But his greatest 
triumph —the greatest triumph in surgery of the 
age ' has been the introduction of the antiseptic 
treatment- The effect of this is so great that it 
seems impossible to realise that the reform has 
come about within living memory. The use of 
ansdsthctics took surgery at a bound far in ad- 
vance of the methods of the past. The surgeon 
had no longer to depend simply upon nerve and 
speed for the successful performance of an opera- 
tion. ^ Ilia patient feeling no pain during the 
operation, he was able to do his work carefully at 
his leisure, and to observe all the aign.s necessary 
to the proper treatment of the ca‘»e. But to 
counterbalance this boon there were the doadlie.st 
after-effects. The wounds In^came corrupt, and 
the healthiest patients died of blood-poisoning. 
People were afraid to enter hospitals, so terrible 
was the mortality rate after operations. New 
wards, new hospitals, were built, in the belief that 
the fault lay with the old buildings, but the deaths 
in the new buildings were as numerous as in the 
.^.old. Lord Lister, seizing upon the discoveries of 
Pasteur as to the prevention of putrefaction by 

• atmospheric^ organisms, saw that he must, render 
the wound insusceptible to the influence these 
deadly foes. His purpose was effected by the use 
of carbolic acid. First methods were necessarily 
ora^) ^ these led step bv step to the ultimate 
goal. The highest honours have boon bestowed 
upon this^great benefactor of the human race, and 
his fame is world-wide. He is the first man ever 
oallod to the House of Lords in recognition of bis 

-anpreine oniinence as » medical man. 


Liaait Frana 

b. ftslditig. Buiuarf , Oot. 22. Ifai. <t. Balrautb, Oniiuuur. July 8l, IHBH 

The Paganini of the piano 'determine that ho 
would attain to that degree of perfection after 
hearing the great violinist play. He was already 
master of the instrument, having played, when 
only nine years of age, at a great concert at which 
Beethoven was present. In recognition of his 
talent, six Hungarian nobles had defrayed the cost 
of his education. His career as a virtuoso began 
in his twenty-eighth year, when he won triumph 
upon triumph in the neat cities of Europe. His 
earlier performances nad won appreciation and 
wider knowledge for the work of Beethoven. He 
was now able to introduce the music of Wagner, 
Berlioz, and Ch^in. Settling down for a time as 
director of the Court Theatre at Weimar, he pro- 
duced lierlioz’s “ Benvenuto Cellini ” and two of 
the operas of Wagner, to whom a daughter of 
his was married. In 1865 Liszt entered the 
Church, to be known thenceforward as the “ Abbe 
Li.szt.” His compositions, which previously had 
been brilliant works for the pianoforte, now be- 
came mainly suited to the u.se of churches. Before 
his death he was ennobled and granted a hand 
some pension by his native country. 

Livingsioue, David 

li Waut>re. L.’inHrkshire. Man-h 19, 1813. d. Tlala, Africa, May 1, 187 i 

The i.on of quite a poor man, he had to begin 
work as a piefxu* in a cotton factory when ten 
years of age. With hi.s first wages he bought a 
Latin grainniar. and by its aid mastered Virgil 
and Horace. His <‘venings were devoted to studj, 
although he had to be in his place at the factory 
by six o’clock in the morning. While at work lu* 
u.sed to fix his book on the spinning-jenny, so that 
he might glance at it in passing. At nineteen he 
was earning enough money to admit of bis attend- 
ing cla'^scs for the study of medicine, Greek, and 
divinity. He had already made up his mind to he 
a missionary. It was to China that his heart 
turned, and ho would have gone there had not th(‘ 
opium war prev(*nted it. lie went to Africa 
instead, and there found his vocation as mission 
ary and explorer, Hls first work was among the 
Bechuana, wliom he befriended as doctor and 
missionary. During these years he married a 
daughter of his friend and leader, Dr. Moffatt. 
The failure, through Boer dislike, of his proposal 
to plant native niiHisionarie.s in the Transvaal, 8<‘1 
him upon his travels. Without attempting to tell 
the wliolc .story of his stirring care<*r, of Ins 
voyages to and from England, his receptions and 
honours, it is possible briefly to summarise his 
achievements. He discovered Lake Ngami in 
1849; explored the Zambesi and Kiianza basins to 
r.A)auda, 1851-4 ; recrossed the continent froni 
Loanda to Quilimane, discovering the vast Victoria 
Falls, in 1855; led a Government expedition u]» 
the Zamliesi and Shire rivers, and discovered 
Lakes Shirwa and Nyassa, 1858-9; explored the 
Rovunia Valley in 1866, the Chambezl in 1867, and 
Lakes Tanganyika, Moero, and Bangweolo, 1867-9 ; 
was at Ujiji in 1869; navigated Tanganyika, and 
was relieved when in precarious plight by Stan- 
ley. at Ujiji in 1871; parted from Stanly at 
l^nyanyembo in 1872, and returned to Lake 
Bangweolo. During these years he had had many 
trials, mental as well as physical. He had been 
grieved by the prevalence and extension of the 
slave trade carried on by the Portuguese, and had 
battled strenuously against it. He had suffered 
severely from privation and fever and dysentery. 
He succumbed at last at Ilala. His faithful native 
servants found him dead in the morning. He had 
passed aw^iy as he knelt at prayer. They 
reverently embalmed his body and carried it to 
the coast, to be brought home and laid in West- 
minster Abbey. Livinntobe was a great Christian 
hero, a bold and skilful explorer, whose services to 
humanity and to geography were of the highest 
order. 
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Lltsr* Titus LWlus 

b. Italy, l» B o. , , , d PaUrlum. 17 a d 

Of patrioian birth, he became a favourite at the 
Court of Augustus, but never hid the fact that his 
sympathies were with a republican form of Govern- 
ment. His fearlessness and impartiality are re- 
flected in his monumental work, his history of 
Rome. To this great undertaking he devoted 
forty years of his life. It was in 142 books, of 
which thirty-five are extant, and traced the story 
of Rome from her beginnings down to the first 
decade after the birth of Christ. This, the chief of 
his life’s work, placed him in the forefront of prose 
writers of the Augustan age. 

LocKe, John 

b. WiiOftoii, Soinenet, Ang. 29. lans. d. Oatoti, Ea« 9 X. Oct. 28, 1704. 

His father, a country lawyer, had served under 
the Parliament in the wars of the Commonwealth. 
Locke’s sympathies inclined the same way, which 
fact, coupled with his ill-health, made it desirable 
for him to reside abroad- -mainly in Holland - 
until after the Revolution of 1688. Ilis immortal 
essay on the Human Understanding ” was pub- 
lished in 1690, and remains to this day one of the 
most notable contributions to the philosophy of the 
human mind. His writings on toleration and 

? ;ovornmont have had a great influence in diffusing 
ree and generous sentiments through European 
and American systems of government. He at one 
time intended to be a doctor, and did practise a 
little. His skilful diagnosis of the complaint from 
which Lord Shaftesbury, his friend and patron, 
suffered was the beginning of their friendship. 
Newton also was among his friends, and they had 
long corresponded when mighty things were being 
aooomplished by them in the world of abstract 
science. 


Lodge, Sir Oliver Joseph 

b. near Sfoka, 


I. Staffs, June 12, 18SI. 


While acting first as Professor of Physics at 
Liverpool University, and as Principal of Birming- 
ham University, he has found time to undertake 
original experiments of tho highest impiortance. 
Ho is ono of the pioneers of wireless telegraphy, and 
has in hand an invention for dispelling fog. Actively 
interested in religious and social Questions, he has 
made striking contributions to trie literature of 
both subjects. Psychical research also engages his 
sympathies and keen attention. 


Longfellow, Henry Wadsworth 

b. PortUnd. Mslne Feb. 27, ISO?. d. CainbrldKe, Mase.. March 24, 

At nineteen he was sent by the trustees of his 
college to Europe to study languages, and passed 
two profitable years on the Continent. This quali- 
fied him for the chair of Modern Languages and 
Literature at Harvard, which he occupied for 
seventeen years. lie wrote his first poem as a 
boy, and to the last the muse seldom deserted 
him. He is tho ono American poet whose poems 
are universally known. His poems are songs of 
gladness and sweetness and purity. He is the poet 
of life, as Poe is the poet of death. Longfellow 
was twice married, and several times visited 
SurojDe. 

Longmaiia Thomas 

b. d. London, June 18, 1766. 

The son of a soap-boiler, he was apprenticed to 
a London bookseller, and founded tho groat 
publishing house of Longman & Co., by whom, 
during the last century and a half, some of the 
jpest works in the English language have been 
issued to tho world. He began business for him- 
self by buying out the first publisher of ** Robin- 
^ Crusoe,^’ in premises whose site is still occupied 
by th^ Arm* 

d. London. April 16, 1886, 

son of a printer and bookseller, he estab- 
ililhld ^ famous publishing house of Sampson 
Qii owd house contributed works of 
to iiteraVy students— works of refer- 


ence, indexes, and so forth. Many excellent 
philanthropies wore assisted by his judicious and 
generous efforts. 

Lowell, James Russell 

b. (JimbHdw, Mam.. F«b. 22, 1819. d Cwnbridge, Man.. Aug. 12. 18W. 

Essayist, poet, scholar, and diplomatist, he filled 
the chair at Harvard which Longfellow had 
formerly occupied. Although he was a successful 
Ambassador to Spain and England, he never 
bettor served the cause of his country and 
humanity than in his poems. “ The feiglow* 
Papers,’^ were called forth by the efforts of the 
North to free the slaves. Of tho latter he was an 
unswerving and warm-hearted friend. 

Loyola, Ignatius de 

b. I^jyola, Spain, 1491 d Uome, Jnly 31, 1666. 

Inigo Lojiez de Recaldo was the real name of 
the founder of the Jesuits. In his youth he was 
the very prototy^ie of Don Qui.\ote; but a serious 
injury, which left him crippled for life, caused 
him to turn his attention to loftier ideals than 
those of chivalry. The Church of Rome was at 
that time reduced to the depths of degradation by 
corruption and the luxury ot its dignitaries. After 
making a pilgrimage to tho Holy Land, he estab- 
lished the Society of Jesus, whoso members wore 
to bo missionaries, to go to the uttermost parts of 
the earth at the bidding of tho Pope, to convert 
the heathen to C’hristianity. 'Pho future of this 
society was destined to bo very different from that 
which ho had planned ; but tho nanio of Loyola 
stands out in the Catholic Church as does that of 
Luther in tho Protestant. 

Lucian 

b Syria, aViout 120 %.T). d, Eg} pt, al>out 200 

Ilis father was a poor stonemason, and intended 
him to follow tho same trade with himself ; but 
Lucian managed to get an education, and to main- 
tain himself as an orator and advocate. There- 
after he settled at Athens, where his literary works 
were comi>osocl. Of these* many remain. They are 
brilliant satires, parodie.s, and mock narratives of 
travel, upon which tales such as “Gulliver’s 
'JVavcls ’’ arc mod<»Iled. He is alleged to have 
been torn to pieces by dogs, but that is probably 
an invention of the early Christians, the more likely 
version l7<*ing that ho died in fx'aco in Egypt, 
whither he had gone to enjoy a lucrative office. 


Lucretius, Titus Carus 

l>. Runic, alMMit 99 u i* d. Roiiii*, about 66 b,c. 

Little is known of the personal history of this 
celebrated Roman poet and philosopher. He was 
the intellectual link between Ennius and Virgil. 

/ He lived the life of a recluse. One version as to his 
death has it that he committed suicide in a fit of 
insanity; the other, with which Tennyson’s f)oem 
has familiarised us, that he was poisoned by a love- 
philtro administered by his wife Lucilia. 


Luther, Martin 

b. Filolebeii, Haxony, Nov 10, 1483. H. Ei«I«beii, Feb. 18, 1646. 

His father was a working man, who gave him a 
university education, and greatly regretted his 
entering a mona.8tcrY. It was here, however, that 
the reformer was enabled closely to apply himself 
to the study of the Scriptures, and to dovolop his 
powers as an orator. Hi.s first sign of disagree- 
ment with the Church of Rome was brought about 
by the shameless sale of indulgeucos. Luther 
nailed on to tho church door of Wittenberg a 
denunciation of this traffic, and of tho Pope’s title 
to forgive sins. The Pope summoned him 
l^me. Luther refused to obey the summons. His 
works were ordered to be burnt, and the Pope 
excommunicated him. Luther retaliated by 
burning the Papal Bull containing the sei.tence 
upon him. The reformer published his famous 
“ Address to tho Christian Nobles of Germany, 
following it up with his treatise on the “ Babylon- 
ish Captjvity of the Church.” Matters lud now 
assumed so serious art aspect that Charles V. sum- 
moned him to attend the Diet of Worms, where, in 
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apite of a jpowerful defence of his doctrines, he 
pro^ribed. After this he was for time 
in hiding, and turned the period to account by 
translating the New Testament into German. The 
Old Testament was afterwards similarly t^ated, 
and ^;he hymns were written and published from 
time to time. His writings had immense influence. 
They created the modern German language. The 
effect of his stand against the Pope was far- 
reaching. Europe started like a giant from sleep 
at the masts of his trumpet. Dauntless, inspired, 
invincible, he was rough and violent in his battles, 
but it was against unprecedented odds that he was 
matched. When he thought he saw the devil, he 
threw his ink-horn at the apparition. That was 
oharaoteristio of his methods. He stands out a 
great, magnifloont fl^re, initiator of an impulse 
which Y>ecame a mighty struggle still in progress. 
After he had finally broken from Rome, he 
renounced his monastic* habit and married. 


l#yell. Sir Charles 

b. Xmnordy. Korfarshlr©, Nov. 14, 1797. «J. London, Feb 23, 1875, 

A good classical scholar, a man of many friends, 
Lyell must have distinguished himself in whatever 
pursuit ho had followed. Geology was his 
absorbing passion. His “ Principles of Geology ” 
ranks next to the “Origin of Species” as among 
the books which influenced the scientific thought 
of the century. Darwin rated his work very highly, 
saying that no other geologist had ever done as 
much for science as Lyell. lie was very near- 
sighted, a fact which may have accounted for his 
being not the k<‘enost of field observers. 


Lytton. Edward George Earle Bulwer, Lord 

, b. Loudon, May26. 18ai. ^ d Torquay, Jau is. 187:i 

His father was a general; his mother, Elizabeth 
Barbara Lytton, heiress of Knob worth. After a 
university education he married, against his 
mother’s wishes, a beautiful woman, with whom 
liis union proved very unhaiipy. Husband and 
wife parted after nine years. In that time, to 
maintain his house, he had produced novels, plays, 
essays, reviews. He continued an indefatigable 
workman to the end of his days. After he had 
inherited Knebworth, ho entered Parliament, and 
became a successful Colonial Secretary. 


Macndam, John Loudon 

b. Ayr, Sept. 21, 17M. d.T.on*ion, Nov. 26, 18 W. 

The man who, in modern England, first gave as 

g ood roads— the •‘macadam” road.s, called afU'r 
imself — was taken by his parents to America, 
but came back to England, and undertook victual- 
ling ajpiiointments for the Navy. Ilis road-making 
experiments were begun at Bristol, and aft('rwar<ls 
extended to London. TIis labour brought him to 
poverty, and he was voted £10,000 by Government. 


Macnulny, Thomas Bahington 

b. Kothleji Teinplfi, Leicesterahlre, Oct. 25, ISOO. d. Loudon, Dec. 2S, 18.59. 

With the story of his childhood every schoolboy 
ia familiar. He was another Victor Hugo in his 
amazing precocity. His career at Cambridge did 
not realise all the exjiectations which his friends 
had formed; but, nevertheless, ho got his covoted 
fellowship, and faced the world one of the com- 
pletest scholars ever known. Not only was his 
scholarship wide and deep ; his memory was 
abnormal. What he read he never forgot—prose 
or poetry. This was of immense help to him in 
his writings, essays, criticisms, and history. His 
career was threatened by the failing fortunes 
his father, and it stands to his credit that three 
';year8 after he had entered public life he contem- 
,'blated retirement rather than go with a weak- 
Government which paltered with principles 
to Minor offices paved the way to his 
as a member of the Supreme Indian 
>il, at>Clalcutta. The result of his work 
Oj^sjorfa^vc^aally the admirable Indian penal 
ho gained in knowledge of Indian 
IS m ,his superb essays ou Clive and . 


Warren Hastings. Upon his return to lBlngli[,nd, 
he twice represented Edinburgh in Parliament, 
but literature absorbed his interest. His history 
was the ambition of his life. He bad brought it 
down to the reign of William HI. when death 
stayed his hand. That, like his essays, is a 
masterpiece of writing— as a picture of historical 
pageants, as portraiture of men ; but it does not 
bear the analysis of the impartial student of his- 
tory. He was a partisan, and let his partisanship 
influence his judgment on affairs qf which he had 
undertaken to narrate the true story. Still, there, 
is in the history that which not even Gibbon could ( 
have equalled, and, for all his honest prejudioe^v 
apjiearing again and again, it lives as one of the 
glories of English literature. Macaulay was famous 
as a conversationalist. He was a hajd-hittS^ ‘ 
enemy in public, but a true, loyal, and ^nemUa, 
friend, and one of the best-loved men of hiB 


Machiavelli, Nicoli di Bernardo del 

b. Florence, Nity 8, 1469 d. Florence, June, 2i, 1827. 

Descended from a noble but impoverished 
family, ho lived in an age when troubles were 
heavy upon Florence. Ho saw the Medici ex- 
pelled, the Republic instituted and dissolved, and 
the Medici reinstated. In the meantime he had 
fulfilled many diplomatic missions, and taken a 
pronriinont part in public life. The restoration of 
the Medici led to his being put to the torture as a 
conspirator against the ruling family. Thereafter 
he retired, to devote himself, for the greater part 
of his remaining years, to literature. He pre- 
sented a notable report to Leo X. on the reforms 
for Flort‘ticc, and ahorwards acted as ambassador. 
His name has been made the synonym for deceit 
and villainy. His aims and purpose wore mis- 
understood by early commentators. Modern critics 
hold that Machiavelli was a man whose public con- 
duct was ujiright and honourable, whose views of 
morality, whi're they differed from those of the 
persons around him, differed only for the better, 
flis fault was that, having adopted some of the 
maxims then generally received, ho arranged them 
more luminously, and expressed them more 
forcibly, than any other writer. 


Macmillan, Daniel 

b. Arittii, Sept. 16, 1815. d. Cauibridge, June 27, 1857 

The son of a small farmer, he came to London 
as a raw lad, worked for some years in the employ 
of a Cambridge bookseller, then with a man or the 
sumo trade in Fleet Street, and finally, with his 
brother Alexander, founded what has since de- 
veloped into the famous publishing house of 
Macmillan & Co. 

Maeterlinck, Maurice 

b. Ohtiiit, 1864. 

Educated in a Jesuit college, he forsook the law 
for literature. ^ Falling early under the influence 
of Villiers do Tile Adam, in Paris, he gave to the 
world a sucws.sion of powerful dramas which have 
made hini world famous. Of a different typo, and 
happier, is his “ Life of the Bee,” which, wnatever 
he the ultimate verdict upon his other works, 
seems to assure him lasting fame. 


Magellan, Ferdinand 

b. Sabarewo, Portugal, abf>ut 1480. d. Phtllp^ne Id«». April 27, 1821 . 

Brought up at the Portuguese Court, he served 
for some years in the East Indies, after which, 
feeling himself slighted, he took service with 
Spain. Ho sailed upon an expedition from which 
he was fated not to return. On the way, he proved 
that America is not a groat continent stretching 
away to the South Pole. He made his way, by the 
straits whioh^rbear his name, .to the great ocean 
which he named the Racifio. Reaching the Philip- 
pine Islands, he was slain by natives, One of bis 
shins continued on hey way, and aaiied round the 
globe, for the first time in the ot the world* 

The font Was not eqiiallod uptil Drake; was 
ful more than fifty yeai^ - * ' . ^ - 
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A70 A.D d. Medina. Arabin, June 8. <132. *.o. 

' Th«re ar© half a dozen renderings of tho name 
Mahomet, which means “praised,” or “the 
t|[raiB©d one.” - His father v/as poor, but of exalted 
lineag©, one of the dominant tril>o of Mecca. The 
Prophet was early left an orphan, and was edu- 
cated by relativosj. He became a .soldier, and after 
that a shepherd. His travels brought him in 
contact with Jews and Christians, in sc<‘nes wher<» 
idolatry was generally practised. Married at 
twenty*five, he was fortunate to have for helpni<M‘t 
a rich woman, who loved and r<«ver<Hl him. He 
would often flee the socu*ty of men, and seek the 
Bolitudo of a cave beyond their reach. Here h<* 
pondered over what lie had leanu'd of Jew and 
Christian and from Arabian fable. lie was seized 
with fits of alternating exaltation and despair. 
At last he became convinced that lu* had been scuit 
into the world as the prophet of the one true Cod. 
His wife believed in his mission, and a few other 
conv€»rts worn made. It took three years to gel a 
congregation of forty believer.s. Whi'ii onc<* news 
of the new faith was noised abroad, p(*rsec*ution 
sharp and protracted followed. II<‘ had to flee 
from Mecca to Medina. Hitherto he had iK^n 
simply a spiritual teacher; but now he gathoreil 
warriors about him, and conflicts many .and hloodv 
resulted before h« subjugated his enemies. Slowly 
the faith which he preached made its way. 
Towards the close of his life jirogress was rapid, 
and h© was able to add a temiioral character to 
his rule. Mecca nunairied a holy citv, hut idolatry 
was swept away. Hi.s teachings were ombodi<»d iii 
the Koran, tho holy Ixiok of the Mohammedans. 
He pretimded and, possibly, partly believed -that 
he received the laws whicb he inb'rpreted dir<*et 
from the angel Gabriel. Thos<^ laws, however, arc 
larjfely drawn from the Old 'O'stament and rab- 
binical sources. His followers to day number one- 
sixth of the human race. 


Mansoni. Alessandro 

b. Milan. Mawh 7. 17»5. d Milan. M .15 ‘22. ls7:i 

The founder of the modern Italian .school of 
romance was the grandson of a great scholar, and 
was introduced early in life into the best literary 
circles in Italy. Beginning with sacred lyrics and 
a defence of the religious basis of morality, he 
startled the world first with a romantic poniedy, 
followed by “II Conte di Carniagnola,” a novel 
which jpit once made him famous throughout 
Europe. The death of Napoleon called from his 
pen one of the noblest odes in mod<*rn lif<‘rHtur<*. 
His life was singularly lienutiful, though his griefs, 
through the loss by death of all those d(*ar to him, 
wore many and heavy. 


' Marconi. Guglielmo 

Ik Bologna, Italy, April 25, 1874 

H© studied first at Bologna, and thmi at Li'ghorn 
Vniversity, but began hia exjierinients in wireless 
telegraphy at home. When only twenty-two 
years of age, he sent mos.sages by his .system acro.ss 
tho }3risim Channel. Ilis invention wa.s adopted 
in IW by the Admiralty for a term of years; 
wHil© the battleships of the Italian Navy, as well 
88 those of this country, and many of the vessels 
of the ocean lines and mercantile marine, have 
sindfe been fitted with his apparatus. Lloyds’ 
stations at homo and abroad and many of our 
Hghthoiises employ his system. 


b. ri. vieiinn. March him. 

of the noblest of the Roman emperors, his 
mane originally was Marcus Annius Verus. He 
Was adOtited by Alitonius Pius, Hadrian’s suc- 
aiid/oy«lhtually succeeded to the throne. 
.Wm, oHDre philosopher than warrior, and 
idiaroa hS dominions with his adoptive 
oHit reig& was marivd by wars and 
hating war, ho became at 


the call of dutv a great captain. Wherever he led 
his armie.s, a host of philosophers followed in his 
train. His immortal “ Meditations,” one of the 
most remarkable books in the Greek language, was 
really his diary. Its pages were never intended 
for any eye but his own. They represent the 
thoughts and feelings of a man of singularly pure 
heart and noble mind. Ho aimed at the highest 
.standard of life of which he could conceive, and 
lived up to that standard. 

Mariette, Auguste Edouard 

1 . KoiiIoihm*. Feb. 11, 1821 <1. Cairn, Jan. 19, ISSI. 

His father was town clerk of Boulogne; but 
Mariette, after a lilioral education, took a post at 
the grammar school, Stratford on-Avon. after which 
he worked as a pattern-maker for a ribbon manu' 
faeturer at C‘o\ entry. Unable to .settle, he returned 
home, and by chance was placed in possession of 
a mass of ])uiH'r.s on matters relating to ancient 
Egypt. This changed tho whole course of his life. 
He mastered the subj<*ct. and devoted tho rest of 
his days to it. He excavated innumerable monu- 
ments and inscriptions in Egypt, working un- 
weariedlv in spite of ill-health. Tho world owes 
him gratitude L>r a \ast store of knowledge of the 
anoKuit worhl. He lies buried in a sarcophagus 
in an Egyptian garden overlooking the great 
museum which is his noblest monument. 


Marlborough, John Churchill, Duke of 

b AhIio. Oovoii. June 24. 1H50. * d near Wiiidaor, June 16. 1722. 

Tlie son of an imjioverished Royalist, he was first 
page to th(‘ future Janies II., and a great favourite 
of Uourt ladies, one of whom— the Duchess of 
(’levcland -presented him with £5,000. Entering 
the Army, no .saw a good deal of fighting; but 
promotion did not come his way until ho married 
Sarah Jennings, who was to become in all but 
name Queen of England. He was now elevated to 
tho peerage, but went over to William of Orange 
when the tide* turned. His military exploits in 
Tridand and against tho French did not establish 
his loyalty to tlu' new dynasty, for he was im- 
prisoned for complicity in Jacobite intrigues. 
Quickly restored to favour, he was {iromoted to the 
command of all the British forces, and in that 
eaimcity successfully fought one half of Europe, 
while at the same time keeping the other half in 
fighting ordi'r. He wras a great general bravo 
and inodi'st, fearle.ss and determined, yet a merci- 
ful conqin'i’or; but he was one of the most 
aiaricious men that over lived, and not among the 
most truthful. He has, however, to be judged by 
the .standard of his time. Rewards were heaped 
u|)on him bv his country. His wife, tho famous 
Duehess of Marllx^rough, who long survived him, 
became for many years d’ctatress of tho Court, 
and disposed of places and Government oflices M 
she chose. Queen Anno finally revolted, and this 
singular woman lived for many years in complete 
retirement, possessor of enormous wealth. 


Marlowe, Christopher ^ r .1 r 1 imm 

.. CHiitiTbuiy, Feb 1C64. London. June 1. JAM. 

A shoemaker’s son, ho managed to equip himsalf 
it Cambridge University. When he reached Lon- 
ion, he found the stage encumbered with “ a litter 
)f rude, rhyming farces and tragedies.” These his 
nighty talent swept away. Like manv another 
genius", he led a wild, erratic life, which fact mak^ 
t the more striking that in the few years at hif 
lisposal he should have produced so much work of 
irilliant quality. He prepared the way for the 
ragedies of Shakespimre, on whose early work his 
nfluence is clearly traceable. Marlowe met his 
leath in a street brawl at Deptford. 

I. 81, MSB, d. London Vug 18, 1678. 

After graduating at Cambridge, and .spending 
bur years in travel on tho Continent, he be^me, 
ipon * Milton's recommendation, tutor to (>oin- 
iroll’s ward. Subsequently he was appointed 
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Jililton^H assistant in the Latin secretaryship. He 
sat in Parliament, and undertook with success oer< 
tain diplomatic missions. His claims to fame, 
however, rest upon his friendship with Milton, 
his brilliant satires, and his poems. He was prao- 
ticall^r the first to recognise and proclaim the 
magnificent* genius of Paradise Lost.” 


Maaon* Sir JoaUh 

bi KMdcirmiuater. Peb., 1786. d. nmr Birmingliam, June IS, 18S1. 

Beginning life as a hawker, he was sucoossively 
carpenter, blacksmith, house-painter, and carpet- 
weaver. He discovered a way to make split key- 
rings by machinery, and then set up in business as 
a penmaker. He made the pens which became 
famous as Perry’s, the name of the London 
stationer who sold them. Mason engaged in other 
considerable enterprises, and retired with a great 
fortune, nearly the whole of which he devoted to 
philanthropies, whose benefits should long be 
enjoyed. 

Maurice* John Frederick Denison 

b. new Lowestoft, Aug. 29, 1806. d. London, April 1, 1S72. 

As a Dissenter, he quitted Cambridge without 
taking a degree; but under the influence of Cole- 
ridge he went to Oxford, and took orders. Be- 
coming the leader of the Christian Socialist move- 
ment, ne exercised great influence throughout the 
country. He was the founder of, and taught in, 
the Working Men’s College and the Queen’.s 
College for Women. He hold various livings and 
professorships. 

Maximilian I. 

b. Mweb 82, 1469. ^ d. Wola, Auatrl)!. Jan. 12.16JP. 

The son of Frederick III., this great German 
Emperor was elected Emperor of the Holy Roman 
Empire, and greatly extended the area of his 
dominions. Wars occupied a considerable i^art of 
his reign, but his ideal was ipoace. In his day 
learning flourished, the administration of justice 
was improved, and he gave cordial encouragement 
to the pursuit of arts. 

Maxwell, James Clerk* . 

b, Sdinhurgh, June 1 $, lail. d. Oonbridgp, Nov. 6. IS^. 

After a successful career at Cambridge Uni- 
versity, he became first occupant of the Chair of 
Experimental Physics established there by the 
Duke of Devonshire. Ho held other professor- 
ships, and was one of the greatest and best-loved 
teachers of his age. Although he lived only forty- 
eight years, thirty-three of those years were 
precious to science. His first scientific paper was 
read before a learned society when ho was only 
fifteen. The greatest work of his life, his ” Elec- 
tricity and Magnetism,” was justly regarded as 
the ” Principia ” of the nineteenth century. 

Masxini, Giuseppe 

b. Ci«no«. Juue 82, 1S06. d, Pimi, Italy, March 10, 1878. 

' He was one of the national heroes called to act 
with spirit and determination in the hour of Italy’s 
greatest depression and degradation. Well edu- 
cated and a fiery enthusiast, he first associated 
himself with secret societies, but, abandoning 
these, set on foot the Young Italy movement, 
whose watchword was “God and the People.” He 
was banished from Italy, from France, and from 
Switzerland; but returned to his native land, to 
be appointed, with Saffi and Armellini, one of a 
triumvirate with dictatorial powers. Over- 
powered by the troops of Napoleon III., he had 
again to nee. After that, though his life was 
v «tiU eventful, he no longer played a really im- 
' portent part in Italian history. He had already 
^#rll6d the gratitude of his countrymen in firing 
ttok With hope and courage to strive for the uniiy 
which were enabled to gain. 

’''’Mitkclus 

'^^S^lSiff lSioendants of this Chines^philSso!^ 

' urh. Mia ptUI ^ live ih his native province. 
Hi* a?o scholar in 


China. When forty years of age, after a diligent 
study of Confucius, he went forth on a twenty 
years’ pilgrimage, seeking a prince who would 
give effect to his system of social and political 
order. His system recognised the innate good of 
man, and desired a form of government which 
should do the greatest good to. the greatest num- 
ber. His quest was unsuccessful, and he retired 
with his disciples, never again to emerge into 
active life. 


Mendelasohn-Bartholdy Felix 

b. Hamburf, Feb. S, 1809. d. ^tpelj, Not. 4. 1847. 

The name of this composer was built up in three 
stages. His grandfather, Moses Mendelssohn, the 
philosopher, was born Mendel; his father added 
the Bartholdy to the already lengthened name. 
Mendelssohn was a wonderful boy, and before he 
was twenty had earned lasting fame. Hamburg 
and Berlin did not adequately honour him; Lon- 
don did. He loved England all his day.s, and pro- 
duced here some of his finest work. His “Elijah” 
was first, given at the Birmingham Festival. A 
Scottish tour inspired the “ Hebrides ” overture 
and the Scotch Symphony. “ St. Paul ” was given 
at Birmingham after having been produced at 
Dusseldorf, where for three years he held an ap- 
pointment. His years, all too few, wore singularly 
productive. At sixteen he gave the world that 
almost unequalled example of early musical talent, 
the overture to the “Midsummer Night’s Dream,” 
His last great work was the “ Elijah.” Two other 
oratorios which ho had begun were left unfinished. 
Mendcl.ssohn was a fine in-strumontalist, a talented 
painter, and a charming correspondent. 


Meredith, George 

It. HHiupHhire, P«b. 18, 1888. ^ 

His early education was received in Germany, 
where, taken as a child, ho remained until he was 
fifteen. Returning to England, ho vainljr en- 
deavoured to interest himself in the law. Litera- 
ture was his natural avocation, it was as a poet 
that ho first courted attention. Afterwards he 
entered journalism, edited an Eastern Counties’ 

E a{>er, and acted as s|>ecial correspondent for a 
london daily during the Austro-Italian War. For 
some little time ho edited a review while Mr. 
John Morley, its regular editor, was absent in 
America ; ana for years he was the valued literary 
advisor to a publishing house. His introduc- 
tion proper to the world of letters came with the 
“Shaving of Shagpat,” tollowed, three* years 
later, by the triumphant appearance of “The 
Ordeal of Richard Fevercl.” But it was his 
“ Diana of the Crossways ” which announced to the 
greater world— that world beyond the discerning 
few- that a now power had arisen — a new man 
come to the head of contcm|X)rary novelists. The 
list of his publications — fiction and verse— is too 
long for enumeration. His work leaves him one 
of the giants of nineteenth -century literature. In 
his old age he considerably altered some of the 
best of his early work. His place in the 
hierarchjr of literary immortals is assured; but he 
will be judged on the earlier and better versions, 
which in his declining days he damaged in the 
attempt to improve. 


b. CaprMe, Italy, March 6, 1476. d. Borne. V«b. 18, 1664 

It used to be considered beneath the d^itv of a 
nobleman to learn to read and write, father 

of Michelangelo— -whose full name was Michel* 
angelo Buonarroti — looked with diafavoui^ on his 
son’s taste for drawing, deeming art unworthy of 
a gentleman. But the boy, whq was destined to 
wear the four crowns of sculpture, architecture, 
painting, and poetry, was permitted to follow^ his 
natural bent, and in due course was apprenticed 
to a painter* Soon eame the oppomuity to 
develop his love for sculptural . Miohelan^lo^B 
proficiency in this art led to hie rival, Torre^ano, 
smashing his nose with a mallets Bv; the time .he 



had reached his thirty-first year he was famous 
as sculptor and nainter, and was summoned to 
Borne to undertake the vast tomb of the Pope, 
Julius II. He was destined never to hnish it. 
For forty years, off and on, ho returned to what 
he felt was the work of his life, but all was 
vexation. Conspiracy and other influences caused 
his energies to be diverted into different channels. 
One of these led to his producing that world- 
wonder, the fresco decoration of the Siatine 
Chapel, a stupendous work, done entirely by his 
own hand after ver four years’ labour. After the 
death of Julius ho returned to Florence, where ho 

reduced some of his most famous statues. Again 

e was torn jfrom his work — this time to organise 
the fortifications of Florence, in the defence of 
which, against the Medici princ<»8, he took a fore- 
most part. Again he went to ^me, wnere he 
designed the cupola of St. Peter’s. He laboured 
to the last at his gigantic tasks. There never was 
a greater genius, there never was a more inde- 
fatigable man; and it was his boast to the enci 
that h© was ever a student. “ I am still learning,” 
he said shortly before he died. Had ho never 
painted a picture, ho would have been immortal 
as a sculptor ; had he never seen marble, his fame 
as a painter would have endured as long as 
history ; had ho neither paintt*d nor carved, he 
would live as a poet. His influence on the 
whole realm of art has been little, if at all, in- 
ferior to that produced on the realm of thought 
by Homer and Dante. 

Mill, John Stuart 

b, London, May 20. 1806. <1. Aviifnnii, France, May 8, 18TI. 

The childhood of the ‘‘Saint of Rationalism,” as 
Gladstone called him, has no parallel. His father 
made him an intellectual machine. At three he 
was studying tlm Greek alphabet; at eight, 
mastering the classics in the original; at twelve, 
besides studying Euclid and algebra, ho was act- 
ing as instructor to the younger members of the 
family. When only thirty years of age, he was 
given charge, in the India House, of all the Com- 
pany’s relations with native state's; and it eventu- 
ally fell to him to prepare the case against the 
transfer of the government of India to the Crown. 
The transfer having been effected, he retired, 
amply compensated, and had time to turn his 
attention to philosophical studies. He debated 
and wrote and collected data, with a view to 
writing a history of the French Revolution. 
Finding that Carlvle was engaged upon a similar 
taslf, he generously handed over to him all his 
materials. It was to Mill that Carlyle lent the 
manuscript of his first volume of the ” History.” A 
careless maid burnt it, to the infinite distress of 
poor Mill and the nobly-borne agony of Carlyle. 
Mill made amends, when the book did appear, by 
writing a brilliant review of it, at once focussing 
public interest ui>on it. After some vears of quiet 
work, Mill produced the works on logic, govern- 
ment, and political economy, upon which his fame 
is based. Ho sat for some years in Parliament; 
but the life, though patiently endured, was not to 
his Uking, and he accepted his ultimate defeat 
with perfect composure, Ilis contributions to logic 
and i^litioal economy have greatly advanced and 
popularised those subjects, and widely influenced 
modera political thought. 
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W'as first the wife of Ruskiii, was made a baronet, 
and was one of the most popular men of his time. 

Miller. Hugh 

b. Cromarty. Got. 10, 1802. d. uoar Rdluburgh. Deo. 23, ISML 

One of Nature’s gentlemen, he was a working 
stonemason, who distinguished himself first ai a 
poet,^ then as a capable writer on religious and 
political subjects. His work in geology made him 
still more famous. Overwork ruined his health, 
and he committed suicide. 

Millet, Jean Francois 

b. Gnichy, Fram e. Oet. 4, 1814. * d. Barblaon. Prance. Jan. 20. ISTff. 

He was the farm lalwurer who became a great 
painter. The friendship of a discerning patron 
enabled him to acquire an artistic education, and 
a portrait sent to the Salon gained him fame. Ho 
fought in the R<?volution of 1848, then settled down 
among the ])(*asants and painted their life. His 
famous picture, “The Angelus of which thou- 
sands of copies are to bt; seiui — sold, not many 
years after his death, for over £23.000. 

Milton, John 

b. pMulon. Dec. 8. 1008. d. London, Nov. 8. 1674. 

The Miltons were of Oxford.shirc yeoman stock, 
but the [K^iet’s father, having become a Protestant, 
was corniicllocl to settle in London and earn his 
livelihood us a scrivener. Milton went to Cam- 
bridge as a pcn.sioner, and at twenty-four settled 
down for six quiet years under his father’s roof, 
determined to consecrate his life to poetry. Here 
he produced “L’Alh'gro,” “11 Penseroao,” and 
” Lycidas.” A tour of sixteen months on the 
Continent followed. lie was recalled by a sense of 
duty. His country was on the eve of the Civil 
War, and he felt that he could not rest away while 
such serious conditions ruled. He acted as 
pamphleteer, and afterwards as Secretary for 
Foreign Tongues to the Commonwealth. When 
the Protectorate fell, Milton’s prosperity was at 
an end aiid his safety endangered. Blindness 
attacked him at forty-four, and to tho end of his 
days he had to de|>end upon the hein of others. 
‘‘Paradise Ixist ” was published in lo67, and, all 
told, brought the poet what in our money would 
amount to £70. He sold the copyright for £5. 
‘‘Paradise Regained” and “Samson Agonistes” 
came out simultaneously four years Ixffore his 
death. He was thrice married, and, though he 
never actually knew the pinch of poverty, he was 
very poor in this world’s goods for one so great. 
Fame had come to him before he died, but it was 
after his death that tho world realised the mighty 
genius of the man who ranks with Homer, Dante, 
and ShakosiToare as the greatest poet this world 
has seen. A blessing in disguise was the law of 
Laud, which forbade Milton’s entering the Church 
as once he wished. He might have become a great 
prelate, but England would have lost the one great 
singer before whom only Shakesiiearo stands. 

b. On?I»Si»V8’cJtiaM?Dpc. 21. 1796. d. near To«»»rldgo. Kent, Aiif. 9. 1883. 

It was’ while working as an under-gardener that 
he studied for the mis.sionary field. He devoted 
himself mainly to Bechuanaland, into the language 
of which country he translated the Bible. For 
half a century he laboured nobly in the wilds of 
the Dark Continent. Livingstone became his son- 
in-law. 


. MllUita. 3lr John BTorett 

bt OontbiHnp^, Jnns 8, 1829. d. London, Aajr. 13, 1896. 

He began nis career as a student at the Royal 
Academy *when only eleven, and at seventeen first 
exhibited a picture. With Hunt and Rossetti he 
formed the Pre-Raphaelite Brotherhood, which 
Aimed at painting Nature as she presents herself 
ratbeV thap as the artist may choose to idealise 
her. wai excellent in portraiture, landscapes, 
and jgbiiOrAi paintings. Engravings and other re- 
prodnoilipnt hive made his pictures famous all oyer 
who married the lady who 


Mollere. J^n Baptiste 

b. Pnrla, J»n. 16, 1622. _ , . P- 

Jean Baptiste Poquelin assumed the name by 
which he is known to all the world when he went 
upon the stage. This step in life he took after 
having^studied under the Jesuits and read for the 
law. To the end of his days he devoted himself to 
writing plays and acting in them. He remains a 
colossal figure in French drahia and pq<’try. To 
him the stage was always a lay pulpit ; its aim not 
merely amusement, but reformation of nianners oy 
means of amusing spectacles. Ruskin shows now. 
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living in the blindest period of the civilised 
world’s history, in the most luxurious city, and the 
most corrupted Court of the time, he ,Tet manifests 
through all his writings an exquisite natural 
wisdom, a capacity for the most simple enjoyment, 
a high ‘sense of nobleness, honour, and purity; 
and that^ in all he says of art and science, he has 
an unerring instinct for what is useful and sincere, 
and uses his whole power to defend it. 

Moltke. Helmuth Karl Bernhard, Count von 

b, tUrohitn. Oermau;^. Oct. 2(t, 16()0. d, Berlin, April 24, 1891, 

He began his military studios in Denmark, and 
entered the Danish Army. Transferring his 
services to the army of Prussia, he devoted his 
energies to raising that army to first-class rank. 
He was the chief strategist in the war against 
Denmark, in the Austro-Prussian War, and the 
Franoo-Prussian War, and, with Bismarck, helped 
to make Germany a nation. His friends knew him 
as “the Silent.” He was among the moat modt>st 
of men, and added to supreme genius for war the 
capacity for unweariedly taking pains. 

Montaigne. Michel Eyquem de 

b. nMr Bordeaux, France, Feb. 88, 1633. d. u^ar Bordeaux, Seitt. 13. 1692. 

The father of the modern essay was trained as a 
boy in Spartan ways. He was liberally educated, 
but treated as if he were one of the poor. This 
was in order that he might realise and sympathise 
with the lot of the humblest. Some years were 
passed at Court, and some devoted to extensive 
travels in Euro^^. lie returned to Franco un- 
willingly, to accept the office of Mayor of 
Bordeaux, and discharged the duties of the office 
while inditing his immortal eftHay.s. These had 
enormous influence on the groat "men of his own 
and later ages. He examined all (questions in the 
spirit of the sceptic; but upon his deathbed he 
devoutly received the last rites of his Church. 

Montaaquleu, Charles de Secondat 

b. neur Boi^eanx, Jan. 18, 1689. d. Paris, Fd*. 10, 176.9. 

Proceeding frpm college to the study of law, he 
first claimed attention by his clever criticism of 
the France of his day. This gained him election 
to the French Academy. After a spell of travel 
he settled down to the work of his life, of which 
the outstanding productions were his examination 
into the causes of the greatness and decline of the 
Romans, and his great work on the Spirit of 
Laws. To the latter task he devoted fourteen 
years. Although it was placed on the Index, it 
passed through twenty-two editions in the course 
of a. couple of years, and had an enormous influ- 
ence on the spirit of the age. Always a victim of 
weak sight, he became totally blind towards the 
close of ins life. 

. Moore. Thomas 

b. nuidl. 1 , Suy 28. 1779. d. near Duvixen, WUIm, Feb. 2.9, 18.Vi. 

. The son of an Irish gro6er, he became one of the 
most popular poets and satirists of his time. Ap- 
pointed to a sinecure post in Bermuda, he selected 
as /his deputy a man who eventually misappro- 
priated £6,000, which sum Moore repaid. His 
publishers, with unbounded faith, promised him 
£3,000 for his “Lailah Rookh,” then unwritten; 
and though ho offered to release them from their 
bargain, in consequence of the bad times, they 
Md to, and profited by it. He made a handsome 
inoQ^me, but was always poor, in spite of the 
providence of a model wife. He wrote the 
biography of Byron, and in turn had his own 
woi^s edited by one of England’s Prime Ministers 
r^Lord John Russell. 

e, Sir Thomas 

«, 1479. ^ d. Loiidob, JitlyS, 1R.76. 

ablated, as hisjather had been, to the law, he 

11 '1.1 j. * _ _ * 



d#ri $i^aker of the House of . Commons, 

ahdi hi imuoeB^n tq Wolsey, OhancoUor; He 
jjia Papacy against Martin Luther, oitid 


op^sed 'the attack of Henry VIII. oi| the Ghureh 
and his projected divorce of Catherine. Pbelining 
to swear adherence to the Act which vested the 
succession in the issue of Anne Boleyn, he was 
arrested and beheaded. Most lamous of all . his 
works is his “Utopia,” in which he outlines a 
model community where all share the labours Snd 
rewards of an ideal life. ^ ' 

Morland, George 

b. Loiidoi), June 86, 1763. d. Loadou, Oct 87. 1861 

The history of genius has few sadder pages than 
that on which is inscribed the life story of this 
great artist. Ho worked, not for love of his art, 
but solely to get money with which to gratify 
sordid passions. He died miserably in a sponging- 
house. One of the finest of his works is in the 
National Gallery, and every year his pictures are 
increasingly esteemed. 

Morley, John 

b. Klai'kbnni. Laucs. Dor. 84. lAVI. 

Ilis father, like his elder brother, was a surgeon. 
On going to Oxford, he seems to have cherished 
the notion of entering the Church. In later years 
his views became pronouncedly agnostic. His. 
tjarlier career in London was a struggle for footing 
in literature. He did not scorn the humblest 
work, but what he did he did well. Since then he 
has edited the “Fortnightly Review,” the “Pall 
Mali Ga/iC'tte.” and two notable scries of books. 
His own contributions to literature have included 
biographies of Burke, Voltaire, Rousseau, and 
Gladstone. The latter is a noble monument to a 
great statesman, nobly done by a scholar and 
loving fri(*nd. Ho has twice acted as Secretary 
for Ireland, and, upon Sir Henry Campbell- 
Bannerman becoming Prime Minister, was ap- 
pointed Secretary for India. 

Morris, William 

h. Waltbinnatuw, Bsm'x, Marrh24, IKU. d. London, Oct. 3, 1896. 

Painting was his first love, but poetry next 
claimed him for her own. He wrote many beauti- 
ful original ])oems and some striking translations, , 
and set forth his Socialistic ideals in fine, nervous 
prose. Ho and a few kindred souls established a 
manufactory of artistic wallpapers, stained glass, 
pottery, and other articles of domestic use. The 
scheme was fanciful, but it had a groat effect in 
reforming the taste of the country. 

Morse, Samuel Finley Breese 

li. ChHilestowii, Maiw.. April 27. 1791. d. New York, April 3, 1873. 

The son of a clergyman, he graduated at Yale, 
and visited England to study portraiture under 
West. His efforts in art were unsucoessfuL in his 
native land, but his scheme for the electric tele- 
graph well justified his existence. He conceived 
the idea in 1852, but not until fifteen years had 
elapsed could he induce the Government to estab- 
li.sh a trial lino between Baltimore and Washing- 
fon. There was a dispute as to priority of 
discovery btitwecn the partisans of Morse and 
Wheatstone, but Morse deserved the honours which 
crowned his closing years. 

Mozart, Wolfgang Amadeus Chrysostom 

b. S ilxburg, AnstrlH, Jan. 87, 1766. d. Vienna, Dm, B, 17IU. 

The world has never produced a greater musiosJ 

g enius than Mozart, and never treated another sc 
adlv. When he was a tiny child, all Europe waf 
wildly enthusiastic over his marvellous abilities as 
instrumentalist and composer. By the time he jhtid 
reached the age of twenty he had learned all that 
there was to be learned about music, and had to 
his credit many compositions which still live# Bui 
it was not easy to repeat the successes of his child* - 
hood. His genius, now fully matured, expressed 
itself in an unparalleled flood of musical gloriCs. 
To ©very form of music he cxintrilmted auperjb 
works— opera, mass, symphony, oop^rtd/ 10 ^^, 
song. AU this time he was Bghiihg Ibr^ a 
Jivelthood for Himself: and his young wife. vThe 
greatest (master of music in the histo^ of the 
^rld had\to looli; to lessons for his, bi*ei^d# ; ft 



while bis crowning work, The Magic Flute,” was 
being played that he received a mysterious order 
to compose a ” Requiem.” It was to bo ready in 
a month. His breaking health sank under the 
manifold taxes to which no submitted himself. He 
‘declared that the work would bo his own requiem, 
and it was. He died while still labouring at it. 
His death was one of the most pathetic in history. 
He was hurried into a paujper’s grave, and to this 
day no man can say where his poor bones lie. 

Murchison, Sir Roderick Impey 

b. Tflfntdale, Ross'iihire, Feb. 19, 1702. d. Ix>nduu, Ocl. 22, 1871 

Trained in a military academy, he entered the 
Army and fought in the Peninsular War. Ex- 
changing into another regiment, in order to see 
more active service he was disappointed, but had 
the good fortune to me<'t the lady who tK^camo hi-s 
wife and inspired his whole life’s work. His 
geological discoveries, esiioeially his establishment 
of the Silurian System, made him famous. It was 
he who, observing the resemblance between the 
Ural Mountains and the Australian chains, first 
predicted the discovery of gold in Australia. 

Murdock, William 

b. Attohlnleuk, Aynhire, Aiitf. 25, 1754. d. Binntn({haiii, Nov. 15, IH.'Ut 

His father— who had bi'en a gunner, but t^k 
up the trade of a millwright on returning to civil 
employment meant the future inventor to follow 
his own trade. Luckily, the youth found employ- 
ment with Boulton & Watt at Birmingham, and 
was given responsible work in Cornwall, where the 
firm had important machinery plant. Here Mur- 
dock invented various improvements for the .steam- 
engine. His most im|Tortant discovery, however, 
was the distillation of illuminating gas from coal, 
wood, and i>eat. He lighted up his master’s 
premises with the* new illuminant in 1803, some 
vears after ho had bi'gun experiments at his own 
house. His fame is overshadowed by that of the 
great men ho served, but ho was a man of striking 
original powers. 

Murillo, Bartolome Esteban 

b. 8 pv1IJv, Spall), Jan. 1, IfllS. (1. H<*\ ille, \ pill 3, 16S2. 

Humbly born, ho owed his instruction in art to 
an uncle. When twenty-two, ho had the good 
fortune to gain an introduction to Velasquez, who 
gave him an introduction at Court, which served 
.to secure him ample patronage. His work was 
'nearly all of an intensely devotional character, 
expressive of his own pious devotion. lie married 
a wealthy wife, and enjoyed groat prosiierity. His 
death was brought about by a fall from a scaffold- 
ing while he was painting in a church in Cadiz. 
Some two hundred of his works arc in England. 

Murray, John , „ ^ 

b. Bdiiiburgh. 1745. d. November 6, 179.^ 

He joined the Royal Marinos when seventeen 
years of ago, but, disgusted with the monotony of 
tho life, retired on half-pay at twenty-three, and 
turned bookseller. From the little business which 
he set up grow the world-famous publishing house 
of John Murray. Tho pros|X'rity of tho business 
was established by his son, John Murray II. 
(b. Nov. 27, 1778; d. June 27, 1843)— the “Anak 
of publishers,” as Byron called him. Ho it wa.s 
who started the “Quarterly Review,” and paid 
" Byron £20,000 for his works. 

** ** „ , «• Mw 1 . isn. 

After a brilliant college career, he made a name 
for himself in literature at twenty, and followed 
with poems, comedies, tragedies, and short stories, 
'^me of his poetry is perfect, but his work was 
juuaqual— a fact attributable largely to his 
, irre^lai Ufe. 

studied at the Universities of Christiania and 
iea, and celebrated his majority by 
Voykgfr Arctic, A second followed 
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seven years later, when he and five^ comrades 
crossed Greenland from east to west. This nerved 
him for his greater effort, tho famous voyage in 
tho Fram, vmen, in a three years’ expedition — 
during which ho permitted his ship to be frozen 
in, and to drift with tho sot of the ice — he suc- 
ceeded in getting nearer to the North Polo than 
anyone else had previously done. Upon his native 
Norway being separated from Sweden, ho was 
appointed first Ambassador of the new Power to 
England. 

Napier, John v . .. . 

b. Edinburgh. 1660 d. Edliihiirgh. April 4, 1617 

He was born when his father was less than 
.seventeen years of age. Like his sire, he was 
keenly interested in scientific^ agriculture. In 
abstract science, however, lay his chief glory. His 
genius expressed itself in devising methods for 
lessening the lalxiur of reckoning. His famous 
logarithms and the device known as “Napier^s 
bones ” were the concrete results of his genius by 
which ho iss best remembered. His dis^veries 
were of vast importance to astronomy, navigation, 
surveying, and other pursuits involving compli- 
cated and elaborate calculations. His eldest son 
was ennobled. 

Napoleon Bonaparte , . „ , « r 

b Ajaccio. Conilcji, Aug 15. 1769. d. St. Helena, May 6, lUl. 

He was the second son of Carlo Bonaparte, who 
was of noble but impoverished family. His mili- 
tary studies began at Brienne, and were continuoa 
at Paris ; but actual exix'rience began in his 
seventeenth year, when he obtained a lieutenancy 
in an artillery regiment. The disturbed state 6t 
the nation, and the urgent need for officers with 
talent, made his promotion rapid. After com- 
manding tho Siege of Toulon against the Royalists, 
he was made a general, when only twenty-four. 
In another three years he was the most famous 
general in Europe. He married ‘'Josephine, a 
wealthv widow of much influence in Paris, and 
immediately set out for Italy, where he defeated 
the Austrians and Piedmontese, and entered 
Milan. Returning to Franco with the bays of 
many victories, ho next entered upon a campaign 
against the eastern dominions of Britain. He 
conquered Egypt and Syria, but met with a 
reverse at Acre, where the defence was assisted by 
the English. Recalled to Franco by disturbing 
news of political disruption and of tho loss of the 
newly-gained Italian territory, he was elected 
First Consul for ten years. Then, crossing the 
Alps, he swept down on Italy, and inflicted crush- 
ing blows upon the Austrians, winning for France 
tho whole of Northern Italy. Various treaties 
gave the continent temporary peace, and Napoleon 
took advantage of it to reorganise France by 
means of the Code Napoleon, the establishment of 
tho University, tho National Bank, tho Legion of 
Honour and by tho sweeping away of abuses 
which the Revolution had left. Thew were fruit- 
ful days, but war soon broke out again. He made 
elaborate preparations for tho invasion of England, 
and even had a medal struck to commemorate the 
triumph which he was never to achieve. The 
Battle of Trafalgar effectually settled the question 
of invasion. Thereupon he turned his armies to 
Germany, where the tremendous victories of Ulm 
and Austerlitz were gained, to bo followed by tm 
overthrow of Prussia at Jena. He had now In- 
come hereditary Emperor, and attained the zenith 
of his power. One of his brothers was King of 
Naples, another was King of Holland, and a third 
was King of Westphalia. He himself was crowned 
King of Italy, and he now set his brother Joseph 
on the Spanish throne. The people rose in revolt. 
Wellington landed in Portugal, and the Peninsular 
War was begun. Many troubles now gathorod 
about him ; bpt after further battles he concluded 
peace with Austria, and married the daughter oj 
her Royal house, having previously divorced 

SI 
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Josephine.^ Meanwhile^ tho Continental aystem— 
by which the commerce of England was^ to be 
boycotted-— was in force, and it was the failure of 
the Tsar strictly to enforce it which led to war 
with that country, Napoleon marched a vast army 
to Moscow, but the city was fired, and he had to 
retreat in the depth of a Russian winter, harassed 
all the way by an indomitable foe. He lost four- 
fifths of the army with which ho had wt out, and, 
the allied armies of his enemies closing in upon 
Paris, he was compelled to abdicate. For a few 
months he lived as King of the Island of Elba, 
but returned secretly to France, regained the 
throne, and began the hundred days wnich ended 
in his final overthrow at Waterloo. He was taken 
prisoner to St. Helena, and died there, after five 
and a half wretched ;^ears, of cancer. Napoleon 
was the incarnate spirit of war, but he was great 
as an administrator. That he was cruel, and false, 
and treacherous, and filled with inordinate vanity, 
which cost the lives of millions of his fellow- 
creatures, every student of his history is aware. 
But such a man is not to be judged by ordinary 
standards. As Lord Rosebery has said, Naiiolcon 
oamo from Corsica a little pagan, viewing the 
world as his oyster. lie was reared in the life 
of camps and in the terrors of revolution. Ho 
was raised to rule a nation which, in the horrors 
of a great convulsion, had formally renounced and 
practically abjured Christianity. He had to fight 
tor his own hand against the whole world. It was 
breathless work, which gave little time for 
reflection. Before ho died he saw all that he 
bad built at such a cost of blood swept away. Had 
he died Emperor of Franco, no man could have 
followed him. His death must have created a gulf 
in W'hich the whole apparatus of his government 
would have disapixsared. 


Nasmyth, James 

b. Rdinbvirgn, A«g. 19. 1808. 


<1. London . May 7, 1890. 


The Nasmyths were a talented family— the 
father a gifted portrait painter, a brother a land- 
scape artist. James Nasmyth was the mechanical 
genius of the family. In 1839 he was informed 
that ja. steamship could not be built because there 
was no forge in existence big enough to forge its 
paddlo-crank. In half an hour Nasmyth sketched, 
nis famous steam-hammer. The contrivance was 
built from that hurriedly-drawn sketch. lie after- 
wards invented the steam pile-driver. Astronomy 
w’as one of his favourite studies, and ho wrote a 
volume on the moon, which is still reprinted. 


Nebuchadnexxar 

beptu to reign, Kabylon, 604 n.r. d. Babylon, 062 u c. 

As a warrior, architect, engineer, and ruler, 
Nebuchadnezzar was supremo in his age. He in- 
herited from Nabopofassar, his father, a more 
provincial city in Babylon. He made the city the 
wonder of all the ages ; his dominions he so en- 
larged that they extended from Persia to Egypt, 
from Cicilia to the Persian Gulf. He besieged 
Jerusalem, and twice carried away its king, and 
swdpt all but the very outcast of the people into 
captivity. The rebellion of the Jews he punished 
"with atrocious cruelty. Zedekiah — whom he had 
maced on the throne, but who had risen against 
him— ho condemned to gaze on the slaughter of his 
own children. Then he put out his eyes, and led 
him’ in chains to Babylon. When Daniel inter- 
preted his dreams he worshipped him, and bade 
all his people worship no god but the God of 
Daniel. For seven years his mind was clouded: 
but, recovering, he seems to have forsaken idolatry. 

|^****Jfc*^ decayed after he died as rapidly as he 

Horatio. Vlacouat 

bf IwuPM. Norfolk. Sept 99, 1766. d. Tnfftlgar, Oot. 81. 1606, 

. ; A WU of the rectory, he was a weakly boy, who 
n^vet^ l^mea likely to make a sailor; but expevi- 
West Indies, and an expedition to the 
Be^dns, droved his metal. He was a post- 
at^;^W!enty-crtie,; serving in the American 


War. War with France having been declared, he 
served under Hood and Hotham, and greatly dis- 
tinguished himself at the battle off Cape St. Vin- 
cent. where for an hour his ship withstood the 
whole Spanish van and captured two vessels. Pro- 
moted to the rank of rear-admiral, he was sent to 
intercept Napoleon’s expedition to Egypt. This 
he failed to do, but he came up with the French 
fleet in Aboukir Bay. The French anchored 
in superior numbers, and Nelson planned a daring 
‘and original stroke. The wind was blowing 
against the French fleet, and he sailed down and 
took the enemy’s ships one at a time. He cap- 
tured or sunk all save four, which escaped, to be 
taken by him not long afterwards. Nelson went to 
Naples a hero. Ho had married some years before, 
but now ho met Lady Hamilton at the Court of 
Naples, and they entered into that liaison which 
stains his name. He remained at N^les in 
defiance of orders, and when he reached England 
there was a stormy interview with his wife, after 
which they parted, never to meet again. Ho was 
censured tor his disobi'dionco at Naples, but there 
was too much fighting for him to remain idle. He 
directed the attack on Copenhagen and the Danish 
fleet, whciro ho won new honours in a fierce and 
bloo<ly battle. The after events in his life were 
but preliminaries to the Battle of Trafalgar. The 
French and Spanish fleets wore allied ; unless these 
were crushed, Nanoloon’s army would surely in- 
vade England. There wore many delays and 
wearisome searchings by Nelson for the missing 
fleet. At last it was brought to battle off Caiie 
Trafalgar. Nelson signalled to his fleet, “ Eng- 
land expects that every qjan will do his duty.” 
He hati twenty-seven ships, the French and 
Spaniards thirty-three. Tne enemy’s fleet was 
annihilated. Nelson himself fell, shot by a French- 
man in the tops of ihe Rcdoutable; but he lived 
long enough to know that his victory was complete 
and his country saved. He was the greatest naval 
warrior the world has known. He had all the 
genius and all the patience and the bravery 
essential to his work. In private he was a simple, 
unaffected man. In one battle he had an eye 
destroyed ; in another he lost an arm ; but ho was 
always wholly a h<!ro in battle. The one blot upon 
his fame is his relations with Lady Hamilton — a 
beautiful adventuress, who had become the wife of 
Sir William Hamilton. For her ho sacrificed his 
l>ersonal honour and reputation as a moral man. 


Newcomen, Thomas 

b. Diirtniuuth, Ftb. H163. _ d. London (?). 1729. 

He was one of the obscure, industrious geniuses 
to whom we owe the application of steam as a 
motive power. He was either an ironmonger or 
a blacksmith. Possessed of an original and in- 
quiring mind, he corresponded with Robert Hooke 
as to the investigations of Papin and the Marquis 
of Worcester uiion the applicability of steam- 
power for the purpose of driving machinery. He 
found a kindred spirit ifl Savory, a mine manager 
of Cornwall, and a sympathetic friend in Cawley, 
a glazier. The former was another born inventor ; 
Cawley seems to have advanced the capital which 
Newcomen first needed for his experiments* The 
outcome was a patent for the atmospheric steam- 
engine.” Its purpose was to pump water from 
mines. This was the first piece of mechanism vii 
which steam was used with practical success. 
Hero, of Alexandria, born two thousand years 
before, had discovered the power of steam, and 
applied i.t in the form of wnat was practically a 
primitive steam-turbine. For two thousand years 
the secret lay hidden, if it can be said ever to 
have been mastered. Possibly NCwoomen heyer 
heard of Hero. He, at any rate, vras the next 
man after the Alexandrian genius successfully te 
carry out experiments with stem. But New- 
comen turned nU expcriinents to practical acbount, 
and all our triumpl^ with steam date from Vh» 
successful efforts." 
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N«wionan, John Honry 

'ti. London, F«bruaiT 1801. . d. Birininshaui, Anfnint 11, 1800. 

The -son of a bankor, whose affairs became in- 
volved before the future cardinal had completed 
hia Oxford course, he gained an Oriel Fellowship 
and took Orders. He threw himself with eager- 
ness into the ** Tractarian Movement ” at Oxford, 
which landed him, as it had landed others, in the 
Roman Catholic Church. In his new faith he 
worked humbly and with zeal, and became famous 
for his sermons and lectures and writings. He 
had a siifgularly charming literary style, and 
was a poet of high order. Ilis “ Lead, Kindly 
Light*’ is the most popular of all hymns; his 
“Dream of Gerontius” is a work of striking 
beauty. He was created a cardinal in 1879, thirty- 
four years after his secession from the Anglican 
Church. His brother, Francis William Newman, 
was an educationist of renown, and did not follow 
John Henry to Romo. 

Newton, Sir Isaac 

b, Wookthorpe, Lines, Decwinher 25, 1642. <1. Ix>nflnn. March 20, 1727. 

His father was a small freehold farmer. He 
was only twenty-one when he took his B.A. at 
Cambridge, and recorded his discovery of fluxions. 
A year later the great law of universal gravitation 
dawned upon him, suggested ttj his rnind by the 
fall of an apple. His efforts to explain the lunar 
and planetary motions were fruitless, owing to the 
absence of reliable data as to the size of the earth, 
and he had to put aside his work, and turn to the 
investigation into the naiuni of light and the 
construction of telescoji^s. His discoveries as to the 
latter led to the cxinstruction of the first reflecting 
telescope, which later workers WGr<‘ to bring to 
perfection. Picard produced his e.stimate of the 
size of the earth in 1670, and Newton was able to 
resume, at the point where he had desisted, his 
speculations on the law of gravitation. X^ourtecn 
years elapsed before his completed theory was 
iven to the world. Newton sat in Parliament, 
ecame Master of the Mint, and reformed the 
coinage; recommended public encouragement for 
an invention to determine longitude, and was for 
twenty-four years President of the Royal Society. 
He has been called the priest of Nature. No one 
before him had ever so clearly unfolded the laws 
by which the material world is regulated. He was 
one of the humblest of men, and spoke of himself 
as a child in knowledge. 

Nightingale, Florence 

b. Floroiice, Mity 15, 1S20. 

Although born in Florence, she is of English 
parentage. When quite a young woman, she made 
a tour of Euro];>ean hospitals, and on the outbreak 
of the Crimean War volunteered to organise a 
nuwing department at Scutari. The terrible con- 
diiiuq of the wounded was vastly improved under 
her skilful and sympathetic direction, and her 
ivork- was the beginning of complete reforms in 
Army hospital methods. A public testimonial 
took the form of a £50,000 gift to her. This .sum 
she devoted to the formation of a properly- 
equipped training inatitution for nurses. 

Otho I. or Otto the Great 

b. tl9. <1. Memlelien, Q«rinaiiy, May 7. DTS. 

Bucoeoding his father, Henry I., as King of the 
Qormans, he extended his dominions in various 
directions, suppressed rebellious nobles, restored 
Jfistitutions of Charlemagne, and implanted 
Christianity in Scandinavian and Slavonic lands. 

Otvon, Sir Richard 

Lsaipiwter, July 90. 1804. d. London. Deoem>K>r IS, 1892. 

Afier study in Edinburgh and at a London 
. tk^pital, be determined to enter the Navy. While 
bOfiitig for an opening, he was offered the post of 
; '^assuimt to the curator of the museum of the 
iBoytd' Collet of Surgeone* Here was housed the 
; together, by John Hunter, and 


it became Owen's task to classify and catalof^ue it. 
So, quite by chance, he was led to devote himself 
to science, and to make a lasting reputation as one 
of the foremost of British comparative anatomists 
and palfeontologists. His work, slow to be recog- 
nised in official circles by his own countrymen, was 
honoured by every scientific academy in Europe. 
Owen, Robert 

b. Newtown, Walen, May 14, 1771. d. Newtown, November 17, IWW. 

The founder of Socialism in Britain was the son 
of poor parents, and from the ixisition of shop-boy 
ro^ to that of factory manager, and then cotton 
millownSr. He put his Socialism to practical test 
by oxpirimentai plans in Scotland, America, 
Ireland, and England. The scheme, though it 
attracted widespread atttmtion, was not a success, 
and brought him to comparative poverty. Never- 
theless, ho was instrumental in bringing about the 
first factory legislation. Ho was the pioneer of the 
co-operative movement, and school's for infants 
had their origin in his exiieriments. 

Paganini, Niccolo 

b. Oenoii. February 18, 1784. d. Nlcw. May 27. 1840. 

The prince of violinists was the son of a stveet- 
|7orter, who scourged him to study while yet an 
infant. He wa.s performing in public at nine, and 
at seventeoTi was a bla.se man of the world — a 
gambler and spendthrift. Then he disappeared 
for four years from public life, emerging at the 
ago of twenty-one, to win triumph upon triumph 
in all the capitals of Europe. Gaunt and repellent 
of appearance, playing the violin with demonic 
force and spirit, and with effects such as. no other 
man had ever produced, ho exercised upon his 
audiences an influence quite hypnotic. Serious 
Xieople in jicUte society declared that he was 
animated by evil .spirits, and that he was accom- 
X^anied on the concert platform by a “ familiar,” 
Ho made a large fortune, but lost heavily over 
.speculations. 

Palestrina, Giovanni Pierluigi da 

b. I'lUestrina, Italy, about 1524. d. Roin«. Februaiy 2, 1504. 

It was to Palestrina that the Council of Trent 
entrusted the reform of Church music. He was the 
first to combine the art with the science of music, 
to give beauty as well as technical correctness. 
H is work marked a new epoch in music. 

Paley, William 

b. Petorlwrougb, .Inly 1743. d. Lincoln, May 25, 1S05. 

After a successful career at college, he held 
various benefices, but was remarkable more for his 
writings than his sx>oken sornions. His principal 
work was the well-known “Evidences of 
Christianity.” 

Pallssy, Bernard 

b. near Ageu, Fmuoe, aliotit 1009. d. Purla, IBSS. . 

Industrial inventor, philosopher, and scientist, 
Palissy was one of the neroos of his century. His 
long and undaunted struggles with poverty while- 
trying to discover the secret of the enamel for 
china are of the classics of industral history. Im- . . 
prisoned as a Huguenot, he was released to co^i-' 
tinue his public works, but was again thrown into 
the. Bastille because of his religion, and died in 
that infamous prison. 

Palladio, Andrea 

b. Vicenza, Ifaly, Noveiubor SO, 1518. d. Vicenza, AnguatlO, UpO. 

The author of the Palladian style of architecture 
was the creator of many noble works in Italy, and 
the founder of the modern school of Italian archi- 
tecture. He wrote as well as he designed, and his 
great book on architecture was of inestimable 
assistance, among others, to Inigo Jones, the great 
English ^architect. 

Papin, Denis 

b. Bloia, France, Augnzt 92, 1647.. ms 

Regarded by the French as the inventor of the 
steam-engine and steam navigation, ke certainly 
was one of the pioneers in ^heso directions. HO ; ’ 
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did apply steam for driving a piston, but he looked 
P6t to the expansive force of stoam, but to atmo- 
spheric pressure for mechanical power. His idea 
was d€velop<*d by Newcomen, Brindley, and 
Smeaton, and undoubtedly paved the way for work 
upon more correct lines. Papin did imj^rtant 
work in association with Huygens and Boyle, and 
set convention at naught by fitting a naddle-wheel 
worked by hand into a vessel in which he essayed 
to cross tho Channel. He died in ixiverty and 
obscurity. 

Paracelsua . 

b. SwltznrlHnd. Deceuiltor 17, d. S.ilzbtirg, Sepieint>er &, 1641. 

Paracelsus was the self -con for red name of 
Theophrastus Bombasius von Hohenheim, son of a 
Swiss physician; he early studied alchemy and 
chemistry, and by practical experiments learned 
the properties of metals and minerals. He was a 
vain-glorious creature, but the courage with which 
he advocated his thwries was of great imjKirtance 
in affording a new impetus to the development of 
pharmaceutical chemistry and in encouraging 
research and investigation. From his labours 
many new chemical comrKiunds were discovered. 

Parll* Mungo 

b. Selkirkshire, Septemlier 10, 1771, <1. Africa, 1806. 

At twenty years of age, after having studied 
medicine and surgery, he sot sail for Sumatra in 
the East-Indiaraan Worcester ^ on which he held 
the post of assistant-surgeon. This led to hi.s 
employment by the African Association, in whoso 
behalf ho undertook to explore tho course of the 
Niger. After many startling adventures he re- 
turned to civilisation, and, in an interesting volume, 
threw light on the interior of the Dark Continent. 
Thereafter he settled down to practise a.s a 
country surgeon in Scotland. The life, however, 
provea impossible to him, and he again undertook 
an ex^^dition into the interior of Africa. Starting 
from Piaania, on the Gambia, he lost thirty-eight 
of his forty-five companions. The survivors were 
. attacked by natives at Boussa, and iK'riahed with 
him. 

Pascal, Blaise 

b. Cleruiout'Vorraucl, France, June 19, 1(12^1, d. Fariti, AugiiMt 19. 

His father, eaidy persuaded of the talents of the 
boy, gave him an excellent education, hut kept 
him from the study of mathematics, to which he 
particularly inclined. In spite of this deprivation 
Pascal became one of the greatest mathematicians 
of his age^ and is said to have “ reconstructed ” 
geometry while still a boy. Ho wrote., before the 
completion of his sixteenth year, a treatise on 
“Conic Sections,” which attracted the attention of 
Descartes; and before he was nineteen had in- 
vented a calculating machine to help his father in 
his work. His investigations in connection with 
the vacuum and hydraulic.s wore of great import- 
aqoe. His literary productions were of two 
kinds — scientific and philosophic, moral and 
theological. His “Provincial Letters,” a satire on 
tjie moral theology of the Jesuits, and “ Thoughts ” 
are for all time. They had an extraordinary 
effect in Europe at the time of their production, 
and are still treasured by every people into whose 
language they have been translated. 

Paateut*, LrOiiis 

■ b. n*le, Kmuce, Deceinhrr 27, 1828. d. St. Cloud, France, Sep, 28, 1896. 

7 He was the son of a tanner, and when horpesick 
and melancholy would say, “ If I could only smell 
‘ the tannery again I should bo well.” None of the 
eatly manifestations of genius which often fore- 
ahadow coming greatness was apparent in his case. 
His health was poor, and his mental facutties slow 
• to develop. But he had industry and application, 
and,, by ^working steadfastly at problems which had 
pUMl^o ail the chemists and physicists of his time, 

, niad^ a diacovery which at onoe placed him in a 
honour among ciOntemiioTary scientists, 


This was the outcome of his work on tartrate 
crystals and “ left-handed ’’ tartrates, and led him 
on to his great discoveries in fermentation and the 
action of atmospheric organisms. He swept aside 
the chemical speculations as to spontaneous genera: 
tion, and showed that wine and milk turn sourj 
and meat becomes putrid, from tho effects of these 
atmospheric organisms. Exclude those, he said, 
and food and drink remain jmre and sweet. It 
was not without tho most delicate and intricate 
oxijoriments that his point was proved. Once 
established, it effected a complete revolution in 
chemical and biological soionco. The way was 
prepared for liOrd Lister and antiseptic surgery, 
and for a thousand-and-ono applications of the 
discovery to comrnorco and food supply. By this 
time the tanner’s son had established himself at 
the head of his calling. Many and severe tests 
were iniposed upon him, but, thanks to bis powers 
of patient research and quick and oxact observa- 
tion, he succeeded in all. He had never seen a 
silkworm until the silk-producers besought his aid 
in the extermination of a pest which was ruining 
their irnlustry ; but he stamped out the plague. 
He cured chicken cholera, which had been destroy- 
ing 10 pcsr cent, of the poultry of his country ; and 
he reducc'd the mortality in anthrax from 10 to 1 
per cent. Those discoveries represented in money 
hundreds of millions of pounds. Even more im- 
|K)rtant to the human race were his investigations 
as to the cause and cure of hydrophobia, which 
resulted in his finding a way of rendering dogs 
immune from the evil, and of curing human lieinffs 
suffering from it. • 

Paul, St. 

h, Tantun, ClHcla, d. Route, 81, a.d. 

The son of Jewish parents, “a Hebrew of the 
Hebrews,” he was named Saul, and put to the 
trade -of a tent-maker. Going to Jerusalem, he 
studied undt^r Gamaliel, who hold a foremost place 
among the theologians of tho city. Gam,alioI was 
a broad-minded, tolerant man, out Paul imbibed 
only of his knowledge, not of his spirit, so that ho 
became a great master of the law and traditions 
and precedents, and thoroughly acquainted with 
tho Scriptures and current methods of interpreta- 
tion. The future Ajxistle became prominent as a 
jKTsecutor of the Jew.s, and was present at the 
stoning of Stephen. Then came nis miraculous 
conversion, and his subsequent teaching and ex- 
position of Christianity. He made missionary 
tour.s in Syria, Cyprus, Asia Minor, Macedonia, 
and else wht'i e ; was imprisoned and tried, appealed 
against hi.s .sentence, and was sent to Rome. There 
he was acijuitted, so that ho was able to resume 
his jourm*ys, but, returning to Rome, suffered 
martyrdom under the brutal Nero. Avowedly the 
.servant of Christianity, he was really its leader. 
For two centuries after his death his name was 
little regarded, though his work lived and 
flourished and extended. His position and labours 
liccame more fully recognised in the century of 
Ambrose, Athanasius, and Augustin, but it, wu 
re.served for later Christians to raise him to his 
right place in tho role of priests and martyrs. 

Paxton, Sir Joseph 

b, »»eiur Woburn, BwU, Aufcuiit », 3801. d. Sydenbiun, June 8, 1885. 

One of tho best examples of the self-made man, 
Paxton began life as an ordinary working 
gardener on the estate of the Duke of Devonshire, 
tor whom he modelled the famous Chatsworth 
gardens and oonBorvatorios. He sent in for 
competition, a rough design for a building fon the 
Great Exhibition in Hvde Park, which gained the 
prize. He saw the building erected, arid afterwards 
transferred to Sydenham, where it exists still as 
the world-famous Crystal Polaoe. Paxton’s useful 
and admirable life was crowned by the publication 
of several valuable bortioultural workL A« Ah 
instance of his powers of observation, it may be 



Doted that the excellence of his tlcaign for the 
<.V>;8tal Palace wae its lighiness and its grace of 
design. He adapted the idea from an aquatic 
plant on the Chats worth estate. 

Peabody, George 

b. 8. OHilvera, Mam.. February 18, 17S9. d. London, ^^>veluller 4, 1869. 

Starting on the lowest rung, ho worked in 
various small shops as assistant tr> grocers, dra)K*rfi, 
and storekecfiers, until ho had saved capital 
enough to become partner in a dry goods store. 
This was when ho had attained the age of thirty- ^ 
four. Eight years later he opened in I^ondon as a 
merchant banker. By unimpeachable methods he 
amassed a great fortune, and during his lifetime 
gave away one and a half millions for exploration, 
for education, and for the building of industrial 
homes in London. The Peabody buildings have 
boon established out of the funds given by him for 
the purpose. 

Peary, Robert Edwin 

b. Creraon Springs, Penn., \T.8,A.. May 6, 1896. 

The most persistent of Arctic explorers, ho 
joined the American Navy in 1881, and from time 
to time has sought leave of absence to make a 
dash for the Pole.” He had done a good deal of 
survey and mapping work in silent lands and 
lonely waters, before the world at large heard of 
him, and thus prepared himself for the greater 
work with which his name was to become identi- 
fied. In the expedition from which he returned 
in 1906 he got t*jr within 200 miles of the Polo on 
the Greenland side, so eclipsing all existing 
records. The Abruzzi expedition went thirty, miles 
nearer than Nansen’s;. Peary’s got thirty miles 
beyond the noint at which the Abruzzi expedition 
was driven back. 

Peel, Sir -Robert " 

b. iiwr Bury, Lancii, February !5, 1788. d. London, July 2. 18.90. 

Consecrated to politics froni his youth up, Peel 
was bidden by his father to aim no lower than the 
Premior.ship. * “Bob, you dog, if you’ro not Prime 
Minister, J’ll di.sinhcrit you !” hi.s father u.sed 
jestingly to say. But he was sworn to service with 
th(j wrong parly. At heart a Whig, ho was 
destined to lead, to break up, to reconstruct, and 
once more sliatter the Conservatives. At twenty- 
four he was Chi(’f Secretary for Ireland, and so 
hostile to Catholic claims for freedom that he was 
nicknamed “ Orange Peel.” Yet it fell to him, as 
Homo Secretary, and Lt*ader of the House of 
Commons, to propose to the Houst' a Bill for 
Roman Catholic Emancipation, his earlier 
antipathy to which, ho oonfe.ssod, had Ix'eri his sole 
reason for refusing to act with Canning. The Bill 
cost him his seat and broke up hi.s party, though 
not at once. He carried several useful measures, 
of which his rc'foriri of the ])olice force was the 
most conspicuous. As Leader of the Opposition 
during the next ten years he was brilliantly suc- 
oessfuT, and restored his party to power. On 
taking office as Prime Minister in 1841, he wa.s 
supported . by a Coiis<*rvative party jilcdged to 
Protection, and it fell to him to destroy the 
system which ho had been placed in power to 
maintain. He resigned, in order to allow Lord 
John Russell to sweep away the Corn Laws; but 
as Russell could not form a Government Pec*l 
returned, and himself abolished the taxes on food. 
Hi« party revolted and defeated him, and *he 
declared that he had done for all time with parties. 
Hi« death, the result of an accident while riding, 
prevented his saying from Ix'ing falsified. 
Although force of circumstances made*him forsake 
principles to which he was pledged, the honesty 
and integrity of Peel are not to bo impugned. 
The problem of his position was a difficult one, 
aijd was the more so from the fact that he never 
jhad a confidant in public life to trace the develop- 
ment of changes in nis opinions. His youngest son 
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became Speaker of the House of Commons in 
1884, and held that position until 1895, when ho 
was created Viscount Peel. 

Penn, Willfam 

b. Loudon, Octo1»er 14, 1644. d. Unxcombe, Berks, July 30, 1718, 

His father, the redoubtable Sir William Penn, 
sent him to Oxford, where ho came under the ban 
of the powers for Nonconformity. Penn travelled, 
and took military service, but was recalled to his 
earlier ideas by a chance meeting with a Quaker 
mini.ster, under who.st‘ influence lie developed into 
a bold speaker and writer, carrying the war for 
freedom of conscience from England into Ger- 
many. Twice his free expressions of opinion 
brought him to gaol ; but his trial in 1670 marked 
an epoch in English public life, in that it estab- 
ILshed for all time the iinniiinity of juries. In 1681 
ho obtained from the Crown, in lieu of his father’s 
claim upon it, a grant of territory in America 
calk?d, after the admiral, Pennsylvania. Here he 
settled a numerous body of his co-religionists with 
a famous charter. Ho planned the city of Phila- 
delphia, and became governor as well as pro- 
prietor of the colony. After the accession of 
VVilliam HI., Penn was wrongfully accused of 
treasonable adherence to the de]K)scd James II. 
His troubles were not ended, in the New World or 
the Old. The Colonial (^on.stitution had proved un- 
workable, and there was much discontent. The 
colony did eventually prosper, but Penn, returning 
to England, suffered financial embarrassment, ana 
was actually an inmate for nine months of the 
debtors’ prison -the Fle<'t. I’o the end his life 
was harassed by i)ecuniary and ix)litical troubles. 
Penn is one of the men whoso characters and 
actions Muctuihiy has wrongly appraised. The 
influence which ho had at Court was invariably 
exerted for the succour of hi.s persecuted brethren. 

Pericles 

b. AtheiiH, r»th cpntnry B.r. d. Athenn, 429 b.o. 

Born of di.dinguished parents, Pericles wa.9 for 
fortv ycur.s the loading statesman in Athens. In 
his day she rcachcil her highest point in splendour 
and tK)wcr. He obliterated all trace of Oligarchical 
institutions; he made Athens an empire state; he 
took tribute of maritime allies, and devoted part 
of the money to the adornment of Athens with 
those glorie.N which made the memory of the city 
immortal. To him she owed the Parthenon, 
FrCM?htheum. the Pronylo3a, the Odeum, and 
numborh'ss other noble buildings, as well as some 
of Ir'r finest classical sculptures. lie died of fever, 
contracted when the war h('twe<m Athens and 
Sparta wa> at its height. He was an able general 
and a famou> orator, but did his beloved Athens 
irreparable injury by not forcs<ming that pei'sonal 
government, nobly as it worked in his hands, must 
be ultimately ruinous to a nation. 

PerKin, Sir WillianAk Henry 

London. MBirh 12. 18:«. 

Sent to the City of Ixmdon School, the only 
institution of the character at the time where 
scientific subject.^ wore taught, he became, at 
sovcntcoTi years of age, as.si.stant to H. W. Hofman, 
the great chemist. When in his eighteenth year 
Perkin, at Ilofman’s instigation, was seeking to 
make artificial quinine, he obtained unexpected 
results. *He had discovered the way to manufac- 
ture an aniline purple or mauve from coal-tar. 
The discovery was patented, and at eighteen years 
of age ho was within sight of potential wealth 
inestimable. The process was worked bv himself, 
his brother, and father, who soon made a vast 
fortune J^om it. From that laboratory CA|K*riment 
dates the gigantic industry in coal-tar jiixxlucts - 
dyes, scents, disinfectants, essences, and a ihousand 
other things, which, developed mainly in Gorman 
laboratories, have added hundreds of millions of . 
l>ounds to the wealth of the world. 
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^ P«t«r the X>reet 

b. llOMtow, Juntt 9, 1972. 4, St. Petcmburir, February 8. 1720. 

At first he reigned jointly with his half-brothor, 
the weak - minded Ivan, but at his death 
reigned alone. He Kuropeanised his army, and 
set about the creation of a navy and the provision 
of harbours, of which, at this time, Russia had 
but one — Archangel. He seized Azov, and then 
set forth to see what civilisation was doing for 
other oGoples. He visited several countries, 
eventually reaching lilngland. At Amsterdam, dis- 
guised as a labourer, he worked as a shipwright, 
and devoted his leisure to the study of science and 
philosophy. From England he carried back engi- 
neers artificers, surgeons, artillerymen, and 
artisans to the number of 600. At home ho en- 
couraged literature, developed trade with other 
countries, organised a national (Church, and 
founded St. Petersburg. He was engaged in many 
wars and internal rebellions during his reign, but 
he extended his dominions, and made Russia a 
civilised nation. A genius in creative ability, he 
was a savage in his wrath, an Asiatic in his 
pleasures. Allowing for his limitations, he fully 
deserves his title “Great,” for he was one of the 
most remarkable men of any age. 

Peter the Hermit 

b. Anitoua, Fntice, alwui 1000. d. Huy, Belgium. .Tiilv 7. 1115 

Though not a great man in the best s<'nse of the 
term, rotor <ho Hermit was one of the most 
astonishing figures of his age. First a .soldi<‘r in 
the service of the ('ounts of Boulogne, he aban- 
doned wife and family and Ix'carne a monk. 
Roused by stories of the sutterings of Christiana in 
Palestine, he went throughout Euroiie preaching a 
crusade. Blessed by the Pope, Vrban II., he 
traversed a great part of Europe, riding bare- 
headed and barefooted, carrying a cross. Every- 
where his fiery eloquence caused him to he received 
as an inspired proiihet. A great multitude fol- 
lowed him, clamouring to bo led forthwith to the 
Holy Land. With Peter at their head, a mob of 
40,000 enthusiasts set forth. They fought and .slew 
and pillaged their way to Constantinople, and were 
practically exterminated bv the Turks at Niciea. 
The Cruf*ade, led by Godfrey of Bouillon, was 
accompanied by PetiT the Hermit, who, during 
the long siege of Antioch, was among those to lose 
heart and desert* H<‘ was carried back, to 
undergo a jiublic rejiriinand. When at last 
Jerusalem was taken, the triumphant Crusader.s 
fell at his feet and offered him thanks, as the 
original inspirer of their expedition. The life of 
Peter the Hermit is an amazing example of the 
power of one gifted enthusiast to inspire to lofty 
heroism practically the whole people of a 
continent. 

Petrarch, Francesco de Parenzo 

b. Amuo, Italy, July 20, 1174. d ArquA Italy, July is, i:;74. 

The same dwroe which banished Dante from 
Florence sent into exile tlie father of Petrarch, 
who settled at Arezzo, where the founder of the 
Classical Revival wa.s born. From his earliest 
years Petrarch devoted himself to the study of 
literature, and in the days of his youth wrote the 
lovely lyrics which have maintained his fame un- 
dimmed for sixteen centuries. The death of his 
father left him without means, and he had to enter 
the Church. '"'♦He never became a priest, but held 
various minor benefices, conferred by adnlircrs of 
‘his genius. Of these there were many and power- 
ful, ^ and kings competed for the distinction of 
having him at their Courts. The “ Laura ” whom 
immortalised he first met when he was tw€*nty- 
She is supposed to have been the wife of 
Hugues do *Sade, and to have been the inpther of 
elevet| children. Petrarch’s passion for was of 
the and loftiest order, as was that of Dante 

for his Beatrice, At thirty-five Petrarch was 
I'^gnisea as the first scholar and poet of his age, 
was crowned laureate in Rome. His life for 



many years was passed at Courts and in the 
society of the most learned and cultured men in 
Europe. His literary output was prodigious, and 
— vain are our own judgments !— he deemed the 
work which he now did the work upon which his 
fame would rest. As a fapt, it was forgotten or 
eclipsed in a later age, and is never read in our 
own. Petrarch lives for posterity in the exquisite 
lioems of his youth. 

Petrie, Sir William Matthew Flinders 

b. Woolwich, Junes, 180S. 

The grandson of Captain Flinders, the Aus- 
tralian explorer, he has made the buried past of 
Egypt the mission of his life. Tombs and temples 
have been made to toll the wonderful story of a 
civilisation and culture in the East, in comparison 
witVi which the ancient arts of Groew are modern. 
His discoveries have meant practically the re- 
writing of ancient history. 

Petty, Sir William 

It. RfiiiiHi > , ilanlH, Miiy ‘.id, il Loudon, December 16, 1987, 

Ho was the son of a small clothier, and, going 
<q .sea while a boy, was left, by sailors jealous of 
his attainments, with a broken leg upon the coast 
of FrancK*. Instead of striving to return home, ho 
raised money by teaching English and navigation 
in France, and then entered himself at the Jesuit 
College at Caen, Normandy, where ho received a 
good general education. Continuing his .studios in 
Holland, he passed on to Paris, whither ho was 
drawn by the fame of its scientists, and became 
associated with ^eveval notable -men. Upon re- 
turning to England he was btill very yioor, but 
gained reputation by thc' invention of a copying 
machine and by sketching proposals for the forma- 
tion of a scM'iitific society. That society did 
I'veiitually conic into being on the lines which he 
had planned. It was the famous Royal Society, 
and he was one of its founders. With increasing 
reputation he was apjiointed a Fellow of Brasenoso 
College, Professor of Anatomy and Music. Next 
he was appointed physician to the Army in Ire- 
land, and surveyed the land forfeited to soldiers. 
He acquired considerable possessions, and founded 
important industries. His daughter married 
Thomas Fitzmaurice, Earl of Kerry, and from this 
maniage descend the Marquise's Laiisdowne. 

Phidias 

b. AtbfrUH, al>ont 41)0 u i d Atb«n8 kIjouI 4*12 it c. 

The greatest sculptor of antiquity had the good 
fortune to live when Pericles was bedecking 
Athens with beauty, and to reexuve commissions to 
execute the chief statues and to supervise all the 
similar work of the capital. He constructed the 
Propyltea and the Parthenon, and adorned them 
with stiqiendous figures, acclaimed by antiquity as 
the most impressive and beautiful over produced 
by man. The glorious Elgin marbles, fragmentary 
remains of the Parthenon friezt', remain as some 
evidence of his mastt»rly work. The enemies of 
Pericles, afraid ojienly to attack* him, assailed 
him through his nearest friends, of whom Phidias 
was one. They charged him with appropriating 
gold intended for his wonderful statue^ of Zeus. 
He was able to prove his innocence of this, so they 
charged him with impiety, he having introduced a 
portrait of himsc'lf into, the statue of the goddess. 
He is 8 Upi) 08 t>d to have died while in prison on this 
second charge. 

Pindar 

b. near Thebee, Greece. About 8SB9 b.c. 4. Argo*. Oreeoe, 443 a.o. 

The most famous and popular lyric poet of his 
day, he is the only Greek poet of whoso work any 
considerable* portions remain to us., Those pre- 
served are the four books of odes celebrating the 
victories won in the Olympian, Pythian, Nemean, 
and Isthmian games, jhey present a striking pic- 
turo of the importance which the athletic con- 
tests of the age occupied in the minda pf the 
cultured Greeks. Pindar wrote also hymns to, the 
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gods, pseans, lamentations for the dead, as well as 
odes to the victors in the games. Only the last sur- 
vive entire. Pindar was a member of a talented 
family, members of which were renowned as 
masters of the flute. 

Pitt. William 

b. near Bromley, Kent, Hay '28, nm). d. Putney, January 23, 18(Mt. 

The second son of the Earl of Chatham, who 
trained him from his earliest years to politics, the 
younger Pitt took naturally to statesmanship, and 
when he became Chancellor of the Exchequer at 
twenty-three, and Prime Minister at twenty-four, 
ho entered upon his tremendous responsibilities 
with as much confidence as if be had been twice 
his age. For twenty years his power was un- 
broken, and he established for himself a iiosiiion 
as one of the greatest statesmen in history. He 
enhanced the powers of the House of Commons 
as tho representatives of the nation; he abolished 
sinecure offices, and stamped out corruption ; he re- 
formed tho revenue methods of tho country, and 
re-established its finances. For long he managed 
to keep peace with the Continent, but the French 
Revolution at last drove him to war. His greatest 
triumoh was Nelson’s Trafalgar victory. Pitt was 
now aesignafced the “ Saviour of Europe.’* His 
reply has become a classic : “ Europe is not to 
be saved by any one man. England has saved 
herself by hc^r exertions, and will, os I trust, save 
Europe by her exertions.'* A month later came 
news of Napoleon’s wonderful victory at Auster- 
litz, and this proved Pitt’s death-blow. He died 
less than two months later. Pitt was a great 
orator, a groat financier — except when his iMirsonal 
interests were engaged — a born loader of men, but 
he had his weaknesses. Ho conferred titles with 
cynical indifference to tho claims of tho recipients; 
he permitted fwjandalous corruption in the deal by 
which the union of England and Ireland was 
effected ; he abandoned Parliamentary reform and 
the abolition of the slave-trade when op^xisition 
came from Parliament, and cast aside Catholic 
emancipation when tho King objected. In private 
life he was blameworthy for his hard drinking— a 
weakness of his era— and for the hopeles.s incom- 
petence with which he permitted his affairs to drift 
into confusion. Otherwise, his character was 
singularly amiable and exemplary, and on his 
death-bed he found consolation in r<?flocting on 
“tho innocence of his life.” 


Plato 

b. iCSirina, alioiit 427 b.o. d. Athene, ;<47 b.c. 

A disciple of Socrates, and the teacher of 
'Aristotle, nis teaching, with that of his master and 

f mpil, has largely controlled the progress of spccu- 
ative thought to the present day. In his youth 
he was a gymnast, a soldier, and a poet. He 
burned his poems upon coming under the influence 
of Socrates. After the death of the latter ho 
travelled, and was seized and sold as a slave in 
.^gina, but was ransomed. Returning now to 
Auiens, he started his Academic School. The 
academy was a grove. There, and in his own 
garden, ho would walk and talk with his disciples, 
teaching them mainly by conversation, and em- 
bodying the results of his thinking in his written 
“ Dialogues.** He enjoyed a peaceful and pro.sper- 
ous old age, and died at a wedding feast. All tho 
best of his philosophical writings ha've been pre- 
served, together with many whose authorship is 
not clearly traceable to him. Plato is the greatest 
master of Greek prose stylo that ever lived, and 
is accounted as unapproacned among mankind for 
the knagnifioent sweep of clear intellect, and the 
. ^.auty and gorgeousness of poetic expression of 
oU expositions. 

. Playfalrt Lyon, Lord • 

% Re^t. Iwilm Mar SI, ISia d. Loud m. May SO. 1896. 

t^gan his scientific career under the noted 
vOtiaham and Liebig, ^ and turned his 


knowledge to account in tho practical application 
of science to commerce and the everyday affairs of 
life. He managed an important bleaching works, 
and was the one to suggest ways and means of 
developing a little stream of oil in Derbyshire 
which was to prove the parent of tho paraffin and 

i jetroleum industries of the world. He was King 
Sdward’s master in practical chemistry; ho served 
on many commissions dealing with the health and 
commodities of tho nation ; ho performed in- 
estimable service for the cause of education. For 
many years ho sat in Parliament, ' and acted as 
Deputy Speaker. His last letter was to Mrs. 
Gladstone, sympathisitig with her upon the death 
of her husband, whoso decease preceded his own 
by only nine days. 

Plutarch 

b. Chirrouea, Kreece, about 46 a.d. d. ulumi 120 a.D. 

The encyclopiedist of antiquity was educated at 
Athens, but visited Rome, and lectured there on 
philosophy. Tho greater part of his days, how- 
ever, were sixmt at Chseronea, his native place. 
There he wrote his discourses and his immortal 
” Lives.” With the latter every student is 
familiar. They are biographies of warriors, 
statesinon, legislators, and heroes of ages preceding 
his own. They are precious documents, based on 
records which have long been lost. 

Poe, Edgar Allan 

h. BoMtoii, Mosm.. Jauuury lb, ISOS. d. Baltiiixire. Octolter 7, 1849. 

This gloomy genius was left an orphan when 
three years of age, but was adopted by a wealthy 
and kind-hearted man whose generosity he ill 
requited. Educated in London and at the Uni- 
versity of Virginia, he got into disgrace at the 
latter through dissipation and gambling, and was 
removed to his patron’s counting-house. He 
absconded and enlisted, was bought out, and sent 
to a military academy, from which he was dis- 
mis.scd for neglect of duty. Thrown on his own. 
resources, he wrote iweins and criticisms and 
stories for newspaiiers and magazines, one of which 
lie edited. His most famous story, “ The Gold 
Bug,” was written to win a £20 competition; his 
greatast poem, “The Raven.” was written for a 
New York evening pa|H'r. He gave way periodi- 
cally to gross intemperance, and was frequently in 
direst poverty. Ilis wife died when his affairs 
were in a hopeless condition, and he attempted 
suicide. Recovering, he was about to marry a ' 
second time, when he had another outburst, and 
wa,R picked up in a public street, sodden with 
drink and dying. He was a genius of a rxKiuliar 
order, with all the infirmitie.s of genius, and few of 
its redeem ill g qualitio.s. 

Polo, Marco 

b. Vpultv. rA”>4. d. Venice. 1824. “ 

One of the earliest and greatest of travellers, 
Marco Polo was only a bov when ho set out with 
his father and uncle to China. The elder Polos 
liad alreadj; wandered thither, had been hand- 
somely received by Kublai Khan, the Emperor, 
and by him oommissioiied to lead a hundrra 
learned men from Europe to the Celestial Empire, 
When tliey set out two friars acoonmanied them, 
but soon turned back, and tho three Polos wont on/, 
alone, J^y Sivus, Mosul, Bagdad, and Ormuz, 
through Khorasan, up tho Oxus to the Pamir 

E lateau, through Kashgar, Yarkand, along Lake 
lOb, over the Great Gobi Desert, and so to 
Shangtu, near the modern Peking, where 
Kublai Khan was staying. For seventc^^n year.? 
they were honoured guests at the Imperial (>urt. 
Marex) was made an ambassador,, and visited 
Cochin*China, India, and elsewluire. . Finally, the 
three returned, wealthy, to their native land, 
coming back by way of Sumatra. th<' Straits otv* 
Malacca, Ceylon, and Ormuz. During a battle 
between the Venetians and Gcnoe.se, Maroo wa* 
taken prisonex and cast into gaol. His misforttnw 
• ■ 57 /. 
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was a blessing to posterity, for ho recounted his 
adventures to a follow prisoner, who gave them to 
the world in the form of a book. That book did 
much to stimulate the love of travel, and was of 
great assistance to Columbus and other seekers 
after a sea-way to India. 

Pope* Alexander 

h. L'judoti, May 2J, ISIS. <1. Twlckpnham, May 30, 1744. 

His father, a linenclraper, having become a con- 
vert to Roman Catholicism, Poi^ had no regular 
training in the public schools, put laboured with 
prodigious zeal jirivately to equip himself. His 
intense application to study while still a child 
ruined his health, and his sickly constitution un- 
doubtedly gave that iauiidicGd bios to his mind by 
which ho was througnout life aftV'cted. At twelve 
he had already begun to write poetry, and at four- 
teen produc'd his “Ode on Solitude,” a surprising 
vvork for one so young. While he was still in 
his ’teens ho was introduced by Wycherley into tho 
society of the literary lion.s of the age— Addison, 
Steele, Swift, and Arbuthnot. “ Tho Rape of the 
Lock,” one of his finest productions, was published 
in his twenty-fourth year, and “Windsor Forest” 
in the year following. His translation, of Homer 
began when he was t wenty-four. The “ Iliad ” 
occupied him seven years, and brought him fame 
and fortune. Tho “ Odyssey ” occiupiod a further 
five years, and was not so successful, owing to his 
having entrusted parts of the work to hands less 
skilled than his own. “The Dunciad ” wa.s 
written while the “ Odyssey ” was in progrG.'ss, but 
it was not published until 1728, so that between its 
completion and issue Pope might have time 
deliberately to sting into fury the victims of his 
lampoon, then re})resent their anger as haying 
induced him to write it. This was characteristic 
tf Pope, who was alway.s planning and plotting to 
deceive ixjslerity into a belief in and admiration 
for a spontaneity which he did not possess. Tho 
“ Kssay on Man,” proiluced when ho was forty- 
five, like two of his earlier works, al^>unds in lines 
and couplets which have passed into the habitual 
conversatioti of our lives. Pope was one of tho 
most extraordinary geniuses produced by Eng- 
land. Soured by bodily infirmity, by perpetual 
animosities, and by ungratifiod vanity, he could 
stoop to the meanest, most stupid diKieiis, yet he 
was tender-hearted and k)yal to tho weak and 
suffering. He had inspiration, yet never passed a 
line or phrasi* until it had been refined and 
burnished into ijerfet;tion. He lalwurcd at hi.s 
work with all his energy, yet de-sired th<? world to 
believe that it was daslied off in bursts of en- 
thusiasm and sent in hot ha.sto to the printers. 
Tho life story of tho man does not inspire admira- 
tion ; ho is best studied in bis works. 

Preece* Sir William Henry 

b. Carnarvon, February Ifl, 1 h;u. 

Though he inclined more to music than to 
Bcionco, it was in electricity and its many ai)i>lica- 
tions to practical affairs that he was destined to 
distinguish himself. He played an important part 
irf the development of the telegraph in Britain 
and in the Colonies, and, as Consulting Engineer 
to the Post Office, was responsible for in- 
numerable inventions of importance. He invented 
a system of wireless telegraphy ten yoara before 
A that of Marconi was announced; he adapted elec- 
tricity in many ingenious ways to the purpo.ses of 
r fail way work— not only as to signals, but a.s a 
:;^,fuotive power - and. has edited quite a library of 
r the literature of the science to which he has 
idevoted his days. He introduced the telephone 
and tho phonograph into Britain, arid gave us the 
first of wireless telephones. « 

^ , Praacott* William Hickllna 

ti. Salau, Miv 4, 17S«*. d. Roatiwi. Janxiory 38, IS-MI. 

While ho was studyinp^ at Harvard he was de- 
j^rived^ through an accident, of the sight of one 


of his eyes, but the calamity did not keep him from 
unremitting study to qualify himself for the task 
of the historian. Ho employed a r^der, and 
devised a special Apparatus to assist him in his 
work, and, though practically blind, he produced 
works of lasting fame on Spanish history, on 
Mexico, and on peru. Ho was still toiling at his 
history of the reign of Philip II. when overtaken 
by death. 

Priestley, Joseph 

li. Lttf>ds, M.irchl.8, 1733. d. Xurihnmberlaud, Pa.. FebtnaryS, 1804. 

The i^n of a cloth-dresser, he was successively 
Dissenting minister, school teacher, and librarian. 
In the lattor' capacity he served Lord Shelburne, 
whom ho accompanied on a ' journey to the 
(>ontinont. There ho met Ijavoisier and other great 
chemists, and communicated to them his discovery 
of oxygen. In their hands this discovery revo- 
lutionised chemistry. Disciples of Lavoisier claim 
for their master that ho discovered oxygon and the 
comfxisition of water independently of Priestley, 
but the Englishman’s title to credit seems clear, 
though Lavoisier gave oxygen its name. Priestley 
had called it “ dcphlogisted air,” believing the gas 
to be air deprived of the .so-called phlogiston, in 
which he believed to tho end. He made many 
other important discoveries, but left to others their 
correct interpretation. Cavendish laid the foun- 
dation of pneumatic chemistry, but Priestley so 
imnroved upon his apparatus as to bo called tho 
father of pneumatic chemistry. His religious 
views wore generally regarded as heterodox, and 
towards tho close of his career he emigrated to 
America, there to await the second coming of 
Christ. 

Prior, Matthew 

h. East Doimet, July 21 , 18 W. cl. Wliiipole, Camb«, Septoti\ber, 18 , 1721 . 

Left fatherless at an early age. he became book- 
keeper to his uncle, a vintner, but was befriended 
by the Earl of Dorset, and enabled to study at 
Cambridge. Although he is Viest remembered by 
hi.s literary productions, in which occur lyrics and 
epigrams of surpassing excellence, he filled many 
diplomatic and State offices, and sucooedod Locke 
as Commissioner of Trade and Plantations. ''His 
politics brought him to grief, the ascendancy of 
his enemies ]<*ading to his impeachment and 
incarceration (1715-1717) in gaol. 

Ptolemy 

b. Ali'xaitdrin, 2 imI reiitiiry, A.n. il. Alexandria, about 180 A.D. 

Although Claudius Ptolomfeus borrowed more 
from Ihc works of Hipparchus than he acknow- 
ledged, he was the author of much important 
independent cli.scovory in astronomy and optics. 
With the scanty data at his disposal he came to 
the conclusion that the earth is the centre of the 
universe, with the heavenly bodies revolving 
around it. His theories held good until the 
system of Copernicus upset them. As a geographer 
he filled an important place. Ilis calculations 
were often erroneous, but, considering the meagre 
character of his information, they were remark- 
ably g(X)d gucs.ses. One respect in which he was 
at fault was in his estimate of the circumference 
of tho globe. Columbus, basing his calculations on 
Ptolemy’s works, suppo.sod the distance from the 
western coa.st of ^America to the eastern coast of 
Asia to bo one-third less than is actually tho pase, 
and in that belief was encouraged to attempt the 
voyage which led him to the discovery of America. 
Purcell, Henry 

b. Loudon. 16ft8. ‘ d. Wentuiliwtcr, Not. 21. 18M. 

Admitted as a chorister of the Chapel Royal, ho 
composed an ode, when only twelve years of age, 
on the King’s birthday ; and he was but seventeen 
when he gave to the w'orld his notable opera, 
“ Dido and jEneas.” He wrote much fine church 
and chamber concert mi^ic, as well as composition 
for loss formal use, and in every rospeot surpassed 
all predecessors in this country. His music is still 
ixipular, more than two centuries after bis deathi 
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Fttrchas, Sequel 

b. Thiated, Kw*x« IftrT. d. Loudt^u, Scplemb*r, 1828. 

A clorgyntftTi, ho compiled bookB of travel which 
^08scss the highest historical value. During the 
letter part of his career he was Rector of St. 
Martinis, Ludgate Hill. 

Puschkin, Alexander Sergejevich 

b. Mowow. Mny 28, im d. 8t. Fetprsbnrg. January », laW 

Puschkin was one of the greatest of Russian poets, 
the son of a woman of negro descent. Although 
his political views were far in advance of his age 
in Russia, he was repeatedly employed in the 
administrative work of the Governinent, but after 
a semi-exile he was dismissed and confined to his 
estate. He died of wounds sustained in a duel. 

Pythagoras 

b. S>«mo8, Greece. a»>out 080 n.c. d. Or.itotia. about 500 h-c- 

* He was a famous philosopher, and founder of 
the school of philo.sophy called after his name. 
He left no writings, our knowledge of his teachings 
and institutions depending on the traditions of his 
disciples. 

Quincey, Thomas de 

b. Maiichcster. August 1.0, 17S0. d. EiHitbnrgh, OcceinlK'r 8. 1609. 

This brilliant essayist and miscellaneous writer 
was the son of a wealthy linendranor, but, owing 
to bis erratic conduct as a youth, had to undergo 
severe privations in London before going to 
Oxford Univer.sity. Here ho contracted the opium 
habit, and upon his weaknes.s based his famous 

Confessions of an English Opium-eater,” which 
at once established his reputation. His many 
charming writings were contributed, for the most 
part, to magazines, and not published in book 
form until shortly before his death. Ho long 
shared the friendship in the Lakes of Coleridge 
and Wordsworth. 

Racine, Jean Baptiste 

I). lia Fcrt(i>Mllon, Fi'ancc, Uemn l)cr 21, IttW. d. Pai'is, April. 21, ISID. 

The greatest of French tragic poet.s was left an 
orphan at an early ago, but was carefully edu- 
cated by his grandparents, and received into the 
best literary society of his ago. flis literary 
career began with the publication of odes, but bis 
friendship with men like' La Fontaine, Boilenu, 
and Moliere led him to devote him.solf to the 
drama. In this ho achieved .striking succes.ses, 
until either .successful rivalry or his conversion to 
religion turned him finally to poetry. A.s a poet 
he was even greater than as a dramatist, and 
beaueathed to posterity some of the mo.st exquisite 
melody in words ever conceived by the mind of 
man. 

Ralkea, Robert 

b. Olouoexter, Bet>ientl>er 14, 1725, d. Oloucestpr, April 5, 1811. 

Moved by compassion for the desjierate lot of 
the children of the poor, he started a Sunday- 
school in Gloucester, at which they were taught 
to road and write and instructed in the Chri.stian 
faith. The first of its kind ever established, it 
was a success from the outset, and became the 
parent of the entire Sunday-school movement. 
Kaikes was a new.spaper owner, 

Raleigh, Sir Walter 

b. uea^ Sidmonih, Devon, 1502. d. fA)ndoii, Oi 'toiler 29, 1818. 

One of the towering figures of Elizabethan 
days, Raleigh had all the daring and iinagination 
ot the hero of romance. He ^was a brilliant and 
daring soldier, a dauntless explorer, a polished 
statesman and courtier, a distinguished scientist 
and author. After completing his education at 
Oxford, ho served five years abroad as a volunteer 
in aid of the Huguenots, then took part in the 
ex|>odition to America. He gained the favour of 
Elizabeth, who heaped riches and honours upon 
him. ^ His attempt to ^olonise that portion of 
America to which she gave the name of Virginia 
cost Raleigh £40,000, and yielded to England at 
the outset toba<Hx> and the potato. Raleigh was 


ever the foe of Spain, and had a brave part !n the 
destruction of the Armada, and in many lessor 
engagements with the great Catholic nation in the 
Old World and the New. Threatened in the affec- 
tions of Elizabeth the handsome and gallant 
Essex, Raleigh repaired to Ireland, where the 
Queen had given him an estate of 40,000 acre.8. 
He was .soon restored to favour by the4.iuoen, who 
would have made Raleigh’s career more glorious 
had she not so dotingly kept him at Court when 
he was planning greater onterprise.9.. However, 
hi.s favour ended when his intrigue with Bessy 
Throckmorton was discovered. Tales of the riches 
of Guiana drew Raleigh from retirement, and ho 
.set sail on an expedition of discovery, and pub- 
lished an account of his doings. With the acces- 
sion of James 1. Raleigh was accused of treason, 
and condemned to death. For long he was kept a 
prisoner, then was released, to go again to Guiana. 
His expedition failed, and upon his return he was 
re-arrested and executed. 


Ramsay, Sir William 

b. Olaitgow, Oi.‘t«,b«r 2, 18S'2. 

One of the most distinguished of modern 
scientists, ho wa.s educated at Gla.sgow, and 
Tubingen Universities, and, after a successful 
career as tutor and college principal, won renown 
by researches into the constituents of air. In 
conjunction with Lord Rayleigh, he di.scovered 
argon. Be.sides the discovery of helium, he has 
identified and ineusured the previously unknown 
elements in the air, which he has named nepn, 
krypton, and xenon. Awarded the Nobel prize in 
chemistrv in 1904, he has been honoured by prac- 
tically all the most famous learned and scientific 
bodies of Europe. 

Ranke, Leopold von 

b. Wivhe, Utiiinaiiy. Dei'vmber 21, 1790. d. Borlii), May 28, 1886. 

Educate<l at Leipsic, he held professional ap- 
Xiointinent.s at Berlin, became historiographer 
of Prussia, .and wrote many notable volumes on 
history. His works are distinguished by their 
statesmanlike breadth of view, but they rather 
neglect rhe social side of national development. 

Raphael (or Raffaello Sanzlo) 

b. Urb'iio, Italy. March 2M, 14 -.8. il. Uouif, April 6, 1520. 

The prince of painters was the son of a poet 
and painter, and from an early age began the 
study of art, under his father and V^ito; then, 
after the death of the former, under Perugino. 
The latter ho excelled, and, going to Florence at 
twenty-one, was ripe for the influence of Michael 
Angelo and Leonardo da Vinci. For four years 
he lived in this atmosphere of supreme art, and 
executed some of the noblest of his works. In- 
vited to Ivonic by Pope Julius IL, he spent there 
the last twelve years of his life, and in that time, 
produced au amazing number of' works. It was 
as if he foresaw tliat his years were to be few— -ho 
died at thirty-seven -and that he must labour with 
all haste. Hard as he worked, he never permitted 
any of his pictures to suffer from lack of due care. 
He erred, indeed, in the opposite direction, seek- 
ing to combine too many perfections, and falling 
short of his own best. Ho loft an enormous num* 
her of paintings, portraits, studies, drawings, 
sketches, and studies. Besides this, he was a 
sculptor of high ability, and acted as ^ master 
architect of St. Peter’s at Rome, in addition to 
superintending the excavation of antiquities. A 
man of man^ friendships, to the end ne was un- 
spoiled by his success, and #ks said to be beloved 
not only by all men, but by the very brutes. 


Ray. John 


U near Braintree, Eiuiax, November 29, 1827. 

d. near Braintrae. Taimary 17. 1(05. 


The son of a blacksmith, he became a FelJow of 
Trinity College, and devoted himself to natural^^ 
history. His classification of plants w;as the foun- 
dation of the ‘'natural system”; his zoological jr 
works were the basis of all modern zoology. 
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Raylet«h» John William Strutt, Lord 

b, Withaao, B«wx, Novetuber 12, 1342. 

At Cambridge he was the Senior Wrangler and 
Smith’s Prizeman, and became, at thirty-seven. 
Professor of Experimental Physics there, ana 
afterwards succeeded Tyndale as Professor of 
Natural Philosophy at the Royal Institution. His 
most popular work was the discovery, with Sir 
William Ramsay, of argon ; but his labours in the 
whole field of science nave been of the greatest 
importance in many dirt^ctions. He has not hesi- 
tated to go again over ground broken by others, 
and the result has been that either ho has said the 
fina\ word upon the subjects, or opened up 
entirely new horizons of discovery. 

Rembrandt, Hermansxoon van Rhyn 

b. Leydeu, HolUud, July 10. 1S07. A AinMierdMiu, October 8, 1669. 

His father was a prosperous miller, and he was 
afforded a good education, i hough his art was 
mainly self-developed. He showed much inde- 
pendence of convention and example, and went to 
Nature for his inspiration. His works became 
famous until disaster overtook hirn. Ilis wife, 
who had brought him a fortune, died; then he 
became bankrui)t, and saw all his treasures sold. 
His closing years wore ymssed in poverty and 
wretchedness. Ho toiled incessantly, but his art 
had declined in popularity, and the creator of 
some of the noblest works in existence had to be 
buried at the public expense. 

Rennie, John 

b. East Lotbliui, Juu« 7, 1761 d. tAindnn, Ocb-klMit j. 1821. 

He began life as a millwrigh% but by great 
diligence became one of the foreii ist engineers of 
the age. The Southwark, Waterloo, and London 
bridges were built from his plans while ho de- 
signed the London Docks, the India Docks, and 
others in the provinces, as well as ‘,tho dockyards 
at Portsmoutn, Chatham, Sheerness, and Ply- 
mouth. 

Reynolds, Sir Joshua 

b. near Flymouth. July 16, 1723. d. Londoj February 23, 1792. 

Educated by his father, a schodmaster and 
clergyman, he afterwards studied >painting in 
London and at Rome. Then he cai ght a chill, 
which rendered him deaf. Returning to London, 
he rapidly established a high repute jtion as a 
painter, and Upon the formation of the Royal 
Aca^demy became its first president, the fol- 
lowing year he began his famous “ Disoour.ses” to 
the students. Three years before his 'death his 
sight failed, and he was compelled to relinouish 
painting. Ilis portraits placed him at the head 
of the English school of portrait-paipting, in 
which ho has never been surpassed. He enjoyed 
the friendship of the literary lions of his finie, and 
founded the Literary Club, which had among its 
members Johnson, Garrick, Burke, G?)ldsmith, 
Boswell, and Sheridan. 

Rhodes, Cecil John 

b. BishopStoiiford, July 6, 1SS3. d. near Cape Town, Maroh 26, 1902. 

A son of the rectory, he went as an invalid in* 
search of health to Natal, and remained, to inake 
a fortune from the Kimberley diamond-mines. 
But, while he was making himself one of the 
richest men in the world, ho was dreaming dreams 
of empire — of a stretch of country, ** all British,” 
from the Cape to the Zambesi, He returned to 
England, and took his B.A. and M.A. at Oxford 
^ Diversity, and was •for a time a law student, 
j^hile South Africa was developing, he financed 
jnshy undertakings which were making for pro- 

» , entered the Cape Parliament, and was 
ul enough of the future to decline the invi- 
^tstion of his fnend, General Gordon, to accom- 
"PWiy hiiw to Khartoum, Foiled by the Cape 
JNimaineiit in attempt to take over a large 
of Bedhuanaiand) he was more successful 
th4 Imperial Glovernment, by which he was 


appointed Deputy Commissioner for the new Pro- 
tectorate. Events marched quickly now. He con- 
solidated the various diamond-mining conmanies 
at Kimberley, became Premier of the Cape Parlia- 
ment, and secured a charter for the British South 
Africa Compai^, whose territory is now known 
as Rhodesia. The Jameson Raid into the Trans- 
vaal, in 1896, checked his political career, but not 
his imperial projects. To the end he was actively 
engaged in furthering his scheme for making 
homes in South Africa for the British’ colonists. 
He died of heart disease, the complaint from 
which all his life he had suffered. Ilis will is a 
notable document. It includes beq^^uests to Oxforu 
University, and provides scholarships for English- 
speaking students from various parts of the world. 

Richardson. Samuel 

b. Derbyshli-e. 1689. d IxMidon, July 4, 1761^ 

The father of the English domestic novel was 
the son of a carpenter and joiner, and was ap- 
prenticed to a London printer. His proficiency 
with hie pen in an age when penmanship was a 
rare art among the lower classes led to his fre- 
quent employment by young people desiring to 
correspond with their sweethearts and relatives. 
This practice gave him an insight into the ways 
and needs of humble life, and lo<l to his publish- 
ing his first book— a volume for the instruction in 
letter-writing of the illiterate. The same didactic 
scheme prompted the writing of his novel 
“ Pamela,” which he designed “ to cultivate the 
p^rinciples of religion and virtue in both sexes.” 
The book had a remarkable vogue, and en- 
couraged him to patient effort in tiie production 
of his masterpiece, “Clarissa Harlowe,” which 
Johnson declared to bo the first book in the world 
for its knowledge of the human heart. 

Richelieu, Armand Jean Duplessis, Cardinal, 
Due de 

b. Poitou, France. Septemlmr 5, 1585. d Paiii, Docemlier 4, 1642. 

Born a son of the Grand Provost of France, he 
aspired to a military career, but upon his Virother 
throwing up his bishopric to become a Carthusian, 
the younger Richelieu had to succeed him, and so 
did, when twenty-two. In 1614 the States General, 
which was not again to be convoked until 1789, 
assembled, with Richelieu as a deputy from 
Poitou. His support of the queen-mother, Mary 
de Medici, led to her appointing him as her grand 
almoner, and his political career had begun. He 
rose to the position of Secretary of State, but fell 
when she retired to Blois, and accompanied her 
thither. Ho succeeded in reconciling the queen 
II nd her son, Louis XIII., and was annomted 
Minister bv the latter. Thenceforth Richelieu was 
virtually King of France. He crushed the plot- 
ting nooles, who were battening like birds of prey 
upon the country ; he destroyed the political 
]jower of the Huguenots, struck heavy blows at 
Spain and Au.stria, and vastly extended French 
influence. A prince of schemers himself, he was 
constantly plotted against, and was seldom fr^ 
from danger. Personal ambition had no part in 
his procedure. He sought to enhance the prestige 
of his country by strengthening the Crown. All 
, constitutional government and all vestiges of local 
liberty were destroyed. He was merciless and 
implacable, but it was against the most powerful 
foes of his country that his blows were chiefly 
aimed. He prepared the way for the Revolution. 

Richter, Jean Panl Friedrich 

b W(tbil(4el. Baraii*, HonihSl, 1763. d. fi«yrenth, Norsfaber H 1678. 

A famous humorist, and one of the most gifted 
of German writers, he had a long and hard 

« e with fortune before winning recognition. 

st writings were a failure, and he had to 
earn his bread liy teaching while writing works 
which were to make hinrr one of the most fampue 
men of his era. Success having once come to him, 
it stayed, and he was almost idolised by his 
generAtion. 
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Ridley, Nicholai 

Haltwbistle, Nortfauniberl»ii<l, aboufc 1600. d. Oxford. Oct 16. 16W. 

^fter studying at Cambridge and on the Conti* 
lent, he .became domestic chaplain to Cranraor 
y|d Henry VIII., Bishop of Rochester, and finally 
Xehop of London. An ardent advocate of the 
iteformatioii, he was arrested under Mary, and 
after a long ini^irisonnient was, with Latimer, 
burned as an obstinate heretic. 

Rodtn, Auguste 

b. Paris, N«iv., 1S40. 

* Although receiving an artistic training, he had 
Un early manhood to engage in menial labour for 
•a livelihood, but became famous at once with the 
bust called “ The Broken Nose,” which was ex- 
hibited when the sculptor was only twenty-throe. 

^ Like other great artists, he has not always had 
the critic.! on his side, but later years have 
brought him indisputably to the head of hi.s pro- 
, fession. 

Rodney, George Brydges, Lord 

h. Walton-on-Tbatne#, Fo\>. 19. 1719. tl. Li>mloi>, May 2^, 1792. 

He served in the Seven Years War, gained a 
great victory over the Si>aniards at Capo St. 
Vincent, captured Martinique, St. Lucia, and 
Grenada, and, by defeating the French at Havre, 
destroyed the fiotilla by which it had been in- 
tended to invade England. 

Romilly, Sir Samuel 

h. IahkIou. March 1, IT.'lV. d. I^>ti<lnn, Nov. 2. IKW. 

The .son of a watchmaker, he becuinn* a great 
lawyer, and attained to the po.sition of Solicitor- 
General, He is faniou.s for his untiring efforts to 
reform the criminal law of England, which, in his 
clay, was a barbarou.s code, including capital 
puni.shinent for comparativelv trivial ofFence.s. 
When .sixty one he lo.st his wife, and was .so dis- 
trG.ssed at her death that he took his own life. 

Romney, George 

b. Daltoii, Laiic^, Dec. 1.7 17S4. <1. Kendal, Nov. 16. 1602. 

Tie joined his fatlior in the workshop as a 
^cabinet-maker, but showed unmistakable cvidcMice. 
of genius as an artist, and eventually became one, 
the most distinguj.slied of English portrait- 
painters. The most famou.s of hi.s works are hi.s 
portraits of Lady Hamillon. IIi.s paintings have 
increased in value to thirty or more time.s the 
prices which he obtained. 

Ronalds, Sir Francis 

b. London, Feb. 178«. d, Rittle, Anir. .S, 1873. 

A London merchant’ .s son, he early intere.sted 
himself in mechanics and electricity, invented an 
electric telegraph, and e.stablished it, with eight 
«nile.s of insulated wire, in bis garden at Hammer- 
imitb. He offered to demonstrate his invention 
before the Admiralty, but was answered : “ Tole- 
,graph.s of any kind are now totally unneces.snry, 
no other than the one now in use will be 
fifdopt.ed.” The one then in use was the old 
'^mephoro. He bore his rebuff with much gtiod- 
7iuiQOur, bade ‘^*a cordial adieu ” to electricity, 
Vnd set himself to the invention of an instrument 
vhich has proved invaluable to meteorologists and 
ihysicists. Wheatstone and Cook afterwards de- 
elsped the Ronalds telegraph, and had it publicly 
ised twenty-one years after he had offered it to 
fche Admiralty. 

."^iLontgan, William Konrad von 

^'X«nncp, Oerifiany. March Si7, 1S45. 

¥ He was trained in Holland and at Zurich, and 
megati to teach at Wurzburg and Strasburg. At 
ih'e former place, while experimenting with a 
P%hly-exhausted vacuum tube on the conduction 
of electricity through gases, he discovered the 
ramous X-rays, now called, in his honour, Rbntgen 
rays. He has distinguished himself in other 
Ranches of science, but it is by this discovery that 
|ie is popularly known to the world. 


Rosa, Salvator 

b. nr. Niplw, J 11119 20, 1616. Born®, March 18, 1678. 

Intended for the Church, he 'devoted himself to 
musical composition, but by frequenting the studio 
of his brother-in-law became imbued with a love 
of art, and adopted painting as a profession. 
After working for some time in obscurity, he 
atlnined fame with his picture, “Tityrus tortured 
by the Vulture and, removing to Rome, raised 
himself to independence and celebrity. He was 
gifted as poet and satirist, as well as musician 
and painter, and his writings are still read. In 
art ho wus distinguished by the gloomy grandeur 
and terrible niagnilieonce of his yiictures. 

Salt, Sir Titus 

b. Miirl*.y. Ymka. Sup. 2H, ISl):'. d. HaUalre. Yorks. Dw. 29. 1876. 

The .son of a clotli manufacturer who turned 
farmer. Salt was brought up to the trade of a 
wool -.stapler, and invented a process for turning 
to profit alpaca, a fabric which had previously 
defied all efforts to render it saleable. Salt 
accomplished with alpaca as great wonders as 
Lord Masham achieved with silk-waste, and 
founded the model manufacturing town of Saltaire 
for his works and workpeople. 

Sand. George 

b. Far>.s .July 2. 1804. d. Nobant. Franov. Jane 7, 1876. 

“George Sand” was the as.sumed name of 
Arnaiitirie Lucile Aurore Dupin, Baroness 
Dudevant, novel ;t, playwright, and miscidlaneous 
writer. Marru'd at eiglitccn, she quitted her 
husband for tlu Bohemian literary life of Paris, 
where among 1 *r intimates wore Jules Sandeau, 
Alfred de Musf-et, and (ffiopin. 

Sappho 

b. Mytilvne |?), Aula ) iimr, 7U) Oi'iitury, b.o. 

Just as “The Pot^t ” served a.s sufficient 
description of Horner, so “The Poetess” was tho 
de.scriptioii .Sappho, one of the greatest of 
Greek I.>rist. Only two of her odes, and about 
160 scat t fired, broken lines remain, but by ancient 
writers and nodorn she i.s proclaimed the only 
poet whose c?vory word has a seal of absolute 
perfee on ai d inimitable grace. 

Sargent, J jhn Singer 

b. FlinrJuf, 1868. 

The son £ an American physician, he grew up 
in an arti.stic atmosphere, and, trained by Carolus 
Duran, ha^ developed into one of the foremost- 
portrait and genre painters of the age. 

Saunderson, Nicholas 

b. Thurlaton, Y .rka, Jon., 1682. d. Boxwortb, Canilm. April IS, 172P. 

Although blind from infancy, he became an 
accomplisl ed scholar and famous a.s a lecturer at 
C'ambridg » University, whither he was taken as a 
poor student by a sympathetic friend. 

Savonarola, Girolamo 

b. Ferrara, Itily, Sep. 21, 1482. d. Ftoreiio®, May 23. 149R , 

First a Dominican monk and later prior of St.. 
Mark’s, Florence, he had enormous influence by 
his fearless denunciation of the vice and corruption 
in Church and .State. He brought about a great ■ 
religiou.s revival and led to the overthrow ot the. 
Medici, but the lasting animosity of Pop^^ 
Alexander VI., whom he had assailed, brought hi* 
arrest and barbarous execution. 

Schule, Karl Wilholm * 

b. StralKund, Dec. 2, 1742. d. Kopinr, Svedeti. May. 1726. 

While serving as a chemist’s apprentice, and 
afterwards, as a pharmist, he made an unparalleled 
series of discoveries, in the course of wliich, 
independently of Priestley, ho discovered oxygen , 
and nitrogen. Among his many other discoveriM 
wore; Oxalic, tartaric, citric, lactic, and arsonip, 
acids and their salts; baryta and the salts of. 
barium ; uric acid and the composition of prussic , 
acid and Prussian blue. ^ , 



tHK WORLD'S QRSAT MSN 

Schiller, Johann, Christoph Friedrich von 

l>. UArbach, Oonnanv, Nov. 10, 1750. d. Weimar, May 9. 1805. 

The son of an army surgoon, ho first, tried the 
law, but turned to medicine, and entered the army 
as a surgeon. But the pen early claimed his 
afFoction.s, and at twenty- three he was in disgrace 
for a jday of revolutionary tone. Ilo fled from 
Stuttgart, and though afterwards his succes.ses as 
dramatist and i>oet w'ero second to those of no 
other man of his ago, he and poverty were never 
for long stranger.s. Philosophy and poetry are 
admirably blend(«d in his works. With Goethe he 
succeeded in elevating the German drama and in 
moulding and imrifying the thought and language 
of a great pc'ople. 

Schubert, Franc Peter 

S Vienna, .Tan. .’{1. 1797. <1 \ lenna. Nov 19. 182K. 

The son of a musician. In' early shfjwed a genius 
for composition, but the times were not propit ioii.s, 
and the privations which lie suffered during youth 
brought him to an onrl,\ gruM*. lie coinpo.sod 
600 songs, among which an* some of the lo\cliest 
in existence, ten symphoni(*s, six masses, scveial 
operas, cantatas and overtures, and a host of 
sonatas and other compositions. 

Schumann, Robert 

b Zvrivkau, SkxoU}, .lime s, isiO i] neii riti'in' . Tiil.\ ‘•9. 

He did not take up the sliuly of music until 
tw’enty-ono years of age, but two >oars ialc'r Ik* 
publi.shed his first important composition, and in 
the following yt'ar began his writings on music. 
His subseejuent cun'(*r w’as cheiiueretl. Th'autifui 
conifiosit ions were followed b\ spells of madness, 
and ho died in an asylum for the in.saiie. His 
musie is distinguished b^ fr(*slm<'ss ami originality, 
inneh piquancy in rliythin and wealth and resource 
in harmony, 

Scipio. Publius Cornelius Africanus Major 

li y!)7 H.« «I C.uniimtu. Italy, is*{ m . 

A .soldi(*r from hi.s youth up, he gained great 
succe.sses for the Roman arms, cml cau.sed the 
recall of Hannilial from his iritasiori of Italy to 
'defend Curthagt*. ftcijiio inflicl(‘d upon liini his 
only defeat, ami emh'«l the second Punic War. 

Scott, Sir Walter 

b Kdiiibni'Kli. Au« l.O. 1771, «1. Abbotafonl, 8«p. Ul. ISrSi? 

An early illness, tliough it left him lame for life, 
was a blessing in disguise, for he was gi\<*n the 
run of an amjile library, there to store his iiiind 
W'ith reading which no ordinary boy would have 
atteni]>ted. Brought up to the law, as hi.s fathei 
had been, he first, hecarne known by tran.slations of 
German writings, following this with i>oonis of his 
own. His original poems spt'edily brought him 
fame, and fearing that he might sacrifice this if he 
appeared as a novelist, lie publish(*d the early 
volumes of the immortal “Waverley” novels 
anonymou.sly, and .stoutly denied the authorship 
when challenged. Not until twenty-five of them 
had appeared did he publicly admit their 
parentage. A secret partnership with tho 
BaUautyiie.H proved aii inauspicious venture, and 
upon Constable taking over tho business and 
failing, Scott became involved in a Joss of 
V£120,000. in addition to £30,000 private debt. 
Hid declining years were devoted to paying off 
this sum, and in the end, after his death, every 
creditor had his duo. Not only did Scott write 
poems and novels and a vast number of 
- Ipiscellaneous articles; ho edited large editions of 
v'Dsjiidon and Swift, and wrote a nine- volume 

Lite of Napoleon.” His baronetcy was conferred 
by George IV.* of whom the Jacobite genius was, 
^^il^t^adoxically enough, an ardent admirer. 


Selden, John 

l>. Saivtiiston, Sussex, Dec. 16. 16S4. d. Loudon, Nov. SO, 16S4 

A poor boy, bred to the law, he became a 
succes.sful lawyer, but found time for wide and 
profound study, and for the production of deeply 
learned historical, antiquarian, and legal w^orks. 
His resolute stand for liberty caused him to be 
imprisoned for nearly a year in the Towner, without, 
how'ovcr, abat irig his zeal for the right. Ho helped 
to draw up the Petition of Right, but did not r.ake 
part in the irnncachnient of Strafford or in Laud’s 
prosecution, while he was opposed to the execution 
of (’harloft 1. 

Shaftesbury, Anthony Ashley Cooper, 7th 
Earl of 

b. ljuiKini). April 28, 1801. i1. Fn1keston«>, Oct. 1, 1885. 

While still a schcH>ll)oy ho dotormined (o devote 
his life fo ameliorating the condition of the poor. 
Ho ht‘lp(*d to reform tho law in it.s relation to the 
treatment of lunatics, for tho prevention of tho 
oniploynont of bo>s as cliinino> -swoops, and for 
the Kattory and Workshop Regulation Act.s. He 
'Aas a do^olod fri(>ml of tho Ragg<*d School move- 
ment, and was a foremost figure in all the social 
loforins otfoi’tod during his lifi'tiiiK*. 

ShaKespeare, William 

li Sti.ttr.tKi oil \\on, 2l(yi, <1 ^liiitfoiil oil Vxoii, ^|i 2.1. KiKI 

’’rho groatest of dramatists and oin* of tho most 
gift<‘d of poets hnil for his father a follmongi'i* 
and glo\or, whih* his mother was a woman of some 
fortune. ( 'oniparat i\el\ litth* is known of his life. 
A revt'rso in the fortuiu*s of his father eonqielled 
liim to tak(‘ ,serN ice, with but ,scant.\ store ot 
(‘ducat ion, as ap]ir('iitieo to a butcher, whih* th(*re 
is a tradition as t<( lus being emi>loy(‘d in the ofiicf* 
of an attorney. Married, while a youth, to Anno 
Hathaway, ho was the father of a daughter at 
nineteen, and a f(‘w >ears later quitted his native 
tow'll, iinpolled, it is supposed, by a prosi'cution 
for deer-stt‘aling. II is early life in London is 
ohseuro, but it is sU[>po.sed tnat at tin* outset he 
earned a livelihood bv bolding horses near the 
spot where he was to gain more or h*ss renown as 
an actor in his own jilays. The fir.st of the.se, 
preceded by tho poeni.s “ Venus anti Adoni.s ” and 
'• Lucrece,” was iirobably ‘‘Love’s Labour'.s Lost," 
followed by the “Comedy of Krrors.” ‘‘Two 
Gentlemen of Verona,’’ ami ‘‘A Midsummer 
Night’s Dream.” Play followed jilay with 
amazing rapiility, the author’s genius developing 
in new directions with t'ach production. “Tho 
Merry Wives of Windsor” is said to have b<*e i 
ha.stify produced in compliance with Queen 
Klizaboth’.s command that Im should exhibit 
Palstaff in love. Shakcs))eare was by thi.s time a 
})ro.sperous man. He wrote for the hour, not for 
liosterity. 

“ For gain, not. glory, wing’d his roving flight, 
And grew immortal in his own despite.” 

His raw material for comedy and historical drama 
and tragedy ho took from various sources — ^qld 
plays, old chronicles, the waiters of antiquity. 
“The Winter’s Talc” dramatises h novel. •He 
bought a residence at Stratford and another in 
Tendon, and died at tho former in his forty-ninth 
year. Seven years elapsed between his death and 
the aiipearance of the first collected edition of his 
works, and scholars to this day are not able to 
say quite where his pen ceased and others began* 
The mystery is little less periilexing than that by 
which tho works of Homer are invested. But 
those works, wholly his. or touched hero and there 
by the hand of a collaborator, remain the chief 
literary heritage of the Anglo-Saxon race, even if 
Landor spake not truly >^on he said Shaken 
spearo i.s not our poet, but the world’s!” 
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« l|h*11«y, Percy Bysshe 

I {fax Horaham, Snsaex. Ang. 4 . 1792. d. Spttzzia Bay, Italy, July 8, 1822. 

Expelled from Oxford Univer.sity for an 
^atheistical pamphlet, Shelley, out of chivalrous 
desire to save from suicide the daughter of a 
vCofFoehousc-keeper, married her. He was uineteen, 
she was seventeen. They parted three years after- 
w'urds, and he w'ent 1o Switzerland with Mary, 
daughter of William Godwin, whom, upon the 
suicide of his wife, he married. The second union 
twas productive of much happiness for the poet, 
whosci finest work was now produc<*d. lie. was 
jjrownod while sailing in the Bay of Spezzia, and 
lis body, recovered (doven days later, was burned 
upon the shore in the presence of his fri<‘nds 
Trelawny, Leigh Hunt, and Byron. 

Sidney, Sir Philip 

|i. P(>iiiihurHt, K«‘ut, .Nov. 29, 1G54. d. Zutpheii, Holland, Ort. 17, 15S»5. 

Warrior, .statesman, poet, ho Gxperienc(‘<l (be full 
force of a cajjricious queen’s power to wound a 
subject, and met his death in sin ex|»edition 
against the Ns'therlaiuls, undertaken for | ol icy's 
sake at Filizabcth’s beluNst. His literary niu.ster- 
pieee.s \\er(‘ unknown to the world at large during 
his lifelime, for, though <jeiehrat<^d in Gourt circles, 
ihey w<*re not published until after his death. His 
writings Inive jsroved a well of inspirsition at 
which many later po(*ts hav<' drunk dt‘<‘j) ; his 
career was a iiultern to all who strive to live the 
life of a true gentlenian. 

Siemens, Ernst Werner 

h OeriiiHiiy, in, ISlil. <1. JKerlln, l>w. ti, 1892. 

After fifteen years’ service in tin* Prussian 
Army, he established works for carrying out many 
of the electrical inventions with wiiieh hi.s fertile 
brain teemed. 

Siemens, Sir William 

I ncrifiniiy, April 4. 1H2.I. d. Loudon. Nov. 19. 188.‘i. 

The younger and more di.st inguished of the 
Hieinens brotliers came to England poor in pocket, 
but rich in scientific knowledge, and after many 
'rials, establisln'd a great and succos.sful business. 
\aturali.setl, he was the recipient of many 
listinctions for his invention.s in metallurgy, and 
".•ontributed works of great value to the scientific 
literature of the period. Tie and bis brother 
generou.sly helped the movement for the better 
education of aspirant.s to careers in soienee. 

Simpson, Sir James Young 

h llathgaU*. .Soutlaud, June 7, INll. d. Kdiitburgh, Muy 6, 1H7U. 

The first man to introduce an8esthef.ic.s into 
British surgery was the son of a humble baker. 
tU* made many oxperimenta before discovering 
*he value of chloroform for his purpose, uml fought 
» long fight against bigotry and prejudice before 
making his practice popular. 

' Smith, Adam 

h. Klrki>ald} . June \ 1T2». d. K<Uuburgh. July 17. 1790. 

After study at Glasgow and Oxford and filling 
professorial chairs at Edinburgh, he travelled as 
tutor to the Duke of Buccleuch, then settled down 
to stadious retirement and the production of his 
famous w'orks on political economy. Of the.se 
the Wealth of Nations” remain still the 
iaconomists* guide and source of inspiration. 

. Socrates 

Athena, nbout 470 b,o. d. Athena, asm ii.f. 

'{ After following the calling of his father, that of 
i sculptor, Socrates gave himself up entirely to 
Ihe study of philosophy, which he taught and 
i»xpounded to such famous pupils ns Plato, 
Kenophon, and Aloibiades. His life was one long 
Campaign for truth and virtue. In his old age 
|iB enemies charged him with impiety and with 
Ibrrupting the morals of the youth of Greece. Ho 


defended himself in a noble speech, but the verdict 
of partial judge.8 going against him. he drank 
hemlock in his coll, surrounded by his disciples. 

Sophocles 

b. nr. Athenn, 496 H.r. d. Athaiia, 40-*i v.o. 

One of the throe great tragic poets of ancient 
Greece, ho defeated JEschylus, hi.s elder by thirty 
3 'ears, in a tragic competition when twenty-eight 
years of age, and reigned supremo until Euripides 
was preferred, in 441. Although he discharged 
mi.s.sions of State, his heart was alw’a 3 "s in his 
poetry, and he bequeathed to the world some of 
the masterpieces of human genius. 

SpeKe. John Hanning 

b. ilmImliT, May 4, 1827. <1. Bath. Svp. l.'». 1.8r»4. 

After .service with the Indian Army, he exidored 
the E(|uatorial lake.s of Africa in company with 
Burton. While travelling alone he discovered the 
Victoria N.vanza. and in it the long sought source 
of the Nile. 

Spencer, Herbert 

b. Uei by. April 27, 1820. d. On-. 8, ItHri. 

Ili.s father, a schoolmaster, iiitemU'd him to 
follow the occupation of a railway-engineer, but 
Spencer thr<“W up this calling for that of letters, 
and from early manhooil begun to develop th« 
ideas which w'(*re eventually to is^ue in his 
System of Synthetic Philosoi»h,v, His writings 
have had a jirofound influence upon the thoujfht 
of his own count rv, and an even greater etteci 
upon foreign peoples, into wliost* languages tlu*y 
have been translated. 

Spenser, Edmund 

b I,tiiiduii. HlN>iit lf.22. d. boiiddii, J 4 II. l*‘<, I'l'.iS. 

Born of poor par(*nts but good family, he pro- 
ceeded from M(*rchant Taylors’ School to (’am- 
bridi^e University. Winning the friendship of Sir 
l^hilip Sidney, to wliom ho dedicated his “Shop 
henl’s (’alendar,” he was a)q>oiiited, through 
Sitlney’s uncle, Tjord Leicester, private secret ar> 
to Lord Grey d(‘ Wilton when (he latter was .sent 
to repress (lie ri*l)ellioii in Ireland. Before cros.s- 
ing o\er, Spenser had begun his “Faerie Queen,” 
and continued at his ta.sk in Ireland amid fiercr* 
fighting and plot.^ culininal ing in the destruction 
of his own home then*. Although h(^ erijo^yed great 
literary funa*. hi.s fortunes wj*rc of the most dismal 
character, and he died in London utterly destituti*. 

Spinoga, Benedict Baruch 

1 *. Am^tt*nlHlll, Nox. 24, »l. The Feb. 21, J»I77. 

Exconiinuriicated by the Jewish community, of 
which ho was a member, he supported him.self by 
grinding lenses, .so that he might. com])o,so hi.s 
w'ork.s on philosophy and pantheism, which were 
de.stiried to form the acknowledged basis of nincli 
of modern German philo.sophy. 

Stanley, Sir Henry Morton 

b. Peiihlfh, Walez, 1841. d. LoiKluti, May 10. 1904. 

Hi.s name was Rowdands, but on making his way 
from his i>overt.v-stricken homo to New Orleans, 
he adopted the name of an American Stanley, w^ho 
befriendofl him. Orwgrow'irig up, ho fought in the 
American Civil War, turned new9i>aj>er corre- 
Hpomlont, and was sent on behalf <if an American 
newspaper to the Aby.ssituan War. He so 
iinprcs.sed his employer that, later he com- 
missioned to head an expedition into .^rica in 
search of Livirig.stone. This mission ho accom- 
plished, and afterw^ards made important, explora- 
tions, and established for thc> King of tne Belgians 
the Congo Free State. From another of his 
expeditions the British East Africa (Amipany 
developed ; w hile his final and not least notable 
journey through the Dark Continent was un<^- 
taken for the relief of Emin Pacha. Stanley 
married the .skilful artist. Miss Dorothy Tennant, 
who survives him. ^ 
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Steel, Sir Richard 

b, Dublin, M.irch ltt72. <1. nr. rsrmsrthsu, Rop 1, 1720. 

Soldior, momber of Parliiitnoui, |)olitical 
pamphleteer, playwright, Steel i« one of the few 
men whose newspaper writings have become 
immortal. His collaboration witli Addison in the 
“Tailor” and “Spectator” w'as most happy, 
though the two friends ultimately quarrelled. 

9tephenson, George 

b, nr. Nswi'&Mtic. Juno 9, 17«1. d. nr. ChcHterfteld, .\ng. 12, 1848. 

First a farin-lnind, next fireniiiri al a colliery, ho 
de/otod his |)(><’krl;>moncy as a youth to learning 
to read and write and sum. Ilia first notable 
invention was a safety lamp for miners. Nexl 
came his first sleam-engine, rendered successful by 
his lafer in\(Mition of the .steam-blast. [Tpon 
becoming engineer for the first railway, ho con- 
structed the famous “ Rockt‘l ” locomotive. He 
attained to groat prosperity, and was employed on 
many important schemes during tlu^ race for rail- 
ways which folhiwed. His son. Robert Sterhen- 
SON (b. Oct. 16, 1803. d. Oct. 12, 1859), won 
independent ronowrn by the construction of many 
famous railway and other bridges. 

Stevenson, Robert Louis Balfour 

h. Kdliibnrirh. Nov i:i. 1850 d. S-mioa. Dw. :l, 

Intended for the law, he lu'ver jiraetised. but 
travelled by strange methods, and turned his 
oxperience.s to account in some of the most charm- 
ing writings in the languagi*. lit* wa.s t'<iuallv 
distinguished as essayist and author of tictitm, 
w’hilo much of his verse is admiralilt*. 

Strabo 

n. Ainaslft, Euiitus, alKuit «! b « . il about 21 a r» 

Little is knovMi of the greatest geographer of 
antiquity, OKceiit from the record of his travels. 
These ernhracecl visit. s to (Irt'cce and Italy, Egypt, 
up the Nile, Africa, and A.sin Minor. His v^ork 
“surpasses all the other gt'ographioal w'ritings of 
antiquity, both in graiid<*ur of plan and in tin* 
abundance and variety of its materials.” Many 
of his estimates of the size and configuration of 
the world were hopelessly wrong, but the perform- 
ance w'as ver> wonderful, his scanty* resources 
comsiderod. 

Sullivan. Sir Arthur Seymour 

b. London. M.-y IJ, 1842. d Luiuldii, Nov. 22, 1900, 

He began his inusical career as a choir-bov, 
.studied at Leipzig, and at twenty years of ego 
had made his name as a j-ornposer. (Jantatas ami 
oratorios, tuneful songs, and hymn- tunes, now 
famous wherever religious mu.sic is heard, followed. 
His most famous achievements, however, were the 
^delightful comic operas which he produced in 
pollaboration with Sir F. S. Gilb(>rt. 

• Swedenborg. Emanuel 

^holii), .Ian. 2ft, 1988. d. London, March 29, 1772. 

Distinguished as a scholar and military engineer, 
he wrote several works on natural philosophy 
before he began to dream dreams and sc'o visions 
and to expound the Chri.stian faith as it at>peared 
to him. The Swodenborgian Church was estab- 
lished sixteen years aRer his death. 

Swift. Jonathan 

b. DnMli.. Nov. :10, 16«7. d. Dnblin, 0«-t. 19. 174s. 

T|ie British Rabelais was first a power in the 
Whig Press, and afterwards one of the most 
frenonant writers on the other side. In addition to 
tliinor inOUfiibencies hold earlier, he was Dean of 
^Sk Patrick’s, Dublin, for over thirty years. Much 
of his time wits spent in London society prior to 
fthls appointment, but it was while in Ireland that 


ho wrote most of his famous satires. His ^ 
days wore clouded by periods of madness, 
which condition, indeoa, throughout the greatt? 
part of his life, he was frequently bordering. A* 
strange fact is that “ Gulliver^s Travels, his , 
supremo satire upon the cant and shams of ghe 
age, has become a children’s classic. 

Swinburne. Algernon Charles 

b. lioiidoii, Apill 6, 18:17. | 

Son of an admiral, ho quitted Oxford without 
degree and travelled on the (Vnitinent, when he 
WHS the giie.st of Landor. His poems, which gjive' 
him undisputed supremacy as a master of metrical', 
invention, include some of the most exquisite . 
lyrics in the language, while his prose writings are 
eharaeteris('d by a vigour and charm of excep- 
tional character, Ry common consent, ho was the 
only poet worthy to succeed Tennyson as Poet 
Laureate. 

Tacitus. Cornelius 

b Roin<'. alKiut R 2 a u, d. Rome, about 117 a.d. 

“The greate.st man who has yet given himself to 
tlio ^cording of human affairs,” as Froudo 
describes him, w*as first famous as a l(‘gal orator. 
He inarried tlu* daughter of Agricola, conqueror 
of Britain, and held offices under the State. 

Tasman, Abel Janssen 

t> n<M»if, lIoUHtid, .lUmt 1902 d Batavia, Oct. 1669. 

De.spatched by Van Diemen, Governor of iht 
Dutch East liidies, to seek “the groat South 
Land,” tv* discovered Tasmania (calling it Van 
l)ieni(‘n’.s J..ai>d), New Zealand, part of the 
Friimdly Islands, and ultimately the Bay of 
( 'arpeiitariu. 

Tasso, Torquato 

1>. Sorrento, Itah. M.iri)i 11, 1544. d. Rome, April 25. intt). 

Finding the pursuit of law and philosophy dis- 
ta.stefiil. he succeeded, by the ]>roduction of a 
romuntie lioeni, in jierHuading his father to let 
him follow Ids bent for letters. His noble epic, 

“ Jcrustilem D(‘liverrd,” was follow*ed by a mental 
breakdown. He imagined his rich and yiowerful 
friends to he his enonii(*s, and had to undergo 
.seven years' dot (*nt ion in a lunatic asylum. 
During his incarceration lie wrote many noble 
verses and jihilosoiihicnl dialogues. Although 
released and able to continue his writings in free- 
dom, h»' never wholly recovered, and died on 
being summoned to Rome to bo crow’ned 
Poet Laureate. 

Tennyson, Alfred Lord 

b. Hommby, Lfiu’S, Antr. 6. 1809 d. Aldworth, Susiev, Oct, 6, 1892. 

One of a Lincolnshire rector’s sons, of whom two 
besides himself were poets, Alfred Tennyson wrote 
versi* as soon' as he could write anythir^. He 
completed his education at Cambridge. The bulk 
of nis loveliest lyrics were written before ho 
passed his thirtieth year, and at forty-two he was 
promoted Poet Laureate, in succession to Wordf*- 
worth. In 1850 he published “ In Memoriam,” 
which, with the “ Idylls of tho King,” constitute 
his noblest work. His poetical dramas, some of 
which were played in his own time, were of later 
date. His career ensured by a pension bestowed 
while he was yet young, his lot was happier far 
than that which usually falls to a great poet. He 
was created a baron wnen seventy-five. 

TcalMi NiKola 

b. Smiljati, S4*rvia, 1SS7. 

Educated with a view to devoting himself to 
mathematics and physios, he took up engineering, 
and has becOtne one of the foremoirt inventors of 
electrical appliances. 
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fhackeray* William Makepaac* 

July IB, 1811. <1. Txindon, r>e(;. 1888. 

! ' On his way homo from India 1o Kiigland at St. 

: Helena, he caught a glimpse of Napoleon. 
LEducated at Charterhouse and Cambridge, he 
; turned to art, but necessity compollod him to ply 
p his pen for a livelihood. When he and Dickens 
!'■ wore young, ho asked to be allowed to illustrate 
[ Pickwick,” and Dickens refused his offer. 

, Sustained success did not come to Thackeray until 
towards the end of ” Vanity Fair,” which was 
; appearing serially. Then it turned completely in 
, his favour. His dome.stic life was unhappy, his 
wife’s mind giving way during (he illness of one 
of their children. 

Themistoclea 

‘ h. ahuiit 625 M.c. d. alioiit 439 b <•. 

Famous as a general and statesman, he won fe.r 
the Athenians the victory of Salaniis. 

Theocritus 

0 . 8jriW3»>»e, Srd Century u.c. d. Sicily (?), about 250 t. \ 

He was the Greek poet of Nature and pastoral 
life, and liis influence is to be traced in the work 
of many later clas.sics. 

Thucydides 

b. AUiciia, )ib<iiit 471 H (1. about 401 n.c. 

Warrior and .scholar, he w^a.s condemned to death 
for his lack of success in the former capacity, but 
retired into exile and began his immortal work — 
the first of critical histories. 

Titian 

V nr. Vt'iiice, ab(uit 1477. d. Voiib’e, Aujt- 27, 1576. 

The chief of the Venetian scliool of painters 
and the greatest master of colour that the world 
has known, he worked for ninety years at his 
art, and died practically brush in hand. 

Torricelli, EvangeUsta 

' b. ViiBiisa, Italy, 0<'t. 15, 160S, d. Flor^ioe, 0<‘t. 15, 1647. 

His di.scoverie.s in reflation to the gravity of the 
air resulted in tho barometer, and his oxiieriments 
with lenses gave us new^ and better telescopes and 
tho inicro.scope. 

Tyndall, John 

b. L<>iirbl{n Hridite, Ireland, A iij;. *21, 1S2C. d. HaBleiiiere, Surrey, n<H'.4,1893. 

Surveyor and engineer, ho di.sringuished him.self 
as a iihysioist and .scientific author ami lecturer. 

Van Dyck, Sir Anthony 

b, Antwerp. M<\Tih 2*2. l.''i9P. d. Tx>iidon, IVe. 9, 1641. 

A pujjil and a.sistant of Rubens, ho specially 
distinguished himself by hi.s portraits. His title 
, was conferred by Charles I., by whom he was 
appointed painter to the English Court. 

Volnaqueg, Diego Rodriques de Silra y 

b. S«vnio, .fmin 6, 1699. d. Madrid, Aug. 6. 1880. 

Vela.squez was his mother’s maiden name. His 
\ “ W’afcer Seller ” made him famous, and he was 
: taken to the Spanish Court, w'hero ho painlod 
scores of works whose glories came as a revelation 
to lat^r generations, but which in the meantime 
had remained little known in tho gloomy royal 
i galleries of Madrid. 

Veroneae, Paul 

I b, Verona, 1698. d. V«ii(e 0 , April 19, 1688. 

I His real surname was CJaliari— Veronese refers 
'i to his birthplace. He was the last of the great 
t Venetian painters. 


Vespucci, Amerigo 

b. Klonuico, Mui’cli 9. 1451. d. SrvlUe. Fab. 22, 1612. 

The man whos.^ Christian name the American 
(Continent bears was scut by his employers to 
Spain, and fitted out one, if not two, of Columbus’s 
expedition.s. Mo claimed to have made four 
voyages to tho New World, but there is no record 
of his actually having done so. 

Virchow, Rudolf 

b. Bchivelbrin, Oeriiwiuy, Oct. l:t, 1K21. d. Berlin, Sep. 6, 1902. 

The son of a small shofikt'opor. ho became 
famous as a statosman, but infinitely more so as 
‘‘the father of modern pathology.” Among his 
many famou.s achievement.s was tho establishing of 
what Lord Lister calls “the true and fertile 
doefriiie (hat every morbid structure eonsiata of 
cells which have been derived from pre-ex isting 
ctflls as a progeny.”' Of material results, the 
new^ Berlin, with its model sanitary system, water 
supply, and hospital.s, i.s one of his monuments. 

Virgil. Publius Virgilius Maro 

b. AiidcM, Italy, Oct. 1.5, 70 u.i*. <1. Brundii»iuiii. Italy, Sep. 21, 19 b.l'. 

All his life an invalid, he d(!Voti*d himself 
entirely to literary labour. Ho was the most 
|)ainstaking of poets, and laboured incessantly at 
Iiis task. II is immortal H?neid he was unable to 
complete, and loft instructions that, as the manu- 
script. could not receive his finishing touches, it 
should be destroyed. Happily this order was 
disobeyed by the instructions of tho Emperor 
Augustus. 

Volta, Alessandro 

b. Cuiiiu, Italy. Feb. 18, 174.5. d. Coino, March 5, 1827. 

Following up the investigations of Franklin and 
Galvani, ho invented his Voltaic pile, the first 
instrumoiil which arlifieially produced eleet^icitJ^ 
causirjg that science, with chemistry, to develop 
w'ifh a.stoiinding speed and certainty. 

Voltaire 

b. ParlH. Nov. ‘21, 1694. d. ParlM. May 177S. 

lioni Francois d(' Marie Arouet, he a.s,sunied tho 
Ht>le of Voltaire. His wit gained him admittance 
to the French (’ourt. but his sharp tongue twice 
brought him into di.sgrace. He came to England 
and coibsortf^d with tho leading literary spirits of 
the age, then returned to Fari.s. Hert^ he got into 
hot water again, and went ultirnatifly to the C’ourt 
of F'roderick tho Great, from whom he parted on 
unfriendly terms three years later. lie settled in 
Geneva until .shortly before his dealli. when the 
excitement of a visit to Pari.s proved too much for 
him. His literary output was prodigious, hi,s 
rorrespondeneo immenst*, his influence immeasur- 
able. He had no reverenee for good, but he t 
an unfailing e>e for evil, and denounced 
unsparingly wherever he found it. He helpru 
free Europe of th<? opi>ressivo feudal bonds w^ 
bound it. 

Wagner, Richard 

b. Lelpal/, May 22, I8I.8. d. Veniw. Feb. W. 1886. 

Ho wa.s a brilliant scholar as a boy, and before 
he was fourteen had translated a great part of 
Horner and written a tragedy. Weber and 
Beethoven inspired him to musical composition, 
but., in si)ite of his literary and musical gifts, be 
had a desperate struggle with fortune, ft took 
him fifteen years to get a hearing for his ” Faust ” 
overture, and opera after opera y.as coldly 
received. He w^a.s often in great (titflross until 
Ludwig II. invited him to the Bavarian (^ou^^. A 
special theatre for his work.s w'a.8 built at Bayreuth, 
and gradually his compositions grew' in fame." ,Ho 
lived to seo the triumph of his genius. 
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Wallac*. Alfred Russel 

b. IJiik, Him.. 8, ]8SK. 

Eduoated as a survoyor and archil, <'cl, he gave 
his attention to natural history, explored, and, 
simultaneously with Darwin, formulated the thoorv 
of natural selection. 


Walton, Isaac 

h. HUfford. Aiiir. J», IWW. d. WiiuhoMtei-, Dec. 15. 16<1. 

At one time a linendrapor in London, he .settled 
down to country life, and wrote his famous 
“Compleat Angler,”* which, with his classical 
volunie of biographie.s, ranks ns one of our most 
precious literary treasure's. 

Washington, George 

1». Bridges Civek. Virginia. Feb. ‘Jy. 17.'12. rt. Mount Vernon. Oee. 14. 17W. 

During I he war in America between England 
and France he foughi under flic' British Hag, hul 
in the Rebellion took arms for his native land, 
lie handled his forei'S with supreme ability, and 
though it v\as an army ill*(li.sciplined, ill-fed, and 
ill-equipped, hi* led it in the end to eoinpIet<' 
victory over I ho English troops. His compatriots 
W'Oiild now have made him King, but he was as 
modest ns ho was noble, and though he accepted 
the position as head of the nation, it was only ns 
the elected President of the I'nitod Slates. 

Watt, James 

b, Oiwiiork, .Ian. Ill, IT.'W. d. nr. Ilirruiiigbain, Aug. IS. Ism. 

From the shop of an instruiru'nt-maker in 
London he graduated ns mechanic and inventor. 
To his credit stands the practical steam-engine 
and .steam condenser. With Boulton he estah 
lished the famous works at Birmingham. 


Wellington, Arthur Wellesley, Duke of 

b. niiblln, April ‘i». 17r>». <1. W.iluM-r r«Hlb', Hep. 11. l,s.vy. 

lie was the dull boy of the family, yet in his 
first military action showed genius. He had not 
much faith in a military career, and unsucce.ssfiilly 
sought civil employment. His chance came in 
India, whore, in the course of eight years, he 
won groat distinction as a leader of men and as 
an administrator. His supriniK^ honours were not 
realised, however, until he took command in the 
Peninsula and drove the French out of Spain and 
captured Toulouse, For this feat he received 
JS400,000 from Parliament, with honours hi 
abundance from half the nations of Europe. 
Napoleon’s e.scape from Elba and the subsequent 
battle of Waterloo took Wellington into the battle- 
field for the last time, and Brought him further 
distinctions and rew^ards. Entering political life, 
he became PrinH) Minister, but was not in 
sympathy with popular aspirations, and on one 
anniversary of Waterloo was besieged by a mob 
in his own house. 


Wells, Henry George 

b, Bromley, Kent, Sep. 21. ISCO. 

The son of a professional cricketer, he was 
apprenticed to a linondraper, but by perseveranci* 
emancipated himself, and became senool master’s 
asststant, A course of study at the Royal College 
C|f Science brought him under the influence of 
Hi4:iciey, by whose aid he was able to take first- 
honours with his B.Sc. degree. A career as 
B scientist was prohibited by a breakdown in 
health. He found his true vocation, however, in 
l^ers^ in which ho was destined to play an 
part as a gifted and original writer 
social reform. He is equally impressed by 
stupidity ol the race and its immense 


Wheatetone, Sir Charles 

li, CUoiiceRter. Feb. 1803. d. Parts. Oct, 19. 1975. 

With W. F. Cooke he invented the instrument 
out of w'hich has grown the electric telegraph 
system of the United Kingdom. 

Wesley, John 

b. Kpworth, LIiick, June 17 {o. ■.), I70n. d, Txrtidoii, March 2, 1791. 

“The Ignatius Loyola of the English Church” 
distinguished himself as a scholar at Oxford 
l.’nivorsity, and had been curate to his father and 
a Church mi.9sionary in Gc*orgia before entering 
upon the work in Britain whicn gave the -world a 
now and mighty religious denomination — the 
Wesleyan Methodists. No man ever lived a fuller 
life. Wo.slcy’s itineraries of over 250,000*lViiles, the 
dangers he experienced, the va.st literary labours 
he accomplished, the womk'rful organisation he 
built up, constitute one of the great romances of 
nuKlern biography. He distributed vast sums in 
charity, and, with his brother Charles, wrote a 
II umber of hymns still in general use. 

White. Gilbert 

b. .S "llM>riie. lliints, .liilv IS, 1720. «1. Sflbtirin*. .liinp'JO, 179.'1 

‘‘While, of Selhorne,” wa.s a fellow of Oriel 
(‘ollege, Oxford, hut hecamo curate of his native 
Selborne, There' he indulged his love of natural 
hi.story and antiquarian interest, and wTote his 
immortal work on his observations. The hook, a 
classic beyond price, has done more than any other 
work ill the language to inculcate a love and 
knowledge of nature, 

Whitefield, George 

b. 01oiu»-<itfr, D**f. Ill, 171 1. d. Boston. Ht-p flO. 1 ,'70. 

Whih' at Oxford he was caught by the wave of 
ri'ligious enthusiasm which tlie Wesleys had 
.startl'd, and accompnnii'd John Wesley on his 
mission to lleorgia. Upon his return he was 
admitted to Orders, but his burning eloquence and 
liberal views caused the pulpits of the Church to 
bo closed against him. Thereafter his life v.as 
devoted to mission work, in which ho 1 ad 
marvellous success. Although there were points of 
doctrine upon which he and Wesley differed, 
Whitefield was a very iiotont factor in the 
foundation of Method i.sni. He* made seven 
expeditions on mission work to America, and 
died there. 

Whitney, Eli 

b, WestbciroUKli, Dw. H, 1785, d. New Ilavpii, ronii., .Tail. 8, 

In days when the cotton had to be slowiv 
separated from the seed by hand, he gave years of 
his life to the invention of the cotton-gin. At 
last he succeeded, but. unscrupulous rivals broke 
into his premises, stole his invention, and made 
copies ot it before ho could patent it. The 
invention, which added hundreds of millions of 
pounds to the wealth of America, brought him a 
£10,000 grant from the Government, wliioh bu 
with all his profits, was swallowed up in law su > 
undertaken to protect his interests. He afterwards 
realised a fortune as a manufacturer of firearms. 

Wllberforce, William 

b. Hnll, Aiig. 24, 1750. d. Ixmdoii, .July 90, JS i;i. 

Closely associated with Pitt, though an 
indetiendent politician, he began as a young man 
his campaign for the abolition of the slave trade 
and for the emancipation of its victims. By 
many of his contemporaries he was deemed a 
fanatic, but his devotion to the rig^hteous cause ho 
had made his own was crowned with victor, v after 
a nineteen years’ struggle. The Emancipation 
Bill, however, was not passed until a month after 
his death. 
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; #URie. sir OaTid 

b. Cult*. PlfeRhin*. \ov. 18, 1785. d. off Oibraltar, Jiini 1. 1841. 

He painted before he could write, and thoufjrh 
, scantily furnished with means, made himself one 
of the most famous genre painters of his age. 

William I., The Conqueror 

b. Filalse, Normnnily, 1027 or lOlJH. d. nr. Koueii, Sep. ft. 1087. 

His father was Robert III., Duke of Normandy, 

. his mother a tanner’s daughter. Although not 
lawfully entitled to the crown of Normandy, the 
nobles made him successor to his father. Edward 
the Confessor, his cousin, promised him the 
English Crown. Harold pledged himself to help 
Will iam to gain it ; but, at the death of Edward, 
was himself crowned. W^illiam defeated him at 
Hastings, and was crowned on December 25, 1066. 
The Conqueror was a born statesman and warrit>r. 
He ruthlessly rcpresseil rebellion, he committed 
many cruel acta of tyranny, but he made England 
and Iho English nation, and hislorians rank him 
with Alexander Ihe Great, (^onstantitio, and 
( diarlernagne. 

William III. 

I». The Hoffm*, Nov. 4, UmO. <1. LoimIoii, Man-h S, 170*2. 

The son of William II., Stadtholder of Ihe 
United Netherlamls, he was tlu' gramlMon, Hirough 
his mother, of (’harloa I., and married Ihe elder 
daughter of James 11. When the misconducl <.f 
the latter caused the English people, to turn him 
from ihe Throne, William was brought over and 
crowned King. Ho carried out many striking 
reforms, among which wa.s the making absolute of 
the will of the people, through Parliament, the 
establishment of our modern sy.siom of national 
finapee, control of the Army by Parliament, and 
libeHy of the Press. This In* accomplished in the 
face of many difticuUios, and in spite of many 
attempts upon his life by Stuart adlu'rents. 

Wolsey, Thomas, Cardinal 

b. Ip»wl«*h, 1471. «I. Lc^*eat.«T. Nuv. 2». l.m 

His father, a grazier and wc#^ merchant, had 
him educated at Oxford University, and at thirty* 
five W^olscy had become a royal cnaplain. During 
the next five years he became indispensable to 
Henry VIII., who found him a powerful ally in 
peace and war, and made him Lord Chancellor. 
' Thwarted in his designs upon the Papacy, Wolsey 
aided Henry in the dissolution of the n ion a. stories, 
but fell from favour when he failed to secure the 
King’s divorce from C‘atherino of Arragon, and 
was denrived of his oflices. Restored to the 
Archbisliopric of York, he was still obnoxious to 
loi?ds and commons for his unjust taxation of tln^ 
nation, and the wanton insolence with which he 
had behaved. Ho wa.s now called upon to take 
his trial for high treason, but died on the way to 
London. Although a man of many and grave 
faults, he did much for education, and history has 
‘ showui that his own ambitions were coincident w ith 
the interest of his country as h^ conceived it, 

'ordsworth, William 

•' b. v! ^ickenuouth, April 7 , 177(1. 4. Rydul Mount, April 2:1, 18<y>. 

' Mter completing his education at Cambridge, 
he Iravelled on the Continent, and liecarnn imbued 
: wilm Republican sentiments, which afterwards 
^ underwent considerable modification. His friend* 
("ship with Coleridge determined his career as a 
I poet, and a legacy of £900 from a Jriend made 
\thaj career possible. His moans wvro further 
[enhanced by an ofKce as distributor of stamps, 
while with the Poet Laureateship camo, of course, 

' the customary pension. Although he travelled 
now and again to the Continent and to Scotland, 
his life was passed almo.st wholly amid the glories 
of the Lake Country. Wordsworth’s influence 
upon the poetry of the country was second to 
non#. 


Wren, Sir Christopher 

U. fiut Kiioyle, Wllti, Oct, 20. 10;}2. «l. Himptou Court, Veh. 93, 1793, 

The greatest (*f English architects was a 
singularly gifted man, and was first notable in 
helping to perfect the barometer and as a pro- 
fessor of astronomy. The Great Fire of London 
gave him his opportunity as an architect. He 
rebuilt St. Paul’s Cathedral, and fifty of our 
noblest churches, and designed a London of noblo 
thoroughfares and magnificent quays Un- 
fortunately there w’as not available money enough 
to carry out the scheme, but many buildings in and 
about L(^ndon bear witness to his genius. 

Wycltffe, John 

b. nr. Rlcbn»ond,Yoik‘«.!iboiit 1:1*24. il, Luttorworth.L'trHhire.n^x:. 31, 1384, 

A distinguished scholar of Oxfi^rd, whore he 
becanie Master of Balliol College, ho discharged 
occle.siastical offices w’ifh those of ambassador. 
Opposed to Ihe corrupt and scandalon.s system in 
the Roman (’iitholio Church of the time, ho boldly 
addressed tlu^ feojile in pamphlets written in 
English. Previously all writings for public 
perusal had been in Latin. He also, with assist- 
ance. translated the Bible into English, and to his 
life’s end fearlessly carried on his campaign for 
the worship of God unfettered by enforced 
confessions to priests, ])enancos, and indulgences. 

Xavier, St. Francis 

b. XnviiT, Navarre, .^jiril 7, l.')0(l. d. San-f.‘hlan, Cantuii, Dec. 99, 15S8. 

“The Apo.stle of the Indies ’’ w’ns associated 
with Loyola in establishing the Society of Jesus, 
and lalioured with phenomenal success as a 
missioncr in the Portuguese colonies in the East. 

Xenophon 

b. Athens. alMnil 4.30 m.i'. d. Citrinib, SA4 ac. 

A di.sciple of Socrates, whose memory ho 
dofemjed in a masterly work, he took part in the 
exiM'dition of Cyrus the Younger against King 
Artaxerxes Mnemon. After the death of Cyrus, 
Xenophon succeeded to the command of the 
10,000 Greeks, and led them on their celebrated 
retreat, through 1.600 miles of hostile country, to 
the st'a. As a historian and essayist Xenophon 
occupies a foremost iilace. 

Xlmenes, Cardinal 

b, Torrelngiina. Spain, i4.'Ml d. Euii, Sp.iiii. .\c>r, 8, 1.117. 

Although as Grand Inquisitor he put to death 
over 2,600 persons in the sacred name of religion, 
Xiirienes wa.s one of the noblc.st spirits of his age. 
His virtues made him a Cardinal and Regent of 
Spain. He governed at eighty years of ago with 
astounding energy and sucoes.s, broke the feudal 
spirit of the lawless noblo.s, rc.stored lands wrested 
from the Crown, reformed finances, and created 
educational institutiouH on a lavish scale. Duritig 
the time of his might and influence he ob.^rved the 
austerities of the cloister, always wearing under 
his rolx's the coarse frock of the Franciscan monk. 

Zol, Emile 

b. PaH», April 2. IS40. d. Paris, 8«p, V2. 1009. 

His father, a poor engineer, bequeathed to him 
nothing but energy and imagination, and Zola’s 
early years were a period of terrible poverty. Ho 
succeeded at last in obtaining a situation as clerk, 
which enabled him to live until ha had cut a way 
with his pen into public attention as a new force 
in literature. His novels are books of tromendoua 
power, but many of them picture with relentless 
detail the most detostablo features in the wjr^st 
of lives; the,v idealise bestiality. He played a', 
heroic part in the rehabilitation of CapWin’*.. 
Dreyfiu. ' ^ 
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